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CHAPTER 1 
General introduction 
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1.1 Introduction 

This thesis focuses on one of the most prevalent and burdensome neuropsychiatric 

syndromes in Alzheimer's disease (AD) and Parkinson's disease (PD): apathy. Apathy is a 

disorder of motivation, characterized by reduced goalπdirected behaviour and         

cognition, and emotional indifference. Apathy is a major problem in both AD and PD; it 

has a serious negative impact on everyday functioning, cognitive and motor performπ

ance, and quality of life of both patients and caregivers (Barone et al., 2009; Lechowski 

et al., 2009), as illustrated in the prologue. The impact of apathy in neurodegenerative     

diseases, and in particular AD and PD is increasingly recognized. This is also reflected in 

the increase of scientific studies into apathy. Nevertheless, the etiology and effective 

treatment of apathy are still unclear (Chase, 2011). In this respect, the main aim of this 

thesis was to get more insight into the diagnosis, underlying pathology and treatment 

options of apathy in AD and PD. This first chapter will provide a short theoretical backπ

ground on AD, PD and apathy, and will describe the specific aims and questions of this 

thesis. 

1.2 Alzheimer's disease and Parkinson's disease 

Due to aging of our population, the number of people suffering from neurodegeneraπ

tive diseases is expected to increase dramatically in the upcoming years. The two most 

prevalent neurodegenerative diseases are AD and PD (Nussbaum & Ellis, 2003).  

 In Western Europe, approximately 5.4% of the people above 60 years have       

dementia, of which the majority is thought to have AD. In 2000 it concerned about 4.9 

million people, and this number is expected to rise to almost 10 million in 2040 (Ballard 

et al., 2011). AD has a gradual but progressive course, which normally starts with a 

decline in episodic memory and, as the disease progresses, affects other cognitive  

domains, such as language, praxis, recognition, and executive functioning (Castellani et 

al., 2010). Microscopically, AD is hallmarked by a significant loss of neurons in the  

cerebral cortex and certain subcortical regions, together with increased concentrations 

of amyloid plaques and neurofibrillary tangles. Although methods to improve diagnosis 

have been moving forward, the causes of AD remain unclear. As a consequence     

available treatments at this moment can alleviate symptoms but not cure the disease 

(Ballard et al., 2011). 

 The second most common neurodegenerative disease is PD, affecting around 1.5% 

of the population aged 60 years and above. As with AD, the number of patients with PD 

is expected to double over the next 20 years (Dorsey et al., 2007). PD is characterized 

by a gradual, progressive depletion of neurons in the substantia nigra pars compacta, 

which causes a dopamine deficiency in the striatum. The four main motor symptoms 

upon which the diagnosis of PD is currently based include resting tremor, muscle    
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rigidity, bradykinesia or akinesia (slowness or complete lack of movement), and      

postural instability (Bogart, 2011). Besides motor symptoms many PD patients also 

experience nonπmotor symptoms, such as cognitive impairment, olfactory disturbances, 

and mood and motivational disorders.    

1.3 Apathy 

Although AD is traditionally regarded as a disorder primarily characterized by cognitive 

impairment and PD is considered as a movement disorder, in both diseases it is       

increasingly recognized that neuropsychiatric symptoms, such as apathy, depression, 

agitation and psychosis, are an intrinsic part of the disease. Apathy is the most common 

neuropsychiatric symptom in AD, with prevalences ranging from 42 to 92% (Drijgers et 

al., 2009).  In PD, apathy is reported in 17 to 70% (Aarsland et al., 2009). The wide variaπ

tion in prevalences is due to differences in study populations and used rating scales.  

 The assessment and treatment of apathy are essential components of the        

management and care of patients with AD and PD. Because symptoms of apathy are 

closely related to symptoms of depression, differentiation between the two syndromes 

requires attention. A range of instruments is currently used to measure apathy, of 

which the most important ones are described more extensively in chapter 2. These 

rating scales are used for assessing the severity of apathy, for which each scale uses its 

own cutπoff scores. Just recently diagnostic criteria for apathy have been proposed and 

validated in different neuropsychiatric diseases (Mulin et al., 2011; Robert et al., 2009). 

A consensus on assessment and diagnosis of apathy is important for both clinical    

practice and research.     

 Apathy seems to be largely explained by neurobiological factors, in particular   

frontalπsubcortical circuits (van Reekum et al., 2005). In both structural and functional 

imaging studies apathy has been associated with the anterior cingulate cortex and 

orbitoπfrontal cortex in AD as well as in PD (Guimaraes et al., 2008; Reijnders et al., 

2010). Furthermore, several studies have suggested that apathy is related to            

dysfunction in the dopaminergic system, as the dopaminergic system is closely related 

to the brain reward system (Chaudhuri & Schapira, 2009; Mitchell et al., 2010).       

However, knowledge about the pathophysiology of apathy is still limited. Given the lack 

of an evidenced based pharmacological treatment for apathy, in clinical care the focus 

is yet primarily on psychosocial therapies, such as multisensory stimulation (snoezelen) 

or music therapy (Raglio et al., 2010; Staal et al., 2007). More insight into the neuroπ

anatomical and neurochemical correlates of apathy might provide better treatment 

options. 
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CHAPTER 2 
Apathy: from symptom to syndrome 
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Abstract 

Background: Apathy is an important behavioural problem of dementia and other    

neuropsychiatric diseases. 

Aim: To give an overview of the development of the concept of apathy and its         

importance to clinical practice.  

Methods: Literature research. 

Results: There is evidence that apathy should be regarded as a syndrome instead of a 

symptom. Apathy is a construct that consists of several aspects. In addition, apathy can 

occur in the same manner across various diseases. Apathy can occur together with, or 

separate from, depressive disorder or cognitive decline. Recently diagnostic criteria for 

the diagnosis of the syndrome of apathy have been formulated on the base of an interπ

national consensus. 

Conclusion: These diagnostic criteria that have been recently formulated facilitate the 

validation of measurement instruments as well as the research on the epidemiology, 

aetiology, pathophysiology and treatment of apathy to a great extent.  



CHAPTER  2  

 19 

2.1 Introduction 

Apathy is characterized by a loss of initiative, loss of interest and emotional inπ

difference. It is the most common neuropsychiatric problem in Alzheimer's disease (AD) 

(Aalten et al., 2005; Onyike et al., 2007) and prevalent in other neurological and psychiπ

atric diseases such as frontotemporal dementia, Parkinson's disease (PD), traumatic 

brain injury and schizophrenia (van Reekum et al., 2005). Apathy often manifests in the 

early stages of dementia, and its prevalence and severity increases with the progress of 

the disease (Aalten et al., 2005). Apathy decreases the quality of life of patients and 

caregivers (Chaudhuri et al., 2009; Yeager et al., 2008). Moreover, apathy is associated 

with accelerated cognitive decline, increased risk of hospitalisation, and caregiver stress 

(de Vugt et al., 2003; Starkstein, Jorge, & Mizrahi, 2006). 

 The interest in apathy is increasing in clinical practice and research; therefore   

reliably identifying and measuring apathy is important. Although there are numerous 

apathy assessment tools, there are still no accepted diagnostic criteria. Apathy studies 

often report widely varying results; for instance, the prevalence of apathy varies from 

42% to 92% in patients with dementia and from 17% to 70% in patients with PD      

(Drijgers et al., 2009). Thus, there is a great need for diagnostic criteria. This paper 

reviews the recent literature to describe the development of apathy as a concept and 

its importance for clinical practice. Furthermore, we present the translation of the  

recently developed consensus criteria for apathy. 

2.2 Historical development 

The word "apathy" originates from the ancient Greek word "apatheia" (ʰˉʱʻʶʽʰ), 

meaning "without sense". The Stoics used this term to indicate people who were free 

from passion and emotions such as pain, fear, desire and pleasure. Because emotions 

preclude rationality, the most important human quality, the Stoics believed that     

feelings and passion should be eliminated. They regarded apathy as a peaceful state 

that led to a virtuous and happy life (Starkstein et al., 2008). 

 Today, the DutchπEnglish Van Dale Dictionary describes apathy as psychic       

numbness, listlessness or indifference. In contrast to Ancient Greece, the current    

definition of apathy has negative connotations; however, a clear definition of apathy 

does not exist. The current psychiatric classification systems do not define apathy. The 

Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSMπIV; American 

Psychiatric Association, 1994) mentions apathy as only a type of personality change due 

to a medical condition. The International Classification of Diseases (ICDπ10; World 

Health Organisation, 1993) does not mention apathy. 
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2.3 Symptom or syndrome?  

Although, in the past, apathy has been often viewed as a symptom, it is increasingly 

considered a syndrome; meaning a fixed set of symptoms that can occur in combinaπ

tion. The arguments to support this latter position are as follows. 

 First, apathy is a complex construct that can be divided into different symptoms. 

Marin, and later Starkstein, composed diagnostic criteria for apathy that included three 

symptom dimensions: loss of motivation, loss of initiative and interest, and blunted 

emotions (Marin, 1991; Starkstein et al., 2001). 

 In addition, a number of studies have grouped the neuropsychiatric symptoms of 

dementia using factor analysis (Aalten et al., 2008; Zuidema et al., 2007). Almost all of 

these studies identified apathy as a distinct syndrome (i.e., factor). The largest study 

was that of the European Alzheimer's Disease Consortium (EADC), who distinguished 

different syndromes using the Neuropsychiatric Inventory (NPI) in 2,354 patients with 

AD: hyperactivity, psychosis, affective symptoms and apathy. An additional analysis of 

the same data demonstrated that this finding was robust across other neuropsychiatric 

disorders, including vascular dementia, Lewy body dementia and frontotemporal    

dementia (Aalten et al., 2008). In addition, a recent Dutch study of 1,437 patients with 

dementia living in a nursing home showed that apathy was an independent syndrome; 

furthermore, apathy was stable across different stages of dementia (Zuidema et al., 

2007). Finally, imaging studies have shown that apathy has the same pathophysiological 

correlates across different neuropsychiatric diseases. Various imaging studies as well as 

postmortem studies indicate that frontalπsubcortical circuits, especially the anterior 

cingulate gyrus and dorsolateral prefrontal cortex, are involved in apathy (Lavretsky et 

al., 2007; van Reekum et al., 2005). These findings strongly suggest that apathy is a 

syndrome that has its own course and biological correlates and may have its own 

treatment. 

2.4 Apathy, depression and cognitive decline  

Despite the high prevalence of apathy, in the literature, more attention is given to  

depression. Much research focuses on the extent to which apathy and depression difπ

fer. Indeed, depression and apathy have several symptoms in common such as flatπ

tened affect, loss of initiative and motivation, loss of interest, and inertia (Landes et al., 

2005), which makes distinguishing between the two syndromes difficult. However, both 

syndromes have their own core symptoms. Sad mood is a core symptom of depression 

but not of apathy. Anhedonia, the inability to experience pleasure in activities, another 

core symptom of depression, is often difficult to assess in apathy. Therefore, studies 

have focused on externally observable behaviours, such as the lack of emotional     

response to positive and negative stimuli or events. A lack of motivation and initiative 
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are the most important symptoms of apathy (Boyle et al., 2004). Several studies have 

recently shown that apathy can occur in combination with depression but that these 

syndromes can also exist separately. The Cache County study used the Neuropsychiatric 

Inventory (NPI) to measure neuropsychiatric symptoms and found that the prevalence 

of apathy in patients with AD was 27.3%. This epidemiological study also reported that 

more than 40% of patients with AD and apathy had comorbid depression; conversely, 

56.4% of the patients with depression and AD had comorbid apathy. These results show 

that nearly half of the patients with apathy were not depressed (Lyketsos et al., 2000). 

