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In 1817 James Parkinson wrote his Essay on the Shaking Palsy in which he described a 

disease characterized by a sense of muscle weakness in the limbs with a proneness to 

trembling, a stooped figure, difficulty walking and intact intellects and senses. At first the 

disease was known as “paralysie agitante”, however in 1876 Jean-Martin Charcot named it 

Parkinson’s Disease (PD). According to Charcot “paralysie agitante” was an inappropriate 

name since studies showed that a sense of weakness in the limbs was not always present 

and not all patients experienced tremor (Draaisma, 2006).  

Nowadays PD is described as a neurodegenerative movement disorder characterized by 

motor symptoms, such as tremor, rigidity, bradykinesia and akinesia, and non-motor 

symptoms, such as cognitive impairments, depression, visual hallucinations and autonomic 

dysfunctions. PD is mainly present in persons aged 50 years and older and has a prevalence 

of 1.6 per 1000 persons in the European population, which increases with age, without 

differences between men and women (de Rijk et al., 1997). The incidence of PD ranges 

from 0.3 per 1000 persons per year in subjects aged 55 to 65 years, to 4.4 per 1000 persons 

per year in subjects aged 85 years and older (de Lau et al., 2004). The cause of PD is 

unknown, however it is generally thought that the disease is caused by an interaction 

between environmental (e.g. exogenous toxins) and genetic factors (Schapira et al., 1992).  

 

1.1 Pathology 

Symptoms of PD are mainly related to a progressive degeneration of dopamine producing 

neurons in the substantia nigra pars compacta (SNc) and to a lesser extent in the ventral 

tegmental area (VTA). Degeneration of neurons in PD is also found in the locus coeruleus 

(noradrenaline), raphe nucleus (serotonine), and nucleus basalis of Meynert (acetylcholine). 

However, these degenerations occur in more severe and later stages of the disease (Dauer & 

Przedborski, 2003). The SNc and VTA mainly project to the striatum and both interfere 

with the fronto-striatal circuits. These circuits all have the same basic design: in specific 

parts of the striatum all circuits receive input from functionally related cortical areas. These 

striatal regions send projections to distinct parts of the pallidum and the substantia nigra 

pars reticulata, that in turn projects to a subdivision of the thalamus. The thalamus 

subsequently projects to the frontal cortical area that feeds into the circuit (Groenewegen & 

Dongen, 2007). Several parallel, functionally segregated circuits have been defined of 

which three are most relevant for PD: the “sensorimotor circuit”, the “associative, cognitive 

circuit” and the “limbic ciruit” (see figure 1.1). These circuits support different functions. 

The sensorimotor circuit is concerned with movement, and motor symptoms in PD are 

thought to be related to a dysfunction of this circuit. Cognitive impairments in PD on the 
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other hand are related to the associative, cognitive circuit which is thought to be mainly 

involved in cognitive control or executive functions. And finally the limbic circuit is 

concerned with the emotional and motivational aspects of behavior and has been associated 

with apathy and depression in PD.  

 

 
 

Figure 1.1 Schematic representation of the three main basal ganglia-thalamocortical circuits, each consisting of 

multiple subcircuits (Groenewegen & Van Dongen, 2007).  

Abbreviations: Gpe, external segment of the globus pallidus; Gpi, internal segment of the globus pallidus; lat, 

lateral; med, medial; MD, mediodorsal thalamic nucleus; SNC, substantia nigra, pars compacta; SNR, substantia 

nigra, pars reticulata; STN, subthalamic nucleus; VA, ventral anterior thalamic nucleus; VLo, ventral lateral 

thalamic nucleus, pars oralis; VP, ventral pallidum; VTA, ventral tegmental area. 

 

PD is thus a heterogeneous disorder affecting the motor, cognitive and emotional domains. 

These different symptoms and impairments are to a large extent the consequence of a 

common underlying neurodegenerative disease and can therefore not be considered as 

separate entities, they are associated or overlap. The studies included in this thesis 

investigate cognitive functioning and depression in PD using neuroimaging and clinical 

methods.         

 

1.2 Cognition 

PD patients show cognitive impairments in the absence of dementia with an estimated 

prevalence of 36 to 55% (Foltynie et al., 2004; Janvin et al., 2003). Cognitive impairments 

occur in the early stages of PD (Muslimovic et al., 2005) and are more often observed in 
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patients with the non-tremor dominant subtype of PD and in patients who are older at 

disease onset (Muslimovic et al., 2005; Williams-Gray et al., 2007). Longitudinal studies 

show that cognition declines with the progression of the disease, and 3.5 years after 

diagnosis 10% of PD patients have developed dementia (Williams-Gray et al., 2007).  

In PD cognitive impairments can be found in both automatic and controlled processing. 

Automatic processes take advantage of previously established and learned relationships 

between external or internal contexts and behavioral patterns. Controlled processing on the 

other hand, involves deliberate planning and regulation in new situations where current 

schemata are not sufficient. It requires maintenance and stabilization of goal representations 

in working or prospective memory and the flexibility to update these goals when necessary 

(Cools, 2008). Concerning automatic processing, PD patients show difficulties applying 

previously learned skills or automaticities. This is most often observed in the motor 

domain, for example a decreased stride length when walking. To compensate, patients must 

think about each step if they are to make adequately long steps (Wu & Hallett, 2005). In 

addition, impairments are also often found in PD when learning new automaticities or 

skills, i.e. implicit or procedural learning (Myers et al., 2003; Swainson et al., 2000). 

Particularly, feedback plays an important role: PD patients show impairments when 

performing feedback-based learning tasks, while they perform equally compared to healthy 

controls on learning tasks without feedback (Shohamy et al., 2004). In addition, 

antiparkinsonian medication appears to influence learning based upon feedback in PD: PD 

patients who do not use antiparkinsonian medication learn better based upon negative 

feedback, while PD patients who do use antiparkinsonian medication learn better based 

upon positive feedback1 (Frank et al., 2004). Unfortunately, not much is known about the 

processing of positive feedbacks in PD. Previously, neuroimaging studies were focused on 

investigating the processing of rewards of different magnitudes in PD and showed that 

reward processing is altered, which was mainly reflected by decreased striatal and increased 

prefrontal activation (Kunig et al., 2000; Schott et al., 2007). In this context however, not 

many studies have been performed and previous findings need to be extended. In addition, 

it is not clear if and to what extent altered positive feedback processing might affect 

behavior in PD patients. Positive feedback processing may be associated with a behavioral 

trait called low novelty seeking (NS; Menza et al., 1993a). NS is ‘a heritable tendency 

toward intense exhilaration or excitement in response to novel stimuli, cues for potential 

rewards or potential relief of punishment, which leads to frequent exploratory activity in 

                                                 
1 We are aware of the fact that positive feedback within the theory of systems refers to a stimulus that causes 
behavior to diverge or move away from the goal, while negative feedback refers to a stimulus that causes behavior 
to move toward the goal (Forrester, 1968). In this thesis however, positive feedbacks can also be designated as 
reward, while negative feedbacks can be designated as punishment, following Frank et al. (2004).  
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pursuit of potential rewards as well as active avoidance of monotony and potential 

punishment’ (Cloninger, 1987). Is it possible that an altered positive feedback processing 

also alters NS in PD? 

Besides impairments within automatic processing, PD patients also show impairments in 

controlled processing. Cognitive control or executive functions are assumed to have a 

number of constituent elementary functions, like monitoring, planning, inhibition, set-

shifting and divided attention. Declarative memory, working memory and prospective 

memory also play an important role. In PD, impairments in cognitive flexibility, planning, 

working memory, inhibition and declarative memory have been reported (Cools et al., 

2001; Green et al., 2002; Muslimovic et al., 2005; Schneider, 2007; Van Beilen et al., 2008; 

Weintraub et al., 2005a). In PD impairments of cognitive control are thus likely to emerge, 

caused by impairments in more elementary executive functions. 

Executive functioning and cognitive control needed in daily life is difficult to assess 

however, and not all patients with frontal lobe lesions and impairments in executive 

functioning in daily life show a decreased performance on the tests for executive functions 

(Shallice & Burgess, 1991). These tests are often structured and offer a standardized 

method: rules are explained, goals are set and behavior is prompted and stopped 

(Manchester et al., 2004). In addition, these tests are often aimed at isolating one aspect of 

the executive functions, such as inhibition or set-shifting, in order to measure that aspect 

reliably and excluding other influences. Executive functioning in daily life however, 

requires a collaboration between the many different aspects of the executive functions, 

without a structured method being offered. To gain more knowledge about the executive 

impairments that PD patients experience in daily life, unstructured tests are required. 

In summary, PD patients show cognitive impairments in the domains of automatic and 

controlled processing. Specifically, deautomatisation, impairments in learning 

automaticities or skills and impairments in more elementary executive functions have been 

observed.  

 

1.3 Depression 

Depression is a common non-motor symptom in PD. It has a prevalence of approximately 

40% (Cummings & Masterman, 1999) and has been shown to be more common in PD than 

in other chronic, disabling disorders (Ehmann et al., 1990). Depression is thus not merely a 

psychological reaction to having PD. Indeed, the incidence of depression rises in the last 

three years preceding the diagnosis of PD (Leentjens et al., 2003b), suggesting that the risk 

factor for depression is already present before the motor symptoms of PD become apparent. 
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Neuroimaging studies report that depressed PD patients show a decreased dopaminergic 

and noradrenergic transporter binding ([11C]RTI-32 Positron Emission Tomography; PET) 

in the locus coeruleus, anterior cingulate cortex, thalamus, amygdala and ventral striatum 

compared to non-depressed PD patients (Remy et al., 2005). Also a decreased dopamine 

transporter availability in the left putamen has been associated with depression in PD 

(Weintraub et al., 2005b). At a neurochemical level depressed PD patients thus appear to be 

more severely affected.  

The diagnosis of depression can in general be based upon the diagnostic criteria of the 

DSM-IV-TR (American Psychiatric Association, 2000; see table 1.1). However, although 

no specific symptomatology has been identified for depression in PD (Leentjens, 2004), 

and affective symptoms of depression (e.g. depressed mood or loss of interest and pleasure 

in activities) appear to be the most important symptoms for establishing the diagnosis of 

depression in PD (Leentjens et al., 2003a), this diagnosis may be difficult to establish. This 

is mainly caused by the fact that somatic symptoms also significantly contribute to the 

diagnosis of depression in PD (Leentjens et al., 2003a). This documents an overlap of 

symptoms of depression and PD. Non-depressed PD patients can show cognitive 

impairments (Dubois & Pillon, 1997), sleep disorders (Stocchi et al., 1998), fatigue (Alves 

et al., 2004) and apathy (Kirsch-Darrow et al., 2006), which are inherent to the disease and 

can be dissociated from depression in PD. These symptoms can however also be part of a 

major depression (see table 1.1). Consequently, depression can be overrated and underrated 

in PD. For clinical purposes it is therefore important to evaluate the depression scale rating 

scores on item level and considering which items are likely to be confounded by somatic 

symptoms or cognitive impairments.  

 

Depression can have a negative influence on cognition in PD. In elderly patients with 

depression, without PD, cognitive impairments have been observed. These patients show 

impairments in set-shifting, inhibition and initiation and also have difficulties applying 

adequate strategies (Baudic et al., 2004). Concerning patients with PD and depression it can 

therefore be hypothesized that depression exacerbates cognitive impairments in PD.  

Several studies were focused on the influence of depression on cognition in PD (Boller et 

al., 1998; Costa et al., 2006; Cubo et al., 2000; Kuzis et al., 1997; Norman et al., 2002; 

Silberman et al., 2007; Starkstein et al., 1990a; Troster et al., 1995; Uekermann et al., 2003) 

and generally it was reported that depression exacerbates cognitive impairments in PD. 

However, only a few of the studies focused on this subject used an extensive 

neuropsychological battery and much controversy remains. One study reported that 

depressed PD patients showed more memory and language impairments that non-depressed 
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PD patients (Troster et al., 1995), while another reported that depressed PD patients showed 

impairments in concept formation and set-switching compared to non-depressed PD 

patients (Kuzis et al., 1997). Also, it has been suggested that mild depressive symptoms 

exacerbate cognitive impairments in PD (Uekermann et al., 2003), while in other studies it 

was reported that minor depression does not significantly affect cognitive functions in PD 

(Costa et al., 2006). Attempts should therefore be taken to resolve these discrepancies. 

 

Table 1.1 DSM-IV-TR criteria for major depressive disorder (American Psychiatric Association, 2000) 

____________________________________________________________________________________________ 

A. Five (or more) of the following symptoms have been present during the same 2-week period and 

represent a change from previous functioning; at least one symptom is either (1) depressed mood or (2) 

loss of interest or pleasure. 

• Depressed mood most of the day, nearly every day, as indicated by either subjective report 

or observation made by others 

• Markedly diminished interest or pleasure in all, or nearly all, activities most of the day, 

nearly every day (as indicated by either subjective account or observation made by others) 

• Significant weight loss when not dieting or weight gain, or decrease or increase in appetite 

nearly every day 

• Insomnia or hypersomnia nearly every day 

• Psychomotor agitation or retardation nearly every day 

• Fatigue or loss of energy nearly every day 

• Feelings of worthlessness or excessive or inappropriate guilt (which may be delusional) 

nearly every day 

• Diminished ability to think or concentrate, or indecisiveness, nearly every day (either by 

subjective account or as observed by others) 

• Recurrent thoughts of death, recurrent suicidal ideation without a specific plan, or a suicide 

attempt or a specific plan for committing suicide 

B. The symptoms do no meet the criteria for a ‘mixed episode’. 

C. The symptoms cause clinically significant distress or impairment in social, occupational, or other 

important areas of functioning. 

D. The symptoms are not due to the direct physiological effects of a substance (e.g. a drug of abuse, a 

medication) or a general medical condition. 

E. The symptoms are not better accounted for by ‘bereavement’, i.e. after the loss of a loved one. 

____________________________________________________________________________________________ 

 

1.5 Outline of thesis 

Motor and non-motor symptoms in PD can not be considered as separate entities, they are 

associated or overlap. This thesis is focused on the nature of cognitive impairments and 

depression in PD. In chapter 2 it is investigated whether overlapping symptoms of 

depression and PD are associated with the striatal dopaminergic dysfunction typical for PD, 

using FDOPA-PET. Chapter 3 consists of an empirical study regarding the overlap of 
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motor symptoms of PD and symptoms of depression. In Chapter 4 studies focused on 

automatic and controlled processing in PD are reviewed using a comprehensive mental 

schema framework. In chapter 5 and 6 studies are described focused on cerebral activation 

patterns during positive feedback processing (using fMRI) and the associations with the 

behavioral trait NS. Chapter 7 consists of an empirical study regarding controlled behavior 

in non-depressed PD patients, specifically focusing on the initiation of behavior, everyday 

planning and multi-tasking, using a relatively unstructured multiple component visual-

motor task. In chapter 8 a study is described focused on the influence of depression on 

cognition in PD. Finally, in Chapter 9 the results of these studies are integrated and 

suggestions for future research are given. 
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2.1 Abstract 

Motor symptoms form the hallmark of Parkinson’s disease (PD), although other features 

like depression are often present. Currently used depression rating scales measure affective 

and somatic symptoms. These somatic symptoms of depression can also be core PD 

symptoms, suggesting an overlap of symptoms between depression and PD. Using in vivo 

radiotracer methods striatal dopaminergic dysfunction is found in both PD and depression. 

This study investigates to what extent the overlapping symptoms of depression and PD are 

associated with the striatal dopaminergic dysfunction typical for PD.  

Symptoms of depression were assessed in 23 PD patients who did not have major 

depression according to the Montgomery-Åsberg Depression Rating Scale (MADRS; cut-

off <18) and according to a trained psychologist who interviewed all patients. The striatal 

dopaminergic activity of patients was assessed with FDOPA-PET.  

Dopaminergic activity of the putamen and caudate nucleus was associated with MADRS 

total score and specifically with the symptom “Concentration difficulties”.   

These results suggest that the typical striatal dopaminergic dysfunction of PD can cause 

symptoms that can also be categorized as symptoms of depression. Especially cognitive 

symptoms measured by a depression rating scale may be based on the dopaminergic 

dysfunction of the striatum in PD patients. 
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2.2 Introduction 

Depression has a prevalence of approximately 40% in Parkinson’s disease (PD; Cummings 

& Masterman, 1999) and is perhaps the most common co-morbid disorder. Depression 

rating scales, such as the Montgomery-Åsberg Depression Rating Scale (Montgomery & 

Asberg, 1979; MADRS), are often used in research and clinical practice. These scales 

contain items measuring affective symptoms (e.g. reported sadness) as well as items 

measuring somatic symptoms of depression (e.g. reduced sleep). These somatic symptoms 

can also be core PD symptoms, suggesting an overlap of symptoms between depression and 

PD. Examples of these overlapping symptoms are cognitive dysfunction, psychomotor 

retardation, flat affect, masked face, anergia, anxiety and sleep disorders. 

At a neurochemical level we also find overlap: dopaminergic dysfunction is found in both 

depression and PD. In PD the degree of striatal dopaminergic deficiency significantly 

contributes to the severity of motor symptoms and cognitive impairment (Van Beilen et al., 

2008). Furthermore, Weintraub et al. (2005b) found that depression in PD was associated 

with decreased dopamine transporter availability in the left putamen measured by a 

radiolabeled tropane that selectively binds to dopamine transporter sites using Single 

Photon Emission Computed Tomography. Also, Remy et al. (2005) showed a relative 

reduction of [11C]RTI-32, an in vivo marker of both dopamine and noradrenaline 

transporter sites measured with Positron Emission Tomography (PET), in the left ventral 

striatum of depressed PD patients. In contrast, Broussolle et al. (1999) used PET to measure 

dopa-decarboxylase activity (FDOPA) and did not find associations between mood and 

striatal FDOPA uptake in PD.  

The dopaminergic system is also involved in the pathophysiology of non-PD depression. 

FDOPA-PET was used to show decreased presynaptic dopamine function in the left 

caudate nucleus of depressed patients with affective flattening and psychomotor retardation 

(Martinot et al., 2001). Also, decreased dopamine transporter binding potential, was found 

in both the bilateral caudate nucleus and putamen of depressed patients, by means of 

[11C]RTI-32 PET (Meyer et al., 2001).   

The neurochemical overlap of PD and depression might partially explain the symptom 

overlap. The aim of this study was therefore to investigate whether overlapping symptoms 

of depression and PD are associated with the striatal dopaminergic dysfunction typical for 

PD. The striatal dopaminergic activity was measured by FDOPA-PET and the symptoms of 

depression were assessed with the MADRS.  

PD patients included in this study were non-depressed according to the MADRS (cut-off 

<18) and according to a trained psychologist who interviewed all patients and who was 



Chapter 2 

 20 

blind to neuroimaging data and motor scores of patients.  Depressed PD patients were 

excluded. In that population it was not possible to answer our research question, whether 

overlapping symptoms of depression and PD are associated with the striatal dopaminergic 

dysfunction typical for PD, because due to the neurochemical overlap of depression and PD 

the striatal dopaminergic dysfunction in depressed PD patients could not be completely 

ascribed to PD.  

While previous neuroimaging studies on depression in PD involved mild and moderately 

advanced or heterogeneous (mild, moderate and severely advanced) samples of patients, 

our study included only moderately to severely advanced PD patients.  

  

2.3 Methods 

Subjects 

23 idiopathic PD patients, in accordance with the criteria of the UK Parkinson’s Disease 

Society Brain Bank, participated in this study. The Unified Parkinson’s Disease Rating 

Scale (UPDRS; Fahn et al., 1987) was used to assess the motor severity of patients 

(M=46.7; SD=12.0). The patient group consisted of 12 men (52%) and 11 women (48%; 

Table 2.1 describes demographic and illness characteristics of patients). Exclusion criteria 

were dementia (Mattis Dementia Rating Scale, score > 130), depression (MADRS total <18 

and according to the opinion of the trained psychologist) and other neurological disorders. 

The Medical Ethical Committee of the University Medical Center Groningen (UMCG) 

approved the study. All participants gave their informed consent according to the 

declaration of Helsinki.  

 

Table 2.1 Demographic and illness characteristics of PD patients (n=23) 

 

 Mean (SD) Range 

Age 60.1 (8.1) 47-71 

Education (7 levels) 4.0 (1.4) 1-6 

Disease duration (years) 11.6 (4.9) 3-20 

UPDRS part III 46.7 (12.0) 26-74 

FDOPA uptake putamen* 0.68 (0.17) 0.35-0.98 

FDOPA uptake caudate* 0.86 (0.25) 0.46-1.41 

 

*  Uptake ratio: unitless (see Methods) 
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PET data acquisition and analysis 

All PET measurements were performed at the UMCG PET Center on a Siemens ECAT 

Exact HR+  (n=12) or ECAT 951  (n=11) scanner. Subjects were positioned supine in a 

resting state with their eyes closed and ears unplugged. After pretreatment with 2 mg/kg 

carbidopa to block peripheral dopa-decarboxylase activity, 180 ± 33 MBq of FDOPA was 

intravenously injected over 1 minute with an infusion pump. All subjects were measured 

following a static or dynamic protocol with identical time range for data analysis. The static 

protocol consisted of 1 single scan from 90-120 minutes post-injection, while the dynamic 

protocol consisted of 21 time frames with increasing duration over 120 minutes: 

subsequently the last 2 frames (2 x 900 sec.) were averaged to create an equivalent volume 

to the static scan.  

Statistical Parametric Mapping 99 (SPM99) was used with linear spatial normalization 

(affine only; Friston, 1995) to align the measured volume data to a regional Cerebral Blood 

Flow (rCBF) template fixed in Talairach coordinate space (Talairach & Tournoux, 1988). 

The sum of the early frames (1-10) was used for normalization of FDOPA parameters to the 

SPM CBF template. Region of interest (ROI) analysis was based on a standardized 

template fixed in Talairach coordinate space. This template, consisting of 6 ROIs (putamen, 

caudate and occipital lobe on both sides), was used to sample the volume data and compute 

mean ROI activity concentration.  

Specific FDOPA uptake was expressed as a striato-occipital ratio (SOR) index (Dhawan et 

al., 2002; unitless) following the equation: SOR index = (CROI - CREF) / CREF (CROI = 

average (left and right) ROI activity,  CREF = average occipital activity in the occipital 

reference region).  

 

Statistical analyses 

Since patients were scanned on two different scanners, t-tests for all variables were 

performed to exclude differences between types of scanner used. No significant differences 

were found.  

Normality of data was analyzed. All data were normally distributed except some of the 

MADRS items. The mean score of PD patients on the MADRS total was determined.  

Since direction of the correlations was predictable based on previous literature (Remy et al., 

2005; Weintraub et al., 2005b), one-tailed correlations were calculated. Pearson 

correlations were calculated between the MADRS total and the mean FDOPA uptake 

values of the combined left and right putamen and combined left and right caudate nucleus. 

Because motor symptoms and the dopaminergic activity of the putamen are associated in 
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general it was possible that a relation between MADRS total and the dopaminergic activity 

of the putamen was determined by the association between motor severity of PD patients 

and the putaminal dopaminergic activity. Therefore a partial correlation between depression 

MADRS total and the dopaminergic activity of the putamen, controlled for the motor 

severity (UPDRS) was calculated.  

Additionally, Spearman correlations were determined between all individual MADRS items 

and FDOPA uptake values of the putamen and caudate nucleus. Bonferroni corrections 

(Holm, 1979) were used to correct for 20 (2 FDOPA uptake values x 10 MADRS items) 

comparisons.  

 

2.4 Results 

The mean score of patients on the MADRS total was 9.4 (SD=3.5; range 3-15). Striatal 

FDOPA uptake values of the studied PD group were comparable to those found in a 

previous study (Hilker et al., 2005).   

MADRS total was related to the mean dopaminergic activity of the putamen (r=-.44; p=.02) 

and caudate nucleus (r=-.50; p=.01). The association between MADRS total and the 

putamen remained significant when controlling for the influence of motor severity of PD 

patients (r=-.44, p=.02).    

 
Table 2.2 One-tailed Spearman correlations between the items of the MADRS and FDOPA uptake of the bilateral 

caudate nucleus and putamen (n=23) 

 

 Caudate Nucleus 

r                                  p 

Putamen 

r                                  p 

1 – Observed Sadness -0.32 0.06 -0.29 0.09 

2 – Reported Sadness 0.01 0.48 -0.02 0.46 

3 – Inner Tension -0.12 0.30 0.00 0.50 

4 – Reduced Sleep 0.05 0.40 0.17 0.21 

5 – Reduced appetite 0.09 0.35 0.09 0.35 

6 – Concentration difficulties -0.58* 0.00 -0.62* 0.00 

7 – Lassitude -0.41 0.03 -0.21 0.17 

8 – Inability to feel -0.47 0.01 -0.27 0.10 

9 – Pessimistic thoughts -0.04 0.41 0.04 0.42 

10 – Suicidal thoughts -0.15 0.25 -0.17 0.22 

 

* Correlation is significant after Bonferroni correction 
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The dopaminergic activity of the putamen and caudate nucleus were, after Bonferroni 

correction, associated with the MADRS item Concentration difficulties (table 2.2 and figure 

2.1). All other MADRS items were not related to the dopaminergic activity of the putamen 

and caudate nucleus (table 2.2), however without the Bonferroni correction the 

dopaminergic activity of the caudate nucleus was associated with Lassitude and Inability to 

feel.  

All scatter plots of the associations between the dopaminergic activity of the putamen and 

caudate nucleus and MADRS items were checked. None of these scatter plots showed 

associations that were determined by outliers.  

 

Figure 2.1 Scatterplots of associations between Concentration difficulties and the FDOPA uptake of the bilateral 

caudate nucleus and putamen (n=23) 

 

 

2.5 Discussion 

PD patients who participated in this study had a moderately to severely advanced disease 

status and were not depressed according to the MADRS and according to the opinion of a 

trained psychologist who interviewed all patients and who was blind to neuroimaging data 

and motor scores of PD patients. It was investigated to what extent the overlapping 

symptoms of depression and PD were associated with the striatal dopaminergic 

dysfunction, typical for PD, measured by FDOPA-PET.  

Interesting negative associations were found between the MADRS total and the 

dopaminergic activity of the bilateral caudate nucleus and putamen. The association 

between the MADRS total and the dopaminergic activity of the putamen remained 

significant when controlling for the influence of motor symptoms which could have 

mediated this association. 
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These findings are consistent with previous findings of Mayberg et al. (1990) who used 

fluorodeoxyglucose PET and associated depression in PD with bilateral caudate nucleus. 

Weintraub et al. (2005b) also showed associations between depression in PD and the left 

anterior putamen using Single Photon Emission Computed Tomography and a radiolabeled 

tropane that selectively binds to the dopamine transporter site. By means of [11C]RTI-32 

PET Remy et al. (2005) showed that depression in PD was associated with the left ventral 

striatum, however these results can be ascribed to the dopaminergic as well as to the 

noradrenergic neurotransmitter system.  Also, investigations that were focused on the 

dopaminergic neurotransmitter system in depressed patients without PD are consistent with 

the results found in this study and reported a decreased dopaminergic functioning of the 

bilateral caudate nucleus and putamen (Meyer et al., 2001) and left caudate nucleus 

(Martinot et al., 2001).   

Our results thus suggest that the striatal dopaminergic dysfunction, typical for PD, can 

cause symptoms which can also be categorized as symptoms of depression. Clinically this 

implicates that when assessing depression in PD one should be aware of a confounding 

influence of PD symptoms.     

 

The MADRS item Concentration difficulties was in particular associated with the 

dopaminergic activity of the bilateral caudate nucleus and putamen. Concentration is an 

aspect of cognition and according to the MADRS Concentration difficulties represents a 

difficulty in collecting one’s thoughts mounting to incapacitating lack of concentration 

(Montgomery & Asberg, 1979). The association between Concentration difficulties and the 

caudate nucleus is in accordance with the model of parallel fronto-striato-thalamic loops 

(Alexander et al., 1986). According to this model the disruption of the dorsolateral 

prefrontal loop at the level of the caudate nucleus might cause cognitive deficits in PD. This 

is confirmed by several studies in which associations between the caudate nucleus and 

cognition were found (Bruck et al., 2001; Dubois & Pillon, 1997; Muller et al., 2000; Van 

Beilen et al., 2008).  

The original model of fronto-striato-thalamic loops suggested that the putamen is involved 

in the motor loop (Alexander et al., 1986; see figure 1.1). This is however not in accordance 

with the relation between the putamen and Concentration difficulties which was found in 

this study. But, associations between the putamen and cognition in PD have recently been 

reported by several authors (Lozza et al., 2004; Muller et al., 2000; Van Beilen et al., 2008). 

A possible explanation for the association between cognition and the putamen is offered by 

Monchi et al. (2006) who found that the putamen was specifically active during the 

execution of non-routine actions. Non-routine actions are actions that require attention and 
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concentration and can not be performed automatically. The study of Monchi et al. (2006) 

therefore also offers an explanation for the association between Concentration difficulties 

and the dopaminergic functioning of the putamen which was found in this study.    

Taking into account that the PD patients who participated in this study were not depressed, 

these results suggest that Concentration difficulties in PD may be based on the typical 

dopaminergic dysfunction of the striatum in PD. Therefore Concentration difficulties does 

not seem to belong to the core symptoms of depression in PD. This is confirmed by Ehrt et 

al. (2006) who reported that depressed PD patients had more concentration difficulties than 

depressed patients without PD.  

Also, in previous research it was found that depression can worsen cognitive performance 

of PD patients (Troster et al., 1995; Uekermann et al., 2003). However, based on the results 

of our study it can be suggested that since depression rating scales contain cognitive items, 

cognitive performance can also worsen depression rating scale scores. Thus, when 

assessing depression in PD one should be aware of a confounding influence of the cognitive 

symptoms of PD.   

 

All other MADRS items were not associated with the dopaminergic activity of the striatum. 

However, without the Bonferroni correction, the MADRS items Lassitude and Inability to 

feel were related to the dopaminergic functioning of the bilateral caudate nucleus.  

According to the MADRS (Montgomery & Asberg, 1979), Lassitude represents a difficulty 

getting started or slowness initiating and performing everyday activities. Since a difficulty 

getting started or slowness initiating activities are typical motor and cognitive symptoms of 

PD it is not surprising that Lassitude was related to the striatal dopaminergic functioning. 

