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The Cognitive and Neural Basis for Apathy in Frontotemporal
Degeneration

Abstract
The syndrome of apathy, defined as a reduction in goal-directed behavior (GDB), has profound consequences
for morbidity and mortality in the patient and for family-caregiver burden. Apathy is one of the primary
neuropsychiatric syndromes associated with the disruption of the frontal-striatal system, but the behavioral
and biological mechanisms underlying apathy are not well understood. Apathy is especially prevalent in
behavioral variant frontotemporal degeneration (bvFTD). In a sample of 20 apathetic adults with bvFTD and
17 normal controls (NC), impairments in three components of GDB--initiation, planning and motivation--
were examined using a novel computerized reaction time test. Employing structural neuroimaging techniques,
I then examined the neural basis of GDB in these apathetic bvFTD participants. I found evidence that apathy
is associated with an impairment in any of the three GDB components. Initiation, planning, and motivation
each map onto three distinct brain regions in the frontal lobe that work together in a large-scale neural
network. Furthermore, I was able to identify participants with specific subtypes of apathy, depending on the
impaired GDB mechanism. I developed and submitted a proposal for continued study of the phenomenon;
the proposal was awarded. The long-term potential impact of this beginning program of research is profound
for patients with neurodegenerative disease, their caregivers, and families. Current treatment of apathy has
been hindered due to poor understanding of the mechanisms underlying this condition. This work will lead to
a better understanding of these mechanisms and structures fundamental to the behavior, and, with this
knowledge, tailored interventions can be designed and implemented by professional and lay caregivers. Thus,
a more precise characterization of apathy will allow providers to implement the most appropriate therapy for a
given patient.
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ABSTRACT 

THE COGNITIVE AND NEURAL BASIS FOR APATHY IN 

FRONTOTEMPORAL DEGENERATION 

Lauren M. Massimo 

Lois K. Evans 

The syndrome of apathy, defined as a reduction in goal-directed behavior (GDB), has 

profound consequences for morbidity and mortality in the patient and for family-

caregiver burden. Apathy is one of the primary neuropsychiatric syndromes associated 

with the disruption of the frontal-striatal system, but the behavioral and biological 

mechanisms underlying apathy are not well understood. Apathy is especially prevalent in 

behavioral variant frontotemporal degeneration (bvFTD). In a sample of 20 apathetic 

adults with bvFTD and 17 normal controls (NC), impairments in three components of 

GDB—initiation, planning and motivation—were examined using a novel computerized 

reaction time test. Employing structural neuroimaging techniques, I then examined the 

neural basis of GDB in these apathetic bvFTD participants. I found evidence that apathy 

is associated with an impairment in any of the three GDB components. Initiation, 

planning, and motivation each map onto three distinct brain regions in the frontal lobe 

that work together in a large-scale neural network. Furthermore, I was able to identify 

participants with specific subtypes of apathy, depending on the impaired GDB 

mechanism. I developed and submitted a proposal for continued study of the 

phenomenon; the proposal was awarded. The long-term potential impact of this 

beginning program of research is profound for patients with neurodegenerative disease, 

their caregivers, and families. Current treatment of apathy has been hindered due to poor 
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understanding of the mechanisms underlying this condition. This work will lead to a 

better understanding of these mechanisms and structures fundamental to the behavior, 

and, with this knowledge, tailored interventions can be designed and implemented by 

professional and lay caregivers. Thus, a more precise characterization of apathy will 

allow providers to implement the most appropriate therapy for a given patient. 
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CHAPTER 1: INTRODUCTION 

The syndrome of apathy, defined as a reduction in self-generated or voluntary 

behavior (Levy & Dubois, 2006), has profound consequences for morbidity and mortality 

in patients with neurodegenerative disease (ND) and contributes significantly to family 

caregiver burden (Butterfield, Cimino, Oelke, Hauser, & Sanchez-Ramos, 2010; Chio et 

al., 2010; Karttunen et al., 2010). Apathy is especially prevalent in behavioral variant 

Frontotemporal degeneration (bvFTD), where it is reported in up to 90.5% of mild-stage 

patients (Diehl-Schmid, Pohl, Perneczky, Forstl, & Kurz, 2006). 

FTD is the second most common young-onset ND (Ratnavalli, Brayne, Dawson, 

& Hodges, 2002; Rosso et al., 2003). Neuronal loss in the frontal and temporal lobes of 

the brain results in difficulty regulating social behavior (Massimo & Grossman, 2008). In 

the field of ND, abnormal social behavior includes a wide range of neuropsychiatric 

symptoms that are disruptive to social interaction (Massimo, Evans, & Benner, 2013). 

Abnormal social behavior is the hallmark symptom of bvFTD, with the syndrome of 

apathy being the most common, evident pervasively throughout the duration of the 

disease (Le Ber et al., 2006; Mendez, Lauterbach, & Sampson, 2008). Although apathy in 

bvFTD is a very common and significant problem, the mechanisms contributing to this 

behavior rarely have been studied. At present, no proven effective treatments exist for 

apathy, in part because the underlying dysfunction is not fully understood (Chase, 2011). 

Thus, the purpose of this study was to advance understanding of mechanisms 

contributing to apathy to improve outcomes for those suffering its consequences. 

The concept of goal-directed behavior (GDB) provides a useful model for 

examining the mechanisms underlying apathy. In neuroscience, GDB is used to 
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operationalize a broad spectrum of purposeful actions and their determinants (Brown & 

Pluck, 2000), related to the belief that when action a is taken, goal x may be obtained as a 

result. The GDB model was proposed by Levy and Dubois (2006) to improve 

understanding of the mechanisms that contribute to the loss of self-initiated behavior 

referred to as “apathy.” Despite urging from caregivers, pain, and risk of death, patients 

with apathy do not initiate GDB. 

Three distinct components of GDB are initiation, planning, and motivation 

(Brown & Pluck, 2000). Each component of GDB is supported by a distinct anatomic 

circuit centered on a specific portion of the prefrontal cortex. Apathy is hypothesized to 

emerge where there is dysfunction of any one of these components (Levy & Dubois, 

2006). Using neurobiological tools, such as quantitative brain imaging, to study patients 

with apathy strongly suggests an anatomic basis for the mechanisms contributing to 

apathy (Massimo et al., 2009; Rosen et al., 2005; Zamboni, Huey, Krueger, Nichelli, & 

Grafman, 2008). Therefore, I proposed to use the GDB model to examine the brain-

behavior relationships underlying apathy in bvFTD. Specifically, I conducted an 

empirical study that quantified difficulty with each component of GDB using a novel 

computerized reaction-time test, examined the distinct prefrontal neuroanatomical 

substrates of these impairments in an apathetic bvFTD sample using regression, and then 

related specific apathetic behaviors to grey matter atrophy and white matter integrity, 

quantified by magnetic resonance imaging (MRI). 

Study Significance 

The following case captures the problem this research addressed: 
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BJ is a 58-year-old female with FTD. Her husband notes that “it is impossible to 
get her going.” She sits and watches static on the television all day long and her 
husband rarely sees her move spontaneously. She has developed pressure ulcers 
because of her lack of movement: Neither urgent prompts from her husband nor 
the pressure ulcer associated pain has been successful in compelling her to move. 
Her husband is very distressed about his wife’s behavior and wants to know, 
“Why does she just sit there?” Of note, her Mini-Mental State Exam (MMSE) 
score is 28 of 30 (“no impairment”). 

BJ’s case demonstrates the significant problems that can occur when someone is 

apathetic. The goal of this research was to help answer questions about why apathy 

occurs in individuals with bvFTD. Apathy is a very common neuropsychiatric syndrome 

negatively affecting patient and caregiver outcomes (Chio et al., 2010; Karttunen et al., 

2010) including increased patient mortality (Vilalta-Franch, Calvo-Perxas, Garre-Olmo, 

Turro-Garriga, & Lopez-Pousa, 2013). Apathy is associated with a variety of undesirable 

consequences in patients, such as poor insight and poor cognitive performance (Chase, 

2011; Ishii, Weintraub, & Mervis, 2009; Pedersen, Alves, Aarsland, & Larsen, 2009; 

Pluck & Brown, 2002). The deficits observed in apathetic patients such as poor planning, 

poor motivation, and the inability to initiate even the simplest self-care activities 

contribute to functional deterioration (Pedersen, Alves, et al., 2009). These findings 

suggest that apathy contributes significantly to global decline and mortality, and support 

the need for its identification and proper management in at-risk patient populations. 

Caring for a person with apathy is challenging. The physical and emotional 

demands associated with performing many activities for persons with apathy are 

profound. High levels of depression, burden, and stress have been reported in caregivers 

of apathetic patients (Chio et al., 2010; Massimo et al., 2009). 
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Apathetic bvFTD patients, in particular, lack insight into their social difficulties 

and are unaware of the consequences of their behavior (Eslinger et al., 2005; Massimo, 

Libon, et al., 2013). Their caregivers often misinterpret apathy as a sign of oppositional 

or volitional behavior, leading to dissatisfaction with caregiving (Landes, Sperry, Strauss, 

& Geldmacher, 2001; Massimo, Evans, et al., 2013). A study of 53 spousal caregivers 

demonstrated that apathetic behavior had the greatest impact on the decline of the marital 

relationship (de Vugt et al., 2006). This impact has significant implications for caregiver 

burnout because it is the bond between caregiver and care recipient that sustains 

caregiving under adverse conditions (Wrubel & Folkman, 1997). 

Treatments for apathy have heretofore been ineffective. In a recent systematic 

review of pharmacological treatments, there was insufficient evidence to support the use 

of medications for the improvement of apathy in ND (Drijgers, Dujardin, Reijnders, 

Defebvre, & Leentjens, 2010). One reason for these failures may be the way apathy is 

currently conceptualized. That is, apathy is viewed homogeneously, as if derived simply 

from a lack of motivation (Marin, 1996). There is evidence to suggest several different 

mechanisms contribute to apathy, including deficits in initiation and planning, as well as 

motivation (Chow et al., 2009; Eslinger, Moore, Antani, Anderson, & Grossman, 2012; 

Levy & Dubois, 2006; Massimo et al., 2009). Additionally, there is neuroanatomical 

evidence to support a multicomponent approach to apathy. Several neuroimaging studies 

associate apathy with numerous regions in the frontal cortex (Massimo et al., 2009; 

Rosen et al., 2005; Zamboni et al., 2008). Mechanisms underlying apathy are 

qualitatively different, and, thus, may require distinct interventions. Knowledge of 

distinct subtypes of apathy would help explain treatment failures that may be due, at least 
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in part, to the attempt to treat all apathy with a single approach. For example, when 

apathy emerges in response to planning difficulties, there is benefit to be gained from 

structuring the activity in a simple way for the patient. For patients with impaired goal-

selection, modifications such as amplified lighting in a room may increase the reward 

potential of the environment (Ishii et al., 2009). Last, multisensory stimulation (MSS), a 

therapeutic approach that provides visual, auditory, tactile, and olfactory stimulation, may 

be helpful for patients with initiation difficulty (Baker et al., 2001); the use of MSS in a 

patient with planning difficulty, however, may worsen rather than improve apathy. 