Starkstein, Jorge, and Mizrahi et al. (2006) diagnosed apathy using the Apathy Scale 

(AS) in 45 of 195 patients with AD without depression (23%). In addition, several studies 

in patients with PD found that apathy exists without depression. Isella and colleagues 

(2002) also used the AS and found that 33% of patients with PD and apathy did not 

have depression. KirschπDarrow et al. (2006) used the Apathy Evaluation Scale (AES) 

and found a prevalence rate of 28.8% in this same group of patients. Additional studies 

have found that apathy is different from depression because they respond differently 

to antidepressant treatments. Selective serotonin reuptake inhibitors (SSRIs) normally 

improve the moods of depressed patients; however, they do not improve the severity 

of apathy and may even increase it (Barnhart et al., 2004). For example, symptoms of 

apathy of elderly patients with depression who were treated with an SSRI increased 

despite improvements of their depressive symptoms (Wongpakaran et al., 2007).   

Conversely, drugs that affect dopaminergic mechanisms, such as psychostimulants, 

dopamine agonists and antidepressants with dopamine reπuptake activity, seem to 

improve apathy (Corcoran et al., 2004; Drijgers et al., 2009; Leentjens et al., 2009; Levy, 

1998). Padala and colleagues (2005; 2007) reported that apathy, but not depressive 

symptoms, improved in a patient with depression who was treated with methylpheniπ

date as well as a patient with dementia and depression who was treated with modafπ

inil. These results support the idea that apathy can occur independently of depression. 

 Like depression, apathy is sometimes seen as a consequence of cognitive decline. 

Indeed, apathy is related to faster cognitive decline (Kuzis et al., 1999). Onyike et al. 

(2007) found that the severity of apathy is positively correlated with the severity of 

cognitive decline. Moreover, patients with apathy often have lower scores on the Mini 

Mental State Examination (MMSE; Folstein et al., 1975; van Reekum et al., 2005), and 

apathy increases with disease severity (Aalten et al., 2005; Starkstein, Jorge, Mizrahi et 

al., 2006). However, approximately half of patients with dementia do not develop   

apathy (Starkstein et al., 2001); thus, cognitive decline is not a sufficient causation of 

apathy. 

 Apathy is associated with executive dysfunction: specifically, disturbances in     

abstract thinking, planning and executing complex tasks. Like apathy, executive dysπ

function is associated with frontalπsubcortical circuit damage. McPherson et al. (2002) 

confirmed Kuzis et al 's (1999) earlier findings that patients with AD and apathy perform 



APATHY  I N  AL ZHE IMER ' S  AND  PARK IN SON ' S  D I S EAS E  

 22

worse on executive tasks compared to patients without apathy, and that this result is 

independent of mood.  

 In summary, apathy can occur independently or in combination with syndromes 

such as depression and dementia. Figure 1 demonstrates this relationship. 

 

Figure 1. The relationship among depression, dementia and apathy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.5 The diagnostic criteria for apathy as a syndrome 

Apathy as a concept has only existed for two decades (Starkstein et al., 2008). In 1991, 

Marin created diagnostic criteria for apathy, thereby providing the first operational 

definition of apathy as a distinct syndrome. He characterized apathy by a lack of goalπ

directed behaviour as well as a reduction of its associated cognitions and emotions. 

Marin defined motivation as "the direction, intensity and persistence of goalπdirected 

behaviour". The primary symptom of apathy was the loss of motivation. Marin       

structured the clinical definition of apathy on three pillars: reduced goalπdirected beπ

haviour (e.g., initiative and productivity), reduced goalπdirected cognitions (e.g.,      

interest or plans), and reduced emotions (e.g., flat affect and emotional indifference). 

In addition, he argued that these symptoms could not be attributed to a decreased 

level of consciousness or cognitive/emotional problems alone (Marin, 1991). Hence, 

Marin formulated a syndrome of "pure apathy" for patients who did not demonstrate 

cognitive or affective comorbidities; however, many patients with apathy suffer from 

other neuropsychiatric syndromes such as depression or cognitive decline. This finding 

limited the usefulness of Marin's criteria. A few years later, Starkstein and colleagues 
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broadened these criteria by omitting the criterion that apathy should not be comorbid 

with depression or cognitive impairment. Moreover, the symptoms should cause a 

clinically relevant reduction in personal, social, occupational, or other important areas 

of functioning (Starkstein et al., 2001). Henceforth, these modified criteria have been 

widely used in scientific research. Starkstein and Leentjens (2008) added a time       

criterion: Apathy symptoms must be present during a majority of the day for at least 4 

weeks (Starkstein et al., 2008). Thus, this criterion excluded brief episodes of apathy 

such as "off periods" in patients with PD, hypokinetic periods during delirium, and 

acute grief reactions from being considered apathy syndrome. 

 A limitation is that scientific and professional organisations do not support the 

aboveπmentioned criteria and that they are not included in diagnostic classification 

systems; therefore, they have no significant support. In 2008, a consensus conference 

of three professional organisations (the Association Française de Psychiatrie Biologique 

[AFPB], the European Psychiatric Association [EPA], and the European Alzheimer's  

Disease Consortium [EADC]), together with content experts from Europe, Australia and 

North America was held in Nice to address this issue. During this meeting, scientists 

used the latest revision of the diagnostic criteria for apathy (Starkstein et al., 2008) as 

the basis of a new consensus. The revised criteria have the same structure as those of 

Starkstein et al. (2001): Criterion A indicates that the core symptom of apathy is reπ

duced motivation; Criterion B identifies the three domains of apathy (behaviour,     

cognition and affect), each of which is composed of both selfπinitiated actions (e.g., 

cognitions and emotions) and responses to external stimuli; Criterion C provides the 

functional restrictions of apathy; and Criterion D excludes a number of causes (Table 1). 

Given that different expressions, and thus sub domains, of apathy exist (e.g., flat    

emotions as well as lack of initiative and interest), not all domains must be met for a 

diagnosis of apathy. The primary adjustment is made under Criterion B in which at least 

one symptom within two of the three domains must be fulfilled. This amended proceπ

dure is in contrast to Starkstein who proposed that a symptom must be present in each 

of the three domains. Attendees of the consensus conference were aware that apathy 

is a feature of other psychiatric disorders including major depression and schizophreπ

nia. Another adjustment was made to Criterion D, which states that the symptoms 

cannot be solely explained by, or the result of, physical and motor impairments (Robert 

et al., 2009). Table 1 shows the criteria. 

2.6 The assessment of apathy  

In addition to these diagnostic criteria, using reliable and valid measures to diagnose 

and assess apathy is important. Validated scales are necessary for reliable research on 

the epidemiology, phenomenology, pathophysiology and treatment of apathy.        
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Currently, several instruments assess the presence and severity of apathy in neurologiπ

cal and psychiatric diseases. 

 The Neuropsychiatric Inventory (NPI) is one of the most common assessments of 

apathy. This broad and valid scale measures the neuropsychiatric functioning of      

patients by determining the presence of 12 different neuropsychiatric symptoms, inπ

cluding apathy (Cummings, 1994). The NPI indicates the frequency (0π4) and severity  

(0π3) of these symptoms via a semiπstructured interview with the patient's caregiver. 

Because the NPI does not distinguish between the different domains of apathy, it may 

be a weak instrument to diagnose apathy syndrome; however, from the numerous 

studies described above, the NPI seems well suited to distinguish among different synπ

dromes, including apathy and depression. Marin and colleagues were the first group to 

develop a scale to specifically measure apathy (the AES; Marin et al., 1991). The AES is 

an 18πitem survey that uses 4πpoint Likert scales to measure apathy symptoms. It has 

three different versions for the patient, caregiver or clinician. The AES has been valiπ

dated in patients with AD, stroke, depression, or other types of dementia. Starkstein et 

al. (1995) developed the AS, a derivative of the AES, which consists of 14 items and has 

been validated in patients with PD. Robert et al. developed the Inventoire Apathy (IA), 

the first instrument to distinguish among different dimensions of apathy. The IA evaluπ

ates emotional flattening, lack of initiative and loss of interest. Like the AES, there are 

three versions of the IA for the patient, caregiver or clinician. The IA has been validated 

in patients AD, mild cognitive impairment (MCI) and PD (Robert et al., 2002). The Lille 

Apathy Rating Scale (LARS) is the most recently developed scale. Patient and caregiver 

versions of the LARS exist. The LARS has been validated in patients with PD. The LARS is 

an extensive 33πitem questionnaire that consists of a structured interview to eventually 

measure four domains of apathy: intellectual curiosity, emotion, action initiation and 

selfπawareness (Sockeel et al., 2006). 

 Given its applicability in clinical practice, we currently support the AES. However, 

because of a lack of diagnostic criteria clinimetric support for all scales remained limπ

ited to reliability and internal consistency. The newly formulated criteria can serve as 

gold standard, which makes further validation possible (Leentjens et al., 2008). 

2.7 Conclusion 

Apathy is a common phenomenon in various neuropsychiatric diseases. There is     

convincing evidence that apathy should be considered not only as a symptom but also 

as an independent syndrome. Apathy negatively affects the quality of life patients and 

their environment. Therefore, more research should focus on apathy and its treatment. 

The recently published consensus on the diagnostic criteria for apathy will facilitate 

such research. 
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Abstract 

Background: Apathy is a common neuropsychiatric syndrome in Parkinson's Disease 

(PD) that affects quality of life. Research into apathy has been hampered by a lack of 

broadly accepted diagnostic criteria. Recently, diagnostic criteria for apathy in neuroπ

psychiatric disorders have been proposed, which to date have not been validated in PD.  

Aim: to validate the proposed diagnostic criteria for apathy in PD.  

Design and methods: In a crossπsectional study, outpatients with PD visiting a moveπ

ment disorders clinic underwent a protocolized assessment of motor function, activities 

of daily living (ADL), cognition and mood. In addition, the diagnostic criteria for apathy 

were administered as well as two apathy rating instruments: the Lille Apathy Rating 

Scale (LARS) and the apathy section of the Neuropsychiatric Inventory (NPI).  

Results: Of the included patients 17.2% were diagnosed with apathy according to the 

criteria. Acceptability and internal consistency of the criteria was good, as was the  

concurrent validity with the LARS and apathy section of the NPI. Discriminant validity of 

the criteria with depression was moderate to good. All domains of criterion B (behavπ

iour, cognition, emotion) contributed to the diagnosis of apathy, of which reduced goalπ

directed behaviour was the most frequently observed symptom.  

Conclusion: The recently proposed diagnostic criteria for apathy are useful in clinical 

practice and in research with PD patients with and without cognitive impairment.  
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3.1 Introduction 

Parkinson's disease (PD) is a neurodegenerative disorder characterized by motor and 

nonπmotor symptoms, including psychiatric and behavioural problems. Apathy is one of 

the most common neuropsychiatric syndromes in PD. Frequencies of 17 to 70% have 

been reported, depending on the population characteristics and assessment proceπ

dures (Dujardin et al., 2007; Pluck & Brown, 2002; Starkstein et al., 2009). In PD, apathy 

is associated with more severe cognitive deficits, more severe depressive symptoms, 

and a decreased quality of life (Oguru et al., 2010; Pedersen, Alves et al., 2009; Pederπ

sen, Larsen et al., 2009). In research as well as in clinical practice, apathy is increasingly 

seen as a syndrome on its own rather than as a symptom of some other disorder, such 

as dementia or depression (KirschπDarrow et al., 2006; Starkstein & Leentjens, 2008). 

To date, there is no effective treatment for apathy (Drijgers et al., 2009). 

 Research into apathy has been hampered by a lack of generally accepted diagnostic 

criteria (Drijgers et al., 2009). In 2008, a consensus meeting was held by the European 

Psychiatric Association (EPA), the European Alzheimer's Disease Consortium (EADC), 

the Association Française de Psychiatrie Biologique (AFPB), and invited experts from 

Europe, Australia and North America, to propose consensus diagnostic criteria for  

apathy as a syndrome (Robert et al., 2009) (table 1). These proposed diagnostic criteria 

have subsequently been validated in 306 patients suffering from a range of neuropsyπ

chiatric diseases including Alzheimer's Disease (AD), mixed dementia, Mild Cognitive 

Impairment (MCI), PD, Schizophrenia and Major Depressive Episode (Mulin et al., 

2011). In this study, the criteria were shown to have good acceptability, interπrater 

reliability and known groups validity. The aim of the present study was to further    

validate these diagnostic criteria in a sample of patients with PD. 