This is confirmed by a previous study of our research group in which an association was 

found between Lassitude and the motor symptoms of PD (Koerts et al., 2008).  

The item Inability to feel was also related to the striatal dopaminergic functioning without 

the Bonferroni correction. This item represents the subjective experience of reduced interest 

in the surroundings, or activities that normally give pleasure. Inability to feel is often called 

anhedonia which has been associated with the dopaminergic reward processing of the 

striatum in major depression (Tremblay et al., 2005). Also, in PD a decreased dopaminergic 

reward processing has been reported (Kunig et al., 2000).  

Thus, besides cognitive symptoms also the symptoms Lassitude and Inability to feel may be 

based on the dopaminergic dysfunction of the striatum in PD.  
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Two previous studies are not in accordance with the associations found in this study. 

Weintraub et al. (2005b) did not find associations between depression in PD and the 

caudate nucleus and right putamen and Broussolle et al. (1999) used FDOPA-PET and also 

did not find associations between depression in PD and the dopaminergic activity of the 

striatum. Two possible explanations can be given for the discrepancy between Weintraub et 

al. (2005b), Broussolle et al. (1999) and the results found in this study. A first possible 

explanation could be that while moderately to severely advanced patients were included in 

this study, Broussolle et al. (1999) and Weintraub et al. (2005b) included more 

heterogeneous samples of PD patients. Due to the fact that the symptoms and signs of 

moderately to severely advanced PD patients are more severe it is possible that there are 

more overlapping symptoms in that category than in mildly advanced PD patients. 

Moreover in mildly advanced PD patients the dopaminergic dysfunction of especially the 

caudate nucleus is less pronounced. A second explanation for the discrepancy between our 

study and Weintraub et al. (2005b) and Broussolle et al. (1999) might be that Weintraub et 

al. (2005b) and Broussolle et al. (1999) did not necessarily exclude PD patients with major 

depression whereas this study did.  

 

Summarizing, our results suggest that the typical striatal dopaminergic dysfunction of PD 

can cause symptoms that can also be categorized as symptoms of depression. Especially, 

cognitive symptoms measured by a depression rating scale may be based on the 

dopaminergic dysfunction of the striatum in PD patients. Also, the motor and reward 

related aspects of depression might be based on the dopaminergic dysfunction in PD. 

Clinically these results implicate that when assessing depression in PD one should be aware 

of a confounding influence of the symptoms of PD.       
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3.1 Abstract 

Motor symptoms form the hallmark of Parkinson’s Disease (PD), although features like 

depression are often present. Depression rating scales (e.g. MADRS) used in PD measure 

affective, cognitive and somatic symptoms. An important clinical question is which items 

of the MADRS are likely to be influenced by PD symptoms.  

Depression was assessed in 43 PD patients who scored below the cut-off of the MADRS 

and who differed widely in motor severity.   

PD patients scored relatively highest on Concentration difficulties, Reduced sleep and Inner 

tension. Reduced Sleep, Lassitude and Suicidal thoughts were associated with motor 

severity and specifically with Bradykinesia, Rigidity and Axial impairment, however not 

with Tremor.  

To avoid a possible influence on our results of coincidentally included PD patients with a 

depression, all associations between somatic MADRS items and motor severity were 

corrected for the influence of affective symptoms of depression. All associations remained 

significant. 

In conclusion, the items Reduced sleep and Lassitude of the MADRS are likely to be 

influenced by motor symptoms. The high score on Concentration difficulties is suggested to 

be a reflection of cognitive dysfunction in PD. Thus, when assessing depression in PD, 

using a depression rating scale like the MADRS, adjusted cut-off scores are required.  
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3.2 Introduction 

The reported prevalence of depression in Parkinson’s Disease (PD) is approximately 40 % 

(Cummings & Masterman, 1999). However, this prevalence varies due to inconsistent 

methodology, such as different research instruments used to measure the depressive 

symptoms and the different definitions of depression applied (Murray, 1996).  

Several attempts were made to find a consistent profile of depression symptoms in PD. Up 

to now, no specific symptomatology has been identified that is able to distinguish between 

depression in PD and depression in other neurological diseases or in physically healthy 

subjects (Leentjens, 2004). However, somatic symptoms and symptoms related to mood are 

common features of depression in PD, whereas feelings of guilt and self-blame tendencies 

are less common (Huber et al., 1990).  

The Montgomery-Åsberg Depression Rating Scale (MADRS; Montgomery & Asberg, 

1979) is one of the main instruments used in clinical neurological and neuropsychological 

practice and in depression research. This scale contains items that measure affective 

symptoms (e.g. Reported sadness and Pessimistic thoughts) as well as items that measure 

somatic symptoms (e.g. Reduced sleep and Lassitude) and cognitive symptoms (e.g. 

Concentration difficulties) of depression. Leentjens et al. (2003a) found that the affective 

symptoms of depression (e.g. depressed mood and loss of interest and pleasure in activities) 

are important symptoms for establishing the diagnosis of depression in PD. However, also 

somatic symptoms (i.e. reduced appetite and early morning wakening) contribute 

significantly to this diagnosis. This documents the overlap between depression and PD 

symptoms, which is confirmed by Starkstein et al. (2001) who showed parkinsonism in a 

subgroup of depressed patients without PD. Examples of these overlapping symptoms are 

cognitive dysfunction, psychomotor retardation, flat affect, masked face, anergia, anxiety 

and sleep disorders (Edwards et al., 2002). 

Although adjusted cut-off scores have been determined for the MADRS (Leentjens et al., 

2000), it is an important clinical question to what extent PD symptoms influence the 

assessment of depression in PD and specifically which items of the MADRS are likely to 

measure PD symptoms. The aim of this study was therefore to address the implications of 

overlapping of symptoms of depression and motor symptoms of PD for the assessment of 

depression in PD. In other words, which items of the MADRS are likely to be influenced by 

motor symptoms of PD? Symptoms of depression were measured in a sample of PD 

patients who scored below the cut-off score of the MADRS (<15) and who differed widely 

in motor severity (as is reflected by the Unified Parkinson’s Disease Rating Scale (UPDRS) 

part III score). This sample enabled us to investigate the associations between symptoms of 
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depression and PD symptoms in detail and assured us that a possible influence of 

depression on the motor severity was minimized. The possibility, however, still existed that 

PD patients with a partially or fully symptomatic depression were coincidentally included. 

These patients should, according to the DSM-IV, have at least a depressed mood and/or 

anhedonia. Therefore, to control for the possibility of included depressed PD patients, 

associations between somatic items and motor symptoms which may be found in this study 

will be corrected for the influence of affective symptoms of depression as measured with 

the MADRS items Reported sadness and Inability to feel. In addition, to gain more 

qualitative insight in the assessment of depression in PD the scoring pattern of PD patients 

on the MADRS will be analyzed, i.e. on which MADRS items do PD patients score 

relatively high?   

 

3.3 Methods 

Subjects 

43 PD patients participated in this study. The group consisted of 30 men (69.8%) and 13 

(30.2%) women (Table 3.1 describes demographic and illness characteristics). All 

patients were diagnosed with idiopathic PD according to the criteria of the UK 

Parkinson’s Disease Society Brain Bank. The motor severity of patients differed widely 

(M=34.4, SD=16.3, range 8–74). Exclusion criteria were a MADRS total score > 14 

(Leentjens et al., 2000) and other neurological and psychiatric disorders. This study was 

approved by the Medical Ethical Committee of the University Medical Center Groningen. 

All participants signed an informed consent prior to study inclusion according to the 

declaration of Helsinki.  

 

Table 3.1 Demographic and illness characteristics of PD patients (n=43) 

 

 Mean (SD) Range 

Age 62.0. (9.2) 41-77 

Disease duration (years) 8.9 (5.3) 1-20 

UPDRS part III total 34.4 (16.3) 8-74 

UPDRS Tremor 4.6 (4.1) 0-15 

UPDRS Bradykinesia 16.0 (7.9) 2-33 

UPDRS Rigidity 6.8 (3.8) 0-17 

UPDRS Axial impairment 5.5 (4.5) 0-15 

 

Tremor: UPDRS items 20, 21 (scoring range (sr): 0-35), Bradykinesia: UPDRS items 23, 24, 25, 26, 31 (sr: 0-36), 

Rigidity: UPDRS item 22 (sr: 0-20), Axial involvement: UPDRS items 27, 28, 29, 30 (sr: 0-16) 
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Statistical analyses 

Preceding the statistical analyses, scores on UPDRS items were converted to z-scores. 

Composite variables were formed for Tremor (UPDRS items 20, 21), Bradykinesia 

(UPDRS items 23, 24, 25, 26, 31) and Axial impairment (UPDRS items 27, 28, 29, 30). 

Since, rigidity was measured by one specific UPDRS item (item 22), a composite variable 

was not formed for this motor symptom. 

Normality of data was analyzed. All variables were normally distributed except some of the 

MADRS items and UPDRS composite variables.  

Before calculating associations between MADRS and motor symptoms, the scoring pattern 

of PD patients on the MADRS was analyzed, i.e. on which items of the MADRS do PD 

patients score relatively high? For this purpose a repeated measures ANOVA with 

Bonferroni post-hoc analysis, which is robust against deviations from normality (Stevens, 

2002), was performed.  

Hereafter one-tailed correlations, which were predictably based on previous literature 

(Gupta & Bhatia, 2000; Papapetropoulos et al., 2006; Rojo et al., 2003; Tandberg et al., 

1997; Wichowicz et al., 2006), were determined between the scores on the depression scale 

and the motor symptoms of PD. A Pearson correlation was calculated between the MADRS 

total and UPDRS part III total and Spearman correlations were determined between the 

individual MADRS items and UPDRS part III total. Spearman correlations were also 

determined between MADRS items that showed a significant association with the UPDRS 

part III total and composite variables of the UPDRS part III: Tremor, Bradykinesia, Axial 

impairment and Rigidity. Bonferroni k-1 corrections (Holm, 1979) were used to correct for 

10 (10 MADRS items x UPDRS part III total) and 8 (2 MADRS items x 4 UPDRS 

composite variables) comparisons.  

 

3.4 Results 

The mean score of PD patients on the MADRS total was 8.2 (SD=3.6). The repeated 

measures ANOVA showed that the MADRS items differed significantly (F=9.81, p=0.00). 

The Bonferroni post hoc analysis showed that PD patients obtained relatively the highest 

scores on Concentration difficulties, Reduced sleep and Inner tension (see table 3.2 for an 

ordering of MADRS items according to mean scores and the results of the Bonferroni post 

hoc analysis).  

No association was found between the MADRS total score and motor severity (UPDRS 

part III total), r=0.18, p=0.13. However the individual MADRS items Reduced sleep and 
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Suicidal thoughts were, after Bonferroni k-1 correction, associated with motor severity 

(UPDRS part III total; see table 3.3). The MADRS item Lassitude was also associated with 

motor severity, however, this relation just did not pass the conservative Bonferroni 

correction.  

 
Table 3.2 Mean, standard deviation and range of scores on MADRS items (n=43) 

  

 M (SD) Range 

6 – Concentration difficulties*  1.72 (1.24) 0 – 4 

4 – Reduced sleep** 1.30 (1.39) 0 – 5 

3 – Inner tension*** 1.19 (1.12) 0 – 4 

2 – Reported sadness**** 0.84 (1.05) 0 – 4 

7 – Lassitude 0.84 (0.92) 0 – 3 

1 – Apparent sadness 0.77 (1.13) 0 – 4 

8 – Inability to feel 0.47 (0.74) 0 – 3 

9 – Pessimistic thoughts 0.40 (0.58) 0 – 2 

5 – Reduced appetite 0.37 (0.87) 0 – 4 

10 – Suicidal thoughts 0.33 (0.52) 0 – 2 

 

* The score on Concentration difficulties was significantly higher than the scores on Reported sadness 

(p=0.01), Lassitude (p=0.01), Apparent sadness (p=0.03), Inability to feel (p=0.00), Pessimistic thoughts 

(p=0.00), Reduced appetite (p=0.00) and Suicidal thoughts (p=0.00).  

** The score on Reduced sleep was significantly higher than the scores on Inability to feel (p=0.02), 

Pessimistic thoughts (p=0.01), Reduced appetite (p=0.01) and Suicidal thoughts (p=0.00). 

*** The score on Inner tension was significantly higher than the scores on Inability to feel (p=0.04), 

Pessimistic thoughts (p=0.00), Reduced appetite (p=0.03) and Suicidal thoughts (p=0.00). 

**** The score on Reported sadness was significantly higher than the score on Suicidal thoughts (p=0.03). 

 

Table 3.3 Correlations between UPDRS III and MADRS items (n=43) 

 

 UPDRS III 

r                                                           p 

1 – Apparent sadness -0.30 0.027 

2 – Reported sadness 0.26 0.049 

3 – Inner tension 0.04 0.399 

4 – Reduced sleep 0.39* 0.005 

5 – Reduced appetite -0.21 0.087 

6 – Concentration difficulties -0.23 0.072 

7 – Lassitude  0.37 0.007 

8 – Inability to feel -0.05 0.369 

9 – Pessimistic thoughts 0.21 0.087 

10 – Suicidal thoughts 0.38* 0.006 

 

* Correlation remained significant after Bonferroni k-1 correction 
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To avoid a possible influence of coincidentally included PD patients with a partially or 

fully symptomatic depression on the associations between Reduced sleep, Lassitude and the 

motor symptoms partial correlations were determined between Reduced sleep, Lassitude 

and motor severity, controlling for the affective symptoms of depression (MADRS 

Reported sadness and Inability to feel). All previously found associations remained 

significant.  

In addition, it was found that Reduced sleep was related to Axial involvement and Suicidal 

thoughts was associated with Bradykinesia and Axial involvement, both after Bonferroni k-

1 correction. However, without the Bonferroni k-1 correction Reduced sleep was also 

significantly associated with Bradykinesia and Rigidity and Suicidal thoughts with 

Rigidity. Interestingly, tremor was not associated with any of these symptoms of depression 

(see table 3.4).  

 

Table 3.4 Correlations between the MADRS items Reduced sleep, Suicidal thoughts and Tremor, Bradykinesia, 

Rigidity and Axial involvement (n=43) 

 

 Reduced sleep 

r                                  p 

Suicidal thoughts 

r                                  p 

Tremor 0.18 0.127 0.17 0.146 

Bradykinesia 0.31 0.023 0.40* 0.004 

Rigidity 0.32 0.020 0.33 0.018 

Axial involvement 0.38* 0.008 0.41* 0.004 

 

* Correlation remained significant after Bonferroni k-1 correction 

Tremor: UPDRS items 20, 21 

Bradykinesia: UPDRS items 23, 24, 25, 26, 31 

Rigidity: UPDRS item 22 

Axial involvement: UPDRS items 27, 28, 29, 30 

 

3.5 Discussion 

The aim of this study was to address the implications of the overlap of symptoms of 

depression and motor symptoms of PD for the assessment of depression in PD. In other 

words, which items of the MADRS are likely to be influenced by motor symptoms of PD? 

This information is especially relevant for the neurological and neuropsychological practice 

in which depression rating scales, such as the MADRS, are often used. Symptoms of 

depression were measured in a sample of PD patients who scored below the cut-off score of 

the MADRS (<15) and who differed widely in motor severity. This sample enabled to 

investigate the associations between symptoms of depression and PD symptoms in detail, 
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and assured us that a possible influence of depression on the motor severity was minimized. 

In addition, to gain more qualitative insight in the assessment of depression in PD the 

scoring pattern of PD patients on the MADRS was analyzed, i.e. on which MADRS items 

do PD patients score relatively high? 

 

Of all items of the MADRS PD patients scored relatively highest on Concentration 

difficulties. This cognitive item represents a difficulty in collecting one’s thoughts 

mounting to an incapacitating lack of concentration (Montgomery & Asberg, 1979). 

Cognitive dysfunctions are often present in PD patients and consist of executive, memory 

and visuospatial dysfunction (Dubois & Pillon, 1997). The scores on Concentration 

difficulties might thus have been (partially) determined by the cognitive dysfunctions of PD 

patients, suggesting that Concentration difficulties is not a core symptom of depression in 

PD. This is confirmed by a previous study of our research group in which we found that 

cognitive symptoms measured with a depression scale might be based on the striatal 

dopaminergic dysfunction, typical for PD (Koerts et al., 2007), and by Ehrt et al. (2006) 

who reported that compared to depressed patients without PD, PD patients scored only 

higher on Concentration difficulties of the MADRS. It would thus be interesting to 

determine in future research to what extent the assessment of depression in PD is 

influenced by cognitive dysfunction.  

 

Inner tension is an other item of the MADRS on which PD patients scored relatively high. 

It represents feelings of ill-defined discomfort, edginess, inner turmoil, mental tension 

mounting to either panic, dread or anguish (Montgomery & Asberg, 1979). This result is 

consistent with previous studies in which it was found that approximately 40% of PD 

patients are anxious (Richard, 2005) and are often stressed (Macht et al., 2005). Higher 

scores on Inner tension may be a reflection of a psychological reaction to having PD, i.e. 

patients may be worried about their health or they may be afraid of being negatively 

evaluated in public. On the other hand the relatively high scores can also be a consequence 

of the neurochemical changes of the disease itself, since anxiety and depression both have a 

higher prevalence in PD compared to matched medical controls (Menza et al., 1993b). It 

thus remain unclear what causes the relatively high score on Inner tension. 

 

Reduced sleep is the item of the MADRS on which PD patients also obtained one of the 

highest score. This item represents the experience of reduced duration or depth of sleep 

compared to the subject’s own normal pattern when well (Montgomery & Asberg, 1979). 

Nocturnal problems are frequent in PD and studies suggest that approximately two-thirds of 
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PD patients reported night time sleeping problems (Gjerstad et al., 2007; Tandberg et al., 

1997). Reduced sleep also showed a positive association with motor severity (this 

association remained significant after the correction for possible influence of coincidentally 

included depressed PD patients, as described above) and was specifically related to Axial 

involvement (and without the Bonferroni k-1 correction also to Bradykinesia and Rigidity). 

These results are consistent with previous research in which is was found that night time 

sleeping problems may be caused by increased muscle activity at night (Stocchi et al., 

1998; Van Hilten et al., 1993). Inability to turn or get out of bed are other frequent 

problems experienced by PD patients during the night (Lees et al., 1988), both increasing in 

frequency as PD develops (Gjerstad et al., 2007). Higher scores on the Reduced sleep item 

of the MADRS may thus be a consequence or related to the motor symptoms of PD and 

suggests that this symptom is non-specific for depression in PD as was previously reported 

by Starkstein et al. (1990b). 

 

PD patients scored lowest on the MADRS item Suicidal thoughts, which was positively 

associated with motor severity. This item represents the feeling that life is not worth living, 

that a natural death would be welcome and includes also suicidal thoughts and preparations 

for suicide (Montgomery & Asberg, 1979). However, 98 % of our population scored less 

than two on this item, which signifies patients are weary of life but have only fleeting 

suicidal thoughts and may not reflect genuine suicidal thoughts and preparations for suicide 

(Montgomery & Asberg, 1979). This relationship may therefore reflect a psychological 

reaction to having PD, but not suicidal thoughts, as suggested by the name of the item. 

However, a serotonergic mechanism could also be involved since it has been associated 

with the disease stage of PD (Kerenyi et al., 2003) as well as with suicidal behavior 

(Kamali et al., 2001). 

 

Finally, the MADRS item Lassitude was also positively associated with the motor severity 

of PD patients (also after correction for a possible influence of coincidentally included 

depressed PD patients, as described above) and specifically with Bradykinesia, Rigidity and 

Axial involvement (data not shown). Although this association just did not pass the 

conservative Bonferroni k-1 correction, it is worth discussing. Lassitude represents 

difficulty getting started or slowness initiating and performing everyday activities, 

according to the MADRS (Montgomery & Asberg, 1979) and is closely related to fatigue, 

which can be defined as an overwhelming sense of tiredness, lack of energy or feeling of 

exhaustion (Krupp & Pollina, 1996). According to Karlsen et al. (1999) fatigue has a 

prevalence of approximately 44 % in PD and is associated with the motor severity of PD. 
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Furthermore, Garber & Friedman (2003) showed that fatigue in PD was related to physical 

activity and physical function.  Therefore, this association between Lassitude and motor 

severity suggests that the motor symptoms of PD might cause lassitude during the day. 

 

One other interesting finding is that only Bradykinesia, Rigidity and Axial impairment were 

associated with the items of the MADRS (with or without the Bonferroni k-1 correction) 

and Tremor was not. Papapetropoulos et al. (2006) previously showed that depressed PD 

patients scored higher on the Bradykinesia and Axial impairment items of the UPDRS. 

Moreover, these associations are consistent with the finding that patients with the akinetic-

rigid form of PD are more often depressed than PD patients with a tremor-dominant form 

(Starkstein et al., 1998) and the suggestion that the pathology of tremor-dominant PD 

differs from the pathology of the akinetic-rigid form of PD (Bergman & Deuschl, 2002). 

 

This study addresses the specificity of depressive symptoms in PD patients. When 

investigating the clinimetric properties of the MADRS this often is studied using different 

groups of patients, e.g. PD patients without depression, PD patients with depression, 

depressed patients without PD and healthy controls. We specifically sought to determine 

the influence of motor symptoms of PD on symptoms measured with the MADRS in PD 

patients. These associations can not be determined in patients with depression without PD, 

nor in healthy controls. Also, in our opinion it is difficult to determine these associations in 

PD patients who are depressed. In the latter group the MADRS probably measures 

symptoms of both depression and PD, and also the assessment of motor symptoms with the 

UPDRS can be influenced by symptoms of depression, e.g. psychomotor retardation. In this 

study associations between symptoms of depression and motor symptoms of PD were 

therefore determined in PD patients who scored below the cut-off of the MADRS. In future 

research, however, it would be interesting to compare the associations between symptoms 

of depression and motor symptoms of PD in non-depressed PD patients to the associations 

between symptoms of depression and motor symptoms in depressed PD patients.  

 

In conclusion, depression rating scales measure more than just depression in PD. Especially 

the somatic items Reduced sleep and Lassitude are likely to reflect motor symptoms of PD. 

Moreover with the cognitive item Concentration difficulties cognitive dysfunction of PD 

patients is suggested to be measured, however future research should clarify this.   

More generally these results suggest that depression and PD cannot be considered as two 

separate syndromes due to the symptomatic overlap. This is confirmed by neuroimaging 
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studies which suggest that PD and depression also have a neurochemical overlap (Martinot 

et al., 2001; Meyer et al., 2001; Remy et al., 2005). 

It is however still important to recognize a depression in PD patients. When using 

depression rating scale for this purpose one should be aware of a confounding influence of 

motor and cognitive symptoms. In this matter it is important to qualitatively describe the 

answers of PD patients on the items of depression rating scale, since the quantitative scores 

are not sufficient. In addition, cut-off scores, adjusted for somatic (and cognitive) co 

morbidity (e.g. Leentjens et al. (2000)) are required. 
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4.1 Abstract 

In this review the evidence is described with regard to impaired automatic and controlled 

information processing in cognitive functioning of patients with Parkinson’s Disease (PD), 

using a comprehensive mental schema framework. PD patients show impairments applying 

and achieving automaticity. Studies suggest that the latter could be due to an inability to 

shift from cortical to subcortical areas when controlled processing becomes automatic. 

Specifically, PD patients show impairments when learning was based upon feedback, which 

in turn is influenced by the use of levodopa.  

In addition, PD patients show impairments in cognitive control or executive functions, 

specifically in cognitive flexibility, planning, working memory, effort, motivation and 

inhibition. Neuroimaging studies show decreased activation of the fronto-striatal circuits 

and increased prefrontal activation, suggesting a compensatory mechanism reflected by 

cortico-cortical and subcortical-cortical shifts. Moreover, treatment strategies, such as the 

use of levodopa and subthalamic nucleus deep brain stimulation, influence executive 

functions in PD. 

Thus, the cognitive impairments observed in PD, both at the level of automatic and 

controlled processing, are the result of a complex interplay between dopaminergic 

dysfunction of the fronto-striatal circuits, compensatory mechanisms and treatment 

strategies applied in PD.  
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4.2 Introduction 

Parkinson’s disease (PD) is characterized by a dopaminergic depletion in the fronto-striatal 

circuits (see figure 1.1), leading to impaired motor and cognitive functioning. In the domain 

of motor functioning, impairments appear to be strongest in seemingly automatic routine 

aspects of movement like global postural adjustments, while consciously-controlled goal-

directed single joint movements are relatively preserved. However, in the domain of 

cognitive functioning, impairments of automatic processing are less often reported and the 

focus of many studies is on impairments of executive functions which are typically 

described as voluntary, consciously controlled, and goal-directed. The purpose of this 

review is to describe the evidence with regard to impaired automatic and controlled 

information processing in cognition in PD, using a comprehensive mental schema 

framework. 

Behavior can be defined as all actions in response to external or internal stimuli. These 

actions can be regulated automatically, e.g. in an experienced driver, or in a (consciously) 

controlled manner, e.g. in an inexperienced driver. Action regulation is not an all or nothing 

matter, it is assumed that in all activities there is a mix of automatic and controlled 

regulation. In routine situations automatic processes take advantage of previously 

established and learned relationships between external or internal contexts and behavioral 

patterns. The implicit memory representations of these context specific behavioral patterns 

are called schemata (Norman & Shallice, 1986). Norman and Shallice assume that all 

behavior is caused by the interaction of external and internal stimuli and schemata. 

Controlled processing concerns deliberate planning and regulation in situations where 

current schemata are not sufficient. It requires maintenance and stabilization of goal 

representations in working or prospective memory and the flexibility to update these goal 

representation when necessary (Cools, 2008). Also the inhibition of automated responses 

and retrieval from declarative memory are involved. The complex cognitive function that 

Norman and Shallice describe to regulate controlled processing is the Supervisory 

Attentional System (SAS). The SAS function is closely tied to the prefrontal cortex. 

Ultimately the SAS has its effect on behavior by selectively inhibiting and facilitating 

already existing schemata. In the process new schemata are formed and learned, also 

dependent on the effects of their application (reinforcement). To be able to control behavior 

the SAS is assumed to have a number of constituent more elementary functions (Norman & 

Shallice, 1986), like monitoring, planning, cognitive flexibility and divided attention. 

Declarative memory and working memory also play an important role and assist 

respectively in the planning, implementation and application of new schemata.  
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The dynamic relations  between the different subprocesses of the SAS, and automatic 

processing are depicted in figure 4.1, adapted from Brouwer and Schmidt (2002). We will 

use this comprehensive framework2 to assess the evidence with regard to impairments in 

automatic and controlled processing in PD. In addition, this framework can be used to 

determine which cognitive impairments are primary and which are secondary in PD. It was 

developed in an attempt to better accommodate the relationships between motivational and 

emotional factors and executive functions, which are so evident in patients with 

orbitofrontal damage, and Brouwer & Schmidt (2002) thus explicitly included motivation 

and emotion into the SAS framework. A simple example with regard to the effect of 

motivation on monitoring concerns someone who recently stopped smoking. This person is 

much more sensitive to triggers like left about butts and cigarette boxes than when he was 

still smoking. Similar logic can be applied to other forms of motivation.    

 
Figure 4.1  Schematic representation of subprocesses of automatic and controlled behavior (adapted from Brouwer 

& Schmidt (2002) 
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2 A framework is composed of general claims about cognition and is insufficiently specified to enable predictions 
to be derived from them. In this respect a framework differs from a model, which can be defined as framework 
with assumptions about its application to a specific situation (Anderson, 1993). A model is thus specific for a 
certain situation, whereas a framework is a more general construction. 
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The system below the horizontal bar represents the routine selection of behavior, e.g. 

automatic processes. In these situations a dominant schema will be activated. A distinction 

is made between context and content aspects of sensory input. Context aspects are those 

elements of a stimulus or situation that trigger schemata learned to be appropriate for that 

situation and its predicted progression. Content aspects on the other hand are elements that 

can vary within the situation. For example, when driving towards an intersection (context), 

the schema for handling an intersection is elicited. The other traffic and characteristics of 

the road (content) subsequently define within this schema where to look and how to act. In 

any situation, triggers for many different schemata are available. Which schemata become 

active in regulating behavior is determined by contention scheduling (the schema with the 

strongest activation wins) and lateral facilitation and inhibition between schemata (Shallice, 

1988). 

The system above the horizontal bar represents the SAS, which is used in non-routine 

situations. Assumedly, the situation, including the effects of own behavior, is continuously  

screened with regard to motivational or emotional risk by the monitor function. If a 

challenge to important biological goals (for example a threat to social status or an 

opportunity to improve it) is sensed, ongoing behavior is inhibited and the SAS is switched 

on further. Motivated by the need to neutralize the threat or to realize the opportunity 

(effort), a plan is retrieved from declarative memory, adapted (planning) and scheduled in 

working memory (and prospective memory). The scheduled plan is interfaced with schema 

selection by the cognitive flexibility function. This function is the final interface between 

SAS and automatic processing.   

 

Functional neuroimaging studies focused on procedural or implicit learning, i.e. when 

controlled processing becomes automatic, have revealed a change of brain activation during 

both motor and cognitive task learning. Specifically cortico-cortical and cortico-subcortical 

shifts of activation have been reported, with learning related decreases of activation in the 

prefrontal cortex and learning related increases in the motor, temporal and parietal cortex. 

In addition, the striatum appeared to play an important role, as it was involved in both 

automatic and controlled processing (Beauchamp et al., 2003; Debaere et al., 2004; 

Poldrack et al., 1999; Van der Graaf et al., 2004).  

A neurodegenerative disorder that is characterized by a dysfunction of the striatum is PD. 

In PD impairments in both automatic and controlled processing have been reported. 

Specifically, PD patients show de-automatisation and implicit learning difficulties. In 

addition, there is a large literature about impaired executive functions in PD. SAS functions 

like monitoring, planning, set-shifting and divided attention are usually described under the 
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heading of executive functions (Dubois & Pillon, 1997). It is often tried to study these 

functions in isolation and various attempts to fractionate executive functions have been 

described (Cools et al., 2001; Dagher et al., 2001; Monchi et al., 2004; Weintraub et al., 

2005a). According to Shallice & Burgess (1996), impairments in one of these executive 

functions might already lead to lacking cognitive (SAS) control. Looking at figure 4.1, this 

is easy to understand. For example, if the planning is deficient, it may be implemented 

perfectly, but the effect is poor. 