Additionally, apathy is often ignored by clinicians because of patients’ lack of apparent 

distress (Butterfield et al., 2010). One of the primary obstacles in furthering the research 

in this area has been the absence of an empirically-based approach that can elucidate the 

mechanisms contributing to apathy. This research, thus, aimed to fill this gap by applying 

a model of GDB in persons with bvFTD where apathy is highly prevalent. This work, 

which attempted to understand the cognitive and neural basis for apathy, represents the 

first step to support the development of rational treatment for patients with various 

subtypes of apathy. 

The potential long-term impact of this work is significant. This research holds 

promise for changing the way in which nurses and other health professionals currently 

view, evaluate, and treat apathy in patients with ND, as well as in other neuropsychiatric 

conditions. The pathophysiological model resulting from this work, revealing several 

mechanisms contributing to apathy, may lead to improved treatment using tailored 

biobehavioral interventions that target the impairments in GDB. In addition to direct 
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clinical benefits, the knowledge gained from this work will advance neurocognitive 

models of social behavior.  Thus, The aims of this study were: 

Specific Aims 

Aim 1: To relate impairments in GDB (initiation, planning, and motivation) in 

bvFTD to distinct neuroanatomic regions in the prefrontal cortex. 

H1: Poor initiation is related to grey matter atrophy in the anterior cingulate 

cortex (ACC) and to reduced white matter integrity in the cingulum. 

H2: Poor planning is related to grey matter atrophy in the dorsolateral prefrontal 

cortex (dlPFC) and to reduced white matter integrity in the superior 

longitudinal fasciculus. 

H3: Poor motivation is related to grey matter atrophy in the orbital-frontal cortex 

(OFC) and to reduced white matter integrity in the uncinate fasciculus. 

Aim 2: To differentiate three apathetic subtypes based on impaired components of 

GDB in bvFTD using a novel computerized reaction time test (Philadelphia Apathy 

Computerized Test [PACT]) and to examine regional grey matter volume underlying 

these impairments. 

H1: Participants with bvFTD will have greater difficulty with initiation than 

normal controls (NC). Moreover, I will identify a subtype of bvFTD 

participants with a specific deficit of initiation who will have significantly 

slower initiation times on the simple condition of the PACT compared to NC. 

Participants with initiation difficulty will have significantly reduced ACC 

grey matter values compared to a control brain region. 



7 

	  

H2: Participants with bvFTD will have greater difficulty with planning than NC. 

Moreover, I will identify a subtype of bvFTD participants with a specific 

planning deficit who will have significantly greater slowing on the complex 

planning condition, contrasted with the simpler planning condition of the 

PACT compared to NC. Participants with planning difficulty will have 

significantly reduced dlPFC grey matter values compared to a control brain 

region. 

H3: Participants with bvFTD will have greater difficulty with motivation than NC. 

Moreover, I will identify a subtype of bvFTD participants with a specific 

deficit of motivation who will fail to respond to penalizing motivators in the 

simple condition compared to NC. Participants with motivation difficulty will 

have significantly reduced OFC grey matter values compared to a control 

brain region. 

Aim 3: To develop a proposal, based on findings from Aims 1 and 2, which will 

improve understanding of apathy by examining mechanisms of longitudinal decline and 

neural compensation. 

GDB allows people to be independent in everyday task performance. This 

research advances models of social neuroscience by examining cognitive and neural 

bases to understand a key aspect of human behavior. Moreover, the results will help 

change the paradigm to assess and treat apathy in ND, leading to improved diagnostic 

accuracy and effective interventions. This outcome will greatly improve the ability of 

families, nurses, and other health professionals to manage a pervasive feature of ND. 
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Background 

Definition of apathy. The word apathy derives from the Greek word pathos or 

passion. It describes a state of indifference or inertia (Robert et al., 2009). Over time the 

concept of apathy has undergone changes in meaning, and remains vaguely defined and 

broadly applied (Chase, 2011). Sometimes described as a symptom of other disorders 

such as depression, Marin (1990) clarified the concept of apathy for medical purposes by 

proposing its definition as a lack of motivation. Marin suggested that apathy is a 

syndrome or dimension of behavior that results from psychiatric, neurologic, or medical 

disorders. One problem with Marin’s definition is that lack of motivation is not the only 

mechanism that contributes to apathetic behavior; “lack of motivation” is not easily 

quantifiable. In 2006, Levy and DuBois (2006) proposed to define apathy as the 

quantitative reduction of self-generated voluntary and purposeful GDB. Their definition 

informed the current study. From this perspective, it is possible to observe and measure 

the various mechanisms contributing to apathy. Furthermore, it may be possible to 

operationalize these underlying mechanisms and postulate “subtypes” of apathy based on 

impaired GDB. 

A new consensus for the clinical diagnosis of apathy in neurodegenerative 

conditions has been proposed by an international task force (Robert et al., 2009). To meet 

criteria, the patient must meet the following requirements: the core feature of diminished 

motivation must be present for at least 4 weeks, there must be a reduction in two of three 

domains, and there must be a functional impairment attributed to the behavior. Domain 1 

refers to reduced GDB, describing the loss of self-initiated behavior (e.g., starting a 

conversation) and loss of environment-stimulated behavior (e.g., responding to 
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conversation). Domain 2 refers to a reduction in goal-directed cognitive behavior, 

describing a loss of ideas and curiosity for new routines (e.g., recent news or social 

opportunities). Domain 3 refers to a reduction in emotion, describing a loss of 

spontaneous emotion or loss of emotional responsiveness to positive or negative stimuli 

(e.g., little reaction to exciting news). A reliable clinical diagnosis of apathy is necessary 

to identify its presence and to distinguish it from other clinical syndromes such as 

depression. These criteria, however, focus solely on clinical presentation of apathy. This 

dissertation goes beyond providing a clinical description of apathy; the intent is to 

understand the different mechanisms that underlie apathy so that meaningful treatment, 

based on specific impaired mechanisms, can be pursued. 

Thus, in this dissertation, I examined the GDB model, applied to apathy, to 

identify the underlying mechanisms (Aim 1), and I operationalized the underlying 

mechanisms to postulate “subtypes” of apathy (Aim 2). Last, the findings from Aims 1 

and 2 informed a proposal for future work in which I intend to examine the trajectory of 

apathy and identify factors that moderate the progression of this devastating 

neuropsychiatric syndrome (Aim 3). The literature for this chapter was selected from 

search results using CINAHL, EMBASE, Medline, PubMed, PsycINFO, Cochrane 

Reviews, and a hand search of the reference lists from articles. Selected articles included 

randomized-controlled trials, descriptive studies, and reviews. Although it may be useful 

to investigate neurochemistry as it relates to apathy, this area of inquiry was beyond the 

scope of this dissertation study. 

Hypothesized model of apathy. Apathy can be explained and examined as part 

of the concept of GDB. GDB is operationalized as a “broad spectrum of purposeful 
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actions and their determinants, from the simplest movement to the most complex patterns 

of behavior” (Brown & Pluck, 2000, p. 416). This is related to the belief that when action 

a is taken, goal x may be obtained as a result. Central to GDB is the integration of the 

processes that influence a person to act (intention). According to the model, three 

processes (initiation, planning, and motivation) influence the intention to act. Although 

each step is necessary to achieve GDB, clinical observations of patients with ND suggest 

that these processes may not be sequential. In the hypothesized model, apathy arises 

when any one of these three processes is impaired. For example, patients who have 

profound impairments in the executive abilities needed to design and carry out plans of 

action may be motivated to engage in GDB, but their planning impairments make it 

difficult to engage in GDB. Therefore, it is likely that each process is independent and, 

when compromised, contributes to apathy. 

These three processes of GDB map onto three distinct networks of brain regions. 

In particular, neuroimaging studies in patients have linked apathy to specific regions in 

the prefrontal cortex, anterior cingulate, and basal ganglia. G. E. Alexander, DeLong, and 

Strick (1986) were first to describe the five circuits (two motor and three behavioral) 

linking the basal ganglia and frontal cortex. The three functional neuroanatomic loops in 

the frontal area (anterior cingulate circuit, dorsolateral prefrontal circuit, and orbitofrontal 

circuit) capture the information from internal and external environments needed to make 

a decision about possible actions to be performed, likely important to GDB. Each circuit 

is functionally separate and mediates in its own way. This dissertation study focused on 

the three functional neuroanatomic loops—anterior cingulate circuit, dlPFC circuit, and 

orbitofrontal circuit—and their relationship to initiation, planning, and motivation. 
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Frontotemporal degeneration. FTD is an ND that mainly affects the frontal and 

temporal lobes of the brain. This condition affects individuals at a young age, typically 

presenting in the fifth or sixth decade of life (Massimo & Grossman, 2008; Rosso et al., 

2003). FTD is recognized as the most common young onset dementia with prevalence 

ranging from 15–22 per 100,000 cases per year (Knopman & Roberts, 2011). These 

numbers are likely to be an underestimate, as the disorder is difficult to diagnose and 

requires a level of expertise in behavioral neurology. Clinically, bvFTD presents with 

difficulty regulating social behaviors such as disinhibition and apathy and a profound loss 

of insight (Rascovsky et al., 2011). One large autopsy-confirmed study demonstrated the 

frequency of behavioral symptoms in bvFTD to be between 59% to 84%, with apathy 

most frequent (Rascovsky et al., 2011). These behaviors significantly impact everyday 

functions and contribute to caregiver distress (Massimo et al., 2009; Mioshi & Hodges, 

2009). Thus, it is important to understand apathy for the optimal management of patients. 