3.2 Methods 

Design 

This crossπsectional cohort study was designed as an extension to a study into anxiety 

symptoms in PD (Leentjens et al., 2010).  

Sample 

One hundred and twentyπtwo patients from Lille University Medical Centre, Lille, 

France and Maastricht University Medical Centre, Maastricht, the Netherlands, underπ

went a single assessment. All patients suffered from idiopathic PD according to the 

Queens Square Brain Bank criteria (De Rijk et al., 1997). Patients were excluded if they 

suffered from neurodegenerative disorders other than PD, had a clinical diagnosis of 
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Parkinson's Disease Dementia (PDD) as defined by criteria of the Diagnostic and      

Statistical Manual (DSM IV) of mental disorders, or severe cognitive decline,             

operationalised as a score on the Mini Mental State Examination (MMSE) < 23 (Folstein 

et al., 1975). The study was approved by the Medical Ethics Committee of both hospiπ

tals and patients gave informed consent before participation.  

Cognitive and behavioural assessment 

In a single visit, motor, cognitive, affective and other domains were assessed. Motor 

function was assessed with section 3 of the Unified Parkinson's Disease Rating Scale 

(UPDRS) (Fahn & Elton, 1987). Cognitive status and activities of daily living (ADL) were 

evaluated using the Mini Mental State Examination (MMSE) and the Lawton             

Instrumental ADL (IADL) scale (Folstein et al., 1975; Lawton & Brody, 1969). The     

presence of depressive disorders as defined by the criteria of the fourth edition of the 

Diagnostic and Statistical Manual (DSM IV) of the American Psychiatric Association 

(APA) was assessed with the Mini International Neuropsychiatric Inventory (MINI, a 

structured interview for DSM disorders) sections A (depressive disorder) and B (dystπ

hymia) (American Psychiatric Association, 1994). Severity of depressive symptoms was 

assessed with the 17πitem Hamilton Depression Rating Scale (HAMD) (Hamilton, 1960; 

Sheehan et al., 1998). Trained psychologists assessed the diagnostic criteria for apathy 

by means of an unstructured clinical interview. All criteria were individually questioned 

and additional information of the caregiver π if available π was used in the scoring    

procedure. Following criterion D of the diagnostic criteria, domain B1, reduced goalπ

directed behaviour, was only scored if it was thought not to be directly related to   

motor disability. For practical reasons, the raters were not blind to other assessment 

scales. In addition, two apathy instruments were administered: the Lille Apathy Rating 

Scale (LARS) and apathy section of the Neuropsychiatric Inventory (NPI) (Cummings, 

1994; Sockeel et al., 2006). The LARS consists of 33 items divided over 9 domains and 4 

subscales, with a score range from π36 to +36 points, with positive scores indicating 

more severe apathy (Sockeel et al., 2006). Since this study intends to validate a new 

gold standard for apathy, in the absence of another standard, the LARS and apathy 

section of the NPI were used to assess the concurrent validity of the diagnostic criteria. 

The NPI requires information from a caregiver. If this was not available, information 

was collected from the patient if this information π in the researcher's opinion π was 

reliable. 
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Statistical analysis 

All statistical analyses were conducted using the Statistical Package for the Social    

Sciences, version 16.0 (SPSS Inc. Chicago, 2008). To identify differences in scores, 

KruskalπWallis tests were used since none of the included variables were normally  

distributed. Chiπsquareπtests were used to compare proportions. The level of signifiπ

cance for all analyses was set at p < 0.05.  

 The percentage of missing data was thought to reflect acceptability, with < 5% 

missing data considered acceptable. Cronbach's alpha was calculated as a measure of 

internal consistency, with Җ 0.70 considered acceptable.  

 Concurrent validity of the diagnostic criteria with the LARS and the apathy section 

of the NPI was estimated by calculating Phi correlation coefficients. Apathy was defined 

here as score on the LARS of җ π16 (Sockeel et al., 2006) or as a score of җ 4 on the  

apathy section of the NPI. A correlation < 0.3 was considered weak, a correlation beπ

tween 0.3 and 0.5 moderate, between 0.5 and 0.7 fair, and > 0.7 good. Knownπgroups 

validity was assessed by comparing average scores obtained by apathetic and nonπ

apathetic patients on the LARS and the apathy section of the NPI, using a KruskalπWallis 

test. Discriminant validity between the diagnostic criteria of apathy and those of major 

depressive disorder, as well as with the HAMD score and the score on the depression 

section of the NPI, was also estimated by calculating Phi correlation coefficients. In this 

case, lower correlation coefficients were thought to reflect better discriminant validity. 

 The frequency of each of the three domains of criterion B in apathetic and nonπ

apathetic patients was reported and tested for differences by chiπsquare tests. The 

scores on subscales of the LARS in apathetic and nonπapathetic patients were also 

compared and tested for differences with a KruskalπWallis test. The relationship beπ

tween the four subπfactors of the LARS (intellectual curiosity, emotion, action initiation 

and self awareness) and the three domains of apathy (B1, 2 and 3) was examined using 

a point biπserial correlation coefficient. 

3.3 Results  

Demographic characteristics 

Demographic characteristics of the population and disease related variables of        

apathetic and nonπapathetic patients are shown in table 2. The total sample consisted 

of 122 patients with an average age of 64.6 years, of which 41% was female. The two 

centers did not differ on any of the variables, except for the scores on the H&Y stage 

(both a median of 2 and range from 1 to 3; p <0.001), IADL scale (a mean score of 16.9 

for patients from Lille and 19.7 for patients from Maastricht; p = 0.001) and the LARS (a 

score of π24.6 for patients from Lille versus π22.2 for patients from Maastricht;                
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p = 0.048). However, these differences were small and not considered clinically       

relevant.  

 Patients meeting the diagnostic criteria for apathy scored significantly lower on the 

MMSE, and higher on the HAMD, the LARS and the apathy section of the NPI than nonπ

apathetic patients. For the IADL score, a trend towards lower (worse) scores for      

apathetic patients was observed (p=0.059).  

Acceptability and internal consistency 

There were no missing data for the diagnostic criteria for apathy. Cronbach's alpha was 

0.88.  

Frequency of apathy and overlap with depression 

Twentyπone of the 122 included patients (17.2%) met the diagnostic criteria for apathy. 

According to the MINI, eight of the 122 patients (6.6%) suffered from dysthymia and 

thirteen (10.7%) from major depressive disorder. Four patients (3.3%) out of the total 

population met the criteria for both dysthymia and apathy; seven patients (5.7%) had 

both major depressive disorder and apathy. This implies that one third (33.3%) of the 

21 apathetic patients also had a depressive episode, while more than half (53.8%) of 

the 13 patients with a depressive disorder met the diagnostic criteria for apathy      

(table 3). 

Validity 

The concurrent validity between the diagnostic criteria of apathy and the LARS and 

apathy section of the NPI yielded a Phi correlation coefficient of 0.72 and 0.76, respecπ

tively (p = 0.01). The percentage of agreement between the diagnosis of apathy based 

on the diagnostic criteria and based on cutπoff scores on the apathy rating scales was 

81% for the LARS and 86% for the apathy section of the NPI, respectively. Ninetyπfour 

percent of the patients who were not diagnosed as apathetic on basis of the diagnostic 

criteria were also classified as nonπapathetic by the LARS, which is the same percentage 

as for the apathy section of the NPI (table 4). 

 Discriminant validity between the diagnostic criteria for apathy and the diagnosis of 

depressive disorder, the HAMD and the depression section of the NPI was also assessed 

by Phi correlation. Both for the MINI as well as the depression section of the NPI, the 

correlations were 0.34 and 0.31, respectively (both p = 0.01), indicating a fair correlaπ

tion, and thus good discriminant validity. For the HAMD, the correlation was 0.54          

(p = 0.01), indicating a moderate correlation, and thus a moderate discriminant validity. 
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Table 2.  Demographic and diseaseπrelated characteristics of overall population and apathetic versus nonπ

apathetic patients (standard deviation between brackets), as well as of the Lille and Maastricht population. 

Differences in values or proportions between the two participating centres were tested with KruskalπWallis, 

except sex, which was tested with a Chi square test 

 Total 

populaπ

tion 

(N = 122) 

Apathetic 

(N = 21) 

Nonπ

apathetic 

(N = 101) 

pπ

value
a
 

 

Lille 

(N = 62) 

Maasπ

tricht 

(N = 60) 

pπvalue
b
 

Age 64.6 (8.5) 64.2 (8.7) 64.6 (8.5) 0.844 63.4 (8.1) 65.7 (8.7) 0.138 

Female (%) 41 42,9 40.6 0.939 57 38 0.558 

Disease 

duration 
8.5 (5.6) 7.5 (5.7) 8.7 (5.6) 0.220 9.6 (6.3) 7.5 (4.6) 0.099 

H&Y stage  

(median) 
2 (3) 2 (3) 2 (3) 0.298 2 (3) 2 (3) <0.001 

UPDRS III 19.4 (8.0) 21.8 (7.0) 18.9 (8.2) 0.05 20.7 (9.3) 18.1 (6.2) 0.063 

MMSE 28.2 (1.8) 27.2 (2.1) 28.5 (1.6) 0.010 28.0 (1.9) 28.5 (1.6) 0.15 

IADL 18.2 (6.2) 21.4 (8.7) 17.6 (5.3) 0.059 16.9 (5.4) 19.7 (6.6) 0.001 

HAMD 6.3 (5.8) 13.0 (6.9) 5.0 (4.4) < 0.001 6.2 (6.2) 6.5 (5.3) 0.346 

NPI apathy 1.6 (2.8) 6.4 (3.0) 0.6 (1.2) < 0.001 2.0 (3.3) 1.2 (2.0) 0.392 

LARS π23.4 (7.8) π11.7 (5.9) π25.8 (5.7) < 0.001 π24.6 (8.1) π22.2 (7.3) 0.048 

a
 comparison nonπapathetic versus apathetic, 

b
 comparison Lille versus Maastricht 

 

Table 3. Number and proportion (%) of PD patients with depression and dysthymia that is classified as apaπ

thetic or nonπapathetic following the diagnostic criteria 

 Apathetic Nonπapathetic Total 

No depression 10 (8.2%) 91 (74.6%)** 101 (82.8%) 

Major depressive disorder 7 (5.7%) 6 (5.0%)** 13 (10.7%) 

Dysthymia 4 (3.3%) 4 (3.3%)* 8 (6.6%) 

Total 21 (17.2%) 101 (82.8%) 122 (100%) 

* p Җ 0.01, ** p < 0.001 

 

Table 4. Numbers and percentage agreement of apathy when diagnosed on the basis of diagnostic criteria of 

apathy or on the basis of cutπoff scores on the apathy section of the NPI and the LARS 

 NPI җ 4 

Yes 

NPI Җ 3 

No 

LARS җ π 16 

Yes 

LARS Җ π17 

No 

Total 

Apathetic 18 (86%) 3 (14%) 17 (81%) 4 (19%) 21 

Nonπapathetic 6 (6%) 95 (94%) 6 (6%) 95 (94%) 101 

Total 24 (20%) 98 (80%) 23 (19%) 99 (81%) 122 
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 Knownπgroups validity was assessed by comparing the scores of the apathetic and 

nonπapathetic patients on the LARS and the apathy section of the NPI. Apathetic     

patients scored significantly higher than nonπapathetic patients on both scales               

(p < 0.001)    (table 2).  

Subdimensions of apathy 

Table 5 illustrates that all three domains of apathy described in criterion B contribute to 

the diagnosis of apathy. In apathetic patients, reduced goalπdirected behaviour (B1) 

was the most frequently observed domain (95%), followed by reduced goalπdirected 

cognition (B2, 86%) and reduced spontaneous emotion (B3, 52%). Of the 21 apathetic 

patients, 38.1% scores positive on all three domains of criterion B, 47.6% scored on 

domains B1 and B2 only, 9.5% on domains B1 and B3 only, and 4.8% on domains B2 and 

B3 only. 