Beginning with the case for automatic processing, we will review the evidence for 

impairments in automatic and controlled processing described in PD.  

 

4.3 Automatic behavior 

Automatic behavior can be applied in routine situations for which a dominant schema is 

available. PD has been described as a de-automatisation disorder (Saling & Phillips, 2007) 

and a good example of diminished levels of automaticity in the motor domain in PD is a 

decreased stride length when walking. To compensate patients must think about each step if 

they are to make adequately long steps, otherwise their steps become small (Wu & Hallett, 

2005). Also imagining movements is impaired in PD, being specifically slowed at the most 

affected side of the body (Cunnington et al., 2001). This suggests that both the execution of 

movement as well as the motor plan are impaired. In addition, simulating movement with 

the most affected hand revealed enhanced activity in the right extra striate body and 

occipito-parietal cortex, suggesting an increased dependence on visual information during 

the generation of motor plans in PD (Helmich et al., 2007). Dual task performance, i.e. 

performing a routine task besides an other task, was also impaired in PD, partly due to 

diminished levels of automaticity according to (Wu & Hallett, 2007).  PD patients thus 

appear to show de-automatisation in the motor domain. Studies focused on language 

production indicate that PD patients may also show decreased levels of automaticity in the 

cognitive domain, as PD patients relied more on executive functions when performing 

language tasks (Colman et al., 2008).  

An fMRI study focused on achieving automatic movements in PD, reported that PD 

patients achieved automaticity with difficulty. Moreover, compared to healthy controls, PD 

patients showed increased activity in the cerebellum, premotor area, parietal cortex, 

precuneus and prefrontal cortex while performing automatic movements (Wu & Hallett, 

2005), whereas no activation in the striatum was found. Instead PD patients kept activating 

cortical areas more which suggests difficulties achieving automaticity. This suggests that 

the expected shift from cortical to subcortical areas when controlled processing shifts 
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towards automatic processing, does not take place normally in PD patients due to the 

striatal dopaminergic dysfunction. It appears that in PD skill learning remains on the 

cognitive level while the more implicit procedural learning which should follow in the 

course of automatization does not occur sufficiently.  

Several authors have reported that PD specifically show deficits in learning new procedures 

or habits, (Myers et al., 2003; Swainson et al., 2000), which is increasing with the 

development of the disease and is suggested to be independent of other cognitive 

impairments in PD (Muslimovic et al., 2007). Recently, it was reported that PD patients 

specifically show difficulties performing feedback-based learning tasks, while they perform 

equally compared to healthy controls on learning tasks without feedback (Shohamy et al., 

2004).  

Levodopa, which is often prescribed in PD, appears to influence feedback-based learning. 

Shohamy et al. (2006) reported that PD patients who used levodopa showed impaired 

feedback-based learning, while PD patients who did not use levodopa performed as well as 

healthy controls on the same task. The limbic or mesocorticolimbic circuit, which connects 

the ventral striatum to the orbitomedial prefrontal and limbic cortex (see figure 1.1) plays 

an important role in feedback based learning. This circuit is innervated by the VTA, which 

in the early stages of the disease shows a dopaminergic depletion to a lesser extent than the 

SN. Thus the VTA is relatively intact. A consequence is that the use of levodopa can 

overdose this nucleus, which may cause feedback based learning deficits (Cools, 2006). 

These findings can be further differentiated by Frank et al. (2004). They showed that PD 

patients who did not use levodopa showed a better performance when implicit learning was 

based upon negative feedback, i.e. patients learned to avoid stimuli which previously 

resulted in punishment. PD patients who did use levodopa, on the other hand, showed a 

better performance when implicit learning was based upon positive feedback, i.e. patients 

learned to react to previously rewarding stimuli. In a later publication Frank (2005) 

proposed a theory that might explain these reported differences between PD patients on and 

off levodopa. Dopaminergic neurons fire in response to rewarding feedback and the level of 

dopamine normally decreases in these neurons when confronted with negative feedback 

(Schultz, 2001). In this way a reaction in response to rewarding stimuli is stimulated and 

reactions in response to punishing stimuli are inhibited. PD patients who do not use 

levodopa show a constant lack of dopamine. Consequently patients are able to inhibit their 

response in reaction to punishing stimuli, while their response in reaction to rewarding 

stimuli is not stimulated. Hence, they learn better based upon punishing feedback (Frank, 

2005). In contrast, PD patients who do use levodopa show a relatively increased level of 

dopamine in their brain. In these patients the level of dopamine in neurons can not decrease 
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in response to punishment, while their response to rewarding stimuli is stimulated. Patients 

on levodopa are consequently better capable of learning based upon rewarding feedback 

(Frank, 2005).  

Thus, PD patients show difficulties applying and achieving automaticity. The latter could 

be due to an inability to shift from cortical to subcortical areas when information processing 

becomes more automatic. Specifically, PD patients show deficits when implicit or 

procedural learning was based upon feedback, which in turn is influenced by the use of 

levodopa:  PD patients who do not use levodopa, learn by avoiding negative stimuli due to 

a lack of dopamine in their brain, while PD patients on levodopa, learn by responding to 

rewarding stimuli due to a relatively overdose of dopamine in the limbic or 

mesocorticolimbic circuits.  

Focusing on the mental schema framework (figure 4.1) this suggests that  PD patients show 

deficits developing a dominant schema, which is especially present in situations in which 

patients receive feedback during learning. Since it has been shown that learning deficits in 

PD are not associated with executive impairments (Muslimovic et al., 2007) and PD 

patients eventually do achieve automaticity, it can be suggested that learning impairments 

in PD are specifically due to a difficulty shifting from controlled to automatic processing, 

which in turn is due to an inability to shift from cortical to subcortical areas.             

 

4.4 Controlled behavior 

Executive dysfunctions are the most common cognitive impairment in non-demented PD 

patients and although memory and visuospatial dysfunction have been reported, it was 

argued that these are secondary to executive dysfunctions in PD (Dubois & Pillon, 1997). 

As described above executive functions can be viewed as a set of subprocesses of the SAS 

(see figure 4.1). In PD deficits in several of the subprocesses of cognitive control (SAS) 

have been proposed.  

 

A central subprocess of cognitive control (SAS) is the selective phasic modulation 

(facilitation and inhibition) of schemata. The efficiency of this process is assessed with tests 

of mental flexibility, in which subjects must rapidly switch between different approaches to 

a problem or task. Many studies report decreased flexibility or set-shifting impairments in 

PD (Cools et al., 2001; Green et al., 2002; Muslimovic et al., 2005), being already present 

in the early stages of the disease and in PD patients who do not yet receive anti-parkinson 

medication (Muslimovic et al., 2005).  
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Set-shifting deficits are thought to be specifically present when interference of competing 

tasks sets is present and are hypothesized to be due to dysfunctional selection mechanisms, 

necessary for disengaging from a previous task set and engaging a new task set in the face 

of distraction (Cools et al., 2001). Levodopa, a dopamine precursor that is metabolized into 

dopamine after crossing the blood-brain-barrier, leading to increased levels of dopamine in 

the brain, can alleviate set-shifting deficits in PD (Cools et al., 2003).  

Neuroimaging studies focused on set-shifting reported that healthy controls showed fronto-

striatal activity, involving a co activation of the mid-ventrolateral prefrontal cortex and 

caudate nucleus, when receiving a signal that a shift was needed (Monchi et al., 2001).  PD 

patients, on the other hand, showed no activation in this fronto-striatal circuit when a 

mental shift was needed. Instead, PD patients showed increased dorsolateral prefrontal 

cortex activation, which was not co activated with the striatum (Monchi et al., 2004). This 

suggests that PD patients compensate for the dopaminergic dysfunction of the fronto-

striatal circuits and rely more on prefrontal areas for set-shifting, implying cortico-cortical 

and subcortical-cortical shifts.  

 

Before the selection and adjustment of schemata a plan must be made on how to reach a 

goal. Planning impairments have been described in PD in the early stages of the disease and 

also in patients who do not yet use anti-parkinson medication (Muslimovic et al., 2005; 

Schneider, 2007; Weintraub et al., 2005a). The fronto-striatal circuits are involved in 

planning (Monchi et al., 2006) and using a planning task during H2
15O – Positron Emission 

Tomography (PET), Dagher et al. (2001) showed associations between activity in prefrontal 

areas, anterior cingulate cortex and the complexity of the task in both healthy controls and 

PD patients. In addition, an association between task complexity and activation in the right 

dorsal caudate nucleus in healthy controls was reported, while no such association was 

found in PD patients. This also suggests that PD patients used more cortical areas for 

planning, while healthy controls relied on the fronto-striatal circuits.  

According to the mental schema framework (figure 4.1), a plan is based on declarative 

knowledge on how to obtain a goal and on the amount of effort that is invested. Also in 

these two subprocesses impairments have been proposed in PD patients.  

Declarative memory is our personal and world knowledge we have conscious access to.  

Studies by Green et al. (2002) and Muslimovic et al. (2005) report that PD patients are 

impaired in recalling information from declarative memory. On the other hand, PD patients, 

do show enhanced hippocampal activity during a planning task, suggesting that PD patients 

relied more on their declarative memory during planning than healthy controls (Dagher et 

al., 2001) even though this may be impaired.  
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To make a plan for a novel situation not only declarative knowledge is required but also 

mental effort must be invested. In clinical settings it was noticed that PD patients often 

needed encouragement to complete a task, which has been  interpreted as a capacity 

limitation with regard to mental effort (Lees, 1992).  

When performing a planning task PD patients solved fewer of the most difficult planning 

puzzles and made fewer attempts to solve the planning puzzles than healthy controls, 

suggesting a difficulty in sustaining adequate mental effort (Schneider, 2007).  

A factor that might influence sustained effort is fatigue, a common problem in PD affecting 

33 to 58% of patients (Friedman et al., 2007). Although, the influence of fatigue on 

cognition in PD has not been directly investigated, an association between fatigue and 

hypoperfusion of the frontal lobe was found (Abe et al., 2000), suggesting that fatigue 

might have a negative influence on cognition in PD patients.   

Thus, planning performance  in PD patients may be negatively influenced by impaired 

recall from declarative memory and  decreased  effort or fatigue.   

 

During and also after the formation of a plan and the selection and manipulation of 

schemata, information needs to be kept active in working or prospective memory. Reduced  

working memory capacity has been frequently reported in PD, specifically when 

manipulation of information is required (Green et al., 2002; Muslimovic et al., 2005). The 

involvement of the fronto-striatal circuits in working memory is confirmed by Lewis et al. 

(2003) who used a working memory paradigm during functional Magnetic Resonance 

Imaging (fMRI) and showed signal intensity reductions in the striatum and frontal cortex in 

cognitively impaired PD patients compared to cognitively intact PD patients. Concerning 

prospective memory, studies report that PD patients specifically show prospective memory 

deficits when stressed to focus on an ongoing task (Altgassen et al., 2007). These are 

however thought to be due to a reduced working memory capacity (Altgassen et al., 2007; 

Kliegel et al., 2005). This indicates that working memory impairments are a central 

memory impairment in PD. 

 

The monitor is also a central subprocess of the SAS. As described above, it screens ongoing 

behavior and when it receives emotional or motivational information, the monitor activates 

the upper half of the model depicted in figure 4.1. The emotional and motivational 

information is based upon context and content aspects of a stimulus and can in turn also 

influence these aspects of the stimulus. Decreased levels of motivation have been reported 

in PD (Aarsland et al., 2005). Furthermore, it has been suggested that PD patients show 
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diminished novelty seeking (Kaasinen et al., 2001; Tomer & Aharon-Peretz, 2004), i.e. a 

diminished tendency toward ‘intense exhilaration or excitement in response to novel 

stimuli, cues for potential rewards or potential relief of punishment’ (Cloninger, 1987). 

Emotional information processing deficits have also been reported in PD patients, 

especially concerning non-verbal emotional information (Dujardin et al., 2004a), which 

could be a behavioral complication of bilateral subthalamic nucleus deep brain stimulation 

(STN-DBS), one of the treatment methods of PD (Dujardin et al. (2004b); see below for a 

description of STN-DBS).  

PD patients can thus be less likely to activate the upper half of the model, due to decreased 

motivation, a diminished novelty seeking and a diminished non-verbal emotional 

processing. Whether PD patients show a diminished monitoring function itself is hard to 

determine, since the monitor is a subprocess which is difficult to conceptualize. A suitable 

task for this purpose could be the Six Elements Test of the Behavioral Assessment of the 

Dysexecutive Syndrome (Wilson et al., 1996) which requires a comprehensive view over 

future and ongoing behavior. This task or anything similar was however, according to our 

knowledge, not applied in PD.  

 

A subprocess which can influence both controlled and automatic processing and that can 

stop an ongoing response is inhibition. Inhibition deficits have been reported in PD and are 

especially present after STN-DBS (Hershey et al., 2004; Schroeder et al., 2002). STN-DBS 

consists of implanting electrodes in the STN, which is part of the fronto-striatal circuits (see 

figure 1.1) and plays a prominent role in the pathophysiology of PD. It shows increased 

excitatory activity in PD, which consequently leads to a reduced activation of the thalamus 

and prefrontal cortex, eventually leading to the development of akinesia, bradykinesia, 

bradyphrenia and cognitive deficits in PD. It has been hypothesized that applying STN-

DBS causes a release of the “brake” on the cortical areas and has been shown to improve 

motor symptoms (Esselink et al., 2004; Herzog et al., 2003; Portman et al., 2006). The 

influence of STN-DBS on cognitive function however, is more complicated (Smeding et 

al., 2006). According to Frank et al. (2007) the STN normally provides a control signal in 

decision conflicts (am I going left or right?), temporarily preventing the execution of any 

response. Due to STN-DBS PD patients show speeded responses in conflict situation, i.e. 

they show a decreased ability to inhibit a response in decision conflicts. This is confirmed 

by Hershey et al. (2004) who showed that STN-DBS reduced response inhibition under 

conditions of greater challenge to cognitive control and Smeding et al. (2006) who showed 

decreased performance on the Stroop task in PD patients on STN-DBS. Moreover, it was 

reported that STN-DBS decreases regional cerebral blood flow in the anterior cingulate 
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gyrus and ventral striatum during the Stroop task and impaired task performance at the 

same time (Schroeder et al., 2002).  

Thus, PD patients who are not on STN-DBS are able to inhibit responses, since the 

increased excitatory activity of the STN causes reduced activation of the thalamus and 

prefrontal cortex. On the other hand, STN-DBS causes a release of the “brake” on cortical 

areas in PD patients and consequently a decreased ability to inhibit responses.         

 

In conclusion, PD patients show executive dysfunctions due to deficits in many different 

subprocesses of cognitive control (SAS): cognitive flexibility, planning, declarative and 

working memory, effort, motivation, emotional processing and inhibition. Neuroimaging 

studies focused on cognition in PD showed decreased activation of the fronto-striatal 

circuits and increased activation of the prefrontal cortex. This suggests that PD patients 

show increased cognitive control, using more frontal areas for cognitive tasks which 

indicate compensatory mechanisms reflected by cortico-cortical and subcortical-cortical 

shifts. The use of levodopa can alleviate cognitive deficits in PD, however the influence of 

levodopa on different cognitive functions, i.e. subprocesses of cognitive control (SAS) was 

not investigated. STN-DBS, an other treatment strategy applied in PD, improves motor 

symptoms. However, the influence of STN-DBS on cognitive functions is more 

complicated and has been shown to have a negative influence on inhibition. Thus, 

impairments in cognitive control or the executive functions in PD appear to be the result of 

the complex interplay between the dopaminergic dysfunction of the fronto-striatal circuits 

and treatment strategies.  

 

With regard to the comprehensive mental schema framework an other explanation for the 

impairments within cognitive control or executive functions, besides the explanation of 

impairments in different subprocesses, needs to be added. Within the comprehensive mental 

schema framework (see figure 4.1; Brouwer & Schmidt (2002)) the dynamic relations 

between the subprocesses of automatic and controlled processing are reflected. Considering 

this framework, the increased reliance on cognitive control in PD suggests that the 

regulation of behavior shifts from automatic to controlled processing. This is consistent 

with deautomatisation and implicit learning impairments in PD patients as described above. 

The shift from automatic to controlled processing however, indicates that if there is 

something wrong with automatic information processing this will also affect controlled 

processing, suggesting that impairments in the subprocesses of controlled processing are 

secondary to impairments in automatic processing. The strongest evidence for impairments 

in controlled processing in PD will therefore be studies that control for confounding 
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influence of impaired automatic processing and other subprocesses of controlled processing 

(see figure 4.1). The problem with tests used to assess the cognitive functions in PD 

however, is that they not only assess the cognitive function they declare to measure but also 

many other cognitive functions, such as implicit learning, working memory and 

visuospatial functions. For example, the Odd man out test (Flowers & Robertson, 1985) 

requires both the implicit learning of rules and cognitive flexibility (Cools et al., 2001). 

According to our knowledge, only Cools et al. (2001) studied cognition in PD controlling 

for confounding influences. They reported cognitive flexibility impairments in PD, which 

were specifically present when the load on selection mechanisms increased. PD patients 

thus show genuine cognitive flexibility impairments. Future research should be focused on 

unraveling which cognitive impairments are specific for PD. Specifically it needs to be 

determined to what extent impairments in controlled processing are secondary to 

impairments in automatic processing.   

 

4.5 Conclusion 

PD patients show automatic processing deficits. They show deautomatisation and achieve 

automaticity with difficulty. Moreover, PD patients specifically show deficits when 

learning is based upon feedback, that in turn is influenced by the use of levodopa. 

Furthermore, PD patients do not show a shift of activation from cortical to subcortical areas 

when controlled processing becomes rather automatic, which has been observed in healthy 

controls. Instead, PD patients activate more cortical areas. This suggests a compensatory 

mechanism, not reflected by a shift of activation from cortical to subcortical areas but by a 

maintenance of activation in cortical areas.  

In addition, PD patients show impairments in cognitive control or executive functions, 

described as deficits in many different subprocesses of the SAS: cognitive flexibility, 

planning, declarative and working memory, effort, motivation, emotional processing and 

inhibition. These are to a large extent the consequence of the dopaminergic dysfunction of 

the fronto-striatal circuits. PD patients compensate for this dysfunction by showing 

increased prefrontal activation, implying cortico-cortical and subcortical-cortical shifts of 

activation. Whether these compensatory mechanisms cause an increased performance level 

is not clear. If this was the case it might partially explain why not all PD patients show 

executive impairments. Moreover, it is also unknown whether all PD patients compensate 

and how these compensatory mechanism develop with the progression of the disease.  

According to our mental schema framework, cognitive control (SAS) has its effect on 

behavior by modulating, facilitating or inhibiting schemata. If there is something wrong 
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with automatic schema-driven information processing, this will also effect the application 

of executive functions, suggesting that the executive impairments are secondary to 

automatic impairments. The strongest evidence for impaired executive functions will 

therefore be studies that control for the effects of impaired automatic information 

processing, for example by showing that the impairments can be dissociated.  

In conclusion, the cognitive impairments observed in PD, both at the level of controlled and 

automatic processing, are the result of a complex interplay between the dopaminergic 

dysfunction of the fronto-striatal circuit, compensatory mechanisms and treatment 

strategies applied in PD. Future research should focus on the influence of automatic 

processing impairments on cognitive control and on the compensatory mechanisms. 
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5.1 Abstract 

Positive feedbacks reinforce goal-directed behavior and evoke pleasure. In Parkinson’s 

disease (PD) the striatal dysfunction impairs motor performance, but also may lead to 

decreased positive feedback (reward) processing.  

This study investigates two types of positive feedback processing (monetary feedback and 

positive informative feedback), both compared to meaningless feedback, in PD patients and 

elderly healthy controls, using fMRI. In addition, positive informative feedback will be 

compared to monetary feedback to determine whether positive informative feedback is just 

as salient as monetary feedback. 

Healthy controls showed increased activation in the left putamen during the monetary 

feedback condition compared to both the positive informative and meaningless feedback 

condition, without an effect in the medial Prefrontal Cortex (mPFC). In contrast, PD 

patients showed increased activation in the left putamen during the meaningless feedback 

condition compared to both positive feedback conditions. In addition, PD patients showed 

increased activation of the mPFC during both positive feedback conditions. This suggests 

that when confronted with positive feedback, the mPFC compensates for the striatal deficit.  

In conclusion, striatal activation was seen in healthy controls specifically during the 

monetary feedback condition. PD patients did not differentiate between both types of 

positive feedback. If PD patients are provided with positive feedback, the mPFC 

compensates for the striatal dysfunction. If however, PD patients are provided with 

meaningless feedback, the mPFC is less stimulated and the striatum becomes prominent. 

This study thus demonstrates striatal involvement in positive feedback processing and 

altered positive feedback processing in PD. 
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5.2 Introduction 

In everyday life positive feedbacks in response to human action are an obvious 

phenomenon. These feedbacks may differ both in style and intensity, e.g. receiving money 

will be evaluated differently than a positive verbal remark. Positive feedbacks (also 

designated as “rewards”) reinforce goal-directed behavior and evoke positive feelings 

(Schultz, 1997). Various brain areas may be associated with positive feedback processing 

(reward processing) in humans, in dependence of the behavioral task used during 

neuroimaging. However, certain brain areas are consistently associated with reward 

processing in healthy humans: striatum (nucleus accumbens, nucleus caudatus, putamen), 

orbitofrontal cortex, anterior cingulate gyrus and other parts of the prefrontal cortex 

(McClure et al., 2004).   

Parkinson’s disease (PD) is characterized by a dysfunctional striatum, due to a progressive 

degeneration of dopaminergic neurons in the substantia nigra. Motor symptoms are the 

clinical hallmark, however depression, cognitive dysfunction and other signs and symptoms 

are often present (Lauterbach, 2004). The striatum is extensively connected with the 

prefrontal cortex through the so-called fronto-striatal circuits. Due to the dysfunction of the 

striatum these circuits are functionally impaired as well in PD (Alexander et al., 1986).   

Neuroimaging studies investigated reward processing in PD using various tasks and 

methods. Using a pattern recognition task during H2
15O Positron Emission Tomography 

(PET), Kunig et al. (2000) showed a lack of striatal activation in response to reward in PD 

patients. Furthermore, they reported that the dorsolateral prefrontal cortex and the anterior 

cingulate gyrus, did show activation in PD patients in response to reward, suggesting a 

compensatory strategy reflected by a shift from striatal to prefrontal regions for reward 

processing. Schott et al. (2007) also reported such increased cortical activation. They used a 

reward-prediction paradigm during functional Magnetic Resonance Imaging (fMRI) and 

showed increased activation during reward feedback in the medial prefrontal cortex and 

anterior cingulate gyrus in PD patients. Goerendt et al. (2004) examined the processing of 

rewards of different magnitudes in PD patients and healthy controls using H2
15O PET. They 

showed that task completion time improved with increasing reward magnitude. In healthy 

controls this was associated with increased prefrontal and rhinal cortex activity. In contrast, 

PD patients showed a cerebellar vermis overactivation, also suggesting a compensatory 

strategy which in that study was reflected by a shift from prefrontal regions to the 

cerebellum. These studies thus provide arguments that reward processing is altered in PD.  

Rewards or feedback also play an important role in learning. It has been reported that PD 

patients specifically show impairments when learning is based upon feedback compared to 

learning without receiving feedback (Shohamy et al., 2004). Furthermore, PD patients “on” 
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levodopa learn better when learning is based upon receiving positive feedback, while PD 

patients “off” levodopa learn better when learning is based upon receiving negative 

feedback (Frank et al., 2004). Learning is thus influenced by the use of levodopa. 

The present study uses fMRI to investigate the consequences of dysfunctional fronto-

striatal circuits for the processing of positive feedback, using PD as a model disease. In this 

context not many studies have been performed. The current study aims to extend previous 

findings by investigating two types of positive feedback (“monetary feedback” and 

“positive informative feedback”) rather than rewards of different magnitudes.  Both types 

are compared to a “meaningless feedback” condition. All three types are embedded in a 

working memory task.  

Since PD is characterized by a dysfunction of the fronto-striatal circuits, we specifically 

focused on the brain activation patterns in the basal ganglia and frontal regions. 

In addition, we have addressed the question whether positive informative feedback is just as 

salient as monetary feedback by comparing the activation in the striatum and prefrontal 

cortex during the positive informative feedback condition to the activation within these 

areas during the monetary feedback and meaningless feedback conditions. This was 

investigated in PD patients “on” levodopa compared to elderly healthy controls. We 

hypothesized that PD patients show an altered feedback processing. Specifically, it was 

expected that PD patients show a decreased striatal activation during both types of positive 

feedback conditions compared to the meaningless feedback condition, while showing 

increased prefrontal activation during both types of positive feedback conditions compared 

to the meaningless feedback condition.  

 

5.3 Experimental paradigm 

Subjects 

Twenty-three subjects were included in this study: eleven PD patients (nine males (82%) 

and two females (18%)) and twelve healthy controls (ten males (83%) and two females 

(17%)). PD patients were on average 58.7 (SD=7.6) years old and showed a mean score of 

5.9 (SD=0.8) on a Dutch education scale ranging from 1 (Elementary school not finished) 

to 7 (University degree). Demographic and illness characteristics of all patients are 

described in table 5.1. Healthy controls were on average 58.8 (SD=6.1) years old and 

showed a mean score of 6.0 (SD=0.9) on a Dutch education scale. Both groups showed on 

average a high education level. Groups were matched for age, gender and level of 

education. All patients were diagnosed with idiopathic PD according to the criteria of the 
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UK Parkinson’s Disease Society Brain Bank and were assessed in regular on-state. Unified 

Parkinson’s Disease Rating Scale (UPDRS), part III (Fahn et al., 1987) scores were 

obtained from all patients and a Levodopa Equivalent Daily Dose (LEDD) was calculated 

according to the following formula: levodopa dose  (100 mg) x 1 (added with 0.2 x 

levodopa dose if using entacapone with each dose) + (slow release levodopa x 0.7) + 

bromocriptine x 10 + ropinirole x 20 + pergolide x 100 + pramipexole x 100 (Esselink et 

al., 2004). Exclusion criteria were neurological disorders other than PD and depression 

(Montgomery-Åsberg Depression Rating Scale score < 15 (Leentjens et al., 2000). 

All participants gave their written informed consent prior to study inclusion. The study was 

approved by the Medical Ethical Committee of the University Medical Center Groningen, 

the Netherlands.  

 
Table 5.1 Demographic and illness characteristics of patients (n=11) 

 

Patient Sex Age Education Disease     

duration 

UPDRS LEDD 

1 Male 65 5 1 18 188 

2 Male 61 7 8 21 750 

3 Female 61 6 5 18 300 

4 Male 60 6 14 8 920 

5 Male 63 6 2 26 150 

6 Male 65 7 2 10 600 

7 Male 47 6 11 20 795 

8 Male 47 6 1 11 450 

9 Male 70 4 4 25 50 

10 Male 55 6 4 17 300 

11 Female 52 6 4 16 450 

Mean  

SD 

 58.7  

7.6 

5.9  

0.8 

5.1  

4.2 

17.3  

5.8 

450.2  

285.7 

 

Procedure 

In order to investigate differences between PD patients and elderly healthy controls with 

regard to the distribution of cerebral activations related to positive feedback conditions 

compared to a meaningless feedback condition, Blood Oxygen Level Dependent (BOLD) 

responses were measured during performance of a working memory task with delayed 

response as described earlier (Kunig et al., 2000; Martin-Soelch et al., 2001). This task was 

learned before scanning during which participants were informed that the meaningless 

feedback condition did not have a negative meaning and represented a condition during 

which they did not receive any information about their performance.  
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One task sequence, presented with Psychtoolbox (© 2000 by David Brainard & Denis Pelli) 

under Matlab 5.3 (The MathWorks, Natick, Massachusetts, USA), comprised the following 

components (see also Figure 5.1):  

- During one second an image with three regular rectangular instruction patterns 

was presented on the screen.  

- A blank screen was then presented for 2.5 ± 0.5 seconds (uniformly distributed). 

- A single cue pattern was presented at one of the three previous locations for two 

seconds. The subjects had to decide whether or not this pattern was presented at 

the same position as in the instruction pattern. If so, they were instructed to press 

the right button with their right middle finger; if not, they were instructed to press 

the left button with their right index finger.  

- A blank screen followed this pattern during 3.5 ± 1.5 seconds (uniformly 

distributed). Feedback was given during one second followed by a blank screen 

during 3.0 ± 1.0 seconds (uniformly distributed) that completed one trial.  

The visual stimuli were presented on a computer screen, approximately 1.5 m from the 

eyes, which was viewed through a mirror mounted on the head coil of the scanner. 

Three types of feedback were given in blocks of approximately four minutes, each 

constituting twenty trials. In the monetary feedback block, money was earned for each 

correct response indicated by displaying "EUR 1.50" (ca. USD 2.25) on the screen. During 

the positive informative feedback block “OK” was depicted on the screen after each correct 

response. During these positive feedback conditions, the total amount of money earned or 

the total number of “OK” was given in the lower half of the screen. In these conditions, an 

incorrect response led to the feedback "XY" and the total score remained unchanged. 

During the meaningless feedback block, “XY” was depicted on the screen after both correct 

and incorrect responses. During this condition, the lower half of the screen always 

displayed "Total XY". All three feedback conditions were thus identical expect for the type 

of feedback that was received.  

Each subject performed three sessions, each session containing all three different feedback 

blocks (approximately 4 minutes = 1 block). These blocks were presented in a balanced 

randomized order. Between two sessions, two minutes of rest were given. The maximum 

amount of money which could be earned was EUR 90 (ca. USD 135). 
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Figure 5.1: Pattern Recognition Task with Delayed Response, adapted from Kunig et al. (2000). During one 

second an image with three regular rectangular instruction patterns was presented on the screen. A blank screen 

was then presented for 2.5 ± 0.5 seconds. A single cue pattern was then presented at one of the three previous 

locations for two seconds. The subjects had to decide whether or not this pattern was presented at the same 

position as in the instruction presentation. If so, they were instructed to press the right button with their right 

middle finger; if not, they were instructed to press the left button with their right index finger. A blank screen 

followed this pattern during 3.5 ± 1.5 seconds. Feedback was given during one second followed by a blank screen 

during 3.0 ± 1.0 seconds that completed one trial. Three types of feedback were given in blocks of three minutes, 

each containing twenty trials. In the monetary feedback condition, money was earned for each correct response 

indicated by displaying "EUR 1.5" (ca. USD 2.25) on the screen. During a positive informative feedback condition 

“OK” was depicted on the screen after a correct response. During these two conditions, the total amount of money 

earned or the total number of “OK” was given in the lower half of the screen. In these conditions, an incorrect 

response led to the feedback “XY” and the total score remained unchanged. During the meaningless feedback 

condition, “XY” was depicted on the screen after both correct and incorrect responses. During this condition, the 

lower half of the screen always displayed “Total XY”. 