Apathy in neurodegenerative disease. In addition to FTD, apathy is also 

common in other neurodegenerative disorders such as Alzheimer’s disease (AD), FTD, 

Lewy Body Disease, and Parkinson’s disease (PD; Clarke et al., 2008; Mega, Cummings, 

Fiorello, & Gornbein, 1996). In the AD population, the prevalence rate is between 51 and 

80% (Aharon-Peretz, Kliot, & Tomer, 2000; Di Iulio et al., 2010; Kaufer et al., 1998). 

The frequency of apathy in PD may also be substantial, as estimates of prevalence range 

from 12 to 70% (Aarsland et al., 2009; Pedersen, Larsen, Alves, & Aarsland, 2009; 

Starkstein et al., 1992). 

Abnormal social behavior is a hallmark of FTD. In particular, it has been 

suggested that apathy is the most prevalent behavior in FTD, occurring in up to 90.5% of 
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mild-stage patients and up to 100% of moderate and severe-stage patients in one study 

that evaluated the prevalence of behavioral disturbances in FTD (Diehl-Schmid et al., 

2006). Other authors also reported apathy to be the most common neuropsychiatric 

behavior in FTD (Massimo et al., 2009; Peters et al., 2006). Although apathy is often 

referenced as a behavior or symptom, this study examines apathy as a syndrome, which 

acknowledges heterogeneous behavioral processes and neuroanatomical mechanisms 

contributing to the clinical phenomenology. 

Evidence from previously reported work suggests that impairments in GDB are 

also present in bvFTD patients. Poor motivation may occur in these patients because they 

have decreased reactivity to positive and negative signals in social situations. Grossman 

and colleagues (2010) recently examined decreased reactivity by asking bvFTD patients 

to judge the acceptability of social situations. They found that bvFTD patients were 

particularly insensitive to the interpretation of negatively valenced features. Impaired 

executive function, a common finding in bvFTD, has also been associated with apathy in 

this group (Eslinger, Moore, Anderson, & Grossman, 2011; Eslinger et al., 2012). 

Impaired executive function may contribute to apathy because of the inability to carry out 

plans of action. Last, although poor initiation has not been explicitly examined in bvFTD, 

the anterior cingulate—an area that has been hypothesized to contribute to the loss of 

self-initiated thoughts or actions (Levy & Dubois, 2006)—is compromised in apathetic 

patients (Massimo et al., 2009). 

Depression and apathy are two distinct syndromes that are often confused. 

Symptoms that are common to both apathy and depression include hypersomnia and 

fatigue (Landes et al., 2001; Mega et al., 1996). Starkstein, Ingram, Garau, and Mizrahi 
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(2005) examined the differentiation of apathy and depression using factor analysis of the 

Hamilton Depression Scale. They found that dysphoric symptoms such as sad mood, guilt, 

suicidal ideation, anxiety, and insomnia loaded as sadness factors, suggesting these were 

more commonly found in a depressed patients. Other symptoms such as self-criticism and 

negative thoughts about the future were common in depressed patients, but were absent in 

apathetic patients who tended to show a lack of concern (Marin, 1996). This is consistent 

with similar findings suggesting that apathy is a discrete syndrome separate from 

depression (Landes et al., 2001). Because apathy is so common in ND, efforts to 

distinguish this syndrome from depression are imperative for clinicians, especially in 

guiding treatment decisions. 

Voxel-based morphometry. The study of the neuroanatomy of apathy is of 

scientific interest because its study can validate the contribution of an impairment of the 

three components of GDB to apathy in bvFTD. A large-scale neural network is thought to 

support the mechanisms (initiation, planning, and motivation) contributing to apathy by 

involving brain regions specific to each process (Levy & Dubois, 2006). By using 

neurobiological tools such as voxel brain morphometry (VBM) to study patients with 

apathy, the nature and anatomic localization of the mechanisms contributing to apathy 

can be identified. Imaging of apathetic patients, thus, allows for the dissociation of 

clinical constructs into specific processes (i.e., impairments in initiation, planning, and 

motivation) that contribute to behavior like apathy (Nader, Bechara, & van der Kooy, 

1997). From this mechanistic perspective, I hypothesized that the physiopathology of 

apathy would not be reduced to a single entity, but rather that multiple processes would 



14 

	  

be shown to contribute to apathy. An investigation of each process would directly link to 

neuronal mechanisms known to underlie GDB. 

Morphometry analysis is a common tool used to measure structural differences in 

a group or across groups (Savio et al., 2011). Voxel values are modulated by Jacobian 

determinants derived from spatial normalization, which occurs after tissue classes are 

segmented (cerebrospinal fluid, grey matter, white matter). When pathology in the brain 

structures occurs, there is an impact on the fine morphology of the grey matter and 

atrophy, or tissue loss, results. White matter is also susceptible to pathological damage in 

bvFTD (Lu et al., 2013). By measuring directional changes in water diffusivity, diffusion 

tensor (DT) provides information about the microstructural tissue integrity of white 

matter tracts (Whitwell et al., 2010). 

Components of goal-directed behavior. 

Initiation component. The failure to execute behavior leads to apathy when 

processing is unable to generate a signal significant enough to initiate a response. 

Difficulty with initiation has been reported in patients with focal lesions in either the 

ACC or the basal ganglia. It is important to note that there are interconnections between 

the two regions. ACC projects to the striatum (equipped with mechanisms for behavior 

selection) and the subthalamic nucleus, both of which are input zones of the basal ganglia 

(Hikosaka & Isoda, 2010); then there is a final loop back to the ACC to form a closed 

circuit. The failure of the basal ganglia to activate the cortex or the impaired activation of 

the motor system following ACC damage can cause difficulties with initiation 

(Kotchoubey, Schneck, Lang, & Birbaumer, 2003). 
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For example, the akinetic mute state is a medical term describing patients who 

tend to sit quietly in the same position all day without speaking or talking. It has been 

specifically related to ACC damage (Mega & Cohenour, 1997). Another related term, 

abulia, describes a loss of initiative and of spontaneous thought associated with damage 

to the basal ganglia (Bhatia & Marsden, 1994). Although these symptoms are thought to 

originate from two distinct anatomic structures, they are both symptoms of a failure to 

initiate or activate GDB. 

The ACC has been well studied in dementia and neuroimaging evaluations have 

linked the ACC region to apathy in various groups. Low grey matter density in the 

cingulate gyrus was associated with increased severity measures of apathy in PD 

(Reijnders et al., 2010). Others have implicated this region in apathetic bvFTD patients 

(Massimo et al., 2009; Zamboni et al., 2008). Previous diffusion tensor imaging (DTI) 

studies investigating white matter disease and apathy have an association with the 

cingulum (Hahn et al., 2013; J. W. Kim et al., 2011; Ota, Sato, Nakata, Arima, & Uno, 

2012). Although disease in the ACC and related white matter tracts contributes to apathy 

in patients, there have been few evaluations that describe the relationship in initiation of 

GDB. 

Planning component. The ability to execute an action is highly dependent on the 

cognitive processes needed to formulate and carry out goals. Apathy related to “cognitive 

inertia” results from impairments in executive functions such as planning, working 

memory, and task switching (Levy & Dubois, 2006). These cognitive processes are 

needed to organize and structure GDB. The loss of these abilities will quantitatively 

reduce behavior. 
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Multitasking is an important aspect of executive function, referencing the ability 

to carry out several separate tasks concurrently while keeping the goals of each task in 

mind. The cognitive demand of multitasking includes selecting, organizing, and 

executing numerous tasks in a given time period (Burgess, 2000). Esposito et al. (2010) 

recently examined the aspect of multitasking related to apathy in AD patients. They 

found that an inability to perform several tasks (measured by rule breaks) was predictive 

of a lack of initiative (motivation). This outcome suggests that when patients are faced 

with complex problems that are cognitively demanding, they may become overwhelmed 

and, thus, less likely to engage in activities. An alternative hypothesis, in contrast to the 

findings of Espositio and colleagues, may be that patients perform more poorly because 

of other processes like impaired judgment or poor working-memory performance. 

Although there seems to be a relationship between apathy and deficits in multitasking, 

further studies are needed to determine the exact role of planning in apathy. 

Weintraub and colleagues (2005) examined the dimension of executive function 

as it relates to apathy in PD patients. They found that poor planning, measured by 

standardized tests of planning, was associated with increased severity of apathy. An 

important issue that was not addressed by Weintraub et al., however, is the relative 

complexity of the plan needed to engage in GDB. Consideration should be given to the 

total complexity of a task and the amount of executive resources it demands as it relates 

to apathy severity. 

The anatomic basis of executive dysfunction has been linked to dorsolateral 

portions of prefrontal cortex (dlPFC; Miller & Cohen, 2001). This region has been shown 

to play a critical role in planning and working memory. Several investigations have 
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demonstrated that working memory is associated with dlPFC (Champod & Petrides, 

2007; Funahashi, 2001; Yun, Krystal, & Mathalon, 2010). Garavan, Ross, Li, and Stein 

(2000) evaluated the role of working memory by manipulating allocation of attentional 

resources in working memory tasks. This technique was used to disentangle working 

memory from other executive processes, allowing for a pure analysis of working memory. 

Using functional MRI (fMRI) technique, they found that working memory-demanding 

tasks activated dlPFC in healthy controls. 

 Other work also suggested the importance of dlPFC for planning (Kaller, Rahm, 

Spreer, Weiller, & Unterrainer, 2011). The planning process can be assessed with 

measures like the Tower of London task where participants are asked to preplan mentally 

a sequence of moves to match a set goal. Event-related fMRI techniques are employed to 

capture planning demands in NC. Using this technique, several studies have 

demonstrated the activation of dlPFC in planning tasks (Newman, Carpenter, Varma, & 

Just, 2003; Rowe, Owen, Johnsrude, & Passingham, 2001; Unterrainer, Rahm, Kaller, 

Leonhart, et al., 2004). 

Studies suggested an association between apathy and poor executive function in 

bvFTD (Zamboni et al., 2008). Imaging studies of patients with ND have linked apathy to 

tissue loss in dlPFC and related white matter tracts including the superior longitudinal 

fasciculus (Cacciari et al., 2010; Massimo et al., 2009; Zamboni et al., 2008). Patients 

who suffered from dysfunction in these circuits failed to elaborate, manipulate, and 

integrate important information needed for behavior that was goal-directed. 

Motivation component. Finally, apathy may result from a lack of responsiveness 

to either reward or negative-consequence feedback, thereby making goal selection 
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difficult (Levy & Dubois, 2006; Rosen et al., 2002). Because rewards and avoidance of 

negative consequences constitute basic goals of behavior, motivational functions are 

based partly on the processing of reward information (Schultz, Tremblay, & Hollerman, 

2000). 