 When comparing scores on the LARS domains and subscales between apathetic 

and nonπapathetic patients, the apathetic group scored higher on all domains, except 

for the domains 'concern' and 'self awareness', and the 'self awareness' subscale (table 

6). When correlating the three subdomains of criterion B with the four dimensions of 

the LARS (intellectual curiosity, emotion, action initiation and self awareness), criterion 

B1 (behaviour) correlated fair with the subscale 'intellectual curiosity', but only weak to 

moderate with the other subscales. Criterion B2 (cognition) correlated fair with the 

subscales 'intellectual curiosity' and 'action initiation', and only weakly with the other 

subscales. Criterion B3 (emotion) had only weak correlations with the subscales      

(table 7). 

 

Table 5. Frequency of the three domains of the B criterion of the diagnostic criteria for apathetic and nonπ

apathetic patients 

 B1 B2 B3 Total 

Apathetic 95.2% 85.7% 52.4% 21 

Nonπapathetic 23.8% 12.9% 9.9% 101 
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Table 6. Comparison of means between apathetic and nonπapathetic patients on the domains and subscales 

of the LARS 

 Apathetic 

(n=21) 

Nonπapathetic 

(n=101) 

pπvalue
a
 

Everyday productivity π2.10 (1.87) π3.21 (1.12) 0.003 

Interest 0.19 (2.23) π1.73 (1.40) <0.001 

Taking initiative π1.05 (2.04) π3.25 (1.16) <0.001 

Novelty seeking π0.19 (2.04) π2.78 (1.71) <0.001 

Motivation π0.90 (2.45) π3.21 (1.42) <0.001 

Emotional responses π1.86 (1.82) π3.23 (1.17) <0.001 

Concern π2.52 (1.72) π2.78 (1.38) 0.632 

Social life π0.62 (2.18) π2.65 (1.43) <0.001 

Self awareness π2.52 (2.11) π2.99 (1.45) 0.574 

    

Intellectual curiosity π0.40 (1.03) π2.61 (0.85) <0.001 

Emotion π2.12 (1.08) π3.01 (0.99) 0.001 

Action initiation π1.55 (1.43) π3.25 (0.86) <0.001 

Self awareness π2.52 (2.11) π3.01 (1.44) 0.529 

a
 KruskalπWallis tests 

 

Table 7. Correlation between subscales of the LARS and the three domains of criterion B of the diagnostic 

criteria for apathy (B1, 2, 3) 

 Domain B1 

Behaviour 

Domain B2 

Cognition 

Domain B3 

Emotion 

Intellectual curiosity 0.557** 0.622** 0.346** 

Emotion 0.236** 0.204* 0.327** 

Action initiation 0.323** 0.466** 0.199* 

Self awareness 0.157 0.281** π0.013 

* correlation is significant at the 0.05 level (2πtailed), ** correlation is significant at the 0.01 level (2πtailed) 

3.4 Discussion 

This is the first study that validates the recently proposed diagnostic criteria for apathy 

in a population of patients with PD, with the aim of assessing their usefulness for cliniπ

cal practice and research. Only one earlier study tested the criteria in patients with a 

range of neuropsychiatric diseases (Mulin et al., 2011). New instruments or criteria are 

generally validated against an existing gold standard. For apathy, no gold standard is 

available yet, which sets limitations to the assessment of clinimetric properties of the 
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proposed criteria. While reliability can be assessed, assessing validity poses a problem, 

since this requires a gold standard. For assessment of concurrent validity and knownπ

groups validity, the LARS and apathy section of the NPI were used as 'proxy gold     

standard'. The NPI is a frequently used instrument in neurodegenerative disorders 

(including PD), while the LARS was designed specifically for PD patients (Leentjens et 

al., 2008). For both scales, we used proposed cutπoff scores for apathy in accordance 

with those used in previous studies (Cummings, 1994; Leentjens et al., 2008; Sockeel et 

al., 2006).  

 Our study shows that the diagnostic criteria for apathy have good internal consisπ

tency and acceptability. Strong correlations were found between the diagnostic criteria 

for apathy, and both the LARS and apathy section of the NPI, which implies good conπ

current validity. Knownπgroups validity was also good. Discriminant validity of the   

apathy criteria to distinguish apathy and depressive disorder as diagnosed on the basis 

of the MINI was good. When discriminant validity of the criteria was assessed using the 

HAMD or depression section of the NPI as indicator of depression, this discriminant 

validity was good against the NPI depression section and moderate when the HAMD is 

used. A possible explanation for this difference is the fact that the HAMD considers 

some apathetic symptoms as part of the depressive symptomatology, with one item 

specifically asking about apathy. The depression section of the NPI does not have such 

items referring to apathy, since the NPI includes a separate apathy item.  

 In our study, 17.2% of the included patients were diagnosed with apathy on the 

basis of the diagnostic criteria. In the literature, the reported frequency of apathy   

varies from 17 to 70%, mostly on the basis of cutπoff scores on a rating scale or        

assessment instrument (Dujardin et al., 2007; Pluck & Brown, 2002; Starkstein et al., 

2009). Thus, the frequency found in this study is in the lower part of that range. One 

potential explanation for this may be the fact that we did not included patients with a 

clinical diagnosis of PDD, whereas the frequency of apathy is higher in patients with 

cognitive decline and dementia. This was supported in a recent study of Dujardin and 

colleagues in which 24.2% of the nonπdemented PD patients had apathy against 56.4% 

among the demented patients (Dujardin et al., 2007). In an earlier validation study of 

the same criteria, a frequency of apathy of 27% in 44 PD patients was reported (Mulin 

et al., 2011). However, this study included PD patients with and without dementia. In 

line with our study, this latter study also suggests that the diagnostic criteria for apathy 

have a relatively higher threshold, when compared to cutπoff scores on apathy rating 

scales.  

 All domains of the B criterion contributed to a diagnosis of apathy, with goalπ

directed behaviour being the most frequent reported domain. Domain 3, emotion, 

appears to occur mostly in combination with one or both of the other two domains, 

which may be interpreted as an indication of more severe levels of apathy. In a postπ

hoc explorative analysis we could not confirm this hypothesis and results were inconπ

clusive. The mean score on the apathy section of the NPI was significantly higher in 
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patients meeting criterion B3 (8.2 versus 4.5; p = 0.005), whereas the mean score on 

the LARS was not different for those that did or did not meet criterion B3 (10.9         

versus π12.9; p = 0.75).  

 Our study had several limitations. First of all, the included patients were recruited 

in two different centers. In both settings, different raters performed the assessment. 

For practical reasons, interπrater reliability was not assessed as well were the raters not 

blind to other assessment scales. Another limitation is that patients with a diagnosis of 

PDD were excluded from the study while it is known that dementia predisposes to 

apathy (Starkstein et al., 2009). Exclusion of these patients could give an underπ

estimation of the frequency of apathy in PD and may explain the relatively low        

frequency of apathy found in this study. However, it underlines that in a clinical     

population of PD patients with and without cognitive decline, apathy is a quite frequent    

neuropsychiatric syndrome. 

3.5 Conclusion 

This study shows good acceptability, internal consistency, concurrent and knownπ

groups validity of the proposed diagnostic criteria for apathy. In addition, discriminant 

validity with depression is moderate to good. All domains of criterion B contribute to 

the syndromal diagnosis, of which diminished goalπdirected behaviour was most     

frequent. Lack of emotion is possibly related to a more severe level of apathy. These 

properties make the proposed criteria valid, and useful for clinical practice and        

research. The criteria provide a gold standard for studies into the epidemiology,     

symptomatology, pathophysiology and treatment of apathy in patients with PD. Future 

studies have yet to examine the influence of cognitive functioning on the clinimetric 

properties of the diagnostic criteria. 
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Abstract 

Objective: To examine the association between apathy and neuropsychological       

functioning in patients with mild cognitive impairment (MCI) and Alzheimer's disease 

(AD). 

Methods: Twoπhundredπandπsixty AD patients and 178 MCI patients visiting the    

Memory Clinic of the Maastricht University Medical Centre were included. Linear    

regression analysis, corrected for age, gender, level of education and depression was 

performed to reveal crossπsectional associations between apathy and scores on    

neuropsychological tests of memory, attention, psychomotor speed and executive 

functioning.  

Results: In patients with MCI, apathy was characterised by decreased verbal fluency 

and psychomotor tracking. In AD, patients with apathy differed from nonπapathetic 

patients only on a verbal fluency task.  

Conclusion: Apathy is related to executive dysfunction in the early phases of cognitive 

decline.  In particular in the prodromal phase of AD, apathy seems to be characterized 

by poor initiating. In the more advanced stages of cognitive deterioration, associations 

between apathy and specific neuropsychological correlates may be obscured by the 

more severe neuropathology. Awareness of apathy in the early phase of cognitive  

impairment may help in early diagnostics of AD.  
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4.1 Introduction 

Apathy is as a syndrome characterized by a reduced motivation, reduced goalπdirected 

behaviour and cognition and a flattening affect (Robert et al., 2009). It is a common and 

important behavioural syndrome in various neuropsychiatric diseases, such as several 

subtypes of dementia, Parkinson's disease (PD) and schizophrenia. Apathy is the most 

common neuropsychiatric symptom in Alzheimer's disease (AD), with reported      

prevalences ranging from 42 to 92% (Drijgers et al., 2009). It has a major impact on the 

quality of life of both patients and caregivers as evidenced by its widespread associaπ

tions with caregiver distress, functional decline, and increased likelihood of institutionπ

alization (Tun et al., 2007). Likewise, apathy is one of the most frequently observed 

neuropsychiatric symptoms in patients with mild cognitive impairment (MCI) (Robert et 

al., 2010). A recent systematic review reported that the prevalence of apathy in MCI 

varies from 12 to 15% in populationπbased studies to 11 to 53% in hospitalπbased   

studies (Monastero et al., 2009). Moreover, it has been suggested that apathy is an 

important feature of preπdementia stages because it may be predictive for developing 

dementia (Robert et al., 2006a, Palmer et al., 2010, Onyike et al., 2007). 

 Apathy in dementia is increasingly considered as a syndrome on its own, inπ

dependent of depression, with similar symptom constellations and pathophysiological 

correlates across diagnostic boundaries (Chase, 2011). Abnormalities within frontoπ

subcortical circuits have been related to apathy, with particular emphasis on changes in 

the anterior cingulate, thought to be responsible for motivated behaviour (Chase, 2011, 

McPherson et al., 2002). These findings imply that apathy is associated with specific 

cognitive impairment caused by disruption of these brain areas. Indeed, apathy has 

been associated with executive dysfunction in previous studies, especially in AD      

patients (McPherson et al., 2002, Kuzis et al., 1999).  

 However, whether apathy is associated with a specific neuropsychological profile 

across various stages of disease remains largely unknown. Studying the possible impact 

of apathy on cognitive status in MCI and comparing this with AD may provide insight 

into the underlying pathology and may lead to new options for early diagnosis and 

treatment options. So far, only few studies have compared the neuropsychological 

correlates of apathy in patients with MCI and dementia (Robert et al., 2006b, Ready et 

al., 2003, Kuzis et al., 1999, McPherson et al., 2002). Therefore the aim of the present 

study was to investigate the association between apathy and neuropsychological    

functioning in patients with MCI and AD. We hypothesized that apathy is associated 

with decreased performance on tests involving initiation processes and executive   

functioning than with tests representing other cognitive domains and that this profile is 

consistent in both MCI and AD. Furthermore, we hypothesized that this relationship is 

independent of depression. 
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4.2 Methods 

Subjects 

Subjects were 438 ambulatory patients from the Memory Clinic of the Maastricht   

University Medical Centre. Of these, 260 (59%) people had dementia according to   

DSMπIV (American Psychiatric Association, 1994). All patients were diagnosed with mild 

to severe AD in accordance with the NINCDS/ADRDA criteria (McKann et al., 1984). The 

remaining 178 patients (41%) had objective cognitive impairment but did not meet the 

criteria for dementia and were therefore classified as having MCI.  