 

Data acquisition 

A 3 Tesla whole body scanner (Philips type Intera, Eindhoven, Netherlands) and the 6-

channel SENSE head coil were used to obtain 264, 261 and 263 scans for run 1, 2 and 3, 

respectively. Each scan consisted of 46 axial slices using the Echo Planar Imaging (EPI) 

technique. The repetition time was 3 sec. The slices were acquired interleaved in an 

ascending order. Voxel dimensions were 3.5 mm isotropically.  

Reaction times and hit rates (i.e. the percentage of correct responses) of all participants 

were measured to assess performance rates during the three feedback conditions.  

OK 
Total 2 OK 

 

Instruction set 
Cue 

 
Response 

XY 
Total XY 

1,5 euro 
Total 6 euro 

Feedback 

Task duration: 13 ± 3 seconds 

Feedback Type: 
• Meaningless Feedback 
• Positive Informative  

Feedback 
• Monetary Feedback 
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Data analyses 

Preprocessing and analyses were applied with SPM2 (Welcome Department of Cognitive 

Neurology, London, UK). Preprocessing consisted of the following steps: slice time 

correction (reference slice=1), realignment, normalization (using a standard EPI-template) 

and smoothing (three dimensional Gaussian filter, FWHM=10 mm). Also jittering was 

applied. 

All models used the canonical hemodynamic response function. A two-level approach 

including random-effects was applied for statistical analysis, using box-car regression to 

compare the three feedback conditions. It was assumed that the monetary feedback was 

more salient than positive informative feedback. Therefore the following block design was 

used: First the monetary feedback condition was contrasted with the meaningless feedback 

condition for each subject. These contrast images were used as input for the second level 

analysis. Comparison between groups of subjects was performed with a second-level two-

sample t-test. Within-group analyses were performed with a second-level one-sample t-test. 

This contrast (monetary feedback condition versus meaningless feedback condition) was 

used as input for the region of interest (ROI) analysis. 

The ROI analysis (using MARSBAR; Brett et al. (2002)) was performed for two ROIs. The 

first ROI was defined by the voxels (located in the striatum) for which the contrast 

monetary feedback versus meaningless feedback showed a significantly stronger activation 

in healthy controls compared to PD patients (p<0.001, uncorrected). The other ROI was 

defined by the cluster of voxels (located in the prefrontal cortex) for which the contrast 

monetary feedback versus meaningless feedback resulted in a significant activation within 

the PD group (p<0.001, uncorrected). The activation of these two ROIs was further 

explored by evaluating the effect of positive informative feedback, in contrast to both other 

feedback conditions.  

Although the original design of this study was focused on separating cue, retrieval and 

feedback processing, this appeared impossible in practice. However, all three feedback 

conditions were identical, except for the type of feedback received. We therefore assume 

that the contrasts resulted in the identification of BOLD responses that were mainly 

associated with feedback processing, instead of cue or retrieval processing.  

 

STATISTICA (V5.5, Statsoft, Tulsa, OK, USA) was used to perform additional statistical 

analyses. Normality of data was analyzed using Q-Q plots and the Shapiro-Wilk Test. All 

variables were normally distributed. A repeated measures ANOVA, with a Newman-Keuls 

post hoc analysis, was performed to determine differences in fMRI signals during the three 

feedback conditions. This was performed for both ROIs, within both groups. A repeated 
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measures ANOVA was performed to determine differences in reaction times and hit rates 

between the three feedback conditions, between and within both groups. In addition, 

Pearson correlations were calculated within both groups between hit rates, reaction times 

and activation in both ROIs. For the correlations with hit rates and reaction times two new 

variables were calculated by subtracting the hitrates/reaction times during the meaningless 

feedback condition from the hitrates/reaction times during the monetary feedback condition 

for all participants. The variable reflected the performance during the monetary feedback 

condition relative to the meaningless feedback condition, just as the mPFC and putamen 

activation reflects activation during monetary feedback relative to the meaningless 

feedback condition. Within the PD patients group Pearson correlations were also calculated 

between UPDRS-III score, LEDD and the mPFC and left putamen activation.  

 

5.4 Results 

Functional MRI data 

Voxel-based analysis 

In this section differences are shown that resulted from both within and between group 

analyses, contrasting the monetary feedback condition to the meaningless feedback 

condition, which was used as input for the ROI analysis. This enabled the identification of 

the prefrontal and striatal foci of maximal intensity.  

Within the elderly healthy controls, the monetary feedback condition versus meaningless 

feedback condition contrast, yielded significant bilateral high parietal and dorsal midbrain 

and pons activations (see figure 5.2). Since we specifically focused on the brain activation 

patterns in the basal ganglia and frontal regions, these results will not be discussed below. 

Within the PD group, the monetary feedback condition versus the meaningless feedback 

condition contrast yielded significant activations of the right occipital and some parietal 

cortex regions as well as prefrontal areas. The latter comprised bilateral presupplementary 

motor area and medial prefrontal cortex, ingulated gyrus and right superior frontal gyrus 

(Brodmann areas: 6, 8, 24 and 32), and will further be indicated as mPFC region (see figure 

5.3). 

The contrast monetary feedback condition versus meaningless feedback condition in the 

elderly healthy control group compared to the same contrast in the PD group resulted in a 

strong positive effect in the left putamen (see figure 5.4). In other words, the cerebral 

activation induced by the monetary feedback condition was larger in the left putamen of 
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elderly healthy controls than in that of the PD patients. The opposite contrast did not yield 

significant differences. 

 

 

 
Figure 5.2: Effect of the monetary feedback condition compared to meaningless feedback condition in the 

pons/midbrain region (MNI coordinates: -2, -34, -20 and 10, -40, -34), left cerebellum (MNI coordinate: -16,       -

70, -36) and parietal cortex (MNI coordinates: left -32, -64, 58 and right 42, -50, 60) which was present in healthy 

controls, while no such activation pattern was found in PD patients (block design). Horizontal and sagittal slices 

on mean T1 image of the contrast (uncorrected, p<.001). 

Z = 58 Z = -36 

X = -2 



Prefrontal cortex and striatal activation by feedback in PD 

 63

 

Figure 5.3: Effect of the monetary feedback condition compared to meaningless feedback condition in mPFC 

(MNI coordinate: 8, 16, 36), which was present in D patients while no such activation pattern was found in  

elderly healthy controls (block design). Sagittal slices on a mean T1-image of the contrast (uncorrected, p<.001). 

 

 
Figure 5.4: Effect of the monetary feedback condition compared to the meaningless feedback condition in the left 

putamen (MNI coordinate: -30, -4, 2), which was signicantly larger in healthy controls than in PD patients (block 

design). Horizontal slice on mean T1 image of the contrast (uncorrected, p<.001). 

 

ROI-based analysis 

The responses in mPFC and left putamen were further explored by evaluating the effect of 

positive informative feedback. The fMRI signal (expressed in mean effect size) in these 

X = -4 X = 8 

Z = 2 
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regions was plotted for all three feedback conditions, for both groups (see bar graphs in 

figure 5.5). This revealed that the effects in the left putamen during monetary feedback 

condition compared to that during meaningless feedback condition showed an opposite 

profile in the two groups: Relative to the meaningless feedback condition, a positive effect 

of the monetary feedback condition was present in the left putamen of healthy controls, 

while this effect was negative in the PD group (see figure 5.5). 

 

 
 

Figure 5.5: Brain activation (mean effect size) in left putamen and mPFC in healthy controls and PD patients 

during the three separate feedback conditions (Monetary feedback (Mon), Positive informative feedback (Info) and 

Meaningless feedback (Non)). Brain activation is depicted in arbitrary units and corrected to zero mean. Values of 

one condition (Mon, Info or Non) are relative to the other two conditions in the same population and region. 

Absolute effect sizes between two groups therefore cannot be directly compared. Significant differences between 

brain activations are indicated with a * and ** (p<0.05 and p<0.01 respectively, using an ANOVA repeated 

measures, with a Newman-Keuls post hoc analysis). 

 
Referring to figure 5.5, the effect in the left putamen of healthy controls during the positive 

informative feedback condition differed significantly from that of the monetary feedback 

condition and was not significantly different from the effect in the left putamen during the 

meaningless feedback condition. In contrast, in the PD group the effect in the left putamen 
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during the positive informative feedback condition did not differ significantly from that 

during the monetary feedback condition, while it did differ significantly from the 

meaningless feedback condition. 

The effects in the mPFC during the monetary feedback condition, positive informative 

feedback condition and meaningless feedback condition did not differ from each other in 

the healthy control group. In PD patients, however, the effect in the mPFC during the 

monetary feedback condition was significantly larger than during the meaningless feedback 

condition. Moreover, the effect of positive informative feedback condition in the mPFC 

region did not differ significantly of that during the monetary feedback condition, which 

implied that it significantly differed from the effect of the meaningless feedback condition 

(see figure 5.5). 

 

Behavioral data 

PD patients showed lower hit rates than healthy controls (F=6.31, p=0.02). Within both 

groups the hit rates did, however, not differ between the three feedback conditions (F=1.44, 

p=0.25; see table 5.2). Furthermore, a trend was found toward slower reaction times of PD 

patients compared to healthy controls (F=3.40, p=0.08; see table 5.2). Within both groups, 

responses were significantly faster during the monetary feedback condition than during the 

positive informative feedback condition (p=0.04) and meaningless feedback condition 

(p=0.02).  

 

Table 5.2 Hit rates (in percentage) and reaction times (in seconds) during monetary feedback (Mon), positive 

informative feedback (Info) and meaningless feedback (Non) of PD patients (n=11) and healthy controls (n=12) 

 

 PD patients 

       Mon                   Info                   Non 

Healthy controls 

      Mon                   Info                    Non 

Hit rates: 

M  

SD 

 

82.88  

11.11 

 

79.85  

14.33 

 

78.18  

13.95 

 

90.28  

7.71 

 

91.11  

7.43 

 

90.97  

6.57 

Reaction times: 

M  

SD 

 

1.4  

0.1 

 

1.5  

0.1 

 

1.5  

0.1 

 

1.3  

0.1 

 

1.4  

0.2 

 

1.4  

0.2 

 

In addition, significant associations were found between the LEDD score and the activation 

in the mPFC region and the left putamen (see table 5.3). No correlations were found 

between UPDRS, part III and the left putamen and mPFC region (see table 5.3). 

Furthermore, in both PD patients and healthy controls no associations were found between 
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hit rates and the activation in the mPFC and putamen. However, a trend toward a significant 

association was found between reaction times and mPFC activation within PD patients. No 

associations were found between reaction times and putamen activation within PD patients 

and between reaction times and mPFC and putamen activation within healthy controls (see 

table 5.3). 

 

Table 5.3 Associations (one-tailed) between UPDRS, LEDD, hit rates and reaction times and the difference in 

fMRI signal between monetary reward and meaningless feedback of the mPFC and left putamen in PD patients 

(n=11) and healthy controls (HC; n=12) 

 

 Left putamen 

PD                              HC 

r (p)                            r (p) 

mPFC 

PD                              HC 

r (p)                            r (p) 

Reaction times -0.01 (0.48) -0.27 (0.20) 0.47 (0.07) 0.12 (0.35) 

Hit rates -0.20 (0.28) -0.03 (0.46) -0.21 (0.27) -0.12 (0.35) 

UPDRS -0.15 (0.33) -0.36 (0.14)   

LEDD -0.45 (0.08) 0.60 (0.03)   

 

5.5 Discussion 

The aim of this study was to investigate the consequences of dysfunctional fronto-striatal 

circuits for the processing of two different types of positive feedback conditions (monetary 

feedback and positive informative feedback) both compared to a meaningless feedback 

condition. This was investigated in PD patients “on” levodopa compared to elderly healthy 

controls. In addition, positive informative feedback was compared to monetary feedback to 

determine whether positive informative feedback was just as salient as monetary feedback. 

 

In healthy controls, relative to PD patients, the left putamen showed an increased activation 

during the monetary feedback condition compared to the positive informative and 

meaningless feedback conditions. The latter two feedback conditions did not differ. No 

activation was observed on the right side. Most likely the left putamen showed significant 

activation since participants had to push the button with the fingers of their right hand 

during the task, which is consistent  with de la Fuente-Fernandez et al. (2000) who showed 

that right hand preference was associated with left putamen activation. The activation in the 

left putamen during the monetary feedback condition provides an argument for the striatal 

involvement in positive feedback processing in healthy elderly controls and is consistent 

with previous neuroimaging studies focused on reward processing, which can also be 

designated as positive feedback (Knutson et al., 2000; McClure et al., 2004; Thut et al., 
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1997; Zald et al., 2004). Moreover, this documents that in elderly healthy controls monetary 

feedback results in more salient activation patterns than positive informative feedback and 

suggests that in healthy controls the left putamen was mainly activated in response to the 

rewarding aspects of the task.  

In PD patients, relative to healthy controls, the left putamen did not show an increased 

activation during the monetary feedback condition compared to the meaningless feedback 

condition. Instead, the left putamen showed higher activation during the meaningless 

feedback condition, relative to both the monetary feedback and positive informative 

feedback conditions. The latter two did not differ. This suggests that in PD patients 

monetary feedback is thus not more salient than positive informative feedback. Moreover, 

the activation pattern of the left putamen in PD patients is opposite to the same activation 

pattern shown in healthy controls. This suggests that PD patients not only fail to activate 

their putamen during both positive feedback conditions but on the contrary show an 

increased activation when provided with meaningless feedback. Although this may appear 

contra intuitive at first sight, we propose the following explanation: During the meaningless 

feedback condition PD patients are not provided with any external information about their 

performance. They thus have to generate internal responses to perform the task. This is 

reflected by relative increased left putamen activation in PD patients. Previously the 

generation of internal responses was associated with increased prefrontal activation in PD 

patients “off” medication (Jahanshahi et al., 1995). However in our study PD patients were 

assessed “on” levodopa. This might facilitate the relative increased activation of the left 

putamen, which can be inferred from the negative correlation between the activation of the 

left putamen and levodopa use, i.e. PD patients who use more levodopa show an increased 

activation of the left putamen during meaningless feedback condition relative to the 

monetary feedback condition. Thus, the use of levodopa might enhance the activation of the 

left putamen during the meaningless feedback condition, which we suggest to reflect 

involvement in the generation of internal responses in PD patients. In line with these 

suggestions are the findings that an internally modulated response associated with reward 

uncertainty also induces striatal dopamine release in PD (de la Fuente-Fernandez et al., 

2001; de la Fuente-Fernandez et al., 2004).     

 

PD patients showed relatively increased activation in the mPFC during both the monetary 

feedback and positive informative feedback conditions, compared to the meaningless 

feedback condition. This activation pattern was not found in healthy controls. These results 

suggest that the activation pattern of the mPFC in PD patients is not specific for the 

monetary feedback condition but occurs during both types of positive feedback. This 
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indicates that these activation patterns may be the result of the positive feedback and 

external nature of both conditions, compared to the internal nature of the meaningless 

feedback condition (see above). Indeed, in PD performance improvement by specified 

external cueing is a well-known clinical phenomenon (Georgiou et al., 1994; Rubinstein et 

al., 2002). The activation pattern of the mPFC is also facilitated by levodopa use, i.e. the 

mPFC activation showed a positive association with levodopa use. This suggests that PD 

patients who use more levodopa showed an increased activation of the mPFC during 

positive feedback conditions. Levodopa thus also improves the generation of actions due to 

positive, external feedback conditions. 

In addition, the relatively decreased activation of the left putamen during the monetary 

feedback condition compared to the meaningless feedback condition in PD patients and the 

relatively increased activation of the mPFC resulting from the same contrast, may suggest a 

compensatory mechanism, i.e. a shift from striatal to the mPFC for positive feedback 

processing. This is consistent with previous studies on reward processing (Kunig et al., 

2000) and cognition in PD patients (Bruck et al., 2005; Monchi et al., 2006), which also 

suggested cortical compensatory mechanisms in PD. Functional coherence between mPFC 

and striatum is inferred from interconnection between the two (Alexander et al., 1986; 

Taylor et al., 1990), and previous studies confirm the role of the mPFC in reward 

processing (Kunig et al., 2000; Ridderinkhof et al., 2004). Furthermore, the activation of 

the left putamen and the mPFC were negatively associated (data not shown), i.e. the more 

mPFC activation (or compensation), the less left putamen activation (or internal 

processing). This suggests that the mPFC down-regulates the activity of the putamen.  

The involvement of the mPFC in the compensatory mechanism is consistent with the 

prescribed role of the mPFC in performance monitoring, i.e. the mPFC is thought to be 

activated when performance adjustment is needed, e.g. when anticipated rewards need to be 

obtained (Ridderinkhof et al., 2004; Van der Graaf et al., 2006). The mPFC is thus in an 

optimal position to compensate for the striatal dysfunction in PD, when confronted with 

positive (both monetary and positive informative) feedback and implies that PD patients 

perform the feedback task more controlled instead of automatic.     

 

Considering compensation in PD one might expect that PD patients ideally would regain 

the ability to perform at a behavioral level as well as healthy controls. However, although 

the mPFC activation was associated with reaction times within PD patients, they showed a 

trend toward slower reaction times than healthy controls, being the slowest during the 

meaningless feedback condition and made more errors during all feedback conditions, 

compared to healthy controls. Thus even though the compensatory mechanism appears to 
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support reaction times, it apparently did not enable PD patients to perform as well as 

healthy controls. On the other hand, one might speculate that without the compensatory 

mechanism, PD patients would have performed even worse.  

 

Since mainly males were included, our results may have been influenced by gender. 

However, within both groups the ratio between males and females was similar. Therefore 

the influence of previously reported gender differences in activation of the 

mesocorticolimbic reward circuitry (Adinoff et al., 2003; Hoeft et al., 2008), is probably 

limited.  

 

In conclusion, this study demonstrates striatal involvement in positive feedback processing 

and altered positive feedback processing in PD. A striatal activation specifically during the 

monetary feedback condition was seen in healthy controls, but not in PD. PD patients did 

not differentiate between both types of positive feedback. If PD patients “on” levodopa are 

provided with positive, external, feedback the mPFC dominates response behavior, while 

the striatum plays a rather irrelevant role. If however, PD patients “on” levodopa are 

provided with meaningless feedback, the mPFC is less stimulated and internally driven 

responses, mediated by the striatum, become prominent. The shift from striatal to prefrontal 

activation in PD patients is thus related to both types of positive feedback processing, while 

the generation of internal responses is less mediated by a compensatory mechanism.  
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6.1 Abstract 

Novelty seeking (NS) is thought to be associated with positive feedback (also designated as 

reward) processing. Parkinson’s disease (PD) is characterized by dysfunctional fronto-

striatal circuits, which might result in low NS. The aim of this study was to investigate the 

consequences of dysfunctional fronto-striatal circuits in PD for NS. In addition, it was 

investigated to what extent NS was associated with an altered positive feedback processing 

in PD, using a positive feedback task during fMRI.  

NS was assessed in 23 PD patients and 23 age and gender-matched healthy controls. A 

subgroup of 11 PD patients and 12 healthy controls performed a positive feedback task 

during fMRI.  

PD patients and healthy controls scored equal on NS. In healthy controls higher NS scores 

were associated with increased left putamen activity during the monetary feedback 

condition, relative to the meaningless feedback condition. In contrast, in PD patients higher 

NS scores were associated with decreased left putamen activity during monetary feedback 

condition relative to meaningless feedback condition. In addition, higher NS scores in PD 

patients were associated with increased mPFC region activation during the monetary 

feedback condition, relative to the meaningless feedback condition.  

In conclusion, NS is associated with positive feedback processing, which in healthy 

controls is reflected by increased striatal activation. In PD a shift from striatal to prefrontal 

regions for positive feedback processing and hence NS is observed. The fronto-striatal 

dysfunction in PD thus does not seem to result in low NS. Instead, reduced putamen 

activity is compensated by increased mPFC region activity, which may partly mediate NS.  
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6.2 Introduction 

Positive feedbacks can elicit approach behavior and have motivational value (Martin-

Soelch et al., 2001). Several studies (Martin-Soelch et al., 2001; McClure et al., 2004; Zald 

et al., 2004) suggest that the striatum and prefrontal cortex are associated with positive 

feedback processing (also designated as rewards) in healthy individuals. Furthermore, 

Haruno & Kawato (2006) suggested that the putamen is mainly involved in evaluating 

actions in terms of rewards, whereas the caudate nucleus and ventral striatum are mainly 

engaged in the learning process, by comparing actual and predicted rewards.  

Parkinson’s Disease (PD) is characterized by a dysfunctional striatum, due to a 

degeneration of dopaminergic neurons in the substantia nigra. The striatum is extensively 

connected with the prefrontal cortex through the so-called fronto-striatal circuits, which are 

dysfunctional too in PD. This not only leads to motor symptoms but also to an altered 

positive feedback (or reward) processing (Kunig et al., 2000). It has been reported that PD 

patients show a decreased striatal activation during reward processing and instead show 

increased prefrontal activation (Kunig et al., 2000; Schott et al., 2007).     

A decreased positive feedback processing in PD is thought to be associated with a 

behavioral trait called low novelty seeking (NS; Menza et al. (1993a)). NS is ‘a heritable 

tendency toward intense exhilaration or excitement in response to novel stimuli, cues for 

potential rewards or potential relief of punishment, which leads to frequent exploratory 

activity in pursuit of potential rewards as well as active avoidance of monotony and 

potential punishment’ (Cloninger, 1987). Individuals who score low on NS questionnaires 

can be characterized as ‘slowly engaged in new interests, often becoming preoccupied with 

narrowly focused details, and requiring considerable thought before making decisions’ 

(Cloninger, 1987). These individuals thus appear to be less sensitive to positive feedbacks. 

Several studies focused on NS in PD and although some reported low NS in PD (Kaasinen 

et al., 2001; Menza et al., 1993a; Tomer & Aharon-Peretz, 2004), others did not (Jacobs et 

al., 2001). Furthermore, it was hypothesized that when people approach novel stimuli they 

experience pleasure, which reflected by an increase in dopamine. Therefore, FDOPA 

Positron Emission Tomography (PET) was used to investigate the associations between NS 

and the striatal dopaminergic functioning. Menza et al. (1995) found a relation between NS 

in PD and dopamine uptake of the left caudate nucleus. However, Kaasinen et al. (2001) 

did not find associations between NS and striatal dopaminergic uptake.  

Thus, it remains unclear if PD patients are indeed low novelty seekers. The aim of this 

study was to investigate the consequences of dysfunctional fronto-striatal circuits in PD for 
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NS. In addition, it was investigated to what extent NS was associated with an altered 

positive feedback processing in PD, using a positive feedback task during fMRI.  

 

6.3 Methods 

Subjects 

NS was assessed in twenty-three PD patients and twenty-three age, gender and for 

education matched healthy controls. A subgroup of eleven PD patients and twelve age, 

gender and for education matched healthy controls were assessed with fMRI. All patients 

were diagnosed with idiopathic PD according to the criteria of the UK Parkinson’s Disease 

Society Brain Bank. The motor severity of all PD patients was rated with the Unified 

Parkinson’s Disease Rating Scale, part III (Fahn et al. (1987); UPDRS; M=17.0; SD=6.0). 

On a Dutch education scale, which ranges from 1 (elementary school not finished) to 7 

(university degree), the median score of both groups was 6, which is higher than average 

(Table 6.1 describes demographic and illness characteristics). Exclusion criteria were other 

neurological disorders and other significant comorbidity. All participants signed an 

informed consent. The Medical Ethical Committee at the University Medical Center 

Groningen, the Netherlands, approved this study. 

 

Table 6.1 Demographic and illness characteristics of all PD patients (n=23), PD patients who were assessed with 

fMRI (n=11), all healthy controls (n=23) and healthy controls (HC) who were assessed with fMRI (n=12) 

 

 Patients (All) 

   M (SD)       Range 

Patients (fMRI) 

     M (SD)     Range 

HC (All) 

  M (SD)       Range 

HC (fMRI) 

   M(SD)        Range 

Age 61.0 (8.3) 47-78 58.7 (7.6)   47-70 62.0 (8.5) 47-82 58.8 (6.2) 47-69 

Education 5.7 (0.9) 4-7 5.9 (0.8) 4-7 6.0 (1.0) 4-7 6.0 (0.9) 5-7 

Disease duration 5.3 (4.5) 0.3-16 5.1 (4.2) 1-14     

UPDRS part III 17.0 (6.0) 8-33 17.3 (5.8)  8-26     

 

Procedure and material 

NS was assessed with a shortened version of the Temperament and Character Inventory 

(TCI-125). The TCI-125 is a true/false questionnaire which is based on the 

Psychobiological Model of Temperament and Character of Cloninger et al. (1993). Seven 

behavioral traits are measured, including NS.  
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A subgroup of eleven PD patients and twelve age and gender matched healthy controls 

were assessed with fMRI during which they were presented with a positive feedback task 

that was learned before scanning. This task is a pattern recognition task with delayed 

response and contains three different feedback conditions: a meaningless feedback 

condition during which participants received “XY” on a screen for each response, a 

positive informative feedback condition during which participants received “OK” on a 

screen for each correct response and a monetary feedback condition during which 

participants received 1.50 Euro (ca.USD 2.25) for each correct response (Kunig et al., 

2000; Thut et al., 1997). See chapter 5 for a detailed description of the task. 

 

Data analyses 

A two-level-random-effects approach and a Region of Interest (ROI) analysis was 

performed. It was assumed that the monetary feedback was more salient than positive 

informative feedback. Therefore the following block design was used: First the monetary 

feedback condition was contrasted with the meaningless feedback condition for each 

subject. These contrast images were used as input for the second level analysis. 

Comparison between groups of subjects was performed with a second-level two-sample 

t-test. Within-group analyses were performed with a second-level one-sample t-test. This 

contrast (monetary feedback condition versus meaningless feedback condition) was used 

as input for the ROI analysis. The ROI analysis (using MARSBAR; Brett et al. (2002)) 

was performed for two ROIs. The first ROI was defined by the voxels (located in the 

striatum) for which the contrast monetary feedback versus meaningless feedback showed 

a significantly stronger activation in healthy controls compared to PD patients (p<0.001, 

uncorrected). The other ROI was defined by the cluster of voxels (located in the 

prefrontal cortex) for which the contrast monetary feedback versus meaningless feedback 

resulted in a significant activation within the PD group (p<0.001, uncorrected). For a 

detailed of fMRI data acquisition and fMRI data analysis see chapter 5. 

 

Further statistical analyses were performed with the Statistical Package for the Social 

Sciences (SPSS 14.0). Normality of data was analyzed with Q-Q plots and the Shapiro-

Wilk test. All variables were normally distributed.  

An independent samples t-test (one-tailed) was used to compare PD patients and healthy 

controls on the mean NS scores. In addition, Pearson correlations were calculated to 

determine the associations between the activation in the left putamen, mPFC region (which 

resulted from the contrasts described above) and NS within both groups.  
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6.4 Results 

Functional MRI data 

Within the PD group, the monetary feedback condition versus the meaningless feedback 

condition contrast yielded significant activations in the prefrontal cortex. This area 

comprised bilateral presupplementary motor area, the medial prefrontal cortex, anterior 

cingulate gyrus and right superior frontal gyrus (Brodmann areas: 6, 8, 24 and 32). This 

area will further be indicated as mPFC region (see figure 5.3). 

The contrast monetary feedback condition versus meaningless feedback condition in the 

elderly healthy control group compared to the same contrast in the PD group resulted in a 

strong positive effect in the left putamen (see Figure 5.4). In other words, the cerebral 

activation induced by the monetary feedback condition was larger in the left putamen of 

elderly healthy controls than in that of the PD patients. The opposite contrast did not yield 

significant differences. 

Further analyses were also focused on the effect of positive informative feedback compared 

to both other feedback conditions. The results of this analyses are beyond the scope of this 

chapter and are described in chapter 5. 

 

PD patients (M=6.9; SD=2.5) and healthy controls (M=7.7; SD=2.9) scored equally on NS 

(t=-1.09; p=0.14).  

Associations between NS and the activation of the left putamen and mPFC region were 

determined in the PD group as well as in the healthy control group. In the PD group a 

negative trend was found between NS and the activation of the left putamen, while in the 

control group a positive association was found between NS and the activation of the left 

putamen. These correlations differed significantly according to Fisher’s z (z=-2.42, p=.01). 

Furthermore, NS was in the PD group significantly related to the activation of the mPFC 

region. In the healthy control group, no association was found between NS and the 

activation of the mPFC region. (See table 6.2 for correlations in both groups and figures 6.1 

and 6.2 for scatters of significant associations and trends). In addition, a partial correlation 

between the activation of the left putamen and NS, controlled for the effect size of the 

mPFC region, was calculated in the PD group (r=-.28, p=.22; one-tailed). 
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Table 6.2 Associations between novelty seeking and the effect sizes of the left putamen and medial prefrontal 

cortex in PD group (n=11) and control group (n=12; one-tailed) 

 

 PD patients 

r                                  p 

Healthy controls 

r                                  p 

Left putamen -0.51 0.06 0.55 0.03 

mPFC 0.59 0.03 0.23 0.21 

 

 

Figure 6.1 Scatterplots of associations between novelty seeking and the activation of mPFC region in PD group 

(n=11) and the activation of the left putamen in Control group (n=12) and PD group (n=11). 

 

 

 

6.5 Discussion 

The aim of this study was to investigate the consequences of dysfunctional fronto-striatal 

circuits in PD for NS. In addition, it was investigated to what extent NS was associated 

with an altered positive feedback processing in PD, using a positive feedback task during 

fMRI.  