Evidence from healthy-subject MRI studies suggested that the OFC is important 

to determine information regarding interpretation of reward (Hare, Camerer, Knoepfle, & 

Rangel, 2010; Kable & Glimcher, 2007). In an fMRI study of reward processing in 

healthy controls, Smith and colleagues (2010) found that the ventromedial prefrontal 

cortex (vmPFC) is highly specialized in the way it processes rewards. In particular, they 

found that, in vmPFC, the anterior portion experienced value for social and monetary 

rewards, whereas the posterior vmPFC tracked the decision value between these two 

reward categories. Together, these findings suggest that multiple value signals exist 

simultaneously in the anterior and posterior vmPFC, each playing a distinct role in 

reward processing. 

This region also may mediate the inhibition of inappropriate responses while 

facilitating appropriate responses for goal completion (Gill, Castaneda, & Janak, 2010). 

This is important to apathy because the inability to suppress the response evoked by a 

stimulus in the immediate environment prevents a patient from selecting an appropriate 

action plan. Thus, the behavior is controlled by the emotional impact of the stimulus at 

hand. Bechara, Damasio, and Damasio (2000) tested this hypothesis in patients with 

lesions of vmPFC. Patients participated in a gambling task. Compared to controls, 

patients with vmPFC lesions preferred decks with a high immediate reward, even though 

the decks with smaller reward were advantageous in the long term. They also preferred 
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decks with low immediate punishment to those with higher immediate punishment, 

although the higher immediate punishment was more advantageous in the long run. Their 

results reinforced the notion that decisions made by patients with vmPFC lesions are 

largely based on the immediate prospects and do not consider the severity of future 

adverse consequences (Bechara et al., 2000). 

Persons with bvFTD have been examined extensively in reward processing 

because they have an early degeneration of the associated frontal circuit in comparison to 

other neurodegenerative conditions (Rabinovici et al., 2007). Grossman and colleagues 

(2010) examined the interpretation of positive and negative situations in bvFTD. They 

found bvFTD participants were particularly impaired in interpreting negative 

consequences of a social situation (e.g., “Rolling through a red light at 2am when there is 

a police car at the intersection”). Their insensitivity to negative consequences may 

underlie reduced motivation. 

The study of reward processing and resultant apathetic behavior in the bvFTD 

population offers essential insights into the functions of the OFC. Experimental evidence 

using imaging techniques in patients with bvFTD has emphasized the link between 

orbitofrontal regions and apathetic behaviors. Comparison of brain activity between 

apathetic and nonapathetic bvFTD participants using positron emission tomography 

(PET) data revealed patients have decreased activity in the OFC of apathetic participants 

(Peters et al., 2006). Rosen and colleagues (2005) examined apathy, measured by the 

Neuropsychiatric Inventory (NPI), and found apathy scores to be independently 

associated with atrophy in the ventromedial frontal gyrus. The uncinate (UNC) is a major 

tract connecting the anterior temporal lobe with the medial and lateral prefrontal cortex 
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(Papagno et al., 2011), areas known to be important for GDB (Kable & Glimcher, 2007). 

DTI studies performed in patients with AD and progressive supranuclear palsy (PSP) 

implicated UNC in apathy (Hahn et al., 2013; Kvickstrom et al., 2011). The conclusions 

from these imaging studies suggested that the OFC and related white matter tracts have a 

relationship to apathy, although distinct areas of this region may have specific roles. 

Summary of Key Points 

Apathy can be viewed as the quantitative reduction of GDB and is a common 

behavior in neurodegenerative conditions, especially bvFTD. Studies of the frontal-

subcortical circuits contributed to explaining its phenomenological presentation. In 

support of this view, and using the above definition, I hypothesized that three impaired 

GDB mechanisms (initiation, planning, and motivation) contribute to subtypes of apathy. 

The first subtype of apathy is related to an initiation difficulty. This subtype of apathy can 

be seen in patients with disease in the ACC. The second subtype is due to impaired 

planning, which results from disease in the dlPFC. The third subtype of apathy is related 

to related to impaired goal selection and motivation that occurs when disease affects 

areas in the OFC. 

Research Design and Methods 

Overview of research design. In Aim 1, structural MRIs in bvFTD participants 

were compared to NC, and regression analyses related apathy scores (see Table 1) to grey 

matter structures and associated white matter tracts. In Aim 2, results on a computerized 

task, the PACT, were analyzed for apathy subtypes in bvFTD using the PACT measures, 

and regional grey matter volume was then assessed for each impaired GDB component. 
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In Aim 3, findings from Aims 1 and 2 were used to support the development of a research 

proposal to examine mechanisms of longitudinal decline and neural compensation. 

Table 1 

Sample Criteria 

Inclusion Exclusion 

Diagnosis of bvFTD (Rascovsky et al., 2011) or 
NC. 

Other neurologic conditions such as stroke or 
hydrocephalus, primary psychiatric disorder such as 
depression or psychosis, or systemic illness that 
could interfere with cognitive functioning. 

Mild disease stage (measured by Mini-Mental 
State Exam ≥ 20). 

Mini-Mental State Exam ≤ 19 to minimize 
confounding factors related to cognitive impairment 
by excluding persons with moderate or severe 
dementia.  

No depression as determined by Geriatric 
Depression Scale Short Form score of ≤5.  

Depressed patients (Geriatric Depression Scale-
Short form score >5) since apathy is often clinically 
confused with depression and could confound 
interpretation of the data. 

Modest doses of SSRI or antipsychotic medication 
may have been needed for treatment as clinically 
indicated, and, thus, were allowed. A stable dose 
(no change in 3 months) was necessary to 
minimize potential confound because these 
medications can contribute to apathy (Benoit et 
al., 2008). 

Patients taking regular doses of benzodiazepines and 
other soporific medications because of the sedating 
effects of these drugs.  

A reliable caregiver who had frequent contact with 
the patient (>3 times/week for ≥1 hour).  

Patients who do not have caregiver contact to ensure 
accurate proxy ratings of the patient’s behavior, 
since patients with bvFTD typically have poor 
insight into their deficits (Eslinger et al., 2005). 

Neuropsychiatric Inventory apathy subscale 
frequency by severity score ≥1. 

Captures bvFTD patients with higher likelihood of 
having apathy syndrome. 

Ability to speak and understand English language 
sufficient to complete the questionnaires. 

Patients with English language skills insufficient to 
complete questionnaires. 

 

Participants and setting. Participants with bvFTD and age- and education-

matched NC who were enrolled in the ongoing longitudinal study, “Cognitive and Neural 

Impairment in Frontotemporal Dementia” (P01-AG17586) at the University of 

Pennsylvania were selected for the proposed research. These participants had available 
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neuropsychological, neuroimaging, and biomarker data. I focused particularly on bvFTD 

because apathy is very common in this condition, these patients do not have physical 

limitations that can confound the quantitative assessment of reduced GDB, and there are 

no language or visuospatial deficits that can potentially limit the interpretation of bvFTD 

patient performance. Participation was limited to those with apathy, determined by scores 

on the NPI to increase the likelihood of capturing the phenomenon of interest. 

Power Analysis. To conservatively estimate the power required to detect a 

significant difference on the PACT between NC and bvFTD participants, I used the 

PACT measure with the smallest difference between controls and bvFTD participants 

found in our pilot data (Initiation score: bvFTD = 522ms ± 224.17 vs. NC = 375ms ± 

69.46). With reasonable assumptions of 1.0 SD difference in performance between 

groups and a beta of 0.8, a power analysis suggested that 18 participants were required in 

each group to achieve a difference that is significant at the .05 level using Wilcoxon rank-

sum test. For the VBM imaging study, a minimum of 20 participants were required in 

each group to detect a 1mm (equivalent to 1 voxel) change in grey matter at the p < .05 

(corrected) level with a beta of 0.15 (power =. 85; Lerch & Evans, 2005; see Table 2). 
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Table 2 

Power Analysis 

SD diff β = 0.8 β = 0.9 

0.5 68 91 

0.75 31 41 

1.0 18 24 

1.5 9 12 

2.0 6 8 
Note. *Sample size needed to detect a mean difference between two groups from Wilcoxon rank-sum test; 
alpha = .05. 

Procedures. As previously described, this dissertation study was part of a larger, 

ongoing longitudinal study entitled “Cognitive and Neural Impairment in Frontotemporal 

Dementia” (P01-AG17586; PI: Virginia Lee, PhD, Clinical Core Leader: Murray 

Grossman, MD). This study included individuals from the parent study who were 

diagnosed with bvFTD and NC. University of Pennsylvania Institutional Review Board 

(IRB) approval was initially obtained for P01-AG17586 in January 1999 and the most 

recent continuing review approval from the IRB in September 2013 encompassed the 

MRI procedures and the battery of neuropsychological testing that included the PACT. 

I met with Dr. Grossman on a weekly basis to determine whether any newly 

eligible patients had been entered into the abovementioned study. If so, the neurologist or 

clinical coordinator asked the patient and caregiver if they were interested in hearing 

more about the dissertation study. If so, I met the patient and caregiver to give an 

overview and confirm their intention to participate. 

Ideally, I would collect the PACT data, neuropsychological data and MRI data on 

the same day. To maximize recruitment, retention, and convenience to participants, the 
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patients and caregivers had the option to request that PACT and neuropsychological data 

be collected during a follow-up in-home visit. In any case, I collected the MRI and PACT 

data in the same 6-month period. Given the rate of brain volume change in bvFTD, 6 

months is a widely accepted time frame in neuroscience research (Whitwell et al., 2008). 

Data collection. I obtained the data for this study, including that generated from 

the PACT, neuroimaging, and neuropsychological tests, from each participant in the 

ongoing study (P01-AG17586). I administered the PACT which took approximately 45 

minutes to complete. The neuroimaging sequence, completed by Department of 

Radiology technicians, generally took 30 minutes to complete. The neuropsychological 

tests were conducted by trained research technicians and took approximately 60 minutes 

to complete. 

I collected data in the Cognitive Neurology Clinic and in the Department of 

Radiology at the Hospital of the University of Pennsylvania. I conducted the PACT and 

neuropsychological tests in a quiet room in the Department of Neurology. Alternatively, 

if the patient and caregiver desired, I collected the PACT and neuropsychological testing 

during an in-home visit. 

Instrumentation. 