Neuropsychological examination 

Cognitive staging and assessment of global cognitive functioning was done with the 

Global Deterioration Scale (GDS) and the Mini Mental State Examination (MMSE)    

respectively (Folstein et al., 1975, Reisberg et al., 1982). Verbal learning and memory 

was measured using the immediate recall, delayed recall and recognition trials of the 

Verbal Learning Test (VLT) (Van der Elst et al., 2005). Selective attention as well as inπ

formation processing speed were assessed using the Stroop Color Word Test (STROOP) 

card 1 and 2, and the Letterπdigitπsymbol test or Symbol Digit Modalities Test (LDST, 

SDMT) (Van der Elst et al., 2006). Psychomotor tracking as well as attention was   

measured with the Concept Shifting task or Trail Making Test (CST, TMT) part A and B 

(number and letter tracing, respectively) (Van der Elst et al., 2006). The Verbal Fluency 

test, STROOP card 3 and CST/TMT part C (alternating between numbers and letters) 

were used to measure executive functioning (Van der Elst et al., 2006). 

Assessment of apathy 

Apathy and depression were assessed with the Neuropsychiatric Inventory (NPI) 

(Cummings, 1994). The NPI is a semiπstructured instrument that evaluates the presence 

and severity of 12 neuropsychiatric symptoms. The validity and reliability of the NPI and 

of its Dutch version are well established (Kat et al., 2002). The frequency and severity of 

each symptom are scored on the basis of structured questions administered to the 

patient's primary caregiver. The continuous score for each symptom is obtained by 

multiplying severity (1π3) by frequency (1π4) and thus ranges from 1 to 12. In line with 

previous studies, a score greater than 3 was taken to indicate the presence of 'clinically 

relevant' symptoms (Aalten et al., 2005). 

 The apathy subscale of the NPI consists of a screening question and 8 subπ

questions consistent with behaviours typically observed in apathetic patients. The 

questions evaluate several sub domains of apathy, such as lack of motivation, loss of 

interest in the world and reduction in affection.  
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Statistical analysis  

Differences in demographic characteristics and disease variables were analysed using 

the KruskalπWallis test for nonπnormally distributed continuous variables and the Chiπ

square test for categorical variables. The influence of apathy on the various neuropsyπ

chological tests was examined with linear regression analyses corrected for age,      

gender, level of education and depression. The level of significance for all analyses was 

set at p < 0.05. Statistical analyses were conducted using STATA 11.0 (StataCorp, 2009). 

 To minimize potential bias by restricting analyses to complete observations multiπ

ple imputation (MI) of missing data was performed. Given the fact that data in observaπ

tional studies are generally missing at random (MAR), meaning that missingness is 

probabilistic rather than deterministic, missing data can be imputed using available 

information (Rubin, 1976). MI constructs several alternative versions of the complete 

data set by predicting missing data points using data that is not missing. Each dataset 

contains slightly different imputed values by adding a random error term to the      

estimate. The analysis is then done on each of the imputed data sets separately and 

effect sizes and standard errors, which may vary, are then combined using simple 

arithmetics to obtain an overall estimate (Schafer and Graham, 2002). Only neuropsyπ

chological tests with less than 40% missing data may be included in MI. We imputed 20 

datasets in STATA 11.0 using the ICE routine. After imputation, the linear regression 

analyses were conducted using the MIM prefix. 

4.3 Results 

Demographic and clinical characteristics 

Demographic and clinical characteristics of the total MCI and AD group as well as the 

characteristics of patients stratified by apathy status are presented in table 1. In total, 

138 of the 438 patients (31.5%) were apathetic. Apathy was significantly more      

prevalent in the AD group than in the MCI group (35.3% versus 25.8% respectively; ˔2 

value (df) = 4.5 (1), p = 0.04). Of the AD patients 53.7% had mild AD (MMSE җ 21), of 

whom 34.3% were apathetic, 43.1% had moderate AD (MMSE 11π20), of whom 36.7% 

were apathetic and 3.1% suffered from severe AD (MMSE Җ 10), of whom 25% was 

apathetic. In both the MCI and AD group the apathetic patients did not significantly 

differ from the nonπapathetic patients with respect to age, gender, level of education, 

MMSE score and GDS score. In both diagnostic groups the apathetic patients were 

significantly more depressed according to the NPI and showed a higher total score on 

the NPI than nonπapathetic patients. Although NPI scores for depression and apathy 

were moderately correlated, (Pearson's r = 0.40, p < 0.001), 58% of the apathetic paπ

tients were not depressed and 49% of the patients with depression were not apathetic. 





CHAPTER  4  

 49 

Results of neuropsychological tests 

In the MCI group, linear regression analysis showed a significant main effect of apathy 

on Verbal Fluency (animal naming, profession and aggregate measure), in which     

patients with apathy scored significantly lower than patients without apathy (table 2). 

Apathetic patients were also significantly slower on the TMT parts A and B than nonπ

apathetic patients (table 2). No significant differences in neuropsychological             

performance were found on other tests. In AD, apathetic patients performed worse on 

Verbal Fluency animal naming, compared with nonπapathetic patients, but no          

differences were observed in naming professions or the aggregated verbal fluency 

measure (table 3). Depression had no effect on any neuropsychological measure in 

either patient groups (data not shown).  

 

Table 2. Neuropsychological data of the MCI group 

 Apathy     

 Yes 

(n= 46) 

No 

(n=132) 

B* 95% 

confidence interval 

p 

VLT immediate recall 31.7 (10.0) 33.9 (10.5) π2.53 π6.3; 1.3 0.19 

VLT delayed recall 4.8 (3.2) 4.9 (3.7) 0.23 π1.1; 1.5 0.73 

VLT recognition 12.1 (3.2) 12.2 (3.0) 0.04 π1.1;1.2 0.95 

Stroop 1 62.1 (23.2) 59.2 (15.2) 2.52 π4.4; 9.4 0.47 

Stroop 2 75.4 (19.9) 77.4 (17.9) π1.02 π8.3; 6.3 0.78 

Stroop 3 155.0 (52.3) 156.7 (69.9) π1.97 π28.2; 24.2 0.88 

TMTA 80.8 (51.6) 59.0 (28.5) 18.36 3.6; 33.1 0.02 

TMTB  95.3 (87.9) 65.9 (34.0) 26.53 2.5; 50.5 0.03 

TMTC 128.2 (68.3) 119.0 (63.0) 20.41 π13.6; 54.4 0.24 

SDMT 90s 27.8 (13.4) 29.9 (11.3) π0.44 π5.0; 4.1 0.85 

Fluency animals 14.4 (3.7) 16.7 (5.8) π2.43 π4.5; π0.4 0.02 

Fluency professions 10.7 (3.4) 12.1 (5.2) π1.74 π3.5; 0.03 0.05 

Fluency average 12.5 (3.9) 14.4 (4.9) π2.09 π3.8; π0.4 0.02 

*Adjusted for age, gender, level of education and depression 
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Table 3. Neuropsychological data of the AD group  

 Apathy     

 Yes 

(n= 92) 

No 

(n=168) 

B* 95% 

confidence interval 

p 

VLT immediate recall 21.9 (8.2) 22.2 (8.5) π0.35 π2.5; 1.8 0.75 

VLT delayed recall 1.3 (2.1) 1.7 (2.3) π0.92 π0.8; 0.3 0.36 

VLT recognition 8.6 (3.4) 8.8 (3.3) π0.17 π1.1; 0.7 0.70 

Stroop 1 74.2 (28.1) 72.3 (27.6) 1.08 π6.3; 8.5 0.77 

Stroop 2 99.8 (36.6) 100.2 (38.4) 1.33 π9.0; 11.7 0.80 

Stroop 3 223.2 (115.1) 204.7 (97.7) 19.7 π18.8; 58.3 0.31 

CSTA 64.6 (45.8) 60.4 (40.1) 2.23 π10.5; 14.9 0.73 

Fluency animal 10.2 (4.7) 11.2 (4.6) π1.21 π2.4; π0.03 0.05 

Fluency professions 7.1 (4.2) 7.5 (4.2) π0.57 π1.7; 0.5 0.30 

Fluency average 8.6 (4.2) 9.3 (4.1) π0.89 π1.9; 0.2 0.10 

* Adjusted for age, gender, level of education and depression 

4.4 Discussion 

The present study investigated the association between apathy and neuropsychological 

functioning in patients with MCI and AD. With a prevalence of 35.3%, more AD patients 

were apathetic than patients with MCI (25.8%). Apathetic MCI patients scored worse 

than nonπapathetic MCI patients on tests for executive functioning and psychomotor 

tracking. This association was independent of the presence of depressive symptoms, as 

indicated by the NPI. In the AD group the difference between apathetic and nonπ

apathetic patients was less pronounced and significant only for a single test of the  

Verbal Fluency (animal naming) representing executive functioning. No significant  

differences were found on measures of memory, attention and information processing 

speed. 

 Worse scores on Verbal Fluency by apathetic patients characterize poor initiating. 

Since impaired initiating capacities may be partly explained by psychomotor retardaπ

tion, we corrected the scores on the Verbal Fluency task for psychomotor speed in a 

postπhoc analysis. In this analysis, part 1 of the TMT was used as covariate to correct for 

psychomotor speed. After this correction, no significant differences in verbal fluency 

remained between apathetic and nonπapathetic MCI patients (animal naming: B=π1.70, 

CI=π3.7;0.3, p=0.10; naming professions: B=π0.98, CI=π2.7;0.8, p=0.27; aggregate   

measure: B=π1.13, CI=π2.8;0.6, p=0.20). These results confirm that apathy in MCI     

patients is particularly related to poor initiating related to reduced motor speed. 

 The prevalence rate of MCI patients observed in the current study fell within the 

range reported in previous studies (Clarke et al., 2010). Although the prevalence rate of 

apathy in AD patients was on the low side compared to other studies (Ishii et al., 2009), 
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it is known that prevalence rates of apathy vary widely due to differences in population 

characteristics and assessment tools. Since apathy increases with disease severity, a 

possible explanation for the relatively low prevalence in our study could be that our AD 

group consisted of an outpatient population with a relatively high percentage of mild 

AD patients. 

 In a cohort of communityπbased older adults, Onyike and colleagues (Onyike et al., 

2007) reported findings in line with those of the present study. They also used a NPI 

cutπoff score > 3 and found deficits in executive functioning (Verbal Fluency) and     

psychomotor tracking (TMT) in cognitively normal people with apathy but not in     

participants with 'cognitive impairment not dementia' (CIND), and dementia. Since the 

mean MMSE score of this group was 21, it might be argued whether, on average, these 

people should be regarded as cognitively normal, or that they may be better be      

considered as having MCI. Of major interest is that both our study and the study of 

Onyike and colleagues suggest that the effect of apathy on cognition becomes diluted 

with progression of overall cognitive impairment. A possible explanation is given by the 

latter authors who stated that when cognitive impairment is sufficiently severe, the 

impact of apathy on test performance is obscured or confounded by other cognitive 

disabilities (Onyike et al., 2007). Hence, neuropsychological outcome measures fail to 

distinguish between patients with and without apathy when neuropathology and assoπ

ciated cognitive deficits are severe enough. In particular, apathy seems to be related to 

executive functioning only in the early stages of cognitive deterioration, e.g. MCI. In the 

revised view on the concept of MCI and AD, in which MCI is characterised by the onset 

of the earliest cognitive symptoms and seen as a prodromal phase of AD supported by 

one or more biomarkers (Jack et al., 2010, Dubois et al., 2010), apathy may be one of 

the first symptoms of early neurocognitive deterioration. This view is also in line with 

previous studies showing apathy to be an early predictor of AD in patients with MCI 

(Robert et al., 2006a, Palmer et al., 2010).  