The fMRI analyses showed that healthy controls showed increased activation in the left 

putamen during the monetary feedback condition compared to both the meaningless 

feedback condition, without an effect in the mPFC. In contrast, PD patients showed 

increased activation in the left putamen during the meaningless feedback condition 

compared to the monetary feedback condition. In addition, PD patients showed increased 

activation of the mPFC during both positive feedback conditions. The direct implications 

are discussed of these fMRI results are discussed in chapter 5. The remaining part of this 

discussion is focused on NS and the associations between NS and these activation patterns. 
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PD patients and healthy controls obtained equal scores on NS. Jacobs et al. (2001) 

previously reported this, however low NS in PD was also found (Kaasinen et al., 2001; 

Menza et al., 1993a; Tomer & Aharon-Peretz, 2004).  

Interestingly, contrasting associations between NS and the activation of the left putamen 

were found in both groups. In the healthy control group a positive association was found 

between NS and the activation of the left putamen, indicating that healthy controls who 

score higher on NS show an increased activation in the left putamen during monetary 

feedback condition, relative to the meaningless feedback condition. Kaasinen et al. (2001) 

and Menza et al. (1995) previously investigated the association between NS and the striatal 

dopaminergic functioning. Since the putamen is mainly innervated by dopamine our finding 

is inconsistent with the former, while it is consistent with the latter. Furthermore, it 

confirms the hypothesis of Menza et al. (1993a) that NS is associated with positive 

feedback processing. 

In contrast to the relation in the healthy control group, a negative association between NS 

and the activation of the left putamen was found in the PD group. This indicates that PD 

patients who score higher on NS show a decreased activation during the monetary feedback 

condition relative to the meaningless feedback condition (and consequently and increased 

activation in the left putamen during the meaningless feedback condition, relative to the 

monetary feedback condition). This relation seems contradictory with the expectation that 

high NS is associated with an increased striatal activation in response to positive feedback. 

However, a positive association was found between NS and the activation of the mPFC 

region. This means that PD patients who score higher on NS show a relatively increased 

activation in the mPFC region during the monetary feedback condition, relative to the 

meaningless feedback condition.  

Thus, in our group of PD patients higher scores on NS were associated with a relatively 

decreased activation in the left putamen and a relatively increased activation in the mPFC 

region during the monetary feedback condition, relative to the meaningless feedback 

condition. These findings suggest a compensatory mechanism, i.e. a shift from striatal to 

prefrontal regions for positive feedback processing and hence NS. This was previously 

suggested by studies focused on positive feedback (in those studies designated as rewards) 

processing (Kunig et al., 2000; Schott et al., 2007) and cognition in PD (Bruck et al., 2005; 

Monchi et al., 2006; Schott et al., 2007). Moreover it is consistent with the prescribed role 

of the mPFC region which is thought to be involved in performance monitoring and is 

activated when performance adjustment is needed, for example when anticipated rewards 

need to be obtained (Ridderinkhof et al., 2004). This indicates that PD patients are able to 

respond to novel stimuli due to the mPFC region, which signals that a positive needs to be 
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obtained. In addition, the found association between the activation of the left putamen and 

NS does no longer exist when controlled for the reward related activation of the mPFC 

region. Thus, NS appears to be mediated by the mPFC in contrast to healthy controls in 

whom NS is mediated by the left putamen.  

 

In conclusion, our findings suggest that NS is associated with striatal positive feedback 

processing in healthy controls. The dysfunction of the fronto-striatal circuits in PD does, 

however, not result in low NS in PD patients. Instead, NS is (partly) mediated by the mPFC 

region in PD, which provides a compensatory mechanism for positive feedback processing 

in PD. This suggests that the fronto-striatal dysfunction in PD does not necessarily has to 

lead to behavioral changes, at least in the early stages of the disease when cortical 

pathology is supposed not to be that severe yet. Interesting future research should be 

focused on the development and maintenance of compensatory mechanisms in PD. 
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7.1 Abstract 
Starting from a comprehensive schema model of cognitive control and executive functions, 

initiation of behavior, everyday planning and multi-task performance was studied with the 

Cognitive Effort Test (CET). The CET is a relatively unstructured multiple component 

visual motor task from which three variables are derived, Initiative, Planning and Multi-

task performance. 

Forty non-depressed PD patients, with a mild to moderate disease severity, and 34 healthy 

controls of similar age, gender and education were included in this study. All were assessed 

with the CET and a subgroup of PD patients (n=28) and healthy controls (n=19-20) was 

also assessed with tests for more elementary executive functions and psychomotor speed. In 

addition, the severity of motor symptoms, the use of antiparkinsonian medication, apathy 

and fatigue were assessed in all patients. 

Despite the expectation of impairments in initiating behavior in PD patients no difference 

was found between PD patients and controls with regard to Initiative. Planning was 

different however; the groups engaged in planning equally often, however PD patients 

tended to plan sequential task performance, while healthy controls tended to plan 

simultaneous task performance. In the PD patients psychomotor speed was an important 

determinant in the planning of how to perform multiple tasks. The associations with 

performance on tests of executive functions, motor severity, apathy and fatigue were 

however negligible. Besides the intention to perform tasks sequentially, PD patients also 

actually performed the multiple tasks sequentially, instead of simultaneously. This tendency 

to work sequentially was significantly predicted by a decreased cognitive flexibility. 

In conclusion, PD patient did not show impairments in initiating behavior compared to 

healthy controls. They did however, tend to plan sequential, instead of simultaneous task 

performance. This difference in planning does not indicate a specific impairment of 

planning but rather reflects a compensation for a decreased psychomotor speed. In addition, 

PD patients also actually performed tasks sequentially instead of simultaneously. This 

‘choice’ appeared to be significantly influenced by a decreased attentional flexibility. 



Controlled behavior in PD: initiative, planning and multi-task performance 

 83

7.2 Introduction 

Parkinson’s disease (PD) is a neurodegenerative movement disorder characterized by a 

dopaminergic dysfunction of the striatum. The striatum is extensively connected with the 

prefrontal cortex through the frontostriatal circuits (see figure 1.1), which are functionally 

impaired as well in PD (Alexander et al., 1986). Motor symptoms are the clinical hallmark, 

however non-motor symptoms are often present. Cognitive impairments in the domain of 

the executive functions are frequently observed (Dubois & Pillon, 1997).  

Executive functions and cognitive control play an important role in non-routine situations. 

Controlled processing concerns deliberate planning and regulation in situations where 

current schemata are not sufficient. It involves inhibition of automated responses, retrieval 

from declarative memory, planning and regulation. The complex cognitive function that is 

described to regulate controlled processing is the Supervisory Attentional System (SAS; 

Norman & Shallice, 1986), which is closely tied to the prefrontal cortex. To be able to 

control behavior the SAS is assumed to have a number of constituent more elementary 

functions, like monitoring, planning, set-shifting and divided attention. Declarative memory 

and working memory also play an important role and assist respectively in the planning, 

implementation and application of new schemata. The dynamic relations between the 

different subprocesses of the SAS are depicted in figure 4.1 (adapted from Brouwer & 

Schmidt (2002)). 

The system below the horizontal bar represents the routine selection of behavior, e.g. 

automatic processes. In these situations a dominant schema will be activated. The system 

above the horizontal bar represents the SAS, which is used in non-routine situations. 

Assumedly, the situation, including the effects of own behavior, is continuously screened 

with regard to motivational or emotional risks by the monitor function. If a challenge to 

important (biological) goals is sensed, ongoing behavior is inhibited and the SAS is 

switched on further. Motivated by the need to realize an opportunity (effort), a plan is 

retrieved from declarative memory, adapted (planning) and scheduled in working memory 

(and prospective memory). The scheduled plan is interfaced with schema selection by the 

set-shifting function, which is the final interface between the SAS and automatic 

processing. 

In PD impairments of working memory, planning, cognitive flexibility and generating new 

rules have been reported (Cools et al., 2001; Monchi et al., 2004; Muslimovic et al., 2005). 

PD patients also show difficulties initiating behavior especially when they have to 

internally generate behavior, while they do not show decreased levels of performance when 

confronted with external cues (Georgiou et al., 1994; Rubinstein et al., 2002). The 
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difficulties of internally generating behavior may be related to apathy and fatigue, which 

can be present in PD, even in the absence of depression (Alves et al., 2004; Kirsch-Darrow 

et al., 2006). Besides these impairments in the more elementary executive functions, PD 

patients can also show a decreased psychomotor speed or bradyphrenia. Thus, in PD an 

impairment of the SAS is likely to emerge, caused by impairments in more elementary 

(executive) functions. 

Executive functioning and cognitive control needed in daily life is difficult to assess and 

patients with frontal lobe lesions and impairments in executive functioning in daily life do 

not all show a decreased performance on the tests for executive functions (Shallice & 

Burgess, 1991). These tests are often structured and offer a method: rules are explained, 

goals are set and behavior is prompted and stopped (Manchester et al., 2004). In addition, 

these tests are often aimed at isolating one aspect of the executive functions, such as 

inhibition or set-shifting, in order to measure that aspect reliably and excluding other 

influences. Executive functioning in daily life however, requires a collaboration between 

the many different aspects of the executive functions (see figure 4.1), without a structured 

method being offered. A good example of a daily life situation in which executive 

functioning and cognitive control is needed is multi-tasking, e.g. walking and talking. 

Studies reported that PD patients show dual-task impairments (Brown & Marsden, 1991). 

The general picture emerging from these studies is that the performance on a primary tasks 

deteriorates when a secondary tasks needs to be performed, with increased deterioration 

when the secondary task was more demanding (Bloem et al., 2006).  

The aim of this study is to investigate executive functioning in non-depressed PD patients, 

with a mild to moderate disease severity, specifically focusing on the initiation of behavior, 

everyday planning and multi-tasking. For this purpose the recently developed Cognitive 

Effort Test (CET; Van Beilen et al. (2005)) was used. This test is a relatively unstructured 

multiple component visual-motor task from which three variables are derived, initiative, 

planning and multiple task performance. In addition, it will be investigated to what extent 

the initiation of behavior, planning and multi-tasking of PD patients is influenced by more 

elementary executive functions (cognitive flexibility, inhibition, working memory) and by 

psychomotor speed, motor symptoms, use of antiparkinsonian medication, fatigue and 

apathy. 
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7.3 Methods 

Subjects 

40 PD patients participated in this study. All patients were diagnosed with idiopathic PD 

according to the criteria of the UK Parkinson’s Disease Society Brain Bank. The patient 

group consisted of 19 men (47%) and 21 women (53%). In addition, 34 healthy controls 

were included in this study. This group consisted of 16 men (47%) and 18 women (53%). 

Level of education was rated for all participants with a Dutch education scale, ranging from 

1 (elementary school not finished) to 7 (university degree). Groups did not differ in age (t=-

1.54; p=0.13), gender (Chi-Square=0.00; p=0.97) and education level (Mann-Whitney 

U=540.00; p=0.15). In table 7.1 demographic and illness characteristics of PD patients and 

healthy controls are described.  

 

Table 7.1 Demographic and illness characteristics of PD patients (n=40) and healthy controls (n=34) 

 

 PD patients 

       Mean (SD)                        Range 

Healthy controls 

      Mean (SD)                        Range 

Age 61.2 (7.5) 47-77 58.8 (6.0) 46-70 

Education 5.5 (0.9) 4-7 5.7 (0.9) 3-7 

MADRS total 5.8 (3.8) 0-14 3.2 (3.0) 0-11 

Disease duration 5.3 (5.2) 0-19   

UPDRS, part III 20.5 (9.4) 5-53   

LEDD 500.0 (445.4) 0-1512   

 

Exclusion criteria were neurological disorders other than PD and depression (MADRS < 

15; Leentjens et al. (2000)). This study was approved by the medical ethical committee of 

the University Medical Center Groningen. All patients signed an informed consent prior to 

study inclusion. 

 

Stimulus material and procedure 

All participants were assessed with the CET and a subgroup of patients (n=20-28) and 

healthy controls (n=19-20) was assessed with tests of executive functions and psychomotor 

speed. In addition, the severity of motor symptoms, use of antiparkinsonian medication and 

symptoms of depression (including apathy and fatigue) of all patients were assessed. All 

patients were assessed in regular on-state. 
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Cognitive Effort Test (CET) 

The CET (Van Beilen et al., 2005) is a multiple component visual motor task that provides 

participants with the goal to perform three tasks as accurately and as fast as possible, but 

does not offer a structured method that prompts participants to certain behavior. This test is 

focused on assessing the initiatives taken by participants, whether and how participants plan 

to perform the three tasks (sequential or parallel) and how participants actually perform the 

three tasks. Each participant can voluntarily decide how many tasks he can handle 

simultaneously to complete the CET successfully.  

The CET was developed due to the low ecological validity of many available tests. 

Previously, it was successfully applied in Schizophrenia patients and healthy controls and 

appeared to be a better predictor for group membership than existing tests for executive 

functions, such as the Wisconsin Card Sorting Test (Van Beilen et al., 2005).  

The CET consisted of the following three tasks: 

1. The Computer: when started by the participant the computer task runs itself for 2 

minutes during which the participant has to wait before being able to continue. 

This information is explicitly mentioned in the instruction and is visible, by means 

of a timeline, on the computerscreen. At the end of the first minute a password is 

asked unexpectedly. Participants are not instructed what to do and need to show 

the initiative to ask the test instructor for the password. They can also make up a 

password themselves, there is however only one correct password. At the end of 

the second minute participants are instructed by a message on the computer screen 

to type the alphabet. After this the task is finished, regardless whether any 

mistakes were made. 

2. The Yellow pages: this task requires the full visual attention of the participant. 

Five telephone numbers of different companies must be looked up in the yellow 

pages and spoken out loud. 

3. The Screws: three nuts need to be threaded up and down three large fixed screws. 

This a simple motor task, which can be done by either the left or the right hand. It 

is important to notice that the board to which the screws are attached, has a 8 cm 

high backwall attached to it. 

These tasks are placed in front of the participants is such a way that they allow several 

initiatives (e.g. moving the screwboard, which is blocking the keyboard due to the high 

backwall, or moving the keyboard; see figure 7.1). Participants are provided with a 

summary of the instruction in order to be able to check the instructions during the test 

without having to rely on memory.  
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Figure 7.1 Placement of tasks of CET 

 

 
Legend: PC – Monitor PC; K – Key board; III – Screw task; I – Instruction Form; Y – Yellow pages; SF – Scoring 

Form; S – Subject; TI – Test Instructor.  

 

Instructions: Participants are informed about the tasks and are instructed to complete them 

as fast and as accurately as possible. Although it is mentioned that they are allowed to do 

several tasks at the same time, they are not explicitly instructed to do so. Nothing is said 

about the password or the movement of material. After completing the instructions, the test 

instructor leaves the room for 1 minute with an excuse (i.e. searching for the summary 

instruction form), and after he returns participants are asked how they plan to do the test.  

 

Three summary scores are computed: 

1. Initiative: The participants are rated with regard to the following six initiatives: 

asking for the password, making up a password themselves, consulting the 

instruction form, moving the screwboard, moving the keyboard and showing any 

other initiative during the test (e.g. talking to the test instructor). Each initiative is 

rated with one point so that a maximum of six points can be obtained. 

2. Planning: When the test instructor leaves the room participants have the 

opportunity to form a plan without being prompted to do so. The participants 

receive one point when a plan was made. Also the quality of the plan is rated. The 

participants receive no points when they have planned to do one task at a time, one 

point when they have planned to do two tasks at the same time and two points 

when they have planned to do three task simultaneously. 
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3. Multi-tasking: In order to calculate a multi-tasking score it is important to 

determine if participants performed the three (or two or one) tasks simultaneously 

when they had the opportunity to perform the three (or two or one) tasks 

simultaneously. Therefore three stages are defined and the proportion of time 

spent on working on multiple tasks is rated:  

I. In the first stage it is possible to work on three subtasks. This stage starts 

when the test is started and ends when the subject has completed the first 

task. The proportions of time working on one, two or three tasks 

simultaneously during this stage are rated, adding up to 100%.  

II. In the second stage one task is finished and two still need to be worked 

on. The proportion of time working on one or two tasks during this stage 

is rated, adding up to 100%.  

III. In the third stage two tasks are finished and 100% is spent on working on 

one task.  

Subsequently, the total proportion of time spend on one, two or three tasks is 

calculated by adding the time spent on one, two or three tasks during these 

different stages. This however, results in a possible maximum score of 100% 

working on three subtasks, 200% working on two tasks, and 300% working on one 

task at the same time. If these scores would simply be combined, the proportion of 

time worked on one task has a stronger weight than the proportion of time working 

on two or three tasks, so an adjustment is needed to make the scores comparable. 

Therefore, the total proportion of time working on two tasks is divided by 1,5 and 

the total proportion of time working on one task is divided by 3. Finally, these 

scores are added, which results in a summary score between 100% and 200%. A 

higher score means that participants have performed more tasks simultaneously. 

An example of this calculation is given in table 7.2.  

 

Elementary aspects of executive functions: 

- Inhibition: The Stroop Color Word Test (Stroop, 1935) was used to assess 

inhibition. This test contains three cards, the Word card, the Color card and the 

Color-Word card. The target measure for inhibition was the Color-Word card. This 

task requires patients to suppress the automatic tendency to read, while naming the 

color of words that are themselves color names. The performance was corrected 

for psychomotor speed, by dividing the time needed for the Stroop Color-Word 

card by the time needed for the Stroop Color card.  
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Table 7.2 Example of calculating Multi-tasking score 

 

Total time CET:  260 s  

Stage 1   

Total  time: 130 s  

Time 3 tasks: 0 s 0% 

Time 2 tasks: 120 s 92.3% 

Time 1 task: 10 s 7.7% 

   

Stage 2   

Total time: 20 s  

Time 2 tasks: 0 s 0% 

Time 1 task: 20 s 100% 

   

Stage 1   

Total time: 110 s  

Time 1 task: 110 s 100% 

Total 3 tasks: 0  0 points 

Total 2 tasks: (92,3 + 0)/1,5 61.53 points 

Total 1 task: (7,7 + 100 +100)/3 69.23 points 

Total Multi-tasking:  130.76 points 

 

- Cognitive flexibility: Cognitive flexibility was assessed with the Trailmaking Test 

(Reitan, 1958) and Odd Man Out (Flowers & Robertson, 1985). The Trailmaking 

Test consists of two parts. Part A requires patients to draw a line, as fast as 

possible, between numbers (1-25) in ascending order. In part B numbers and 

letters are used and patients need to switch attention between both concepts: they 

have to draw a line between both types of stimuli in ascending order, alternating 

between numbers and letters and also as fast as possible. The target measures for 

cognitive flexibility were the performance on part B (this part is not corrected for 

psychomotor speed) and the performance on part B divided by the performance on 

part A, the so-called B/A index which is corrected for psychomotor speed.  

The Odd Man Out requires patients to indicate which shape, of a set of four 

shapes, is different. Three selection rules are possible. Two sets of twelve cards are 

used. For each set patients have to specify a different rule. Subsequently, both sets 

of cards are alternated four times and the total number of incorrect responses are 

rated. 

- Working memory: The digit span of the Wechsler Adult Intelligence Scale 

(Stinissen et al., 1970) was used to assess working memory. Patients had to repeat 
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a string of digits of increasing length. The test contains a forward and a backward 

condition. The total number of strings that was repeated correctly was rated.   

 

Psychomotor speed: the time needed on Trailmaking A (Reitan, 1958), Stroop Word Card 

and Stroop Color Card (Stroop, 1935) were used to assess psychomotor speed.  

 

Disease characteristics:  

- The Unified Parkinson’s Disease Rating Scale, part III (Fahn et al., 1987), was 

used to assess motor symptoms of all patients. 

- A Levodopa Equivalent Daily Dose (LEDD) score was calculated for all patients 

according to the following formula: levodopa dose  (100 mg) x 1 (added with 0.2 x 

levodopa dose if using entacapone with each dose) + (slow release levodopa x 0.7) 

+ bromocriptine x 10 + ropinirole x 20 + pergolide x 100 + pramipexole x 100 

(Esselink et al., 2004). 

- The Montgomery-Åsberg Depression Rating Scale (Montgomery & Asberg, 1979) 

was used to assess symptoms of depression: apparent sadness, reported sadness, 

inner tension, reduced sleep, reduced appetite, concentration difficulties, lassitude, 

inability to feel, pessimistic thoughts and suicidal thoughts.  

 

Statistical analyses  

First, composite variables were formed for Tremor (UPDRS items 20, 21), Bradykinesia 

(UPDRS items 23, 24, 25, 26, 31) and Axial impairment (UPDRS items 27, 28, 29, 30). 

Since rigidity was measured by one specific UPDRS item (item 22), a composite variable 

was not formed for this motor symptom.  

Normality of data was analyzed using the Shapiro-Wilk test and QQ-plots. Not all variables 

were normally distributed in both groups. Therefore, non-parametric tests were used to 

verify the results of the parametric tests. The results of the non-parametric tests supported 

our parametric findings, therefore only the results of the parametric tests are described.  

Independent samples t-tests were used to compare PD patients and healthy controls on the 

scales of the CET. To determine whether PD patients and healthy controls differed with 

regard to the specific initiatives that were rated during CET performance, the percentages 

of PD patients and healthy controls showing certain initiatives were calculated and both 

groups were compared for each initiative using Chi-square. Concerning the Planning scale 

it was determined whether PD patients made a plan as often as healthy controls and whether 



Controlled behavior in PD: initiative, planning and multi-task performance 

 91

there were differences between groups concerning the quality of the plan, using 

independent samples t-tests. In addition, Pearson correlations were calculated within both 

groups between the performance on the Multi-tasking and Planning scale. 

PD patients and healthy controls were also compared on all tests for executive functions 

and psychomotor speed. In addition, the performance of PD patients and healthy controls 

on the tests for executive functions and psychomotor speed were analyzed using methods 

which are used in clinical practice. Standard, and if possible percentile, scores were derived 

for each patient, using normative samples of healthy subjects, which have been determined 

for several neuropsychological test (Stroop (Schmand et al., 2003), Trailmaking test 

(Schmand et al., 2003), Odd Mann Out (Pomati et al., 1996), Digit span (Stinissen et al., 

1970)). All normative data sets included a correction for age and when relevant a correction 

for gender and level of education. Cognitive impairment on a test was defined as a 

performance equivalent to the performance of the worst 10% of the normative sample, i.e. 

90% of healthy subjects (of the same age and when relevant of the same gender and level of 

education) performed better on the cognitive test. 

In addition, one-tailed (based on previous literature (Brown & Pluck, 2000)) Pearson 

correlations were calculated between the performance on the CET scales and standard 

percentile scores for the performance on tests for executive function, psychomotor speed (a 

composite variable based on Stroop word and color card and Trailmaking A), apathy 

(MADRS item 8), fatigue (MADRS item 7), the severity of motor symptoms (tremor, 

bradykinesia, axial impairment and rigidity) and the use of antiparkinsonian medication 

(LEDD score).  

 

7.4 Results 

PD patients and healthy controls did not differ on the Initiative scale of the CET (see table 

7.3). However, concerning the specific initiatives that were rated it was found that PD 

patients did not make up a password themselves as often as healthy controls. With regard to 

the other initiatives that were rated no differences were found between groups (see table 

7.4). PD patients scored significantly lower on the Multi-tasking scale of the CET than 

healthy controls and a trend to a difference was found for the Planning scale of the CET 

(see table 7.3). More specifically, PD patients made a plan as often as healthy controls (t=-

0.30; p=0.38), however PD patients scored significantly lower on the quality of the plan 

than healthy controls (t=2.64; p=0.01), which means that they planned to do fewer task 

simultaneously than healthy controls. A significant association between Multi-task 
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performance and the quality of the plan was found within PD patients (r=0.60; p<0.005) 

and healthy controls (r=0.68; p<0.005). The variable ‘quality of the plan’ was used in 

further calculations.  

 

Table 7.3 Cognitive Effort Test scores of PD patients (n=40) and healthy controls (n=34; one-tailed) 

 

 PD patients 

M (SD) 

Healthy controls 

M (SD) 

 

t 

 

p 

Initiative 2.73 (1.15) 2.97 (1.24) 0.88 0.19 

Planning 1.45 (0.78) 1.76 (1.02) 1.50 0.07 

Multi-tasking 128.80 (22.06) 141.26 (24.39) 2.31 0.01 

 

 

Table 7.4 The percentage of Healthy Controls (n=34) and PD patients (n=40) that showed initiatives including a 

comparison of these groups using Chi-square (one-tailed) 

 

 Healthy Controls PD Chi-square p 

Asking password 91 98 1.50 0.11 

Making up password 21 2 6.43 0.01 

Consulting instruction form 41 49 0.43 0.26 

Moving screwboard 77 66 1.01 0.16 

Moving keyboard 27 15 1.63 0.10 

Other initiatives 32 29 0.08 0.39 

 

The comparison of PD patients and healthy controls for the performance on the different 

tests for executive functions and psychomotor speed showed that PD patients scored 

significantly lower on the Odd man out test (cognitive flexibility), Trailmaking B (cognitive 

flexibility and psychomotor speed) and Trailmaking A (psychomotor speed). Trends to 

differences between PD patients and healthy controls were found for Stroop interference 

index (Inhibition) and Stroop color card (psychomotor speed). On all other tests no 

significant differences were found between PD patients and healthy controls (see table 7.5).  

In addition, a more clinical approach was used by comparing the performance of PD 

patients to normative samples of the same age (and when relevant of the same gender and 

with the same level of education). PD patients showed the highest frequency of impairment 

on the Trailmaking A (29%), Stroop word card (25%) and Stroop Color card (21%), 

Trailmaking B (14%) and Inhibition (7%). On the Odd man out, Trailmaking B/A and Digit 

span none of the PD patient showed a score that was clinically significant (see table 7.5).  

The correlational analyses showed that within PD patients the Initiative scale of the CET 

was not associated with the performance of the different tests for executive functions and 

psychomotor speed, apathy, fatigue, motor symptoms or the use of antiparkinsonian 
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medication (see table 7.6). Planning and Multi-tasking were, on the other hand, both 

positively correlated with Trailmaking B and psychomotor speed. In addition, Planning was 

positively correlated with the use of antiparkinsonian medication (LEDD score; see table 

7.6). 

 

Table 7.5  Performance of PD patients (n=40) and healthy controls (n=34) on tests for more elementary executive 

functions and psychomotor speed (one-tailed) 

 

 PD patients 

       M (SD)               n           %* 

Healthy controls 

      M (SD)                n           %* 

 

t 

 

p 

Inhibition 1.63 (0.33) 28 7 1.50 (0.22) 19 0 -1.58 0.06 

Cognitive flexibility         

- Odd man out 3.86 (4.95) 28 0 1.20 (2.02) 20 0 -2.60 0.01 

- Trailmaking B/A 2.17 (0.44) 28 0 1.95 (0.77) 19 5 -1.04 0.15 

- Trailmaking B** 102.79 (41.27) 28 14 70.20 (24.37) 20 5 -3.43 0.00 

Working memory 13.00 (3.21) 28 0 14.45 (4.71) 20 0 1.02 0.16 

Psychomotor speed         

- Trailmaking A 48.43 (19.54) 28 29 37.55 (13.83) 20 10 -2.26 0.01 

- Stroop Word  Card 49.07 (11.15) 28 25 49.75 (12.97) 20 40 0.19 0.42 

- Stroop Color Card 63.29 (13.97) 28 21 58.45 (9.45) 20 10 -1.43 0.08 

 

*  % of impaired participants compared to a normative sample 

** This variable is not corrected for psychomotor speed 

 

Since Trailmaking B and psychomotor speed (Trailmaking A, Stroop word and color card) 

were partly assessed with the same test the possibility existed that these variables showed 

high intercorrelations. Consequently one variable could have been a third variable in the 

association between an other variable and the CET scales. Therefore two stepwise 

regression analyses were performed. The first included Planning (i.e. the quality of the 

plan) as the dependent variable and Trailmaking B and psychomotor speed as predictors. 

This analysis showed that psychomotor speed explained 25% of variance (F=7.15, p=0.01). 

Trailmaking B was not entered into this regression model. The second analysis included 

Multi-tasking as the dependent variable and Trailmaking B and psychomotor speed as 

predictors. This analysis showed that Trailmaking B explained 33% of variance (F=12.80, 

p=0.00). Psychomotor speed was not entered into the regression model. Trailmaking B 

assesses both cognitive flexibility and psychomotor speed. The finding that Multi-tasking 

was significantly predicted by Trailmaking B may therefore have been influenced by 

psychomotor speed. To correct for this a partial correlation was calculated between Multi-

tasking and Trailmaking B, controlling for psychomotor speed. This analysis showed that 

Multi-tasking and Trailmaking B were significantly associated (r=0.36; p=0.03).   
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Table 7.6 Associations between tests for more elementary executive functions, psychomotor speed, motor 

symptoms, medication use, apathy, fatigue and CET scales within PD patients (n=40; one-tailed) 

 

 Initiative 

r 

Planning*** 

r 

Multi-tasking 

r 

Cognitive flexibility    

- Trailmaking B -0.25 0.44* 0.57** 

- Odd man out -0.29 0.24 0.18 

Inhibition -0.20 0.00 -0.18 

Psychomotor speed -0.04 0.50** 0.54** 

Apathy -0.11 0.11 -0.06 

Fatigue 0.26 -0.02 0.25 

Motor symptoms    

- Tremor -0.09 0.33 -0.06 

- Bradykinesia 0.32 -0.26 -0.15 

- Rigidity -0.00 -0.05 -0.05 

- Axial impairment 0.16 -0.29 -0.01 

LEDD score -0.08 0.48** 0.18 

 

*  p ≤ 0.05 

**  p ≤ 0.01 

***  represents the variable ‘quality of the plan’ 

 

7.5 Discussion 

Starting from a comprehensive schema model of executive functions and cognitive control 

(see figure 4.1) the initiation of behavior, everyday planning and multi-tasking was 

investigated in non-depressed PD patients, with a mild to moderate disease severity. For 

this purpose the recently developed Cognitive Effort Test (CET; Van Beilen et al. (2005)) 

was used. This test is a relatively unstructured multiple component visual-motor task from 

which three variables are derived, Initiative, Planning and Multiple task performance. In 

addition, it was investigated to what extent the initiation of behavior, planning and multi-

tasking of PD patients was influenced by more elementary executive functions (cognitive 

flexibility, inhibition, working memory) and by psychomotor speed, motor symptoms, use 

of antiparkinsonian medication, fatigue and apathy. 