The Philadelphia Apathy Computerized Test (PACT). Experimental computer 

tests examining the basis for a social behavior are useful in studying the mechanisms 

contributing to the behavior. Moreover, they are quantitatively rigorous. The PACT was 

intended to measure three components of GDB—initiation, planning, and motivation. 

The PACT was developed based on a review of experimental paradigms in the scientific 

literature and clinical observations (Elliott, Agnew, & Deakin, 2010; Jenkins, Jahanshahi, 
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Jueptner, Passingham, & Brooks, 2000; Ruh, Cooper, & Mareschal, 2010). In all 

experimental conditions, a trial began when the participant depressed a computer “start” 

key with one finger. Reaction time (RT) to lift this finger from the start key in response to 

a signal (RT1) and then RT to depress the target key once lifted from the start key (RT2) 

were each measured. A practice block, in which participants received instructions about 

task performance and 12 practice trials, preceded each of three experimental conditions 

described below. 

Initiation refers to one’s ability to self-generate or activate actions (Levy & 

Dubois, 2006). In the simplest condition designed to measure initiation, the participant 

began a trial by depressing the start key; a central stimulus appeared on the computer 

screen, and a fixed central target key was then depressed in response to this stimulus; 

over 48 trials, the signal occurred on average 1,250msec (range 500–5000msec) after 

depressing the start key. Initiation was assessed by RT1 in this condition. 

Planning refers to the ability to elaborate plans of action (Levy & Dubois, 2006). 

Thus, assessing the planning component required a resource-demanding task that 

depended on the integration of strategies to meet the challenges of the condition (Sorel & 

Pennequin, 2008; Toglia & Berg, 2013). In the second condition, designed to assess the 

planning component of GDB, two levels of task difficulty were assessed. In the first level 

(simple planning), after depressing the start key, participants were signaled by randomly 

ordered lateralized visual stimuli to press a left or right target key (stimulus appears on 

left, then go left; stimulus appears on right, then go right). In the second, more complex 

level, one of two lateralized keys is pressed contingent on the combination of patterns in 

a central visual stimulus (if the stimulus is blue or has horizontal stripes, the key on the 
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left is correct; if the stimulus is orange or contains vertical stripes, the key on the right is 

correct). To assure that planning could be assessed specifically, we minimized the 

influence of working memory confounds by making the patterns visually available to 

participants during performance. We assessed two measures of planning: total latency in 

the complex planning condition and the difference in response times between the two 

levels of difficulty. 

Motivation refers to the ability to associate affective signals (positive or negative) 

with value in order to perform actions (Levy & Dubois, 2006). In the third condition, 

designed to assess motivation, the simple condition was repeated with an explicit 

monetary incentive using a point system (monetary units) to reward participants for 

responding correctly and more rapidly. Participants received feedback on the computer 

screen about their response speed after each trial. Sensitivity to negative consequence 

was assessed by having a “penalty” condition. In this “penalty” condition, we gave 

participants a number of monetary units at the beginning of each task, and took away 

monetary units if they did not respond correctly and more rapidly. I used the penalty 

condition measure to assess motivation because previous work has shown that bvFTD 

patients are particularly insensitive to negative feedback (Grossman et al., 2010). I used a 

point system involving “monetary units” and monetary units were “converted” to actual 

money in a manner that allowed all participants to receive the same total payment at the 

end of the study. 

I obtained 48 experimental trials during each condition. I measured RT1, RT2, 

total latency (RT1 + RT2) and errors. Average RTs for initiation, planning, and 
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motivation (see Table 3) were each generated from the conditions described above and 

used in the regression analyses (Aim 1). 

Table 3 

Scores Generated From the PACT 

Score Measure 

Initiation score Average Reaction Time 1 in simple condition 

Planning score Average total latency in complex planning condition 

Motivation score Average total latency in simple penalty condition 
 

Structural MRI. I obtained MRI data with the support of P01-AG17586 (PI: 

Virginia Lee, PhD; Clinical Core Leader: Murray Grossman, MD). Three-dimensional 

T1-weighted structural MRI provided 1 mm3 resolution for assessing grey matter-volume 

loss, and we used spoiled gradient-echo imaging (MPRAGE on our Siemens Trio) with 

an inversion preparation to increase grey/white matter contrast at high field. We used 

three dimensional spoiled gradient echo imaging parameters as follows: TR = 1620ms, 

TI = 950ms, TE = 3ms, flip angle = 15°, 160 contiguous slices 1.0 mm thick, in-plane 

resolution 0.9×0.9 mm, FOV = 192x256mm2, matrix = 192 X 256, 1NEX with a total 

scan time of 6 min for the entire volume. We repeated this sequence twice, allowing 

signal-to-noise ratio to be increased by signal averaging following realignment, or one 

volume could be discarded if excessive motion (> 3mm in any axis) occurred. We 

acquired diffusion-weighted images (DWI) using a single-shot, spin-echo, diffusion-

weighted echo planar imaging sequence (FOV = 245mm; matrix size = 128 × 128; 

number of slices = 57; voxel size = 2.2mm isotropic; TR = 6,700ms; TE = 85ms; fat 

saturation). In total, we acquired 31 volumes along 30 noncollinear directions per subject, 
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one without diffusion weighting (b = 0 s/mm2) and 30 with diffusion weighting 

(b = 1,000 s/mm2). 

Neuropsychological tests. Researchers collected neuropsychological data shown 

in Table 4 for the parent study and made them available to me. Researchers use 

neuropsychology test results to help to improve characterization of apathy in bvFTD, 

because preliminary data associate apathy with executive and social deficits (Chow et al., 

2009; Eslinger et al., 2011; Eslinger et al., 2012; Eslinger et al., 2007; Girardi, 

Macpherson, & Abrahams, 2011). The overall guiding principle for the parent study was 

that the neuropsychological battery was comprehensive in its scope, and included 

measures with good psychometric properties that were well normed for a broad age range, 

yet administrable in a reasonable amount of time (in our experience, about 60 minutes). I 

used two of the available measures to execute the inclusion/exclusion criteria, and, 

although no measures specific to components of GDB (initiation, planning, and 

motivation) were included in the database, several tests or items sampled some aspects of 

these components, thereby potentially providing auxiliary support for the PACT. 

Data management. I managed data using web-based, intranet data management. 

The database server was Microsoft SQL Server 2005 with front end application 

developed in PHP dynamic web language, hosted via Microsoft IIS 6.0 web server. The 

database, located on the University of Pennsylvania Health System (UPHS) network, was 

protected from the Internet via the UPHSnet firewall. The servers were part of the UPHS 

enterprise backup system. Backups were performed daily by the UPHS backup 

administrators. MRI data were archived onto compact disk (CD) from the scanner 

immediately following data acquisition. Data were loaded onto a workstation, stripped of 
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identifying information, and transferred via secure ftp to a specific account for this 

project on the Center for Functional Neuroimaging (CfN) web server at the University of 

Pennsylvania. Data stored on the CfN cluster were backed up weekly using SDLT tape, 

and daily interim backups were performed onto external firewire hard drives. All data 

entered were cleaned, transformed and analyzed using the statistical software package 

SPSS 21.0 for Mac. 
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Table 4 

Neuropsychological Data 

Name of test Time Brief description Use in study 

Mini-Mental State 
Exam (Folstein, 
Folstein, & 
McHugh, 1975) 

10 minutes A screen for dementia. Determines cognitive 
impairment using a cutoff of 23. The instrument has a 
sensitivity of 82% and specificity of 99% for 
determining cognitive impairment with this cutoff 
(Tangalos et al., 1996). 

Mini-Mental State 
Exam assessed 
severity of cognitive 
dysfunction to 
determine 
inclusion/exclusion. 

Geriatric 
Depression Scale 
Short Form (Sheikh 
& Yesavage, 1980) 

10 minutes Measures depression briefly in elderly and in persons 
with dementia where a longer form may be burdensome 
(Burke, Roccaforte, & Wengel, 1991; Lach, Chang, & 
Edwards, 2010). This instrument has sensitivity and 
specificity of 87% and 83% respectively. The Geriatric 
Depression Scale was chosen because it ascertains 
affective symptom ratings of depression. 

Identified depressed 
patients who were 
then excluded from 
the study. 

Neuropsychiatric 
Inventory 
(Cummings, 1994)  

15 minutes Evaluates 12 neuropsychiatric disturbances, including 
apathy, as rated by caregivers, each with a frequency by 
severity score. Content validity, concurrent validity, 
interrater reliability and test–retest reliability of the 
Neuropsychiatric Inventory were established by past 
work (Cummings et al.,1994). 

Confirmed caregiver-
perceived presence of 
apathy for inclusion in 
the study, and 
measured associated 
caregiver distress. 

Apathy Evaluation 
Scale-Informant 
Rated (AES-I) 
(Marin, Biedrzycki, 
& Firinciogullari, 
1991)  

10 minutes An 18-item caregiver-completed scale that is 
commonly used to quantify global apathy. Responses to 
items were recorded on a 4-point Likert-type scale with 
the following categories: Not at All True, Slightly True, 
Somewhat True, and Very True. A higher score 
represents greater apathy severity. 
Response to the single item, “He/she has motivation,” 
was used to determine the subject’s level of motivation. 

Assessed caregivers’ 
perceptions of the 
patient’s level of 
motivation. 

Digit Span 
Backward  

3 minutes Digits are repeated in the reverse. Assesses mental 
manipulation and planning. 

Assessed planning. 

Trail Making  5 minutes An alternating pattern is traced between numbers and 
letters. 

Assessed planning. 

Letter Guided 
Fluency  

5 minutes Name words beginning with the letters F, A, and S in 
60 seconds each; first quartile fluency assesses 
initiation (Lamar, Zonderman, & Resnick, 2002). 

Assessed planning, 
initiation. 

Overall plan for analysis. I described the overall sample demographically and 

according to continuous measures of the PACT and relevant scores on the 

neuropsychiatric measures using means, standard deviations, and interquartile ranges. For 

categorical data, I used frequencies and percentages. 



31 

	  

Analysis Aim 1. 