 Our results are partly in contrast with some results of previous studies. For       

instance, Robert and colleagues studied neuropsychological performance in MCI     

patients with and without apathy. They reported that apathy in MCI patients was not 

associated with executive dysfunction (Robert et al., 2006b). Kuzis et al. and McPherson 

et al. compared AD patients with and without apathy and depression. Kuzis and colπ

leagues reported that apathy, independent of depression, is associated with worse 

performance on tests of verbal memory, naming, set shifting and verbal fluency than 

patients without apathy (Kuzis et al., 1999). McPherson et al. concluded that apathy 

was mainly related to executive functioning (McPherson et al., 2002). However,      

because these studies used either other apathy scales (Robert et al., 2006b, Kuzis et al., 

1999), had smaller sample sizes (Kuzis et al., 1999, McPherson et al., 2002) or used less 

strict cutπoff scores (Robert et al., 2006b, McPherson et al., 2002), their results are not 

strictly comparable to our outcomes.  
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 A major strength of our study is the relatively large sample size and the inclusion of 

patients with both MCI and AD who all underwent an extensive neuropsychological 

assessment. Moreover, we used strict cutπoff scores of the NPI to insure the apathy 

symptoms were clinically relevant, whereas to some previous studies that applied very 

broad and mild cutπoff scores (Kuzis et al., 1999, Robert et al., 2006b, McPherson et al., 

2002). In addition, to deal with the missing data correctly multiple imputation methods 

were used and linear regression analyses were performed afterwards. We also conπ

ducted thorough statistical analyses in which we corrected for depressive symptoms.    

 This study also had some limitations. First of all, apathy was measured with the 

NPI. Although this is a commonly used, broad and validated instrument to assess    

neuropsychiatric symptoms, including apathy, it is not a specific apathy scale. Therefore 

we were not able to make a distinction between affective apathy, behavioural apathy 

and cognitive apathy (Chow et al., 2010). Besides that, some of the neuropsychological 

tests in our AD group had too many missing observations to be included in the multiple 

imputation method. Consequently, these were not included in the analyses. Another 

limitation is the broad inclusion of patients with objective cognitive complaints, without 

specific MCI criteria (Petersen, 2004). Nevertheless, subject with cognitive complaints 

due to severe neurological, somatic or psychiatric disorders were excluded.  

 In conclusion, our study showed in particular that apathy is associated with       

impaired executive function, characterized by poor initiating, in the early phase of  

cognitive impairment, but not in more advanced cognitive dysfunction. The association 

of apathy with executive dysfunction in the MCI group is interesting since it may be an 

early predictor of AD. More awareness of apathy and executive dysfunction in the early 

phase of cognitive impairment may help in the diagnostic process. More studies,    

preferable using a longitudinal design, should investigate the relationship of apathy and 

cognition. Since apathy is a highly prevalent syndrome in various neuropsychiatric  

diseases future studies should focus on a broad range of clinical diagnoses. In addition, 

the influence of different subtypes of apathy on cognitive performance should be   

studied. 
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Abstract 

Background: Apathy and mood disorders are common neuropsychiatric problems in 

patients with Alzheimer's disease (AD) that have a major impact on the quality of life of 

both patients and caregivers. Because of their role in selfπreward and initiating       

processes, dopaminergic pathways have been implied in the pathophysiology of     

apathy. The aim of the current study was to examine the role of dopaminergic    

mechanisms in motivation, mood and cognition in AD. 

Methods: In a randomized, doubleπblind placebo controlled crossover design, the effect 

of a pharmacological challenge with the dopamine reuptake inhibitor methylphenidate 

on measures of motivation, mood and cognition was examined in 12 patients with mild 

to moderate AD.  

Results: There was a trend for improvement of mental speed after methylphenidate 

challenge compared to placebo challenge. Moreover, the observed differences on the 

Apathy Inventory, the anger and vigour subscales of the Profile of Mood States       

questionnaire, verbal fluency and a reaction time task, were in line with our             

expectations in that improvement appeared to be stronger in the methylphenidate 

condition than in the placebo condition. 

Conclusion: Our study suggests that dopamine may be involved in the genesis of     

motivational deficits in AD. Further investigations into the dopaminergic mechanisms of 

motivation, mood and cognitive symptoms in AD, as well as into the clinical value of 

methylphenidate is needed, to provide more evidence base for potential treatment 

options, with the aim of improving quality of life of both patients as caregivers. 
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5.1 Introduction 

Apathy is defined as a syndrome characterized by loss of motivation and initiation, 

decreased social engagement, and emotional indifference (Robert et al., 2009). Apathy 

is the most frequent neuropsychiatric syndrome in dementia, with prevalences ranging 

from 42 up to 92% (Drijgers et al., 2009, Aalten et al., 2005). Moreover, it is one of the 

most stressful comorbid syndrome for caregivers, with the greatest negative impact on 

the quality of relationship between patient and caregiver (de Vugt et al., 2003).    

Therefore, gaining more insight into the pathogenesis and underlying neurochemical 

mechanisms of apathy in dementia is necessary, in order to be able to develop        

appropriate treatment options.  

 Dysfunction of the dopaminergic system and executive dysfunction have been 

related to apathy in AD, especially in its earlier stages (Drijgers et al., 2011, McPherson 

et al., 2002, Mitchell et al., 2010). We hypothesize that patients with mild dementia are 

apathetic and may have problems of initiating as a result of deficient levels of          

dopamine in the brain. We expect that these patients can be triggered by a methylπ

phenidate challenge task. Methylphenidate is a dopamine reuptake inhibitor that   

increases synaptic availability of dopamine. This may improve initiation processes, as is 

supported by two studies reporting improvement of apathy after using methylpheniπ

date (Padala et al., 2010, Herrmann et al., 2008). Moreover, AD patients with apathy 

perform less well on frontalπrelated tasks, which we expect to improve after a methylπ

phenidate challenge.  

 The aim of the present study was to examine the relationship between dopaminerπ

gic mechanisms and apathy, and related mood and cognitive functions, in patients with 

AD using an acute challenge with methylphenidate.  

5.2 Methods 

Subjects 

Twelve patients with mild to moderate AD and apathy were included in the present 

study. Patients were recruited from the memory clinic of the Maastricht University 

Medical Centre and the elderly division of the Regional Institute for Community Mental 

Health (RIAGG), Maastricht. Patients were included 1) if they fulfilled the 

NINCDS/ADRDA criteria for AD (McKann et al., 1984), 2) if they were apathetic, which is 

defined here as a score җ 4 on the apathy domain of the Neuropsychiatric Inventory 

(NPI) (Cummings, 1994), 3) if a reliable informant was available (who was required to 

have contact with the patient at least once a week), and 4) if the patient was capable of 

providing informed consent. Exclusion criteria were 1) a concurrent psychiatric disπ

order, such as major depressive disorder defined by DSMπIV criteria), 2) the presence of 
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processes, as a previous study into neuropsychological correlates of apathy in patients 

with mild cognitive impairment (MCI) and AD showed a relation between apathy and 

poor initiating related to reduced motor speed in the early phases of cognitive decline     

(Drijgers et al., 2011). Furthermore, patients with AD seemed less angry and more vigπ

orous after methylphenidate challenge than after placebo challenge. This outcome is in 

line with a recently conducted challenge study with methylphenidate in patients with 

Parkinson's disease (PD), in which notably vigour scores improved significantly (Drijgers 

et al. submitted). Apathy scores stayed stable after the methylphenidate condition but 

seemed to worsen after the placebo challenge. A possible explanation may be that 

methylphenidate reduces the degree of fatigue that can come up during the day, and 

thus prevents worsening apathetic symptoms. In addition, performance on the Verbal 

Fluency and a reaction time task appeared to improve after a challenge with methylπ

phenidate but not after a placebo challenge. 

 The few previous studies investigating the effect of methylphenidate on apathy in 

dementia patients were all treatmentπbased studies. Several case studies demonstrated 

the efficacy of longer term treatment with methylphenidate on apathy, as measured 

with the AES, in some dementia patients (Padala et al., 2007, Jansen et al., 2001).   

Furthermore, Padala and colleagues recently reported an improvement in apathy,  

depression, MMSE score and functional status during a 12 weeks openπlabel study with 

methylphenidate (Padala et al., 2010). In addition, Galynker et al. examined the effect 

of 10 to 20 mg/day methylphenidate on negative symptoms, including apathy,        

depressive symptoms and cognitive impairment, in AD and vascular dementia. They 

concluded that negative symptoms were responsive to methylphenidate treatment, 

whereas in contrast to the study of Padala, depressive symptoms did not. Cognitive 

impairment, measured with the MMSE, decreased modestly (Galynker et al., 1997). 

However, none of these studies were randomized controlled trials (RCTs), which means 

that placebo effects cannot be excluded. There is only one RCT known investigating the 

treatment effect of methylphenidate on apathy (Herrmann et al., 2008). In this        

placeboπcontrolled, crossπover design, 13 mildπto moderate AD patients were treated 

with 20 mg/day methylphenidate (10 mg bid). A significant improvement of the AES 

score was reported after 5 weeks. 

 In contrast with previous studies into the treatment of apathy with methylpheniπ

date, the primary purpose of the current study was to get more insight into the pathoπ

physiological mechanism of apathy in AD. The advantage of an acute challenge was the 

possibility to measure the direct effects of an increased synaptic dopamine availability 

on apathy, mood and cognition, while results of a longer lasting treatment study may 

be more difficult to interpret because processes of downπregulation of postπsynaptic 

dopamine receptors and other adaptation mechanisms. Another strength of the     

present study was its randomized, double blind, placeboπcontrolled, within subject 

design, which makes it more sensible than a RCT design as patients are their own    

control. Moreover, various cognitive tasks and measures of apathy and mood were 
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assessed. A limitation was the small number of included AD patients. The initial aim was 

to include 35 apathetic AD patients. However, this number proved more challenging 

than we thought and turned out not feasible in the planned time frame and within the 

limits of available resources. As a postπhoc power calculation based on our primary 

outcome measure the AI showed a power of 0.22 our study may have not been able to 

detect true challenge effects.  

 Another limitation could be the relatively low dose of 10 mg methylphenidate. In 

this study we deliberately chose to use a relatively low dose to limit possible side    

effects in this frail population, especially because Hermann and colleagues reported 

several adverse events in their study, using 20 mg/day. Moreover, previous studies 

have shown positive results using dosages of 10 to 20 mg/day (Jansen et al., 2001, 

Padala et al., 2010, Herrmann et al., 2008).  

 In conclusion, the present study remains inconclusive, but suggests that dopamine 

may be involved in the genesis of motivational deficits in AD. Further investigation into 

the dopaminergic mechanisms of apathy in AD and the clinical value of methylpheniπ

date as a treatment is needed, as it will improve the quality of life of both patients as 

caregivers. Therefore, more randomized controlled trials with larger study groups are 

required.   
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Abstract 

Background: In Parkinson's disease (PD) reduced dopaminergic activity in the mesoπ

corticolimbic pathway is implied in the pathophysiology of several nonπmotor        

symptoms related to mood, motivation and cognition. Insight in the pathophysiology of 

these syndromes may pave the way for more rational treatments.  

Methods: In a doubleπblind, randomized, placebo controlled, crossover design with 

three arms, we studied the effects of a direct dopaminergic challenge with the dopaπ

mine 2 receptor agonist pramipexole, an indirect challenge with the dopamine        

reuptake inhibitor methylphenidate, and placebo on measures of mood, motivation 

and cognition in 23 agonistπnaïve PD patients and 23 healthy controls.  

Results: Acute challenge with pramipexole had a negative effect on mood and fatigue 

in both patients and controls. In addition, challenge with pramipexole lead to increased 

anger, fatigue, vigour and tension in healthy control subjects, but not in PD patients. 

Challenge with methylphenidate had a positive effect on anhedonia and vigour in PD 

patients.  