 

Interestingly, PD patients and healthy controls did not differ on the Initiave scale of the 

CET. Previous studies reported that PD patients show difficulties initiating behavior 

especially when they have to internally generate behavior (Georgiou et al., 1994; 

Rubinstein et al., 2002). It was therefore expected that PD patients showed a decreased 

number of initiatives relative to healthy controls. Looking more specifically however, at the 
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different initiatives that were rated it was found that PD patients did not show the initiative 

of making up a password themselves as often as healthy controls. Concerning all other 

initiatives no differences were found between PD patients and healthy controls. It is hard to 

explain why only a difference between groups was found for the initiative ‘making up a 

password’. Common sense suggests that participants would ask for a password rather than 

making up a password themselves, which is hardly ever correct. Possibly PD patients were 

better able to inhibit this unlogical response than healthy controls, which is in line with the 

pathophysiological model of PD that indicates that symptoms such as bradykinesia and 

akinesia are caused by an increased inhibitory influence of the striatum on the thalamus and 

prefrontal cortex. Another explanation could be that the initiative of making up a password 

themselves was too demanding for PD patients and required more from cognitive resources 

than initiatives such as ‘asking for a password’. These explanations remain however to be 

elucidated. In general it can however be concluded that PD patients did not show 

impairments in initiating behavior.  

PD patients were also not hindered by their motor symptoms in showing initiatives. They 

moved the screwtask and keyboard as often as healthy controls and no associations were 

found between motor symptoms and the Initiative scale. Furthermore, it was expected that 

initiating behavior by PD patients was related to apathy and fatigue, which can be present 

in PD in the absence of depression (Alves et al., 2004; Kirsch-Darrow et al., 2006). 

However, no associations were found between the apathy, fatigue and the Initiative scale of 

the CET in PD patients. Fatigue and apathy were assessed with items of the MADRS and it 

is possible that these symptoms were not assessed thoroughly enough. However, it also 

possible that the patients included in this study were not apathetic or fatigued enough, 

causing a relatively small distribution of data. Future research should therefore focus on the 

initiation of behavior of PD patients with severe symptoms of apathy and fatigue. In 

addition, it would also be interesting to investigate whether the initiation of behavior is 

decreased in PD patients with severe motor symptoms.  

Thus, despite the expectation that PD patients would show impairments in initiating 

behavior, no differences were found between non-depressed PD patients with a mild to 

moderate disease severity and healthy controls. With regard to the comprehensive schema 

model of cognitive control and executive functions (see figure 4.1), this suggests that the 

effort component, which represents the ability to initiate behavior and realize opportunities, 

is correctly functioning in non-depressed PD patients with a mild to moderate disease 

severity.  
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PD patients scored significantly lower than healthy controls on the Multi-tasking scale of 

the CET, and a trend to a difference was found on the Planning scale. Looking more 

specifically at the Planning scale it was found that PD patients made a plan as often as 

healthy controls, however the quality of the plan of PD patients (i.e. the number of tasks 

they plan to perform simultaneously) was significantly decreased compared to healthy 

controls. PD patients thus planned and performed fewer tasks simultaneously than healthy 

controls.  

Planning impairments (Foltynie et al., 2004; Weintraub et al., 2005a) might explain the 

finding that PD patients planned to perform fewer task simultaneously, relative to healthy 

controls. However, it was also found that the planning of the number of tasks that would be 

performed simultaneously was significantly predicted by psychomotor speed, i.e. PD 

patients who were slower, planned to perform fewer tasks simultaneously. A decreased 

psychomotor speed or bradyphrenia is one of the main characteristics of PD and it is likely 

that planning to perform fewer tasks simultaneously is a wise strategy to deal with a 

decreased psychomotor speed. PD patients are most likely aware of being slower and cope 

with this by planning to perform tasks more sequential instead of parallel. This is in line 

with findings that PD patients show impairments when having to perform dual tasks 

(Bloem et al., 2006; Brown & Marsden, 1991) and suggests that the planning of sequential 

task performance is a compensatory strategy for a decreased psychomotor speed. With 

regard to the schema model depicted in figure 4.1 it can thus be suggested that the planning 

ability as such is functioning correctly. Instead, psychomotor speed appears to be a 

determinant in the planning of how multiple tasks are performed by PD patients. 

PD patients also actually performed fewer task simultaneously. Moreover, planning and 

multi-tasking of PD patients were significantly associated. Thus when PD patients planned 

to perform fewer tasks simultaneously they also performed fewer tasks simultaneously. 

This suggests that the monitoring function (see figure 4.1) correctly attunes the plan and the 

eventual performance. Multi-tasking was significantly predicted by cognitive flexibility 

(Trailmaking B) within PD patients, even after correction for psychomotor speed, which 

might have influenced the performance on this test. No associations were found between 

inhibition, working memory and multi-tasking. Thus, PD patients who show a decreased 

cognitive flexibility perform task sequentially instead of simultaneously. A decreased 

cognitive flexibility has previously been reported in PD (Cools et al., 2001) and as a 

consequence PD patients may be unable to flexibly divide attention over several tasks and 

therefore may not be able to pay attention to several tasks simultaneously. Consequently, 

tasks are performed in a more sequential, instead of parallel manner by PD patients. This is 

consistent with previous reports that PD patients showed impairments in a selection 
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mechanism that is necessary for disengaging from a current task and engaging to a new task 

in the face of distraction (Cools et al., 2001). Also, these results are in line with previous 

findings that PD patients performed a task with multiple dimensions by showing 

exaggerated attention to some aspects of the task, while relatively neglecting other aspects 

(Bialystok et al., 2008).  

Thus, a decreased cognitive flexibility appears to play an important role in the ‘choice’ of 

PD patients to perform multiple tasks sequentially instead of simultaneously.    

 

Apathy and fatigue were also not associated with Planning and Multi-tasking. Probably, the 

above described explanations for not finding associations between apathy, fatigue and 

Initiative can also be applied to these findings. Planning was however positively associated 

with the use of levodopa, i.e. PD patients who used more levodopa, planned to perform 

more tasks simultaneously. Whether levodopa facilitated the planning ability is hard to 

determine, since PD patients on and off levodopa were not directly compared. Previous 

studies did report that levodopa can have both a positive and a negative effect on cognition 

in PD (Cools et al., 2003; Cools, 2006). Interesting future research should therefore be 

focused on CET performance in PD patients both on and off levodopa. 

 

In conclusion, despite the expectation of impairments of initiating behavior, non-depressed 

PD patients with a mild to moderate disease severity, did not show impairments in initiating 

behavior compared to healthy controls. These patients however, did tend to plan sequential 

task performance, while healthy controls planned simultaneous task performance. This 

difference in planning does not indicate a specific impairment of planning but rather 

reflects a compensation for a decreased psychomotor speed. In addition, PD patients also 

actually performed tasks in a more sequential instead of parallel manner relative to healthy 

controls. This ‘choice’ appeared to be significantly influenced by a decreased cognitive 

flexibility. With regard to the comprehensive schema model of executive functions and 

cognitive control it can be suggested that the planning and performance of multiple tasks is 

not influenced by impairments initiating behavior (effort) or a decreased monitoring 

function, since PD patients perform what they plan. Also, working memory and inhibition 

impairments did not play a role. Psychomotor speed, one of the more basic information 

transformation processes (see figure 4.1) and a decreased cognitive flexibility did however 

influence the planning and performance of multiple tasks. Based on these findings it can be 

hypothesized that a decreased psychomotor speed is an important determinant in the 

executive functioning in daily life of PD patients. It plays a role in the planning on how to 

handle multiple tasks. This plan and a decreased cognitive flexibility subsequently 
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determine that tasks are performed sequential instead of simultaneous by PD patients (see 

figure 7.2).       

 

Figure 7.2 Multi-task performance in PD patients 
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8.1 Abstract 

This study investigates the influence of depression on cognition in PD. Non-motor 

symptoms, such as cognitive deficits and depression, are often present in PD. In patients 

with major depression without PD cognitive deficits have also been observed. Depression 

in PD might therefore exacerbate cognitive deficits.  

Forty-seven PD patients participated in this study. Ten were depressed, thirty-seven were 

not depressed. All patients were assessed with an extensive neuropsychological battery, 

including tests for memory and executive functions and a questionnaire assessing 

dysexecutive problems in daily life. 

Depressed PD patients did not show a significantly decreased performance on all 

neuropsychological tests, compared to non-depressed PD patients. However, depressed PD 

patients reported significantly more dysexecutive problems in daily life. 
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8.2 Introduction 

Parkinson’s disease (PD) is a neurodegenerative movement disorder that is characterized by 

motor symptoms, such as tremor, rigidity, bradykinesia and akinesia. However, non-motor 

symptoms are often present. Two frequently observed non-motor symptoms in PD are 

cognitive impairments and depression. Cognitive impairments have been described in the 

early stages of the disease and in PD patients without dementia (Dubois & Pillon, 1997; 

Muslimovic et al., 2005). Impairments in executive functions and memory are the cognitive 

impairments that are most often present (Muslimovic et al., 2005; Verleden et al., 2007). 

Depression has a prevalence of approximately 40% in PD and is thought to be the result of 

a combination of a psychological reaction to having PD and the neurochemical changes 

inherent to the disease.  

In patients with major unipolar depression without PD impairments in executive functions 

and memory have also been reported (Baudic et al., 2004). Depression can therefore be a 

factor that exacerbates cognitive impairments in PD. Several studies were focused on the 

influence of depression on cognition in PD (Boller et al., 1998; Costa et al., 2006; Cubo et 

al., 2000; Kuzis et al., 1997; Norman et al., 2002; Silberman et al., 2007; Starkstein et al., 

1990a; Troster et al., 1995; Uekermann et al., 2003). However, only a few of these studies 

used an extensive neuropsychological battery and much controversy remains. One study 

reported that depressed PD patients showed more impairments in memory and language 

compared to non-depressed PD patients (Troster et al., 1995), while another reported that 

depressed PD patients showed impairments in concept formation and set-switching relative 

to non-depressed PD patients (Kuzis et al., 1997). Also, it has been suggested that mild 

depressive symptoms exacerbate cognitive impairments in PD (Uekermann et al., 2003), 

while others reported that minor depression does not significantly affect cognitive functions 

in PD (Costa et al., 2006). 

The aim of this study was therefore to investigate the influence of depression on cognition 

in PD focusing specifically on the impairments in executive functions and memory, which 

are most often present. Standard neuropsychological tests were used in addition to a rating 

scale focused on assessing dysexecutive problems in daily life. Comparisons will be made 

between depressed and non-depressed PD patients. In addition, performance of non-

depressed and depressed PD patients on all neuropsychological tests will be compared to 

published normative data to obtain an assessment that is clinically more meaningful.   
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8.3 Methods 

Patients 

47 PD patients participated in this study. All were diagnosed with idiopathic PD according 

to the criteria of the Parkinson’s Disease Society Brain Bank. The presence of depression 

was determined using the Montgomery-Åsberg Depression Rating Scale (MADRS; cut-off 

14/15 (Leentjens et al., 2000)). Ten (21%) PD patients were depressed. The demographic 

and clinical characteristics of non-depressed and depressed PD patients are described in 

table 8.1. The level of education was rated using a Dutch education scale ranging from 1 

(elementary school not finished) until 7 (university degree). An estimated premorbid-IQ 

score was determined for all patients using the Dutch version of the National Adult Reading 

Test (Nelson, 1991). The activities of daily living and motor severity of all patients were 

assessed using respectively the Unified Parkinson’s Disease Rating Scale part II and III 

(Fahn et al., 1987). A Levodopa Equivalent Daily Dose (LEDD) score was calculated for 

each patient according to the following formula: levodopa dose  (100 mg) x 1 (added with 

0.2 x levodopa dose if using entacapone with each dose) + (slow release levodopa x 0.7) + 

bromocriptine x 10 + ropinirole x 20 + pergolide x 100 + pramipexole x 100 (Esselink et 

al., 2004). The groups of non-depressed and depressed PD patients did not differ in age 

(t=0.11; p=0.91), gender (Chi-square=1.21; p=0.27), level of education (t=0.13; p=0.90), 

estimated IQ (t=-0.51; p=0.62), LEDD score (t=-0.89; p=0.38), UPDRS activities of daily 

living score (t=-0.56; p=0.58) and UPDRS motor score (t=0.27; p=0.79). 

Exclusion criteria were dementia (Mini Mental Examination Score < 24) and other 

significant co morbidity. This study was approved by the Medical Ethical Committee of the 

University Medical Center Groningen, the Netherlands. All patients signed an informed 

consent prior to study inclusion. 

 

Stimulus material and procedure 

All patients were assessed in regular on state and were presented with neuropsychological 

tests for the following cognitive functions: 

Verbal memory: A Dutch modification of the Rey Auditory Verbal Learning Test, the 15-

Words Test (Saan & Deelman, 1986), was used to assess verbal memory. Fifteen words 

were presented 5 times. After each time patients were required to name the words they 

remembered. A Learning score was calculated representing the total number of words 

patients remembered over these 5 trials. After 20 minutes patients were unexpectedly asked 
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which words they still remembered, which resulted in a Recall score. Subsequently, the 15 

words of the test, mixed with 15 new words, were read out loud to patients who had to 

determine which words they heard before. This resulted in a Recognition score defined as 

the number of words that were correctly recognized.  

 

Table 8.1 Demographic and illness characteristics of non-depressed PD patients (n=37) and depressed PD patients 

(n=10) 

 

 Non-depressed 

           M (SD)                          range 

Depressed 

          M (SD)                          range 

Age 63.4 (8.4) 47-77 63.1 (9.2) 50-77 

Gender     

- Male 22 (60%)  4 (40%)  

- Female 15 (41%)  6 (60%)  

Education 5.4 (1.1) 3-7 5.3 (1,1) 4-7 

IQ estimation 104.4 (14.0) 72-130 106.9 (13.7) 89-130 

MMSE 27.4 (1.4) 24-29 27.5 (1.6) 25-29 

MADRS 6.1 (4.0) 0-14 21.4 (3.5) 15-26 

LEDD 529.7 (416.6) 0-1512.5 670.7 (549.4) 0-1725 

Disease duration 6.7 (4.6) 0-17 4.4 (2.9) 0-10 

UPDRS – II  9.3 (4.4) 2-19 10.3 (4.4) 4-18 

UPDRS – III  25.0 (8.6) 11-53 24.2 (6.2) 15-38 

 

Executive functions: 

- Inhibition: The Stroop Color Word Test (Stroop, 1935) was used to assess 

inhibition. The target measure was the Color-Word subtask. This task requires 

patients to suppress the automatic tendency to read, while naming the color of 

words that are themselves color names. The performance was corrected for 

psychomotor speed. 

- Cognitive flexibility: Cognitive flexibility was assessed with the Trailmaking Test 

(Reitan, 1958), Odd Man Out (Flowers & Robertson, 1985) and Alternating 

Fluency. The Trailmaking Test consists of two parts. Part A requires patients to 

draw a line, as fast as possible, between numbers (1-25) in ascending order. In part 

B numbers and letters are used and patients need two switch attention between 

both concepts: they have to draw a line between both types of stimuli in ascending 

order, alternating between numbers and letters and also as fast as possible. The 

target measure was the performance on part B corrected for psychomotor speed, 

the so-called B/A index.  
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The Odd Man Out requires patients to indicate which shape, of a set of four 

shapes, is different. Three selection rules are possible. Two sets of twelve cards are 

used. For each set patients have to specify a different rule. Subsequently, both sets 

of cards are alternated four times and the total number of incorrect responses are 

rated.  

During the Alternating Fluency task patients are asked to produce as many words 

in two minutes, alternating between the categories articles of clothing and town 

names. The target measure was the total number of generated words minus errors 

(naming the same word twice). 

- Planning: The Zoo-map of the Behavioral Assessment of the Dysexecutive 

Syndrome (Wilson et al., 1996) was used to assess planning. Patients need to plan 

a route through a zoo visiting previously specified attractions and following a set 

of rules. The test consists of two parts. The first part is presented as an 

unstructured situation, patients are not provided with information that could help 

them plan a route and only the attractions that need to be visited and the rules are 

presented. In contrast, part two is structured. An action plan which needs to be 

followed is provided in addition to the same set of rules as in part one. Both parts 

are rated by calculating the total number of correctly visited attractions minus 

errors (e.g. visiting attractions that were not previously specified, not obeying the 

rules). 

- Working memory: The digit span of the Wechsler Adult Intelligence Scale 

(Stinissen et al., 1970) was used to assess working memory. Patients had to repeat 

a string of digits of increasing length. The test contains a forward and a backward 

condition. The total number of strings that was repeated correctly was rated.   

- Fluency:  

o Semantic fluency: Patients were required to name Animals and 

Professions, as many as possible in one minute, without naming the same 

animal or profession twice. The total number of correctly named Animals 

and Professions was rated.   

o Letter fluency: Patients were required to name as many words as possible 

in one minute beginning with the letters D, A and T (equivalent to F, A, 

and S in English; Schmand et al. (2008)). The naming of the same word 

twice and of names (of persons and towns) was not allowed. The total 

number of correctly named words beginning with a D, A or T was rated, 

which were combined into one Letter fluency score. 
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- Questionnaire for the dysexecutive syndrome (DEX): the DEX questionnaire is 

specifically focused on assessing dysexecutive problems in daily life. It contains 

20 questions such as “I find it difficult to focus my attention and am easily 

distracted” and “I act without thinking and do the first thing that comes to mind” 

which can be scored on a 5-point scale ranging from 0 (never) to 4 (very often). 

Two versions of the DEX are available, a self-rating and a rating by an 

independent observer who has insight in the daily life of the patient (spouse, child 

or close friend). The total score on the DEX, which can be calculated for the self-

rating and the independent rating, is the sum of all the items. The items of the 

DEX can be clustered into the following factors (Burgess et al., 1998):  

o Inhibition: this factor includes those items that are related to the ability to 

suppress a habitual response, including impulsivity and disinhibition. 

o Intentionality: this factor includes those items that are related to planning 

and maintenance of goal-directed behavior. 

o Executive memory: this factor includes those items that are related to 

confabulation and the inability to recall the correct order of events. 

o Positive affect: this factor includes those items that are related to variable 

motivation, aggression and euphoria. 

o Negative affect: this factor includes those items that are related to shallow 

affect and apathy. 

 

Statistical analyses 

The statistical analyses consisted of two parts. The first part of the analyses comprised a 

comparison of non-depressed PD patients and depressed PD patients. Normality of data was 

analyzed using the Shapiro-Wilk test and QQ-plots. Not all variables were normally 

distributed in both groups. Therefore, non-parametric tests were used to verify the results of 

the parametric tests. The results of the non-parametric tests supported our parametric 

findings, therefore only the results of the parametric tests are described.  

Independent samples t-tests were used to compare non-depressed PD patients and depressed 

PD patients on the performance on the tests for verbal memory and executive functions and 

DEX questionnaire. In addition, both groups were compared on the subscales of the DEX, 

using t-tests. A related samples t-test was used to compare the self-rating of patients on the 

DEX to the rating of an independent observer, in both the non-depressed and depressed 

group.    
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The second set of analyses was equivalent to the procedures used in clinical practice. Using 

normative samples of healthy subjects, which have been determined for several 

neuropsychological tests (15 Words Test (Schmand, 2005), Stroop (Schmand et al., 2003), 

Trailmaking test (Schmand et al., 2003), Odd Mann Out (Pomati et al., 1996), Digit span 

(Stinissen et al., 1970), Semantic Fluency (Van der Elst et al., 2006) and Phonemic fluency 

(Schmand et al., 2008)), standard, percentile, scores were derived for each patient. All 

normative data sets included a correction for age (except for Letter fluency which is not 

influenced by age (Schmand et al., 2008)) and when relevant a correction for gender and 

level of education. Cognitive impairment on tests was defined as a performance equivalent 

to the performance of the worst 10% of the normative sample, i.e. 90% of healthy subjects 

(of the same age and when relevant of the same gender and level of education) performed 

better on the cognitive test.  When standard scores could not be derived, cognitive 

impairment on a test was defined as performing 1.5 standard deviations below the mean 

score (equivalent to the 8th percentile or lower) of a population healthy elderly subjects 

(Zoo map (Wilson et al., 1996), DEX questionnaire (Burgess et al., 1998)).  

In addition, for each patient the total number of tests and questionnaires on which they 

showed an impairment was rated. The percentage of non-depressed and depressed patients 

that showed an impairment on 0, 1, 2 or 3 or more tests was calculated. Cognitive 

impairments were thought to be present when performance on at least 3 tests and 

questionnaires was impaired (Muslimovic et al., 2005).   

 

8.4 Results 

The first set of analyses showed that depressed PD patients did not differ from non-

depressed PD patients on verbal memory and on all tests for executive functions (see table 

8.2). However, depressed PD patients did rate the dysexecutive problems they experience in 

daily life as significantly worse than non-depressed PD patients. Also, the independent 

observers rated the dysexecutive problems experienced in daily life of depressed PD 

patients as significantly worse than those of non-depressed PD patients (see table 8.2). 

Within both the depressed and non-depressed groups of PD patients, the self-rating on the 

DEX did not differ from the rating of the independent observer (depressed PD patients: 

t=0.67, p=0.51; non-depressed PD patients: t=1.48, p=0.19). Therefore the self-rating and 

independent-observer rating of the DEX were combined for further calculations. Depressed 

PD patients scored significantly higher on all the subscales of the DEX than non-depressed 

PD patients (see table 8.3).  
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Table 8.2 Comparison of non-depressed PD patients (n=37) and depressed PD patients (n=10) on verbal memory 

and executive functioning (one-tailed) 

 

 Non-depressed 

    M (SD)              range 

Depressed 

        M (SD)               range 

 

t 

 

p 

Verbal memory:       

- Learning 32.53 (9.77) 17-59 31.60 (5.56) 23-41 0.29 0.39 

- Recall 5.46 (2.72) 0-11 5.60 (3.06) 0-10 -0.14 0.44 

- Recognition 25.94 (3.69) 14-30 24.78 (4.63) 16-30 0.91 0.18 

Executive functions:       

Inhibition 1.71 (0.35) 1.00-2.53 1.80 (0.49) 1.33-2.88 -0.70 0.24 

Cognitive flexibility       

- Trailmaking B/A 2.31 (0.66) 1.34-4.78 2.66 (1.11) 1.68-5.37 -1.25 0.11 

- OMO 4.54 (4.90) 0-19 3.20 (2.86) 0-8 0.82 0.21 

- Alternating fluency 26.03 (6.47) 10-39 24.80 (5.59) 18-29 0.54 0.30 

Planning       

- Profile score 2.31 (1.13) 0-4 2.30 (1.06) 1-4 0.04 0.49 

- Unstructured 2.25 (4.13) -7-8 2.40 (3.72) -3-8 -0.10 0.46 

- Structured 7.66 (1.06) 3-8 7.90 (0.32) 7-8 -0.71 0.24 

Working memory 12.51 (4.19) 5-24 13.10 (3.96) 7-18 -0.39 0.35 

Fluency       

- Animals 21.66 (5.38) 8-33 21.56 (5.43) 14-31 0.05 0.48 

- Professions 14.86 (4.02) 8-22 16.78 (2.77) 12-21 -1.35 0.09 

- Letter 37.42(14.68) 11-71 44.89 (14.44) 26-68 -1.36 0.09 

DEX       

- Self rating 15.72 (8.78) 1-37 33.71 (12.67) 19-54 -4.46 0.00 

- Independent rater 14.45(11.82) 0-46 28.00 (9.26) 17-43 -2.82 0.00 

 

 

Table 8.3 Comparison of non-depressed (n=37) and depressed (n=10) PD patients on DEX subscales (one-tailed) 

 

 Non-depressed 

M (SD) 

Depressed 

M (SD) 

 

t 

 

p 

Inhibition 0.80 (0.53) 1.41 (0.61) -2.72 0.01 

Intentionality 0.84 (0.56) 1.94 (0.56) -4.86 0.00 

Executive memory 0.43 (0.38) 0.95 (0.47) -3.11 0.00 

Positive affect 0.64 (0.54) 1.42 (0.82) -3.15 0.01 

Negative affect 0.97 (0.57) 2.14 (0.83) -4.46 0.00 

 

The second set of analyses used a more clinical approach and determined the clinical 

significance of the cognitive impairments in depressed and non-depressed PD patients by 

comparing their performance to published normative samples. In both depressed and non-

depressed PD patients the highest frequency of impairment was observed in the verbal 

memory domain, mainly on the learning score of the 15-Words test (see table 8.4). In the 
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domain of executive functions the highest frequency of impairment was observed in the 

depressed PD patients group on the self-rating (30%) of the DEX. In the depressed PD 

group this was followed by independent rating of the DEX and Trailmaking B/A (both 

20%), Fluency animals (11%) and Inhibition (10%). On the OMO, Zoo map, Digit span and 

Fluency professions and Letter fluency none of the depressed PD patients obtained a score 

that was clinically significant. Within the non-depressed PD patients group the highest 

frequency of cognitive impairment was found on Fluency professions (20%). This was 

followed by Letter fluency (18%), Fluency animals (9%), independent rating on the DEX 

(8%), Trailmaking B/A and Inhibition (both 6%), Zoo map (5%), self rating on the DEX 

and Digit span (both 3%). On the OMO none of the non-depressed PD patients obtained a 

score that was clinically significant (see table 8.4). Considering the number of tests on 

which an impairment was found, 20% of depressed PD patients showed impairments on 

three or more tests or questionnaires compared to 14% of non-depressed PD patients (see 

table 8.5). Thus in general, depressed PD patients showed a slightly higher frequency of 

cognitive impairment than non-depressed PD patients. This was reflected by higher 

frequencies of cognitive impairment on several tests and questionnaires of verbal memory 

and executive functions in depressed PD patients.  

 

Table 8.4 Percentage of impaired non-depressed PD patients (n=37) and depressed PD patients (n=10) on verbal 

memory and executive functioning 

 

 Non-depressed 

% impaired patients 

Depressed 

% impaired patients 

Verbal memory:   

• Learning 33 60 

• Recall 20 20 

Executive functions:   

Inhibition 6 10 

Cognitive flexibility   

• Trailmaking B/A 6 20 

• OMO 0 0 

Planning   

• Profile score 5 0 

Working memory 3 0 

Fluency   

• Animals 9 11 

• Professions 20 0 

• Letter 18 0 

Dysexecutive questionnaire   

• Self rating 3 30 

• Independent observer 8 20 
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Table 8.5 Percentage of depressed and non-depressed PD patients showing impairments on a number of tests or 

questionnaires 

 

Number of impaired tests Non-depressed, % Depressed, % 

0 31 30 

1 36 30 

2 19 20 

≥ 3 14 20 

 

8.5 Discussion 

The aim of this study was to investigate the influence of depression on cognition in PD. 

Comparisons were made between depressed and non-depressed PD patients. In addition, 

performance of non-depressed and depressed PD patients was compared to published 

normative data to obtain an assessment that was equivalent to procedures used in clinical 

practice. 

 

The frequency of cognitive impairment was slightly higher in depressed than in non-

depressed PD patients: depressed PD patients showed a higher frequency of impairment on 

3 or more tests and they showed the highest frequency of impairments on several of the 

separate tests. Depressed PD patients specifically showed higher frequencies of impairment 

on verbal memory, cognitive flexibility and inhibition. Previously, impairments in verbal 

memory (Costa et al., 2006; Troster et al., 1995) and cognitive flexibility (Costa et al., 

2006; Kuzis et al., 1997) were reported in PD with depression. Furthermore, these results 

are consistent with studies using cognitive rating scales, such as the Mini Mental State 

Examination and Mattis Dementia Rating Scale, showing decreased performance of 

depressed PD patients compared to non-depressed PD patients (Cubo et al., 2000; Norman 

et al., 2002; Starkstein et al., 1990a).  

Depressed PD patients did however not show higher frequencies of impairment on all 

cognitive functions. In fact, on planning and working memory non-depressed PD patients 

showed a higher frequency of impairment, compared to depressed PD patients. 

Furthermore, although depressed PD patients showed a slightly higher frequency of 

impairment on the animal fluency task, none of the depressed PD patients showed an 

impairment on the profession fluency task and letter fluency task, while respectively 20% 

and 18% of the non-depressed PD patients were impaired on these tasks. The decreased 

performance of non-depressed PD patients on these cognitive functions compared to 

depressed PD patients is not consistent with previous literature, showing fluency and 
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working memory impairments in PD patients with depression (Kuzis et al., 1997; 

Uekermann et al., 2003). The relatively small group of depressed PD patients currently 

included in this study and the fact that probably no PD patients with major depression were 

included most likely influenced the results (Costa et al., 2006). 

 

The slightly higher frequency of impairment of depressed PD patients was not reflected by 

a significantly decreased performance of depressed PD patients, compared to non-depressed 

PD patients, on the neuropsychological tests that were used. The relatively low number of 

depressed PD patients and the probability that no PD patients with major depression were 

currently included in this study, probably influenced these findings as well. However, 

depressed PD patients did report significantly more dysexecutive problems in daily life than 

non-depressed PD patients. This same pattern was also indicated by independent raters. 

Furthermore, the self-rating of dysexecutive problems in daily life did not differ from the 

independent rating, suggesting that the higher scores of depressed PD patients on this 

questionnaire are not related to a lack of insight in the disease, which may accompany the 

dysexecutive syndrome (Burgess et al., 1998). Also, activities in daily life related to motor 

symptoms of PD (UPDRS-II), could not have influenced these results, since depressed and 

non-depressed PD patients did not differ in their level of activities in daily life. These 

findings thus suggest that depressed PD patients experience dysexecutive problems to a 

more severe extent than non-depressed PD patients. This is in line with reports of 

associations between a decreased quality of life and an increased severity of depression 

(Schrag et al., 2000). Moreover, this same pattern of an increased experience of cognitive 

problems with no decreased performance on neuropsychological tests was previously 

observed in elderly patients with major depression without PD, compared to elderly healthy 

controls (Fischer et al., 2008).  