Grey matter imaging. I used VBM to quantify significant grey matter changes in 

the bvFTD sample acquired with high resolution volumetric T1 MPRAGE images. All 

images were preprocessed using PipeDream (Sourceforge, 2014) and advanced 

normalization tools (ANTS, Penn Image Computing Science Lab, 2014) to perform the 

most stable and reliable multivariate normalization and structure-specific processing 

currently available (Avants, Epstein, Grossman, & Gee, 2008). PipeDream deforms each 

individual dataset into a standard local template space in a canonical stereotactic 

coordinate system. Core processing involved mapping T1 structural MRI to a population-

specific template consisting of an unbiased average-shape and average-appearance image 

derived from a representative population of 25 healthy seniors and 25 patients with FTD 

(J. Kim et al., 2008). This procedure provided superior representations of variable 

anatomy as occurs in distinct populations such as in the examination of a healthy 

population and those with a neurodegenerative condition (Avants & Gee, 2004). I used a 

diffeomorphic deformation for registration that is symmetric so that it is not biased 

toward the reference space (for computing the mappings) and preserves topology to 

capture the large deformation necessary to aggregate images in a common space. These 

algorithms allowed template-based priors to guide cortical segmentation and compute 

grey matter atrophy (Das, Avants, Grossman, & Gee, 2009). We used SPM8 to smooth 

images using a 4mmFWHM Gaussian kernel and to compare patients to matched controls 

using a two-sample t-test. We accepted clusters containing a peak voxel that survived a 

p < .001 (FDR-corrected) height threshold and a 50 adjacent-voxel extent. We then used 

the regression module in SPM8 to identify the relationship between performance on each 
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PACT score (see Table 3) and grey matter density. To constrain the interpretation of the 

regression analysis to areas of known disease in participants, we used an atrophy mask 

generated from the t-test contrasts of bvFTD relative to NC. For each regression, we 

entered a single PACT score (average RTs over 48 trials) for each condition (see Table 3) 

for each patient. For the regression analyses, we accepted that a cluster was related to 

behavior if it contained a peak voxel which survived a p < .005 height threshold and a 30 

adjacent-voxel extent. 

White matter imaging.  DWIs were preprocessed with PipeDream and ANTS, as 

above. We removed motion and distortion artifacts by affine coregistration of each DWI 

to the unweighted (b = 0) image. We computed DTs using a linear least squares algorithm 

(Salvador, Suckling, Schwarzbauer, & Bullmore, 2005) implemented in Camino (Cook et 

al., 2006), and tensors were reoriented using the preservation of principal directions 

algorithm (D. C. Alexander, Pierpaoli, Basser, & Gee, 2001). We computed fractional 

anisotropy (FA) from the DT image for each subject and corrected distortion between T1 

and DT images by registering the FA image to the T1 image. We warped each 

participant’s T1 image to the template via the symmetric diffeomorphic procedure in 

ANTS; then warped the FA image to template space by applying the T1-to-template 

warps. 

We smoothed FA images using a 4mm full width at half maximum (FWHM) 

isotropic Gaussian kernel. I performed DTI analyses of FA in SPM8 using the two-

samples t-test module and analyzed DTI volumes using an explicit mask (FA ≥ 0.25) to 

constrain comparisons to regions of white matter. Comparisons of bvFTD participants to 

matched controls used a p < .005 (false discovery rate [FDR]-corrected) height threshold 
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and a 200-voxel extent. I constrained regression analyses to white matter tracts with 

reduced FA using an explicit mask generated from the results of the direct comparison 

with NC. Using a deterministic tractography procedure in Camino (Cook et al., 2006), I 

tracked white matter fibers in a healthy-subject template generated using the DTI 

sequence described above. I retained fiber tracts that passed through voxels of reduced 

FA to define the mask for regression analyses. I accepted a significant cluster with a 

volume of 150 adjacent voxels and a peak voxel Z-score > 3.3 (equivalent to p < .0005). 

Analysis Aim 2. 

Behavioral data. I described the sample according to the proposed apathetic 

subtype of initiation, planning, and motivation (see Table 5) using means, standard 

deviations, and z-scores. Shapiro–Wilks tests were used to assess normality in the data. I 

examined differences on scores on each task (initiation score, planning score, and 

motivation score) between bvFTD and NC groups using independent samples t-tests. 

Because the data were not normally distributed, I assessed differences between subject 

groups using nonparametric tests such as the Mann–Whitney U statistic. I calculated 

correlations with neuropsychiatric tests (see Table 4) using Spearman’s rho. I expected 

initiation measures to be significantly associated with first quartile letter-guided fluency. 

I expected planning measures would be significantly associated with performance in the 

overall score on the digit span backward, trail making, and letter-guided fluency. Last, I 

expected a significant association between motivation measures and score (1–4) on the 

single AES-I item, “He/she has motivation.” 

I hypothesized specific apathy profiles as well, and described the number of 

participants in each subtype according to predetermined criteria (see Table 5). I generated 
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individual z-scores relative to NC. I designated participants as a specific subtype if the z-

score was ≥ 2.0 for one profile criteria, but within the range of normal (i.e., z-score ≤ 2.0, 

p ≤ .05) for the remainder of the tasks. 

Table 5 

Behavioral Criteria for Apathy Subtypes 

Subtype profile Criteria 

Initiation Significantly slow Reaction Time 1 in simple condition 
Does not have slowed latencies for complex condition 
Able to improve performance on the simple condition in response to penalty 

Planning Significantly slowed on complex planning condition and, for those with multiple 
impairments, significant slowing on the complex planning condition compared to the 
simpler planning condition 
Does not have slowed initiation for simple condition 
Able to improve performance on the simpler planning condition in response to penalty 

Motivation Significantly slowed on simple penalty condition and fails to improve performance 
with penalizing motivators 
Does not have slowed initiation for simple condition 
Does not have slowed latencies for complex condition 

 

Grey matter imaging. I obtained a priori defined regions of interest (ROI) for 

ACC, dlPFC, and OFC. I selected these ROIs based on literature suggesting that poor 

initiation is related to disease in ACC (Kotchoubey et al., 2003; Reijnders et al., 2010), 

poor executive function is related to disease in dlPFC (Kaller et al., 2011; Unterrainer, 

Rahm, Kaller, Leonhart, et al., 2004; van den Heuvel et al., 2005) and reduced motivation 

is related to disease in OFC (Diekhof, Falkai, & Gruber, 2011; Sescousse, Redoute, & 

Dreher, 2010). I used the standardized automated anatomical labeling (AAL) and 

parcellation method (Tzourio-Mazoyer et al., 2002) to label the following ROIs. The first 

ROI (e.g., initiation) was centered on the ACC (AAL label = ACIN). The second (e.g., 
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planning) ROI was centered on the middle frontal gyrus portion of the dlPFC (AAL label 

= F2). The last ROI (e.g., motivation) was composed of the orbital regions of the middle 

and superior frontal gyri (AAL labels = F10, F20). Additionally, I assigned a control ROI 

in the midtemporal (MT) region (AAL label = T2). I chose this region because it is an 

area implicated in bvFTD (Brettschneider et al., 2014), but is not hypothesized to 

contribute to GDB. For all ROIs, I computed the mean grey matter probability (GMP) 

value, divided by the subject’s individual average whole-brain GMP value. I used this 

ratio to examine relative differences in regional composition of grey matter in frontal 

areas thought to underlie GDB impairments and the control region in the lateral temporal 

lobe. 

Anticipated Study Difficulties and Alternative Approaches Used to Achieve 

Aims. 

Prior to initiating this study, I anticipated potential difficulties and identified 

alternative approaches to achieve the aims: 

Interpretation and potential problems, Aim 1. I predicted that apathetic bvFTD 

participants would have significant atrophy in the frontal lobe. Further, PACT initiation 

scores would be related to significant ACC atrophy and associated white matter tracts; 

PACT planning scores would be related to atrophy in dlPFC and associated white matter 

tracts, and PACT motivation scores would be related to atrophy in OFC and associated 

white matter tracts. These predictions were made based on the literature suggesting that 

poor initiation is related to ACC disease (Kotchoubey et al., 2003; Reijnders et al., 2010), 

poor executive function is related to disease in dlPFC (Kaller et al., 2011; Unterrainer, 
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Rahm, Kaller, Ruff, et al., 2004), and reduced motivation is related to disease in OFC 

(Diekhof et al., 2011; Sescousse et al., 2010). 

Anticipating that the regression analyses might not detect a distinct relationship 

between grey matter density and behavioral performance, I planned to use cortical 

thinning rather than grey matter density. It was possible I would find atrophy related to 

the striatum, given the observation of apathy in Parkinson’s patients with striatal disease 

(Drapier et al., 2006), strong frontal-striatal connections (Bonelli & Cummings, 2007) 

and the observation of histopathological disease in the striatum of bvFTD (Seelaar, 

Rohrer, Pijnenburg, Fox, & van Swieten, 2011; Whitwell et al., 2009). Anticipating the 

possibility that participants with long disease duration would have diffuse, nonspecific 

atrophy, I examined only participants with mild cognitive impairment. I expected some 

difficulty obtaining imaging in some participants because of time restriction, medical 

contraindication (e.g., claustrophobia or pacemakers) and participant preferences. If that 

were the case, I still planned to ask subjects to participate in the PACT assessment, using 

t-tests to confirm no significant differences between those with and without imaging data. 

Interpretation and potential problems, Aim 2. I expected differences in PACT 

scores between bvFTD and NC groups. I predicted each apathetic subtype would show a 

distinct performance profile on the PACT. The initiation subtype would have slow RT1 

across all conditions in the PACT. Once initiated, tasks would be performed slowly 

(RT2) but accurately. Participants would not have slowed latencies for complex 

conditions and would be able to improve their total latency times in response to 

incentives. The planning subtype would have significantly slow total latency on the 

complex planning condition, but participants would not have significantly slowed 
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initiation. They would also improve their time in response to incentive. The motivational 

subtype would improve less in response (measured by total latency) to financial 

incentive—and particularly the penalty condition—than the initiation and planning 

patients under the simpler planning condition, but would not have slowed initiation times, 

and would not have disproportionally slowed performance for the complex planning 

condition. This insensitivity to penalty is supported by previous studies that show bvFTD 

patients are insensitive to negative consequences but respond to a reward (Farag et al., 

2010; Grossman et al., 2010; Torralva, Roca, Gleichgerrcht, Bekinschtein, & Manes, 

2009). 

I acknowledged that my data might not support clear distinctions between the 

apathy subtypes; in this case, I planned to adjust my subtype criteria, which might include 

more stringent inclusion criteria for one or more of the subtypes. 

Human subjects. 

Human subjects involvement and characteristics. This dissertation study was 

part of a larger ongoing longitudinal study entitled “Cognitive and Neural Impairment in 

Frontotemporal Dementia” (P01-AG17586; PI: Virginia Lee, PhD, Clinical Core Leader: 

Murray Grossman, MD). For the purpose of this study, we offered participation to 

subjects diagnosed with bvFTD and NC. See Table 1 for a description of inclusion and 

exclusion criteria. I selected a total sample of 37 subjects (20 bvFTD and 17 NC). 