Conclusion: Due to its side effects after a single administration, pramipexole is probably 

less suitable for acute challenge studies. The acute effects of a methylphenidate      

challenge on anhedonia and vigour in PD patients makes this drug an interesting choice 

for further studies of the treatment of mood and motivational disorders in this       

population.  
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6.1 Introduction 

Parkinson's disease (PD) is a neuropsychiatric disease characterized by degeneration of 

dopaminergic and nonπdopaminergic cells in various brain areas (Braak et al., 2003; 

Delaville et al., 2011). Decreased striatal dopamine concentrations, due to degeneraπ

tion of nigral dopaminergic cells, are responsible for the classical motor symptoms of 

the disease such as rigidity, bradykinesia, hypokinesia and tremor. Degeneration of 

dopaminergic cells in the mesocortical and mesolimbic pathways is implied in the 

pathophysiology of several nonπmotor symptoms related to mood and motivation, such 

as depression and apathy (RodriquezπOroz et al., 2009). Clinically relevant depressive 

symptoms are reported in up to 35% of patients, and apathy is present in 17 to 60% of 

patients (Bogart, 2011; Reijnders et al., 2008). Nonπmotor symptoms such as depresπ

sion and apathy have a negative impact on everyday functioning, cognitive and motor 

performance, prognosis and quality of life for both patient and caregiver (Barone et al., 

2009). Little is known about the pathophysiology of mood and motivation in PD.     

Previous studies have shown an association between depression and smaller           

orbitofrontalπgray matter volumes (Lavretsky et al., 2007), and apathy has been correπ

lated with reduced grey matter density in the cingulate gyrus and inferior frontal gyrus 

(Reijnders et al., 2010). In addition, mood and motivational symptoms have been     

associated with cognitive impairment, (Reijnders et al., 2010) especially in the domain 

of executive functioning (Butterfield et al., 2010; Pluck & Brown, 2002). The          

dopaminergic neurotransmitter system has been related to reward and initiating    

processes and is therefore thought to be involved in mood and motivational syndromes 

(Pedersen et al., 2010).  

 There are only few intervention studies that assess the influence of a pharmacolπ

ogical challenge on mood, motivation and cognitive functioning in PD (Chaudhuri & 

Schapira, 2009; Evans et al., 2009). Some studies suggest that dopaminergic medication 

may improve mood and motivational symptoms (Czernecki et al., 2002; Leentjens et al., 

2009). However, the underlying pathophysiology of motivation is far from being underπ

stood and although effective treatments are available for depression (Devos et al., 

2008; Menza et al., 2009), no treatment is yet available for apathy (Drijgers et al., 

2009).  Better insight in the pathophysiology of mood and motivational syndromes may 

help to develop more effective treatment opportunities, and thereby increase the qualπ

ity of life of both patients and caregivers.  

 The aim of this study was to investigate the role of the dopaminergic neuroπ

transmitter system in the pathophysiology of mood, motivation and cognition in     

patients with PD.  
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6.2 Methods 

Subjects 

Twentyπfive patients with mild PD and 23 age, gender and educationπmatched healthy 

control subjects participated in the study. Agonistπnaïve PD patients were recruited 

from the movement disorder clinics of Maastricht University Medical Centre, the 

Atrium Medical Centre Heerlen and Orbis Medical Centre Sittard. The diagnosis of  

idiopathic PD was established by using the Queens Square Brain Bank criteria (De Rijk et 

al., 1997). Exclusion criteria were neurological or psychiatric diseases other than PD, 

the use of psychopharmacological medication (with the exception of a low and stable 

dose of benzodiazepines) or dopamine agonists, abuse of alcohol and/or drugs, and 

cognitive deterioration, which was operationalized as a score Җ 23 on the Mini Mental 

State Examination (MMSE) (Folstein et al., 1975). Control subjects were recruited via a 

preπexisting bank of volunteer subjects of the Maastricht Aging Study (MAAS) (Jolles et 

al., 1995) and through an advertisement in a local newspaper. Except for the diagnosis 

of PD, the same inπ and exclusion criteria applied to the control subjects. All subjects 

gave written informed consent prior to participation. The local Medical Ethics        

Committee of Maastricht University Medical Centre approved the study. The           

study was registered in the Netherlands Trial Register, number NTR1115 

(http://www.trialregister.nl/trialreg/ admin/rctview.asp?TC=1115). 

Design and intervention 

The study followed a randomized doubleπblind, placebo controlled, crossπover design 

with three arms. Randomization was done via a computerπgenerated list by the    

pharmacy of the Maastricht University Medical Centre. These arms included a direct 

and an indirect dopaminergic challenge and a placebo condition. The direct challenge 

consisted of a 500 µg dose of pramipexole, a dopamine D2 agonist with a preference 

for D3 receptors; the indirect challenge of a 10 mg dose of methylphenidate, a dopaπ

mine reπuptake inhibitor. Outcome measures were assessed prior to the challenge and 

after 1.5 hours. For both pramipexole and methylphenidate maximum plasma concenπ

trations (Tmax) were reached between 1 and 3 hours (Anonymous, 2009, 2010). To 

control for biological and environmental influences subjects were tested at the same 

time of the day and participants were not allowed to drink coffee before and during the 

assessment. The challenges were spaced at least 7 days apart in order to avoid any 

carryπover effects.  

 Baseline assessments were done prior to administration of the drug and included 

clinical characteristics and several neuropsychiatric and neuropsychological tests. One 

and a half hour after administration, the tests were repeated. All subjects received the 

tests in the same order.  
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Hypotheses 

Since pramipexole and methylphenidate both stimulate dopaminergic activity, we 

might expect that mood and motivational symptoms, as well as cognitive performance 

will improve in PD patients. Due to the mechanism of action, we expect that pramiπ

pexole as a dopamine agonist will have a more pronounced effect than methylpheniπ

date, since a dopamine reπuptake inhibitor will only be optimally active when             

preπsynaptic dopaminergic function is not compromised (and in PD it is compromised). 

Finally we expect PD patients to have a better response than healthy controls, who do 

not have dopaminergic deficiencies.  

Assessments and outcome measures 

At baseline, the MMSE was used as a global measure of cognitive status (Folstein et al., 

1975). Motor function was assessed with the Unified Parkinson's Disease Rating Scale 

(UPDRS) (Fahn & Elton, 1987)  and disease stage was classified according to the Hoehn 

and Yahr staging system (H&Y) (Hoehn & Yahr, 1967). Depressive symptoms were 

measured with the Hamilton Rating Scale for Depression (HAMD) (Hamilton, 1960). 

Apathy was assessed with the Lille Apathy Rating Scale (LARS) (Sockeel et al., 2006) and 

the Apathy Evaluation Scale (AES) (Marin et al., 1991). The presence of neuropsychiatric 

symptoms (including depression and apathy) was evaluated with the Neuropsychiatric 

Inventory (NPI) (Cummings, 1994).  

 Outcome measures were the performance on neuropsychiatric and neuroπ

psychological tests, including assessments of mood, motivation and cognition. To assess 

changes in the momentaneous mood state of the subjects, the Profile of Mood States 

Questionnaire (POMS) was administered (McNair et al., 1971). The POMS assesses five 

different mood states: depression, tension, anger, vigour and fatigue. The POMS     

consists of 32 opposite word pairs divided by a visual analogue scale of 100mm. The 

intersection of the vertical slash mark with the horizontal line between the two       

extremes of mood was measured with a ruler. Higher scores indicate more favourable 

outcomes, while lower scores indicate worse outcome and higher symptom levels. In 

contrast to the HAMD, the POMS is sensitive for detecting momentaneous and        

transient mood fluctuations. It has been used and proven sensitive in challenge studies 

in PD before (Scholtissen et al., 2006). 

 As a measure of anhedonia, the SnaithπHamilton Pleasure Scale (SHAPS) was    

administered (Snaith et al., 1995). This scale has 14 items and each item has a set of 4 

response categories (1=definitely agree; 2=agree; 3=disagree; 4=definitely disagree). 

Total scores were computed by summing scores across the four response categories. 

Higher total scores indicating higher levels of state anhedonia (Franken et al., 2007).  

The Frontal Assessment Battery (FAB) was used to measure frontal lobe dysfunction 

(Dubois et al., 2000). The FAB is a useful tool to screen for executive dysfunction and 

consists of six subtests exploring conceptualization, mental flexibility, motor programπ
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ming, sensitivity to interference, inhibitory control, and environmental autonomy (Lima 

et al., 2008).  

 To assess information processing speed, the Letter Digit Substitution Test (LDST) 

was used (Van der Elst et al., 2006). The LDST consists of a key that gives numbers 1 to 

9, each paired with a different letter. The test items are printed beneath the key.    

Subjects are asked to replace the randomized letters with the appropriate digit as    

indicated by the key as fast as possible in 90 seconds. Outcome measure is the number 

of correctly completed digits.  

 The simple reaction time task (SRT) and choice reaction time task (CRT) were    

administered on a computer screen to measure motor and mental speed. Both reaction 

time tasks were presented in four runs of 12 trails each. Regarding the SRT, in each trial 

a white square (4x4) was presented on a black background, followed by a red square 

(4x4). Subjects were instructed to push the response button as fast as possible when 

the white square turned red. In case of the CRT, in each trial two white squares (4x4) 

were presented on a black background, one at the right side and one at the left side of 

the screen. Subjects had to push the congruent response button (left or right) as fast as 

possible when one of two squares turned red. Outcome measures are the reaction time 

in milliseconds.  

Statistics 

Power calculation was based on the effect size and standard deviation (SD) of a       

previously published study using a serotonergic challenge in PD that followed the same 

threeπarm design, and a on the basis of the study of Mendonça et al. that also used a 

randomized, doubleπblind, placebo controlled trial to examine the usefulness of    

methylphenidate in patients with PD (Mendonca et al., 2007; Scholtissen et al., 2006).  

In the study of Scholtissen et al. 21 patients and 21 control subjects were adequate for 

detecting threeπway interactions (Scholtissen et al., 2006) with a 90% probability. Based 

on only between group fatigue measurements in the study by Mendoca et al, 20     

patients per group are necessary to detect a standardized difference of 0.9 in outcome 

parameter with a power of 80%. However, the additional within group design increases 

the power to detect differences in outcome. The target for inclusion was set somewhat 

higher at 25 subjects per group. 

 Differences in demographic and baseline clinical characteristics between PD     

patients and control subjects were analyzed using the KruskalπWallis test for nonπ

normally distributed continuous variables and the Chiπsquare test for categorical    

variables. Dependent variables of the SHAPS, POMS, FAB, LDST, SRT, and CRT were 

analyzed using a General Linear Model (GLM) repeated measures design. Within     

subjects factors were 'intervention' (placebo versus methylphenidate versus pramiπ

pexole), and 'time' (morning versus afternoon). 'Disease' (PD patients versus control 
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drug had a negative effect on mood in both patients and controls. This is in contrast 

with our hypothesis and also in contrast with several studies using pramipexole as 

longer term treatment. In a metaπanalysis of 7 randomized controlled trials, pramiπ

pexole was shown to have a beneficial effect on mood and motivation in nonπ

depressed PD patients (Leentjens et al., 2009). In these studies pramipexole was used 

as longerπterm treatment for motor symptoms and not as an acute challenge. In addiπ

tion, 6 of the 7 included RCTs involved patients with advanced PD, whereas our study 

mainly consisted of patients with mild PD. The only trial that enrolled patients with 

early PD found a nonπhomogeneous effect. Another study that included patients with 

mild PD also failed to find an effect of pramipexole on mood (Navan et al., 2003). Our 

findings of a decreased mood might be explained by the use of an acute challenge with 

a single, moderate dose of pramiπpexole, instead of a gradual increase in dose and 

prolonged treatment, as is common in treatment settings. The clinical effects of an 

acute challenge may differ from those of prolonged treatment due to the fact that 

secondary receptor adaptations (upπ or down regulation) has not yet taken place. From 

these results we conclude that the pharmacological effects of an acute challenge with 

pramipexole in PD on mood and motivation may not predict the longπterm effects of 

the medication on these domains.  

 In addition, gradual dose increase allows the participant to get used to the medicaπ

tion, whereas an acute challenge may increase the risk of possible side effects, such as 

drowsiness or jitteriness, which could overshadow potential positive effects. These 

sedative effects, as well as a decreased mood, have previously been described in a 

study assessing the effect of a single low to moderate dose of pramipexole on cognition 

and impulsivity in healthy volunteers (Hamidovic et al., 2008). These observations may 

imply that pramipexole is not a suitable drug to use in acute pharmacological challenge 

studies.  