Depressed PD patients specifically experienced Inhibition, Intentionality, Executive 

Memory, Positive Affect and Negative Affect problems in daily life to a more severe extent 

than non-depressed PD patients. It can be suggested that the Positive and Negative Affect 

complaints (variable motivation, aggression, euphoria, shallow affect and apathy) can be 

attributed to the depression. However, apathy and variable motivation have also been 

observed in PD patients without depression (Kirsch-Darrow et al., 2006). Furthermore, the 

largest differences between depressed and non-depressed PD patients on the DEX were 

observed for the Negative affect and Intentionality (assesses planning and maintenance of 

goal-directed behavior in daily life) subscales. In both of these subscales apathy plays a 

large role, especially when apathy is considered to be a concept that includes 

emotional/affective aspects (i.e. an inability to associate affective and emotional signals 
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with ongoing and forthcoming behaviors) and cognitive aspects (reductions in self-

generated voluntary and purposeful behavior caused by impairments in cognitive functions 

needed to elaborate the plan of actions; Levy & Dubois (2006). Based on these finding it 

can be suggested that the problems of the dysexecutive syndrome experienced by depressed 

PD patients in daily life are to a large extent represented by apathy, both the 

emotional/affective and cognitive type.     

 

An interesting observation that is worth discussing was that depressed PD patients had a 

shorter disease duration and used more antiparkinsonian medication than non-depressed PD 

patients (even though this difference was not significant), while depressed and non-

depressed PD patients were similar in the severity of motor symptoms and the level of 

activities in daily life (see table 8.1). This could suggest that depressed PD patients show a 

faster disease progression and use earlier and more antiparkinsonian medication. Previously 

it was suggested that depression can be a prognostic factor for the disability of PD patients, 

even though this evidence was limited (Post et al., 2007). Future research should therefore 

be focused on the progression of the disease of depressed PD patients compared to non-

depressed PD patients.    

 

In our experience depressed PD patients lack the interest and energy and are difficult to 

motivate to volunteer for research projects. This difficulty most likely caused that only a 

relatively small group of depressed PD patients and no PD patients with major depression 

were included in this study.  

At this point it can be concluded that even though depressed PD patients did not show a 

significantly decreased performance on the neuropsychological tests compared to non-

depressed PD patients, and only showed a slightly higher frequency of impairment, they 

reported more dysexecutive problems in daily life. Depression thus appears to influence 

cognition in PD negatively, mainly in the experience of depressed PD patients.  

 

 

 

Partial financial support for this study was obtained from the Parkinson Patiënten Verening. 
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PD is a heterogeneous disorder, characterized by motor and cognitive impairments, 

depression and other signs and symptoms. The motor and non-motor symptoms are to a 

large extent the consequence of a common underlying neurodegenerative disease and can 

therefore not be considered as separate entities, they are associated or overlap. The studies 

included in this thesis investigated cognition and depression in PD using neuroimaging and 

clinical methods. 

 

9.1 Cognition 

Behavior can be regulated in an automatic or in a (consciously) controlled manner. In 

general it is assumed that many activities involve a mix of automatic and controlled 

regulation. Automatic processes take advantage of previously established and learned 

relationships between external or internal contexts and behavioral patterns (see figure 4.1). 

Controlled processing, on the other hand, involves deliberate planning and regulation in 

situations where current schemata are not sufficient. It requires maintenance and 

stabilization of goal representations in working or prospective memory and the flexibility to 

update these goal representation when necessary (Cools, 2008). Also the inhibition of 

automated responses and retrieval from declarative memory are involved. In PD 

impairments in both automatic and controlled processing have been reported.  

In the context of automatic processing, it has been reported that PD patients show 

deautomatisation. This is most visible within in the motor domain, e.g. a decreased stride 

length when walking for which patients compensate by thinking about each step (Wu & 

Hallett, 2005). Deautomatisation has, however, also been reported within the cognitive 

domain, i.e. PD patients relied more on executive functions when performing a verb 

production task (Colman et al., 2008). In addition to deautomatisation, PD patients also 

show difficulties achieving automaticities, or learning skills. Neuroimaging studies show 

that in healthy individuals, motor and cognitive task learning is reflected by cortico-cortical 

and cortico-striatal shifts of activation (Beauchamp et al., 2003; Debaere et al., 2004; 

Poldrack et al., 1999; Van der Graaf et al., 2004). Since PD is characterized by a 

dysfunctional striatum it can be hypothesized that impairments in achieving automaticities 

are (partly) associated with an inability to shift from cortical to striatal areas.  

In the process of achieving automaticities or procedural or implicit learning, feedback plays 

an important role. Studies show that in PD the achievement of automaticities is especially 

difficult when implicit learning is based upon feedback (Shohamy et al., 2004), opposed to 

purely observational implicit learning. These learning impairments are in turn influenced by 

the use of levodopa: PD patients on levodopa show a better performance on a procedural 
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learning task when exposed to positive feedback, while PD patients off levodopa show a 

better performance on a procedural learning task in the context of negative feedback (Frank 

et al., 2004). According to our data, PD patients on levodopa showed a decreased striatal 

activation during positive feedback processing, relative to healthy elderly controls. In 

addition, they showed increased mPFC activation during positive feedback processing, 

which was not found in healthy elderly controls. Since the task that was used during 

neuroimaging was prelearned before scanning, it can be suggested that PD patients on 

levodopa did not show a shift from cortical to subcortical areas during learning. This is 

consistent with the hypothesis that implicit learning impairments of PD patients can be 

caused by an inability to shift from cortical to striatal areas. In addition to this explanation 

for implicit learning impairments, Frank (2005) specifically offered an explanation for the 

dissociation between positive and negative feedback processing. It is known that 

dopaminergic cells fire in response to positive feedback, while the amount of dopamine 

decreases when confronted with negative feedback (Schultz, 2001). According to Frank 

(2005) these bursts and dips of dopamine are critical for procedural learning, i.e. the bursts 

stimulate the responses to positive feedback, while the dips of dopamine inhibit the 

responses to negative feedback. Because of the dopaminergic dysfunction of the striatum 

this range in dopamine is restricted in PD. Furthermore, PD patients who are on levodopa 

can not show a decrease of dopamine in response to negative feedback, while they can 

show the burst of dopamine in response to positive feedback. Consequently these patients 

learn relatively better when confronted with positive feedback. PD patients off levodopa, on 

the other hand, show a constant dip in the amount of dopamine and can not show a burst of 

dopamine in response to positive feedback. These patients thus learn relatively better when 

confronted with negative feedback (Frank, 2005).  

Combining this explanation of Frank (2005) with the above described hypothesis it can be 

suggested that implicit learning impairments in PD are caused by: 

1. a restricted range in the neuronal dopamine due to which PD patients cannot show 

the optimal increases or decreases of dopamine in response to respectively positive 

and negative feedback;  

2. an inability to shift from cortical to subcortical areas during implicit learning. 

The inability to shift from the mPFC to the striatum might indicate that the mPFC cortex 

compensated for the striatal dysfunction in PD. This is in line with the previously described 

role of the mPFC, which is thought to be activated when performance adjustment is needed, 

e.g. when anticipated rewards need to be obtained (Ridderinkhof et al., 2004; Van der Graaf 

et al., 2006). The prefrontal cortex thus stays increasingly involved in positive feedback 

processing in PD and probably facilitated that PD patients on levodopa were able to 
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respond to positive feedbacks. It would be interesting to investigate whether PD patients on 

levodopa show the same activation when confronted with negative feedback. The same 

accounts for PD patients off levodopa. Do they show different activation patterns compared 

to PD patients on levodopa? In future research it should be investigated whether there is a 

difference.  

Our data further suggested that when PD patients on levodopa were confronted with 

meaningless feedback they showed increased striatal activation, relative to the positive 

feedback conditions of our task. This part of our task may have induced an uncertainty 

about their performance in PD patients, i.e. PD patients most likely had some knowledge 

about the accuracy of their performance, while they did not receive information about the 

actual results. Our results are in line with findings that an internally modulated response 

associated with reward uncertainty also induces striatal dopamine release in PD (de la 

Fuente-Fernandez et al., 2001; de la Fuente-Fernandez et al., 2004). In addition, the mPFC 

did not show increased activation in PD patients during the meaningless feedback 

condition. The mPFC, which facilitated the compensation when confronted with positive 

feedback, apparently did not compensate when PD patients on levodopa were confronted 

with meaningless feedback. The mPFC is thought to be involved in performance 

monitoring and is specifically activated when performance adjustment is needed, for 

example when anticipated rewards need to be obtained (Ridderinkhof et al., 2004). Possibly 

the meaningless feedback was not salient enough to require performance adjustment.  

 

In summary, PD patients show deautomatisation and implicit learning impairments. The 

latter can first of all be explained by a restricted range of neuronal dopamine due to which 

PD patients do not show the optimal increases or decreases of dopamine in response to 

respectively positive and negative feedback. And second, by the finding that PD patients do 

not show the expected shift from cortical to striatal areas during implicit learning. Instead 

the prefrontal cortex stays increasingly involved and enables PD patients to respond, at 

least when stimuli are salient enough.  

 

The prefrontal cortex, which showed increased activation in PD, is strongly associated with 

cognitive control or executive functions. Specifically, the medial prefrontal cortex is 

thought to be associated with a monitoring function, i.e. this area signals when increased 

control is needed, for example when performance needs to be adjusted. The lateral 

prefrontal cortex, on the other hand, is engaged in regulatory processes and implements 

these performance adjustments (Ridderinkhof et al., 2004). Concerning dopamine and the 

prefrontal cortex, it has been hypothesised that prefrontal dopamine supports the active 
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maintenance of goal representations, which is critical for the suppression of irrelevant 

responses and the selection of relevant responses. Striatal dopamine on the other hand is 

thought to play an important role in cognitive flexibility (Cools, 2008).  

In our study and also in other neuroimaging studies focused on cognition in PD a decreased 

striatal and increased prefrontal activation was reported (Bruck et al., 2005; Kunig et al., 

2000; Monchi et al., 2004). Regarding the above described functions of the prefrontal 

cortex and the role of dopamine (Cools, 2008; Ridderinkhof et al., 2004) these findings 

suggest that PD patients show increased cognitive control. In addition, it suggests that PD 

patients can actively maintain goal representations, however cannot flexibly adjust when 

necessary. These suggestions are confirmed by our behavioral data. We showed that when 

PD patients were confronted with the goal to perform three tasks without being offered a 

structured method, they tended to plan sequential instead of simultaneous task performance. 

This planning was significantly predicted by a decreased psychomotor speed, which 

suggests that PD patients deliberately planned to perform the task sequentially by which 

they compensated for their bradyphrenia or bradykinesia. This adjusted planning was 

maintained over time, since PD patients indeed performed tasks sequentially instead of 

simultaneously. Apart from planning, however, the ability to work simultaneously was 

further limited by decreased cognitive flexibility.  

PD patients thus adjusted their goals with regard to their bradyphrenia or bradykinesia. 

These goals were maintained over time, however, PD patients showed difficulties adjusting 

these goals during the actual performance of the tasks. This adjustment of activities by PD 

patients indicates that they take into account their limitations and impairments and try to 

give their best performance.  

Concerning the behavioral trait novelty seeking (NS; which can be defined as a heritable 

tendency toward intense exhilaration or excitement in response to novel stimuli, cues for 

potential rewards or potential relief of punishment (Cloninger, 1987)) this was also the 

case, according to our data. PD patients presented themselves as performing on the same 

level as healthy controls and showed equal levels of NS, even though the activation patterns 

(partly) underlying this behavioral trait were different.  

PD patients thus show increased cognitive control. In addition, they maintain goal 

representations over time, but they show difficulties in flexibly adjusting these goals. 

 

Within the comprehensive mental schema framework (see figure 4.1; Brouwer & Schmidt 

(2002)) cognitive control has been described as having a number of constituent more 

elementary functions, such as monitoring, planning and cognitive flexibility, which have 

been reported to be impaired in PD (Cools et al., 2001; Green et al., 2002; Muslimovic et 
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al., 2005; Van Beilen et al., 2008; Weintraub et al., 2005a). In addition, this framework 

reflects the dynamic relations between the subprocesses of automatic and controlled 

processing. Considering this framework, the increased reliance on cognitive control in PD 

suggests that the regulation of behavior shifts from automatic to controlled processing. This 

is consistent with deautomatisation and implicit learning impairments in PD patients as 

described above. The shift from automatic to controlled processing however indicates that 

if there is something wrong with automatic information processing, this will also affect 

controlled processing, suggesting that impairments in the subprocesses of controlled 

processing may be secondary to impairments in automatic processing. In addition, 

impairments within the subprocesses of cognitive control may also influence each other 

(see figure 4.1). The strongest evidence for impairments in controlled processing in PD will 

therefore be studies that control for confounding influences of impaired automatic 

processing and other subprocesses of controlled processing (see figure 4.1). The problem 

with tests used to assess the cognitive functions in PD however, is that they not only assess 

the cognitive function they declare to measure but also many other cognitive functions, 

such as implicit learning, working memory and visuospatial functions. For example, the 

Odd Man Out test (Flowers & Robertson, 1985) requires both the implicit learning of rules 

and cognitive flexibility (Cools et al., 2001). According to our knowledge, only Cools et al. 

(2001) studied cognition in PD controlling for these confounding influences. They reported 

cognitive flexibility impairments in PD, which were specifically present when the load on 

selection mechanisms increased. PD patients thus show genuine cognitive flexibility 

impairments. Future research should be focused on unraveling which cognitive impairments 

are specific for PD by designing paradigms in which confounding influences are excluded 

or minimized. 

 

Besides automatic processing impairments and impairments within other subprocesses of 

cognitive control, other non-motor symptoms of PD may influence cognition in PD, in 

particular depression. Previous studies reported larger impairments of memory, language, 

concept formation and cognitive flexibility in PD patients with depression, compared to PD 

patients without depression (Kuzis et al., 1997; Troster et al., 1995). The depressed PD 

patients included in our study showed a slightly higher frequency of cognitive impairments 

than non-depressed PD patients. However, no significant differences were found between 

depressed and non-depressed PD patients (most likely due to the relatively small group of 

depressed PD patients). Our data therefore do not (completely) confirm these previous 

studies. One interesting finding in our study was however, that depressed PD patients and 

their independent observers rated the problems associated with the dysexecutive syndrome 
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as significantly worse than non-depressed PD patients and their independent observers. 

Depressed PD patients thus come across and also experience themselves having 

significantly more dysexecutive problems in daily life than non-depressed PD patients. This 

is in line with reports of associations between a decreased quality of life and an increased 

severity of depression (Schrag et al., 2000) and indicates that it is important to treat 

depression in PD in order to alleviate their experienced dysexecutive problems in daily life.  

 

A non-motor symptom that is closely related to depression is apathy. Apathy can be part of 

depression in PD, which was reflected by our finding that the dysexecutive problems 

experienced by depressed PD patients in daily life were to a large extent represented by 

apathy, i.e. the largest differences between depressed and non-depressed PD patients were 

found for negative affect (shallow affect and apathy) and intentionality (planning and 

maintenance of goal-directed behavior in daily life). Depression and apathy can however 

also be dissociated in PD (Kirsch-Darrow et al., 2006) and Levy & Dubois (2006) 

suggested that PD patients mainly show a cognitive inertia subtype of apathy, i.e. 

reductions in self-generated voluntary and purposeful behavior. This cognitive inertia 

subtype may specifically be reflected by impairments initiating behavior in PD, even in 

non-depressed PD patients. This expectation could however, not be confirmed by our data. 

PD patients initiated behavior as often as healthy controls and no associations were found 

between cognition and apathy in our group of PD patients. Future research is needed to 

determine what the effects are of apathy on cognition and the functioning in daily life of PD 

patients.   

For now it can be concluded that depression and apathy may influence cognitive control or 

executive functions in PD at least in the experience of patients and their relatives, even 

though this is not always visible on neuropsychological tests. 

 

In conclusion, within the cognitive domain PD patients show a heterogeneous set of 

impairments. They show deautomatisation and difficulties achieving automaticities, 

specifically when implicit learning is based upon feedback. The latter can be ascribed to (1) 

a restricted range of neuronal dopamine due to which PD patients do not show the optimal 

increases or decreases of dopamine in response to respectively positive and negative 

feedback and (2) an inability to shift from cortical to striatal areas during implicit learning. 

PD patients however, compensate by showing an increased involvement of the prefrontal 

cortex, which indicates that they show an increased reliance on cognitive control and a 

decreased reliance on automatic processing. The shift from automatic to controlled 

processing however, indicates that if there is something wrong with automatic information 
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processing this will also affect controlled processing, suggesting that impairments in the 

subprocesses of controlled processing are secondary to impairments in automatic 

processing. Also depression and apathy may have a negative influence on cognition in PD. 

Future research is needed to unravel which cognitive impairments are specific for PD. 

 

9.2 Depression 

Symptoms of depression accompanying PD can be discussed from two different points of 

view: they may be an expression of a common underlying neurodegenerative disease or 

they may be part of a co-morbid depression separate from PD. Since it has been shown that 

depression is more common in PD than in other chronic disabling disorders (Ehmann et al., 

1990), and that in both primary depression and PD a dopaminergic dysfunction of the 

striatum has been reported (Martinot et al., 2001; Meyer et al., 2001), it is most likely that 

depression in PD can be considered an expression of a common underlying 

neurodegenerative disease. Comparing however, depressed and non-depressed PD patients, 

it has been reported that depressed PD patients show a decreased dopaminergic and 

noradrenergic transporter binding ([11C]RTI-32 PET) in the locus coeruleus, anterior 

cingulate cortex, thalamus, amygdala and ventral striatum relative to non-depressed PD 

patients (Remy et al., 2005). Also, depression in PD has been associated with a decreased 

dopamine transporter availability in the left putamen (Weintraub et al., 2005b) and with 

cortical cholinergic denervation (Bohnen et al., 2007). It can therefore be suggested that 

even though depression in PD appears to be an expression of a common underlying 

neurodegenerative disease, depression in PD may be associated with a more severe or 

partly different neurodegenerative process than PD without depression. This is in line with 

our finding that depressed PD patients had a shorter disease duration and used more 

antiparkinsonian medication than non-depressed PD patients, while depressed and non-

depressed PD patients were similar in the severity of motor symptoms and the level of 

activities in daily life. In addition, depression in PD has been associated with more severe 

cognitive impairments found on neuropsychological tests (Kuzis et al., 1997; Troster et al., 

1995) or in the experience of these patients), a decreased quality of life (Schrag et al., 2000) 

and increased mortality (Hughes et al., 2004). Depressed PD patients thus appear to be 

more severely affected, both at a neurochemical and behavioral level, than non-depressed 

PD patients.  

The finding that depressed PD patients are more severely affected indicates that especially 

these patients need to be adequately treated. Pharmacological treatments might alleviate 

symptoms of depression in PD, however, to prevent or slow down the disablement process 



Chapter 9 

 122 

(Verbrugge & Jette, 1994) cognitive rehabilitation may also be helpful in these patients. 

These therapies should be focused on avoiding patients to be drawn into negative images 

about aging and disease and need to give them control over their own lives wherever 

possible (Coleman, 1999). According to our knowledge, the effectiveness of cognitive 

rehabilitation for depression in PD compared to pharmacological treatments has not been 

investigated and studies in this field are thus warranted.   

The common neurodegenerative disease underlying both PD and depression causes that 

depression and PD show an overlap of symptoms. Examples of overlapping symptoms are 

sleep disorders, fatigue, loss of appetite, apathy and cognitive impairments. This overlap of 

symptoms causes that the diagnosis of depression in PD can be difficult to establish. 

Consequently, depression can be both underrated or overrated in PD. For clinical purposes 

it is therefore important to determine which items of often used depression rating scales are 

likely to assess PD symptoms. According to our data particular the Reduced sleep and 

Lassitude items of the MADRS are likely to be influenced by motor symptoms of PD. In 

addition, the items Concentration difficulties, Lassitude and Inability to feel were 

associated with the typical striatal dysfunction of PD, suggesting that these symptoms are 

likely to be part of PD. Symptoms that are more suitable to assess depression in PD are 

consequently the affective symptoms of depression, such as a depressed mood and 

pessimistic thoughts, which is consistent with previous research (Leentjens et al., 2003a).  

Although only the MADRS was investigated, it is likely that also rating scales such as the 

Hamilton Depression Rating Scale and the Beck Depression Inventory are influenced by 

motor symptoms and assess symptoms actually belonging to PD. Indeed, it was reported 

that the somatic items Reduced appetite and Early morning awakening of the Hamilton 

Depression Rating Scale significantly contribute to the diagnosis of depression in PD 

(Leentjens et al., 2003a). Fortunately, for several of the most often used depression rating 

scales in PD adjusted cut-off scores have been determined (Leentjens et al., 2000; Visser et 

al., 2006) and it is strongly advised to use these adjusted cut-off scores. A valuable addition 

could be to qualitatively describe the answers of PD patients on the items of depression 

rating scales, since the quantitative scores are not always sufficient.  

An important cause of depression in PD thus most likely is the underlying 

neurodegenerative pathology, which may be more severe or partly different in depressed 

PD patients compared to non-depressed PD patients. In addition, depressed PD patients 

may be more severely affected and show a faster disease progression than non-depressed 

PD patients. The treatment of depressed PD patients requires special attention. In addition 

to pharmacological treatments, also cognitive rehabilitation could be considered, but more 

research is necessary. Besides a neurochemical overlap, depression and PD also show 
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symptom overlap. The somatic and cognitive symptoms of depression can be primary 

symptoms of PD but they can also be secondary to motor symptoms. The diagnosis of 

depression in PD thus needs to be carefully considered.  

 

9.3 Future directions 

Since PD is a heterogeneous disorder affecting the motor, cognitive and emotional 

domains, either domain cannot be studied without considering the others. In other words, to 

gain a better understanding of the symptoms of PD one needs to focus on the associations 

between motor, cognitive and emotional impairments in PD. In addition, different 

impairments within a domain can also influence each other. It is thus important to 

determine which symptoms are primary and which are secondary both within and between 

domains. Within a domain, mainly within the cognitive domain, new paradigms need to be 

designed in which the confounding influences of other cognitive impairments are excluded 

or minimized. These paradigms can help us determine which cognitive impairments are 

specific for PD. 

An example of research which investigates the association between domains are studies 

focused cognition, depression and freezing of gait (FOG) in PD. FOG is a debilitating 

phenomenon that is present in 30-50% of PD patients. It can be defined as intermittent 

episodes of inability to initiate or maintain locomotion or performing a turn and mainly 

occurs in challenging situations, such as a change of walking environment (an open road), 

busy traffic or when confronted with a revolving door. In these situations fixed movement 

programs are not sufficient and an individual will be required to use cognitive control or 

executive functions. FOG and cognition appear thus to be associated. Also, depression may 

play a role. Studies focused on the effectiveness of the different therapies showed that a 

higher degree of depression at baseline was associated with earlier development of FOG 

and a risk factor for the development of FOG during the course of the study (DATATOP, 

1989; Rascol et al., 2005). FOG in PD may thus (partly) be the consequence of cognitive 

impairments and depression. Studying FOG is thus an interesting topic to learn more about 

the interactions between motor and non-motor symptoms in PD.  

 

9.4 Conclusion  

PD is a heterogeneous disease, many symptoms are associated or overlap. These 

associations occur both within domains of impairment as well as between domains of 
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impairments. Within the domain of cognition PD patients show deautomatisation and 

difficulties achieving automaticities, specifically when implicit learning is based upon 

feedback. The latter can be ascribed to (1) a restricted range of neuronal dopamine due to 

which PD patients do not show the optimal increase or decrease of dopamine in response to 

respectively positive and negative feedback and (2) an inability to shift from cortical to 

striatal areas during implicit learning. PD patients however, compensate by showing an 

increased involvement of the prefrontal cortex, which indicates that they show an increased 

reliance on cognitive control and a decreased reliance on automatic processing. The shift 

from automatic to controlled processing however, indicates that if there is something wrong 

with automatic information processing this will also affect controlled processing, 

suggesting that impairments in the subprocesses of controlled processing are secondary to 

impairments in automatic processing. In addition, impairments within the subprocesses of 

cognitive control have also been reported in PD. The strongest evidence for impairments in 

controlled processing in PD will therefore be studies that control for confounding 

influences of impaired automatic processing and other subprocesses of controlled 

processing. 

Depression is another domain of impairment in PD. Depression may have a negative 

influence on cognition in PD. However, both cognitive impairments and motor symptoms 

can also influence the assessment of depression in PD, since these cognitive impairments 

and motor symptoms can be part of both PD and primary depression. The diagnosis of 

depression in PD thus needs to be carefully considered.  

Future research is needed to further unravel which impairments are primary and which are 

secondary in PD. This needs to be performed within the domains of impairment in PD as 

well as between the domains of impairment.  
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The Montgomery-Åsberg Depression Rating Scale 

 

1. Apparent Sadness 

Representing despondency, gloom and despair (more than just ordinary transient low 

spirits) reflected in speech, facial expression, and posture. Rate by depth and inability to 

brighten up.  

0. No sadness. 

1.  

2. Looks dispirited but does brighten up without difficult. 

3.  

4. Appears sad and unhappy most of the time. 

5.  

6. Looks miserable all the time. Extremely despondent. 

 

2. Reported Sadness 

Representing reports of depressed mood, regardless of whether it is reflected in appearance 

or not. Includes low spirits, despondency or the feeling of being beyond help and without 

hope. Rate according to intensity, duration and the extent to which the mood is reported to 

be influenced by events. 

0. Occasional sadness in keeping with the circumstances. 

1.  

2. Sad or low but brightens up without difficulty. 

3.  

4. Pervasive feelings of sadness or gloominess. The mood is still influenced by external 

circumstances 

5.  

6. Continuous or unvarying sadness, misery or despondency. 

 

3. Inner tension 

Representing feelings of ill-defined discomfort, edginess, inner turmoil, mental tension 

mounting to either panic, dread or anguish. Rate according to intensity, frequency, duration 

and the extent or reassurance called for. 

0. Placid. Only fleeting inner tension 



Appendices 

 128 

1.  

2. Occasional feelings of edginess and ill-defined discomfort. 

3.  

4. Continuous feelings of inner tension or intermittent panic which the patient can only 

master with some difficulty. 

5.  

6. Unrelenting dread or anguish. Overwhelming panic. 

 

4. Reduced sleep 

Representing the experience of reduced duration or depth of sleep compared to subject’s 

own normal pattern when well.  

0. Sleeps as usual. 

1.  

2. Slight difficulty dropping off to sleep or slightly reduced, light or fitful sleep. 

3.  

4. Sleep reduced or broken by at least two hours. 

5.  

6. Less than two or three hours sleep. 

 

5. Reduced appetite 

Representing the feeling of a loss of appetite compared with when well. Rate by loss of 

desire of food or the need to force oneself to eat. 

0. Normal or increased appetite. 

1.  

2. Slightly reduced appetite. 

3.  

4. No appetite. Food is tasteless. 

5.  

6. Needs persuasion to eat at all. 

 

6. Concentration difficulties 

Representing difficulties in collecting one’s thoughts mounting to incapacitating lack of 

concentration. Rate according to intensity, frequency, and degree of incapacity produced. 

0. No difficulties in concentrating. 
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1.  

2. Occasional difficulties in collecting one’s thoughts. 

3.  

4. Difficulties in concentrating and sustaining thought which reduces ability to read or 

hold a conversation. 

5.  

6. Unable to read or converse without great difficulty. 

 

7. Lassitude 

Representing a difficulty getting started or slowness initiating and performing everyday 

activities. 

0. Hardly any difficulty in getting started. No sluggishness. 

1.  

2. Difficulties in starting activities. 

3.  

4. Difficulties in starting simple routine activities which are carried out with effort. 

5.  

6. Complete lassitude. Unable to do anything without help. 

 

8. Inability to feel 

Representing the subjective experience of reduced interest in the surroundings, or activities 

that normally give pleasure. The ability to react with adequate emotion to circumstances or 

people is reduced. 

0. Normal interest in the surroundings and in other people. 

1.  

2. Reduced ability to enjoy usual interest. 

3.  

4. Loss of interest in the surroundings. Loss of feelings for friends and acquaintances. 

5.  

6. The experience of being emotionally paralyzed, inability to feel anger, grief or pleasure 

and a complete or even painful failure to feel for close relatives and friends. 
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9. Pessimistic thoughts 

Representing thoughts of guilt, inferiority, self-reproach, sinfulness, remorse and ruin. 

0. No pessimistic thoughts 

1.  

2. Fluctuating ideas of failure, self-reproach or self depreciation. 

3.  

4. Persistent self-accusations, or definite but still rational ideas of guilt or sin. 

Increasingly pessimistic about the future. 

5.  

6. Delusions of ruin, remorse or unredeemable sin. Self-accusations which are absurd and 

unshakable. 

 

10. Suicidal thoughts 

Representing the feeling that life is not worth living, that a natural death would be 

welcome, suicidal thoughts, and preparations for suicide. Suicidal attempts should not in 

themselves influence the rating. 

0. Enjoys life or takes it as it comes. 

1.  

2. Weary of life. Only fleeting suicidal thoughts. 

3.  

4. Probably better off dead. Suicidal thoughts are common, and suicide is considered as a 

possible solution, but without specific plans or intention. 

5.  

6. Explicit plans for suicide when there is an opportunity. Active preparations for suicide. 
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Unified Parkinson’s Disease Rating Scale  

Motor examination 

18. Speech 

0. Normal. 

1. Slight loss of expression, diction and/or volume. 

2. Monotone, slurred but understandable; moderately impaired. 

3. Marked impairment, difficult to understand. 

4. Unintelligible 

 

19. Facial expression 

0. Normal. 

1. Minimal hypomania, could be normal “Poker Face”. 

2. Slight but definitely abnormal diminution of facial expression. 

3. Moderate hypomania; lips parted some of the time. 

4. Masked or fixed facies with severe or complete loss of facial expression; lips parted ¼ 

inch or more. 

 

20. Tremor at rest 

0. Absent. 

1. Slight and infrequently present. 

2. Mild in amplitude and persistent. Or moderate in amplitude, but only intermittently 

present. 

3. Moderate in amplitude and present most of the time. 

4. Marked in amplitude and present most of the time. 

 

21. Action or postural tremor 

0. Absent. 

1. Slight; present with action. 

2. Moderate in amplitude, present with action. 

3. Moderate in amplitude, with posture holding as well as action. 

4. Marked in amplitude; interferes with feeding. 
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22. Rigidity 

0. Absent. 

1. Slight or detectable only when activated by mirror or other movement. 

2. Mild to moderate. 

3. Marked, but full range of motion easily achieved. 

4. Severe, range of motion achieved with difficulty. 

 

23. Finger taps 

0. Normal. 

1. Mild slowing and/or reduction in amplitude. 

2. Moderately impaired. Definite and early fatiguing. May have occasional arrests in 

movement. 