Primary study approval. University of Pennsylvania IRB approval was initially 

obtained for P01-AG17586 in January 1999 from the University of Pennsylvania. Most 

recently (September 2013), the University of Pennsylvania IRB awarded the P01 

continuing approval for a protocol that included neuropsychological testing including the 
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PACT, questionnaires, and MRI procedures. For the dissertation study, I obtained IRB 

approval to amend the parent study (P01-AG17586) to include the above analyses on July 

25, 2012. 

Source of materials. I obtained the materials for this study, including data 

generated from the PACT, neuroimaging, and neuropsychological tests (including the 

NPI), from participants in the parent study. The PACT took approximately 45 minutes to 

complete. The neuroimaging sequence generally took 30 minutes to complete. The 

neuropsychological tests took approximately 60 minutes to complete. 

I collected data in the Cognitive Neurology Clinic and in the Department of 

Radiology at the Hospital of the University of Pennsylvania. If the subject and caregiver 

desired, I collected the PACT and neuropsychological testing during an in-home visit. I 

entered the raw data, which included subject and caregiver demographics, directly into a 

Web-based data-management system. I anonymized data through the use of alpha 

numeric identification numbers, and kept the key for the identification in a separate 

password-protected site. The server was log-in accessible only to the investigators and 

key study personnel. Data and all analyses for this study were kept on this server. After 

the data were entered, I stored the raw data in the Department of Neurology in a secured 

file cabinet and will keep it for 6 years to satisfy university policy. 

I archived all MRI data from the scanner onto compact disk immediately 

following data acquisition. I loaded data onto a workstation, stripped them of identifying 

information, and transferred them via secure ftp to a specific account for this project on 

the CfN web server at the University of Pennsylvania. I backed up data stored on the CfN 
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cluster weekly using SDLT tape, and made daily interim backups onto external firewire 

hard drives. 

Potential risks and adequacy of protection against risks. 

Informed consent and assent. Informed consent and assent for the parent study 

were obtained from the caregiver and patient in accordance with the University of 

Pennsylvania IRB approved procedures. Participants were recruited from a pool of 

patients and their caregivers in the Cognitive Neurology Clinic at the Hospital of the 

University of Pennsylvania. After participants were evaluated for inclusion/exclusion by 

a cognitive neurologist (MG), they were provided a written and verbal explanation of the 

purpose, protocol, risks, and benefits of the study. At all times during the informed-

consent process, potential study participants were reminded that participation was 

voluntary and withdrawal was an acceptable alternative to participation. After 

participants/caregivers had an opportunity to ask questions, fully informed written/assent 

was obtained from patient and caregiver. 

Assessing each individual’s capacity was an important step in the informed-

consent process, because cognitively impaired individuals, such as those with bvFTD, 

may not have been able to understand relevant information or may not have been able to 

reason about the alternatives available to them. Previous research has shown that ND 

patients with preserved awareness of their diagnosis, symptoms, and prognosis are likely 

to retain the capacity to make decisions about their care (Karlawish, 2008). Because 

judgment and insight are lost early in bvFTD patients (Piguet, Hornberger, Mioshi, & 

Hodges, 2011), we did not assume capacity to consent even with “mildly impaired” 

scores on the MMSE. To our knowledge, no studies addressed the decision-making 
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capacity of bvFTD patients. Capacity assessment remains a clinical assessment 

performed by the cognitive neurologist (MG). If patients did not have sufficient capacity 

to consent, then assent was obtained. At minimum, assent from the patient and proxy 

consent were obtained for all participants. Potential risks for patients and caregivers who 

participated in this study were related to subject burden and distress as well as 

administration of testing materials. A list of the potential risks in this study and the 

protections against risks are addressed below. 

Risk associated with PACT and/or neuropsychological testing for patients. 

Patients took no physical risks by performing the PACT and answering questions 

associated with the neuropsychological tests. Some participants may have become 

fatigued or felt anxious while performing these tests. 

Protection against risk. The testing was divided into several small sections, 

thereby providing frequent rest periods, and the testing may have continued during a 

follow-up session, as appropriate. Participants could request additional rest periods at any 

time. Prior to each task, we discussed the nature of the task. Because participation in the 

study was voluntary, participants could choose not to answer any question and had the 

right to withdraw if desired. 

Risks associated with MRI. There is little risk associated with MRI studies. Many 

participants have been safely studied in MRI research. The technique uses no radiation, 

so it can be repeated with no known adverse effects (Cogbill & Ziegelbein, 2011). The 

measurement is painless, but it is noisy inside the magnet. The magnetic field is not 

harmful in itself, but implanted devices (e.g., pacemaker) that contain metal may 

malfunction during the MRI. In addition, a metallic object may fly through the air toward 
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the magnet and hit the patient. Last, participants may experience claustrophobia in the 

machine; thus, we excluded participants with a known history of claustrophobia from the 

MRI portion of the study. 

Protection against risk. We gave participants earplugs to decrease the noise level 

while in the scanner. Because of the strong magnetic field, we excluded patients with 

pacemakers or other metallic implants from this component of the study. Participants and 

caregivers completed an MRI screening form with study personnel before entering the 

MRI room. The purpose of the form was to identify known metallic implants that would 

be a contraindication for MRI. We required participants to remove all metal from their 

person and clothing, including metal objects in their pockets before entering the MRI 

room. Last, we gave participants a call bell to squeeze if they became uncomfortable or 

claustrophobic, and the MRI study was stopped at that point. 

Risks associated with caregiver questionnaires. We held some concern for 

psychological distress for the family caregivers when we administered the NPI and AES-I. 

Neuropsychiatric features in dementia can be a sensitive topic and some caregivers were 

at risk for becoming upset. Similar research studies involving interviews with spousal 

caregivers, however, found that the experience afforded them a positive opportunity to 

share their experience and contribute to scientific knowledge (Hellstrom, Nolan, 

Nordenfelt, & Lundh, 2007; Mastwyk, Ritchie, LoGiudice, Sullivan, & Macfarlane, 

2002). 

Protection against risk. In the event that a negative emotional response occurred, 

we reminded caregivers that they did not have to answer any question with which they 

felt uncomfortable and they were provided a break. Additionally, we provided caregivers 
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with support-group information. The name and contact information for a licensed 

psychologist who has experience working with caregivers of persons with dementia was 

also available. 

Ethics of participant payment. We paid participants $35 for the burden 

associated with the MRI procedure of the parent study. Also, we paid participants an 

additional $10 for participating in the PACT. This test asked participants to make 

decisions about picture stimuli on a computer screen. The experimental hypothesis tested 

whether participants were able to improve their times in return for positive feedback. In 

the PACT, points were awarded for appropriate responses or deducted for inappropriate 

responses. We told all participants that the number of points they accumulated would be 

converted into a monetary award at the end of the experiment. We constructed a 

conversion scale so that we paid all participants $10 for their participation, regardless of 

the points they earned. To calculate reimbursement, we used the wage-payment model. 

This payment model operates on the notion that research participation requires little skill, 

but does require time and effort (Dickert & Grady, 1999). We chose this model because it 

standardizes the payment process so that all participants were paid equally. 

Potential benefits of the proposed research to human subjects and others. We 

informed participants that they would have no additional risk and receive no additional 

benefits from analysis of data in this study. It is possible that although these results may 

benefit patients and caregivers in the future, participants in this study would not realize 

an immediate or direct benefit from participating. Given the minimal risks associated 

with this study, and the general benefits to the patients and families with ND and the 

research community, the overall risk-to-benefit ratio was favorable. Further, we found 
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research studies that suggested there are altruistic benefits to participating in dementia 

research, even if the subject is not directly benefited (Law, Russ, & Connelly, 2013; 

Lynoe, Sandlund, & Jacobsson, 1998). 

Importance of knowledge to be gained. The overall goal of this innovative 

research project was to identify the neural mechanisms that contribute to apathy in 

patients with a certain type of ND. By identifying three distinct impairments in GDB, 

interventions can be explored based on an individual’s pathology profile. Interventions 

may help the apathetic patient engage in activity, but the interventions must be tailored to 

the subtype of apathy. To facilitate this research, researchers need an objective evaluation 

that is able to differentiate subtypes of apathy by neuroanatomical mechanisms. Then a 

systematic evaluation of existing interventions for apathy will be warranted, followed by 

the testing of interventions designed by apathetic subtype. These studies are necessary to 

improve patient and caregiver quality of life. 

Inclusion of women and minorities. The sample included both male and female 

adults. FTD affects slightly more men than women (Johnson et al., 2005), and to date, the 

parent study tended to recruit slightly more male than female patients. In the case of an 

imbalanced enrollment, I planned to query the database to find a representative sample. 

Recruitment, selection, and enrollment were not discriminatory regarding race or 

gender; however, an unequal number of minorities were enrolled in the parent study. 

Recent research suggested that members of minority populations are less likely to 

participate in dementia research because, relative to their Caucasian counterparts, they 

are often diagnosed later, and thus do not receive specialized dementia care (Cooper, 

Tandy, Balamurali, & Livingston, 2010). Ongoing efforts to engage a community of 



44 

	  

minorities included a monthly educational series at community centers in Philadelphia 

and surrounding areas. Researchers used these efforts to aggressively increase and retain 

minority-group representation. 

Inclusion of children. The participants in this study were adults age 21 and older. 

We excluded children, as this research relates to adults with ND. 
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Abstract 

Apathy, the major manifestation of impaired GDB, is the most common neuropsychiatric 

syndrome associated with bvFTD. The behavioral and biological mechanisms of apathy, 

however, are not well understood. To improve understanding of apathy, we examined the 

neural basis of GDB in bvFTD. Eighteen apathetic bvFTD participants and 17 healthy 

controls completed the PACT. This test quantifies each of three components of GDB—

initiation, planning, and motivation—hypothesized to contribute to apathy. We then 

analyzed the association between PACT scores with grey matter atrophy and reduced 

white matter FA in bvFTD. Compared to controls, bvFTD participants demonstrated 

significant impairments in the three hypothesized components of GDB that contribute to 

apathy. Regression analyses related each component to disease in specific grey matter 
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structures and associated white matter tracts. Poor initiation related to grey matter 

atrophy in anterior cingulate and reduced FA in cingulum. Planning impairment related to 

grey matter atrophy in dlPFC and reduced FA in superior longitudinal fasciculus. Poor 

motivation related to grey matter atrophy in orbitofrontal cortex and reduced FA in 

uncinate fasciculus. bvFTD patients have difficulty with initiation, planning, and 

motivation components of GDB. These findings are consistent with the hypotheses that 

GDB encompasses three processes, that these are supported by a large-scale neural 

network in specific portions of the frontal lobe, and that degradation of any one of these 

prefrontal regions in bvFTD may contribute to apathy. 