 Methylphenidate on the other hand stimulated PD patients, and improved         

anhedonia and vigour. There are hardly any reports on the effects of methylphenidate 

on mood and motivational symptoms in PD (Auriel et al., 2009). Evans et al. showed 

that the effect of a pharmacological challenge may depend on the coπmedication the 

patient is using. They report an increased positive affect and enhanced reward        

responsivity after methylphenidate, but not levodopa, challenge only in patients on 

regular dopaminergic therapy, but not in drugπnaive patients (Evans et al., 2009). This is 

in line with our findings. Most of our patients were using levodopa (15 of 23), and only 

methylphenidate, but not pramipexole, lead to subjective improvements. The positive 

effects of methylphenidate is also supported by the treatment study of Mendonca et 

al., who reported a significant improvement of fatigue in patients with PD after     

treatment with methylphenidate (Mendonca et al., 2007). Moreover, one case study 

reported improvement of apathy after treatment with methylphenidate (Chatterjee & 

Fahn, 2002).  
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 An acute dopaminergic challenge appeared not to have any effect on executive 

functioning, attention and psychomotor speed as measured with the FAB, LDST, SRT 

and CRT in both patients and control subjects. Few studies have previously reported on 

the effects of pramipexole and methylphenidate on cognition in PD (Auriel et al., 2009; 

Chaudhuri & Schapira, 2009). Auriel et al reported an improvement of attention, but 

not of executive function after a single dose of 20 mg (Auriel et al., 2009). Another 

study reported minimal effects on cognition in a pilot study using 0.2 mg/kg methylπ

phenidate (Camicioli et al., 2001) Conflicting results exist for pramipexole. One study 

showed an improvement of working memory in deπnovo patients after of 0.7 mg 

pramipexole TID for at least a month, but this effect was only seen in 'low performer 

patients' and not in 'high performer patients' (Costa et al., 2009). Another study      

indicates a slight worsening of cognitive functioning in patients with mild PD after a 

mean dose of 3.9 ± 1.2 mg for one month (Brusa et al., 2003).  Relja and Klepac       

conclude that 6 months of 3 ± 0.5 mg pramipexole does not affect cognitive functioning 

when used as addπon therapy to levodopa (Relja & Klepac, 2006). Altogether, these 

results do not contradict our findings and support the conclusion that in early PD both 

pramipexole and methylphenidate do not affect cognitive functioning.  

 Our study has strengths and weaknesses. The strength of the present study is the 

randomized, double blind, placeboπcontrolled design with a within and between subject 

comparison, in which both a dopamine agonist as a dopamine reπuptake inhibitor were 

used. In addition, sensitive measures for mood, motivation and a number of cognitive 

tasks related to attention, mental speed and executive function were used. Limitations 

of our study are that the included PD patients were mostly in the early clinical stage of 

the disease (median Hoehn and Yahr stage II) and exhibited only less severe mood and 

motivational symptoms. Moreover, deπnovo and unmedicated patients would have 

been the preferred population in this study, but it was considered unfeasible to include 

large enough numbers of drugπnaïve patients, and stopping medication for the sake of 

this study was not considered ethical. Therefore, we decided not to exclude patients 

using dopaminergic medication, if they were on a stable dose for at least three months. 

Nevertheless, patients using a dopamine agonist were excluded, since this was the 

challenge medication. We used a relatively low, single dose of 10 mg methylphenidate, 

which suggest that the effects on anhedonia and vigour may be larger if the dose is 

increased. At last, we did not adjust for multiplicity because of our relatively small 

number of included PD patients and control subjects. Therefore, the increased chance 

of a type I error is accepted, and results should be interpreted with caution. However, 

the results of this exploratory study give more insight into the role of the preπ and postπ

synaptic contributions of the dopaminergic system in mood, motivation and cognition. 

 In conclusion, after acute stimulation methylphenidate but not pramipexole     

improved anhedonia and vigour in PD patients whereas cognitive performance did not 

change. This may imply that dopamine plays a role in mood but not in cognition.     

Further investigation of the clinical value of pramipexole and methylphenidate in the 
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treatment of mood and motivational syndromes such as depression and apathy is   

required, as treatment options will improve quality of life of patients and caregivers. 

Larger randomized controlled trials with a longer slow increase of medication dose and 

a longer treatment duration may provide more information on the clinical usefulness of 

dopaminergic treatment. In addition, positive effects may be better visible if patients in 

the more advanced stages of the disease with more severe psychopathology are     

included.  
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Abstract 

Objective: To evaluate the efficacy of pharmacological treatment of apathy in patients 

with neurodegenerative diseases. 

Methods: Systematic review of studies assessing the effects of pharmacological    

treatment on apathy in neurodegenerative diseases.  

Results: Thirtyπfive studies were included: 2 metaπanalyses, 13 randomized controlled 

trials (RCTs), 14 openπlabel studies, 5 case series, and 1 single case study. Eight studies 

included apathy as a primary outcome. A cholinesterase inhibitor was investigated in 24 

studies, methylphenidate in 5, and other medications in 6. Most RCTs of cholinesterase 

inhibitors reported a small but statistically significant improvement of apathetic    

symptoms.  

Conclusions: Although some medications are promising candidates for further study, 

there is as yet insufficient evidence that pharmacological treatment improves apathetic 

symptoms in patients with neurodegenerative disease. Largeπscale, placeboπcontrolled 

RCTs with apathy as a primary outcome measure are needed to establish the potential 

benefit of pharmacological treatment of apathy.  
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7.1 Introduction 

Apathy is defined as a lack of motivation characterized by diminished goalπoriented 

behaviour and cognition, and diminished emotional concomitant to goalπdirected   

behaviour (Starkstein & Leentjens, 2008). It is common in neurodegenerative diseases 

such as Alzheimer's disease (AD) and Parkinson's disease (PD). Apathy is the most   

frequently reported behavioural syndrome in dementia, with an estimated prevalence 

of 42% to 92% (Aalten et al., 2005; Boyle & Malloy, 2004; Landes et al., 2001; M. S. 

Mega et al., 1996; Steinberg et al., 2007). In PD, apathy is reported in 17% to 70% of the 

patients (Dujardin et al., 2007; Leentjens et al., 2008; Pluck & Brown, 2002; Sockeel et 

al., 2006). 

 Apathy is increasingly considered a distinct syndrome instead of a symptom of 

neuropsychiatric disorders. Its neuroanatomical and neurochemical substrates are still 

largely unknown, although limbic structures and striatoπthalamoπcortical circuits are 

thought to be involved (Brown & Pluck, 2000). Apathy decreases the quality of life of 

patients with AD and their caregivers, is associated with caregiver distress, and        

increases the likelihood of institutionalization (Chan et al., 2003; de Vugt et al., 2003; 

Finkel, 1998; Onyike et al., 2007; Shin et al., 2005; Yeager & Hyer, 2008). In patients 

with PD apathy is associated with more severe cognitive dysfunction and a decreased 

ability to perform activities of daily living (ADL) (Aarsland et al., 1999; Isella et al., 2002; 

Levy et al., 1998; Pluck & Brown, 2002). For these reasons, apathy is increasingly     

considered a potential target for treatment. Although nonπpharmacological intervenπ

tions, such as multisensory stimulation, protocolized activity therapy, communication 

therapy, and massage therapy, have been tested as therapy for apathy, to date results 

have been either inconclusive or negative (Chapman et al., 2004; Chung et al., 2002; 

Hirakawa et al., 2005; Politis et al., 2004). However, the pharmacological treatment of 

apathy has not yet been critically evaluated. Therefore, the aim of this study is to    

systematically review the evidence for pharmacological treatment of apathy in patients 

with neurodegenerative diseases.  

7.2 Methods 

Search strategy and selection criteria 

The Pubmed database was searched up to June 2008, using the keyword 'apathy',  

applying the following limits: 'humans', 'clinical trial', 'metaπanalysis', 'practice guideπ

line', and 'randomized controlled trial'. Abstracts of the retrieved articles were 

screened for relevance. Criteria for inclusion in the review were: (i) the study populaπ

tion involved patients with a neurodegenerative disease; (ii) the study objective was to 

evaluate the effects of a pharmacological treatment; (iii) apathy was reported as a 
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primary or secondary outcome; (iv) the article was written in English, Dutch, German, 

or French. Further articles for inclusion were identified by searching the references of 

retrieved articles and by checking the Cochrane library. There were no limitations   

regarding study design, and thus the review included metaπanalyses, randomized    

controlled trials (RCTs), openπlabel studies, and case studies. Studies that were included 

in a metaπanalysis were not also included separately as RCTs. 

 All articles were read in full and their level of evidence and outcome were assessed 

by two of the authors (RD, AW). If there was a difference of opinion, a consensus  

meeting was held with the last author (AL) to discuss the disagreement and to reach a 

final decision. Studies were classified by their level of evidence following the system of 

the Oxford Centre for EvidenceπBased Medicine (Medicine, May, 2001; Phillips et al., 

2008). Grades of recommendation were also scored with this classification (table 1). 

7.3 Results  

Literature search 

The initial search yielded 136 articles. Of these, 23 articles were selected on basis of 

title and abstract and the remainder were excluded because the study population did 

not suffer from a neurodegenerative disease (n=46), the study did not investigate 

pharmacotherapy (n=59), or the article was written in a language other than English, 

German, French or Dutch (n=8). Another 32 potentially relevant articles were identified 

from the references of the included articles, 19 of which were excluded because the 

study population did not suffer from a neurodegenerative disease (n=1), the study did 

not investigate a pharmacological intervention (n=2), or apathy was not a primary or 

secondary outcome (n=16). Three studies known by the authors, but not retrieved by 

the search, were also included. Four studies were not considered individually because 

they were included in two metaπanalyses. In total, 35 studies were included in the  

review.  

Appraisal of studies 

Of these 35 studies, only 9 had the treatment of apathy in a neurodegenerative disease 

as primary outcome, whereas the other 26 studies included apathy as a secondary 

outcome variable, often as part of a broader measure of neuropsychiatric symptoms, 

such as the Neuropsychiatric Inventory (NPI) (Cummings, Mega, M., Gray, K., 

RosenbergπThompson, S., Carusi, D.A., Gornbein, J., 1994). The review includes 2 metaπ

analyses, 13 RCTs, 14 openπlabel studies, and 6 case studies.  
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Table 1. Levels of evidence and grades of recommendation* 

  

Levels of Evidence 

 

Level Explanation 

 

1 One or more randomized controlled trials (RCT) (or systematic  

review of trials) of sufficient size to ensure a low risk of false  

positive or false negative results (narrow confidence interval) 

2 Good quality cohort studies or low quality RCT (e.g. too small,  

<80% followπup)  

3 Caseπcontrol studies, including systematic reviews of caseπcontrol studies 

 

4 Case series, and poor quality cohort and caseπcontrol studies  

5 Expert opinion without explicit critical appraisal, or based on  

physiology, bench research, or "first principles"  

  

 

Grades/Strengths of Recommendations 

 

Level Explanation 

 

A Consistent level 1 studies 

B Consistent level 2 or 3 studies OR extrapolations from level 1 studies 

 

C Level  4 studies OR extrapolations from level 2 or 3 studies  

D Level  5 evidence OR troublingly inconsistent or inconclusive studies of any level 

* Summarized from "Levels of Evidence and Grades of Recommendation", Oxford Centre for EvidenceπBased 

Medicine, May 2001. http://www.cebm.net/levels_of_evidence  

 

Cholinesterase inhibitors were investigated in 24 studies, methylphenidate in 5 studies, 

and other drugs (paroxetine, amantadine, memantine, levodopa, tianeptine, and 

ginkgo biloba) in 6 studies (one study each). Both metaπanalyses, 9 of the 13 RCTs, and 

9 of the 14 openπlabel studies involved patients with AD; the other studies included 

patients with dementia with Lewy bodies (DLB) (n=3), frontotemporal dementia (FTD) 
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