3. Severely impaired. Frequent hesitation in initiating movements or arrests in ongoing 

movement. 

4. Can barely perform the task. 

 

24. Hand movements 

0. Normal. 

1. Mild slowing and/or reduction in amplitude. 

2. Moderately impaired. Definite and early fatiguing. May have occasional arrests in 

movement. 

3. Severely impaired. Frequent hesitation in initiating movements or arrests in ongoing 

movement. 

4. Can barely perform the task. 

 

25. Rapid alternating movements of hands 

0. Normal. 

1. Mild slowing and/or reduction in amplitude. 

2. Moderately impaired. Definite and early fatiguing. May have occasional arrests in 

movement. 

3. Severely impaired. Frequent hesitation in initiating movements or arrests in ongoing 

movement. 

4. Can barely perform the task. 
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26. Leg agility 

0. Normal. 

1. Mild slowing and/or reduction in amplitude. 

2. Moderately impaired. Definite and early fatiguing. May have occasional arrests in 

movement. 

3. Severely impaired. Frequent hesitation in initiating movements or arrests in ongoing 

movement. 

4. Can barely perform the task. 

 

27. Arise from chair 

0. Normal. 

1. Slow; or may need more than one attempt. 

2. Pushes self up from arms of seat. 

3. Tends to fall back and may have to try more than one time, but can get up without help. 

4. Unable to arise without help. 

 

28. Posture 

0. Normal erect. 

1. Not quite erect, slightly stooped posture; could be normal for older person. 

2. Moderately stooped posture, definitely abnormal; can be slightly leaning to one side. 

3. Severely stooped posture with kyphosis; can be moderately leaning to one side. 

4. Marked flexion with extreme abnormality of posture. 

 

29. Gait 

0. Normal. 

1. Walks slowly, may shuffle with short steps, but no festination (hastening steps) or 

propulsion. 

2. Walks with difficulty, but requires little or no assistance; may have some festination, 

short steps, or propulsion. 

3. Severe disturbance of gait, requiring assistance. 

4. Cannot walk at all, even with assistance. 
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30. Postural stability 

0. Normal. 

1. Retropulsion, but recovers unaided. 

2. Absence of postural response; would fall if not caught by examiner. 

3. Very unstable, tends to lose balance spontaneously. 

4. Unable to stand without assistance. 

 

31. Body bradykinesia and hypokinesia 

0. None. 

1. Minimal slowness, giving movement a deliberate character; could be normal for some 

persons. Possibly reduced amplitude. 

2. Mild degree of slowness and poverty of movement which is definitely abnormal. 

Alternatively, some reduced amplitude. 

3. Moderate slowness, poverty or small amplitude of movement. 

4. Marked slowness, poverty or small amplitude of movement.  
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The subject of this thesis is introduced in Chapter 1. Parkinson’s disease (PD) is a 

movement disorder which is characterized by motor symptoms, such as bradykinesia, 

tremor and rigidity. PD is caused by a progressive degeneration of dopamine producing 

neurons in the substantia nigra pars compacta (SNc). The SNc mainly projects to the 

striatum and interferes with the circuits between the striatum and the frontal cortex. Besides 

motor symptoms cognitive impairments and depression are often present. In the studies 

included in this thesis cognitive functioning and depression in PD are investigated using 

neuroimaging and clinical methods. 

In PD cognitive impairments can be found in both automatic and controlled processing. 

Automatic processes take advantage of previously established and learned relationships 

between external or internal contexts and behavioral patterns. Controlled processing on the 

other hand, involves deliberate planning and regulation in new situations where current 

schemata are not sufficient. Concerning automatic processing, PD patients show difficulties 

with applying learned motor and cognitive skills and in learning new automaticities or 

skills. Feedback plays an important role in learning. However, in the context of feedback 

processing, and the influence of an altered feedback processing on the behavior of PD 

patients not many studies have been performed. 

Besides impairments of automatic processing, PD patients also show impairments of 

controlled processing. Cognitive control or executive functions are assumed to have a 

number of constituent elementary functions, like monitoring, planning, inhibition, set-

shifting and divided attention. Declarative memory, working memory and prospective 

memory also play an important role. In PD, impairments in cognitive flexibility, planning, 

working memory, inhibition and declarative memory have been reported.  

Depression is another non-motor symptom that is common in PD. The diagnosis of 

depression in PD may however be difficult to establish. This is mainly caused by the fact 

that somatic symptoms also contribute to the diagnosis of depression in PD, which 

documents an overlap of symptoms of depression and PD. Consequently, depression can be 

overrated and underrated in PD. For clinical purposes it is therefore important to evaluate 

the depression rating scale scores on item level and considering which items are likely to be 

confounded by somatic symptoms or cognitive impairments. 

Depression can also have a negative influence on cognitive functioning in PD. Studies 

focused on the relationship between depression and cognition in PD however show many 

discrepancies and often only cognitive screening scales are used. Attempts should therefore 

be taken to study the influence of depression on cognition in PD more extensively. 
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In the study described in Chapter 2 it is investigated to what extent the overlapping 

symptoms of depression and PD are associated with the dopaminergic dysfunction of the 

striatum, which is typical for PD.  

In our study it is shown that the dopaminergic dysfunction of the striatum, which is typical 

for PD, can cause symptoms that can also be categorized as symptoms of depression. 

Especially cognitive symptoms measured by a depression rating scale may be based on the 

dopaminergic dysfunction of the striatum in PD patients. Also, the motor and reward 

related aspects of depression might be based on the dopaminergic dysfunction in PD. 

Clinically these results imply that when assessing depression in PD one should be aware of 

a confounding influence of the symptoms of PD. 

 

Depression rating scales used in PD, such as the Montgomery-Åsberg Depression Rating 

Scale (MADRS) measure affective, cognitive and somatic symptoms. An important clinical 

question, which is adressed in Chapter 3, is therefore which items of the MADRS are likely 

to be influenced by the motor symptoms of PD.  

Our results indicate that the MADRS does measure more that just depression in PD. 

Especially, the items reflecting sleep problems and fatigue are likely to be influenced by 

motor symptoms of PD. This is consistent with previous studies reporting nocturnal 

difficulties in PD such as an inability to turn or getting out of bed. Also, fatigue is a 

common phenomenon in PD. Depression and PD thus cannot be considered as two separate 

syndromes due to the symptomatic overlap. It is however still important to recognize a 

depression in PD patients. In this matter it is important to qualitatively describe the answers 

of PD patients on the items of the depression rating scale. In addition, adjusted cut-off 

scores are required.  

 

In Chapter 4 evidence is reviewed with regard to impaired automatic and controlled 

information processing in cognitive functioning of PD patients, using a comprehensive 

mental schema framework, which comprises both motivational and cognitive elements.  

It is concluded that the cognitive impairments observed in PD, both at the level of 

controlled and automatic processing, are the result of a complex interplay between the 

dopaminergic dysfunction of the fronto-striatal circuits, compensatory mechanisms and 

treatment strategies applied in PD.  

 

In everyday life positive feedbacks in response to human action are an obvious 

phenomenon. In PD the striatal dysfunction impairs motor performance, but also may lead 
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to decreased positive feedback (reward) processing. In the study described in Chapter 5 the 

consequences of dysfunctional fronto-striatal circuits in PD for the processing of positive 

feedback are investigated.  

Our results reveal that the striatum is involved in positive feedback processing in healthy 

controls. In PD the striatum was not involved in positive feedback processing. Instead, PD 

patients showed increased prefrontal involvement during positive feedback processing. 

Positive feedback processing is thus altered in PD and is reflected by increased prefrontal 

involvement.   

 

Positive feedback processing is thought to be associated with a behavioral trait called 

Novelty Seeking (NS). NS is ‘a heritable tendency toward intense exhilaration or 

excitement in response to novel stimuli, cues for potential rewards or potential relief of 

punishment, which leads to frequent exploratory activity in pursuit of potential rewards as 

well as active avoidance of monotony and potential punishment’. In the study described in 

Chapter 6 it was investigated whether PD patients show decreased levels of NS. In 

addition, it was investigated to what extent NS was associated with an altered positive 

feedback processing in PD.  

Our findings show that in healthy controls NS is associated with positive feedback 

processing in the striatum. PD patients do not show decreased levels of NS. However, NS is 

not mediated by the striatum in PD. Instead, NS is (partly) mediated by the prefrontal 

cortex in PD, which provides a compensatory mechanism for positive feedback processing 

in PD. This suggests that the fronto-striatal dysfunction in PD does not necessarily changes 

behavioral traits. Instead behavioral traits appear to manifest themselves via other brain 

structures. 

 

In the study described in Chapter 7 controlled behavior in PD is investigated by focusing 

on the initiation of behavior, everyday planning and multi-task performance of PD patients 

and healthy controls, using the recently developed Cognitive Effort Test (CET). The CET is 

a relatively unstructured multiple component visual motor task from which three variables 

are derived, Initiative, Planning and Multi-task performance. It was also investigated to 

what extent the initiation of behavior, planning and multi-tasking of PD patients was 

influenced by more elementary executive functions (e.g. cognitive flexibility, inhibition and 

working memory). 

PD patients did not show impairments in initiating behavior compared to healthy controls. 

They did however, tend to plan sequential, instead of simultaneous task performance. This 
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difference in planning does not indicate a specific impairment of planning but rather 

reflects a compensation for a decreased psychomotor speed. In addition, PD patients also 

actually performed tasks sequentially instead of simultaneously. This ‘choice’ appeared to 

be significantly influenced by a decreased attentional flexibility. 

 

Two frequently observed non-motor symptoms in PD are depression and cognitive 

impairments, especially executive dysfunctions and memory impairments. Often these 

symptoms occur together in PD, but in patients with major depression without PD 

impairments in executive functions and memory have also been reported.  Depression in 

PD might therefore exacerbate cognitive symptoms. The aim of the study described in 

Chapter 8 was to investigate the influence of depression on cognition in PD specifically on 

the impairments in executive functions and memory.  

Depressed PD patients did not show a significantly decreased performance on the executive 

functioning and memory tests, compared to non-depressed PD patients. However, 

depressed PD patients reported significantly more dysexecutive problems in daily life. 

Depression thus appears to influence cognition in PD negatively, mainly in the experience 

of depressed PD patients. In addition it is important to note that the tests used to assess 

cognitive control or executive functions are often structured and offer a standardized 

method, while cognitive control or executive functions are needed in situations which are 

unstructured and unstandardized. To gain more knowledge about the executive impairments 

that PD patients experience in daily life and the influence of depression on these 

impairments, unstructured tests are required. 

 

In Chapter 9 the results of the above described studies are discussed and conclusion are 

drawn. Our studies show that PD is a heterogeneous disease, many motor, cognitive and 

emotional symptoms are associated or overlap. These associations occur both within 

domains of impairment as well as between domains of impairments. It is therefore difficult 

to determine which impairments are primary and which are secondary in PD. Within the 

motor domain and the domain of cognition PD patients show deautomatisation and 

difficulties achieving automaticities. PD patients however, compensate by showing an 

increased involvement of the prefrontal cortex, which indicates that they show an increased 

reliance on cognitive control and a decreased reliance on automatic processing. The shift 

from automatic to controlled processing indicates however that if there is something wrong 

with automatic information processing this will also affect controlled processing. This 

suggests that impairments in the subprocesses of controlled processing are secondary to 

impairments in automatic processing.  
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Depression is another domain of impairment in PD. Depression may have a negative 

influence on cognition in PD. However, both cognitive impairments and motor symptoms 

can also influence the assessment of depression in PD, since these cognitive impairments 

and motor symptoms can be part of both PD and primary depression. The diagnosis of 

depression in PD thus needs to be carefully considered.  
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In Hoofdstuk 1 wordt het onderwerp van dit proefschrift geïntroduceerd. De ziekte van 

Parkinson (PD) is een bewegingsstoornis waarbij motorische symptomen, zoals traagheid, 

beven en spierstijfheid, op de voorgrond staan. PD wordt veroorzaakt door een progressieve 

degeneratie van dopamine producerende cellen in de substantia nigra pars compacta (SNc). 

De SNc kern is sterk verbonden met andere structuren in onze hersenen, zoals het striatum 

en de prefrontale cortex, waardoor deze gebieden ook ontregeld kunnen raken. Naast 

motorische symptomen komen ook niet-motorische symptomen, zoals cognitieve 

beperkingen en depressie, regelmatig voor bij PD. Dit proefschrift is gericht op deze 

cognitieve beperkingen en depressie bij PD die worden onderzocht met behulp van 

beeldvormende technieken en klinische methoden. 

Cognitieve beperkingen kunnen bij PD worden aangetoond binnen zowel de automatische 

als gecontroleerde informatieverwerking. Automatische informatieverwerking speelt een 

belangrijke rol in bekende situaties waarin een individu kan volstaan met bekende 

gedragspatronen. PD patiënten hebben specifiek moeite met het uitvoeren van reeds 

geleerde motorische en cognitieve vaardigheden en met het leren van nieuwe automatismen 

of vaardigheden. Feedback speelt een belangrijke rol bij het leren. Onderzoek gericht op de 

verwerking van feedback en op de invloed van een veranderde feedbackverwerking op het 

gedrag van PD patiënten is tot op heden niet vaak uitgevoerd. 

Gecontroleerde informatieverwerking speelt daarentegen een belangrijke rol in nieuwe, 

onbekende situaties waarin een individu niet kan volstaan met bekende gedragspatronen. 

Over het algemeen wordt aangenomen dat cognitieve controle of executieve functies 

bestaan uit een aantal meer elementaire functies, zoals het houden van overzicht, plannen, 

inhibitie, cognitieve flexibiliteit en verdeelde aandacht. Beperkingen in deze meer 

elementaire functies zijn bij PD patiënten vaak aangetoond. 

Depressie is een ander niet-motorisch symptoom dat vaak voorkomt bij PD. Het is echter 

lastig om de diagnose depressie bij PD patiënten te stellen. Dit wordt veroorzaakt doordat 

symptomen die bij PD horen ook bij depressie kunnen horen en andersom. Het gevolg is 

dat depressie bij PD kan worden onderschat en overschat. Voor de klinische praktijk geldt 

dat het belangrijk is om te bepalen welke items van depressieschalen worden beïnvloed 

door somatische of cognitieve beperkingen van PD.  

Depressie kan ook een negatieve invloed hebben op de het cognitieve functioneren bij PD. 

Studies die tot op heden gericht waren op depressie en cognitie bij PD bevatten echter vele 

discrepanties en maakten vaak alleen gebruik van screeningsinstrumenten. Het is daarom 

van belang om de invloed van depressie op cognitie bij PD uitgebreider te onderzoeken. 
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In de studie die in Hoofdstuk 2 wordt beschreven, wordt onderzocht in hoeverre de 

overlappende symptomen van PD en depressie kunnen worden geassocieerd met het 

dopaminerge dysfunctioneren van het striatum, die karakteristiek is voor PD.  

Onze studie laat zien dat het dopaminerge dysfunctioneren van het striatum symptomen kan 

veroorzaken die ook kunnen worden gecategoriseerd als symptomen van depressie. Vooral 

cognitieve symptomen die worden gemeten met depressie schalen lijken te zijn gerelateerd 

aan het dopaminerge dysfunctioneren van het striatum, die karakteristiek is voor PD. Ook 

de motorische en de aan beloning gerelateerde symptomen lijken hiermee geassocieerd te 

zijn. Dit impliceert voor de kliniek dat wanneer depressieschalen worden gebruikt bij het 

vaststellen van de diagnose depressie men zich er van bewust moet zijn dat sommige 

symptomen bij PD kunnen horen. 

 

Depressieschalen, zoals de Montgomery-Åsberg Depression Rating Scale (MADRS), 

meten zowel affectieve, cognitieve als somatische symptomen van depressie. Voor de 

klinische praktijk is het daarom van belang te onderzoeken in hoeverre de items van de 

MADRS motorische PD symptomen meten. Deze vraag wordt behandeld in Hoofdstuk 3. 

Onze resultaten geven aan dat de MADRS meer dan alleen depressie meet. Vooral de items 

die slaapproblemen en vermoeidheid reflecteren kunnen worden beïnvloed door de 

motorische symptomen van PD. Deze bevindingen zijn in overeenstemming met eerdere 

studies die aantoonden dat problemen in de nacht, zoals moeite met het omdraaien en het 

opstaan uit bed, vaak voorkomen bij PD. Ook vermoeidheid is een veel voorkomend 

fenomeen bij PD. Depressie en PD kunnen dus als gevolg van de symptomatische overlap 

niet worden beschouwd als twee verschillende syndromen. Het blijft echter wel belangrijk 

om een depressie bij PD patiënten te herkennen. Hierbij is het van belang om de 

antwoorden op de verschillende items van depressieschalen kwalitatief te beschrijven en 

daarnaast gebruik te maken van aangepast cut-off scores. 

 

In Hoofdstuk 4 worden studies gericht op automatische en gecontroleerde 

informatieverwerking bij PD gereviewed. Hierbij wordt gebruik gemaakt van een 

veelomvattend mentale schema raamwerk, dat zowel motivationele als cognitieve 

elementen bevat. 

Onze conclusie is dat cognitieve beperkingen bij PD, zowel binnen de automatische als 

gecontroleerde informatieverwerking, het gevolg zijn van een complexe interactie tussen 

het dopaminerge dysfunctioneren van de fronto-striatale circuits, compensatie 

mechanismen en behandelingen die zijn toegepast. 
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In ons dagelijks leven komt positieve feedback, die we ontvangen in reactie op onze 

handelingen, veelvuldig voor. Bij PD komen naast motorische symptomen echter ook 

beperkingen voor bij de verwerking van positieve feedbacks (beloning). De studie die 

wordt beschreven  in Hoofdstuk 5 richt zich op de consequenties van de dysfunctionerende 

fronto-striatale circuits voor de verwerking van positieve feedback.  

Onze resultaten tonen aan dat bij gezonde controles het striatum betrokken is bij de 

verwerking van positieve feedback. Bij PD patiënten was het striatum niet betrokken bij de 

verwerking van positieve feedback. In plaats daarvan werd bij PD patiënten aangetoond dat 

de prefrontale cortex betrokken was bij de verwerking van positieve feedback. De 

verwerking van positieve feedback is dus gewijzigd bij PD en wordt gereflecteerd door een 

toegenomen prefrontale betrokkenheid. 

 

In eerder onderzoek werd gesuggereerd dat de gevoeligheid voor positieve feedback 

geassocieerd is met het gedragskenmerk Novelty Seeking (NS). NS kan worden 

gedefinieerd als het neigen naar vrolijkheid of opwinding bij nieuwe stimuli, aanwijzingen 

voor mogelijke beloningen of mogelijke vermijding van straf, wat leidt tot frequent 

exploratief gedrag dat streeft naar mogelijke beloningen en het actief vermijden van 

eentonigheid en mogelijke straffen. In de studie die wordt beschreven in Hoofdstuk 6 wordt 

onderzocht of PD patiënten een verminderde NS laten zien. Daarnaast werd onderzocht in 

hoeverre NS was geassocieerd met een gewijzigde verwerking van positieve feedback bij 

PD. 

Onze resultaten laten zien dat NS bij gezonde controles inderdaad is gerelateerd aan de 

verwerking van positieve feedback door het striatum. PD patiënten tonen geen verminderde 

NS, echter NS is bij PD niet geassocieerd met de positieve feedback verwerking door het 

striatum. In plaats daarvan is NS bij PD patiënten geassocieerd met de positieve feedback 

verwerking door de prefrontale cortex, die compenseert voor een verminderde positieve 

feedback verwerking door het striatum. Dit suggereert dat het dysfunctioneren van de 

fronto-striatale circuits bij PD niet noodzakelijk hoeft te leiden tot gedragsveranderingen. In 

plaats daarvan worden gedragskenmerken gemanifesteerd door andere hersenstructuren. 

 

De studie die wordt beschreven in Hoofdstuk 7 onderzoekt gecontroleerde 

informatieverwerking bij PD door zich te richten op het initiëren van gedrag, alledaagse 

planning en het uitvoeren van meerdere taken. Hiervoor werd gebruik gemaakt van de 

recent ontwikkelde Cognitive Effort Test (CET). De CET is een relatief ongestructureerde 

visueel motorische taak die uit meerdere componenten bestaat. Naast het initiëren van 

gedrag, alledaagse planning en het uitvoeren van meerdere taken werd ook onderzocht in 
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hoeverre deze functies bij PD patiënten werden beïnvloed door meer elementaire 

executieve functies (bijvoorbeeld cognitieve flexibiliteit, inhibitie en werkgeheugen).  

PD patiënten toonden in vergelijking met gezonde controles geen beperkingen in het 

initiëren van gedrag. Ze planden daarentegen wel om de verschillende taken van de CET 

sequentieel uit te voeren, in plaats van tegelijkertijd. Dit verschil in planning tussen PD 

patiënten en gezonde controles werd echter niet veroorzaakt door een specifieke 

planningsbeperking, maar lijkt eerder een compensatie te zijn voor een verminderde 

psychomotorische snelheid. Daarnaast werden de verschillende taken van de CET ook 

sequentieel, in plaats van tegelijkertijd, uitgevoerd door PD patiënten. De ‘keuze’ om taken 

op deze manier uit te voeren werd significant beïnvloed door een verminderde cognitieve 

flexibiliteit. 

 

Depressie en cognitieve beperkingen zijn twee frequent geobserveerde niet-motorische 

symptomen bij PD. Vooral de executieve functies en het geheugen zijn aangedaan. 

Patiënten met een primaire depressie zonder PD tonen echter ook beperkingen in de 

executieve functies en het geheugen. Depressie zou daarom cognitieve beperkingen bij PD 

kunnen verergeren. Het doel van de studie die in Hoofdstuk 8 wordt beschreven was 

daarom om te onderzoeken in hoeverre het cognitieve functioneren van PD patiënten wordt 

beïnvloed door depressie. Hierbij hebben we ons specifiek gericht op de executieve functies 

en het geheugen. 

Onze resultaten lieten zien dat depressieve PD patiënten niet significant lager scoorden op 

de neuropsychologische tests voor executieve functies en geheugen dan niet-depressieve 

PD patiënten. Echter, depressieve PD patiënten rapporteerden wel significant meer 

executieve functiebeperkingen in dagelijks leven dan niet-depressieve PD patiënten. 

Depressie bij PD heeft dus vooral een negatieve invloed op de manier waarop cognitieve 

beperkingen worden ervaren. Daarnaast is het belangrijk op te merken dat er verschillende 

tests bestaan om gecontroleerde informatieverwerking in kaart te brengen. Deze tests zijn 

echter vaak gestructureerd en gestandaardiseerd, terwijl gecontroleerde 

informatieverwerking nodig is in ongestructureerde en ongestandaardiseerde situaties. Om 

meer kennis te vergaren over beperkingen in de gecontroleerde informatieverwerking bij 

PD en de invloed van depressie hierop zijn meer ongestructureerde tests nodig. 

 

In Hoofdstuk 9 worden de hierboven beschreven resultaten geïntegreerd en worden er 

conclusies getrokken. Onze studies laten zien dat PD een heterogene ziekte is, vele 

motorische, cognitieve en emotionele symptomen zijn geassocieerd of overlappen. Deze 

associaties komen zowel voor binnen domeinen van beperking als tussen domeinen van 
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beperking. Dit maakt dat het lastig is om te bepalen welke beperkingen bij PD primair zijn 

en welke secundair. Binnen het motorische en cognitieve domein tonen PD patiënten een 

deautomatisatie en beperkingen in de automatische informatieverwerking. Hiervoor 

compenseren PD patiënten echter door een toegenomen betrokkenheid van de prefrontale 

cortex. Dit suggereert dat de gecontroleerde informatieverwerking een grotere rol gaat 

spelen bij PD, terwijl de automatische informatieverwerking een kleinere rol gaat spelen. 

Deze verschuiving impliceert dat wanneer de automatische informatieverwerking beperkt is 

dat dit invloed zal hebben op de gecontroleerde informatieverwerking. Wat weer zou 

kunnen betekenen dat de beperkingen in de gecontroleerde informatieverwerking bij PD 

secundair zijn aan de beperkingen in de automatische informatieverwerking.  

Depressie is een ander domein waar beperkingen kunnen worden aangetoond bij PD. 

Depressie kan een negatieve invloed hebben op het cognitieve functioneren van PD 

patiënten. Echter, cognitieve beperkingen en motorische symptomen beïnvloeden ook het 

meten van depressie bij PD met behulp van depressieschalen, aangezien deze symptomen 

ook onderdeel kunnen zijn van een primaire depressie. De diagnose depressie bij PD dient 

daarom zorgvuldig te worden vastgesteld. 
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Onderzoek doe je gelukkig nooit alleen en ik vind het dan ook heel fijn dat ik hier een paar 

bladzijden kan wijden aan het bedanken van een aantal mensen die direct of indirect hebben 

bijgedragen aan dit proefschrift.  

Allereerst mijn promotoren, Prof. dr. K.L. Leenders en Prof. dr. W.H. Brouwer. Nico, 

bedankt voor het vertrouwen, je steun op momenten waarop het tegenzat en al je wijze 

woorden. Ik heb veel van je geleerd en vind het heel fijn dat we in de toekomst kunnen 

blijven samenwerken. Wiebo, je was pas in een later stadium bij dit onderzoek betrokken, 

maar ik had je bijdrage absoluut niet willen missen. Je kritische blik heeft ervoor gezorgd 

dat ik veel van je geleerd heb en dat dit proefschrift beter is geworden. Fijn dat wij ook 

kunnen blijven samenwerken. 

Mijn co-promotor, dr. M. van Beilen. Marije, bij jou ben ik ooit als stagaire begonnen en 

herinner me nog zo goed een mail die ik van je ontving aan het einde van mijn 

stageperiode. Hierin schreef je dat je een brainwave had in de auto waarin je in één keer 

voor je zag dat ik een proefschrift zou kunnen gaan schrijven bij de afdeling Neurologie 

van het UMCG en hoe deze eruit zou kunnen zien. Zonder jou was dus dit proefschrift er 

dus nooit gekomen. Dank voor het vertrouwen. 

 

Naast mijn (co)promotoren hebben ook de vele mede PhD’ers en andere collega’s van de 

Neurologie ervoor gezorgd dat ik mijn onderzoek heb kunnen doen in een uitdagende en 

prettige omgeving waar ik mij erg heb thuisgevoeld. 

Katrien, jij bent mijn mede PhD’er vanaf het eerste uur. Dat ik zo sterk bij jouw project 

betrokken mag zijn, vind ik nog steeds een hele eer. We hebben in de afgelopen periode 

veel lief en leed gedeeld en ik wil je dan ook heel erg bedanken voor je vriendschap. Ik heb 

al onze etentjes in het personeelsrestaurant, het kijken van de kostuumdrama’s, het 

winkelen en natuurlijk ook de samenwerking als heel plezierig ervaren en ik vind het 

daarom ook geweldig dat je mijn paranimf wilt zijn.  

Renée, je bent een erg belangrijk persoon binnen de bewegingsstoornissengroep. Dank voor 

je vriendschap, je luisterend oor en de vele dingen die je voor me geregeld hebt.  

Martijn samen met jou heb ik gewerkt aan de hoofdstukken 5 en 6. Dit was niet altijd even 

makkelijk, maar ik vind dat we een heel mooi resultaat bereikt hebben. 

Teus en Anne Marthe, samen met jullie heb ik in de afgelopen periode gewerkt aan het 

onderzoek naar visuele hallucinaties bij Parkinson. Ik vind onze samenwerking erg prettig 

en uitdagend en wil deze in de toekomst graag voortzetten. 



Dankwoord 

 172 

Alle (oud)kamergenoten en collega’s van de neurologie, Paulien, Carolien, Wilma, Laura, 

Martijn (Beudel), Anna, Brecht en Maarten bedankt voor alle gezelligheid. Jammer dat 

onze wegen soms uit elkaar gaan, maar ik hoop dat we elkaar nog regelmatig zullen treffen. 

 

Zonder patiënten is het onmogelijk om klinisch onderzoek te doen. Daarom wil ik alle 

patiënten die aan mijn onderzoek hebben meegewerkt heel erg bedanken. Zonder jullie was 

het absoluut niet mogelijk geweest.  

Ook wil ik Axel Portman en Wijnand Rutgers hartelijk danken voor hun hulp bij de 

patiëntenverzameling. 

En veel dank aan de masterstudentes Anna Meijer en Annie van der Wouden voor hun hulp 

bij de dataverzameling. 

 

Ben Schmand, Frans Verhey en Anke Bouma wil ik danken voor het beoordelen en 

goedkeuren van het manuscript. 

 

Tijdens het laatste jaar van mijn promotieonderzoek was ik ook werkzaam in het onderwijs 

bij de faculteit Gedrags- en maatschappijwetenschappen. Anke, Reint, Koen, Joost, Fenna, 

Josje, Lucia, Ellen en alle anderen heel erg bedankt voor de prettige samenwerking en de 

ruimte die ik kreeg tijdens de laatste fase van het schrijven van dit proefschrift. Ik heb het 

bij jullie erg naar m’n zin en ben erg blij met de tenure track die ik bij jullie heb kunnen 

krijgen.  

 

Mijn vriendinnen Esther (S), Marjon en Tina wil ik bedanken voor alle steun, bereidheid 

om mijn verhalen over onderzoek aan te horen en alle gezelligheid. S, ondanks die afstand 

van 10000 kilometer tussen ons, blijft onze vriendschap als een paal boven water staan. 

Dank voor alle gezellige skype uurtjes. Marjon, vriendin vanaf het eerste uur van onze 

studie psychologie, super dat je m’n paranimf wilt zijn.   

En tenslotte mijn familie. Lieve zusjes, Marieke en Jet, we zijn alledrie heel druk met werk 

en studie, maar ik vind het heel fijn dat we elkaar zo regelmatig treffen aan het thuisfront. 

Bedankt voor alle gezelligheid.  

Laive papa en mama zunder joen onveurwoardelke steun en zörg was dit proefschrift er 

nooit kommen. Bedankt veur’t optimisme en geleuf in mien kinn. 
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