Introduction 

Apathy is among the most common behavioral manifestations that contribute to 

bvFTD (Diehl-Schmid et al., 2006). However, the mechanisms that contribute to apathy 

are poorly characterized. We hypothesize that apathy can be operationalized as an 

impairment in GDB that is essential to daily human functioning. GDB defined as “broad 

spectrum of purposeful actions, from the simplest movement to the most complex 

patterns of behavior” (Brown & Pluck, 2000, p. 416)—includes mechanisms such as 

initiation, planning, and motivation, which allow a person to direct purposeful behavior 

toward a desirable goal or away from an undesirable outcome (Geurts & de Wit, 2013). 

In this study, we examined dissociable behavioral and neuroanatomic components of 

GDB in bvFTD in an effort to improve understanding of apathetic behavior. 

Most studies of bvFTD assumed that apathy is a single, undifferentiated 

behavioral phenomenon. Using a unitary model, researchers have linked apathy in 

bvFTD to several prefrontal areas, including dorsolateral, anterior cingulate, and orbital 
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regions (Massimo et al., 2009; Zamboni et al., 2008). Heterogeneous findings such as 

these may reflect that apathy is multifactorial, consistent with the GDB model, and that 

each of these anatomic regions supports one component of a large-scale network that may 

be compromised in bvFTD patients who display apathy. In the present study, we used a 

novel RT test that directly ascertains each of three components thought to play a role in 

GDB, and we relate patterns of impairment for each component to MRI regions of grey 

matter atrophy and white matter integrity in bvFTD. 

Methods 

Participants. Eighteen bvFTD patients (five women) were recruited from the 

outpatient clinic of the Department of Neurology, University of Pennsylvania and 

evaluated by experienced cognitive neurologists (DJI, MG) using published consensus 

criteria (Rascovsky et al., 2011). All patients had mild disease (MMSE ≥ 20) to minimize 

potential confounding factors related to severe cognitive impairment. Medical and 

psychiatric causes of dementia were excluded by clinical examination and blood- and 

brain-imaging tests. We also excluded individuals with depression using the Geriatric 

Depression Scale-Short Form (Sheikh & Yesavage, 1980) scores > 5, as depression can 

be confused with apathy, and we excluded participants taking benzodiazepines and other 

soporific medications because of their sedating side effects. All participants had apathy, 

determined by the NPI (Cummings et al., 1994) FxS score >1. The FxS score is rated on 

the basis of scripted questions administered to the patient’s caregiver, yielding a 

maximum score of 12. Caregiver also rate their own levels of distress for each domain. 

Seventeen healthy seniors served as a control group for the behavioral measure. Control 

participants were demographically-comparable to bvFTD participants for age and 
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education and self-reported a negative neurological or psychiatric history. See Table 6 for 

a summary of demographic characteristics. All participants and responsible caregivers for 

patients participated in an informed-consent procedure approved by the University of 

Pennsylvania IRB. 

Table 6 

Mean (+S.D.) Demographic and Clinical Features of Patients with Behavioral Variant 

Frontotemporal Degeneration and Healthy Controls 

 Controls (n = 17) bvFTD (n = 18) 

Age (Years) 67.12±10.82 61.00± 5.2 

Education (Years) 15.35±2.91 17.00± 3.1 

Disease duration (Years) na 3.70±1.63 

Mini-Mental State Exam 
(max score=30) 

29.47±0.87 27.33±2 .2 

 

Behavioral measures. 

The Philadelphia Apathy Computerized Test (PACT). The PACT was developed 

to quantify components of GDB that are compromised in patients with apathy. It was 

developed based on a review of experimental paradigms in the literature and clinical 

observations of apathy (Jenkins et al., 2000; Ruh et al., 2010). Briefly, a computerized 

RT was obtained to assess initiation, planning, and motivation components of GDB. 

Participants had a brief practice period of several trials for each of the measures described 

below, and all participants appeared to understand the tasks. 

To assess the initiation component, participants began a trial by depressing the 

“start” key, then a central visual stimulus (triangle) appeared on the computer screen 

(latency ranging pseudorandomly 500–1,200msec); finally, another fixed central target 
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key must be depressed in response to this stimulus for 48 trials. To obtain an initiation 

score, we measured the latency for the subject to lift the finger off of the start key in 

response to the stimulus on the screen. 

Assessing the planning component required a resource-demanding task that 

depended on the integration of strategies to meet the challenges of the condition (Sorel & 

Pennequin, 2008; Toglia & Berg, 2013). Here, participants must correctly press one of 

two pseudorandomly lateralized keys, contingent on the combination of two features of a 

central visual-pattern stimulus: if the stimulus is blue or has horizontal stripes, the key on 

the left is correct; if the stimulus is orange or contains vertical stripes, the key on the right 

is correct. To assure that planning could be assessed specifically, we minimized the 

influence of working memory confounds by making the patterns visually available to 

participants during performance. A planning score was generated by averaging the total 

latencies on correct trials of the planning task described above. 

To assess the motivation component, the participant performed the initiation task 

described above; here, we gave participants an additional amount of money in the form of 

monetary units at the beginning of the task, and money was taken away as a “penalty” if 

they did not respond more rapidly to a stimulus relative to their previous performance, 

obtained during the initiation task described above. Participants received verbal and 

visual feedback (a bank of points appeared on the screen) about their response speed after 

each trial on the computer screen, compared to their prior RT, and we told participants 

that monetary units would be converted to money at the end of the study. Participants 

also performed a “reward” condition where they receive points for responding more 

rapidly than during the initiation condition (reward and penalty conditions were 
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administered in a randomly ordered manner across participants, but we used the penalty 

condition to obtain a motivation score because previous work has shown that bvFTD 

patients are particularly insensitive to negative feedback (Grossman et al., 2010). 

Neuroimaging data. Structural MRI data were available for all bvFTD 

participants with PACT scores (n = 18), and DTI data from the same scan session were 

also available for a subset of these participants (n = 15). We acquired high-resolution T1-

weighted 3-dimensional spoiled gradient echo images on a Siemens 3.0T Trio scanner 

with an 8-channel coil (repetition time = 1,620msec, echo time = 3msec, slice thickness = 

1.0mm, flip angle = 15°, matrix = 192 × 256, and in-plane resolution = 0.9 × 0.9mm). We 

acquired DWI using a single-shot, spin-echo, diffusion-weighted echo planar imaging 

sequence (FOV = 245mm; matrix size = 128 × 128; number of slices = 57; voxel size = 

2.2mm isotropic; TR = 6,700ms; TE = 85ms; fat saturation). In total, we acquired 31 

volumes per subject, one without diffusion weighting (b = 0 s/mm2) and 30 with diffusion 

weighting (b = 1,000 s/mm2) along 30 noncollinear directions. For comparison, we 

selected a standardized sample of 24 controls with existing MRI and DTI. Two sample 

t-tests confirmed that patients and controls [mean age = 60.71 years (SD = 6.9); mean 

education = 15.79 years (SD = 1.9)] were demographically comparable (age, education, 

and gender, all p > .1). To ensure our imaging control cohort was representative of the 

behavioral control cohort, we performed two-sample t-tests and confirmed that these 

groups were demographically comparable (age, education, and gender, all p > .1). 

Grey matter imaging data. Before normalization, we segmented each individual’s 

structural image into tissue classes using Atropos, a voxel-based segmentation tool that 

segments the brain into grey matter, white matter, and cerebrospinal fluid (Avants, 
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Tustison, Wu, Cook, & Gee, 2011). We preprocessed all images using PipeDream 

(Sourceforge, 2014) and ANTS (Penn Image Computing & Science Lab. 2014) to 

perform multivariate normalization. Researchers demonstrated that this method 

accurately normalizes large-scale data in studies of patients with ND (Avants et al., 2008; 

Avants, Tustison, Song, et al., 2011). We used a diffeomorphic deformation for 

registration that is symmetric so it is not biased toward the reference space for computing 

the mappings (Avants, Tustison, Song, et al., 2011). Processing involved mapping T1 

structural MRI to an unbiased average-shape and average-appearance template derived 

from a representative population consisting of 25 healthy seniors and 25 patients with 

FTD (J. Kim et al., 2008) This diffeomorphic method for registration and normalization 

avoids the need to use identical participants in the local template. Grey matter probability 

images were calculated as a quantitative measure of grey matter density. We then 

transformed grey matter probability images into Montreal Neurological Institute space for 

statistical analysis and down-sampled to 2mm3 resolution to attain a more anatomically 

relevant voxel size. 

We used SPM8 (SPM, 2014) to smooth grey matter images using a 5mmFWHM 

Gaussian kernel. We conducted a whole-brain analysis: First, we compared grey matter 

density in bvFTD and 24 healthy seniors using a two-sample t-test with a voxel level 

threshold of p < .001 (FDR-corrected) and extent threshold of 50 voxels. In the second 

analysis, we performed regressions to relate grey matter density in bvFTD directly to the 

scores (initiation, planning, and motivation) on the PACT. We restricted regression 

analyses to evaluate only potential relationships between PACT performance and regions 

demonstrated to be atrophied in our bvFTD sample in an effort to constrain our 
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interpretations of the regression analyses to those brain regions known to be significantly 

atrophic and highly likely to have disease. For example, a significant correlation between 

a nonatrophied area and a PACT score could otherwise be attributed to factors that are 

independent from disease and instead related to nonspecific factors such as age. The 

height threshold for the regression analyses was set at p < .005 (uncorrected). The 

threshold was set at p < .05 for the planning regression due to limited variance in 

planning scores. We accepted as significant a cluster with a volume of 30 adjacent voxels 

and a peak voxel Z-score > 3.09 (equivalent to p < .001). 

White matter imaging. DWIs were preprocessed with PipeDream and ANTS, as 

above. We removed motion and distortion artifacts by affine coregistration of each DWI 

to the unweighted (b = 0) image. We computed DTs using a linear least squares algorithm 

(Salvador et al., 2005) implemented in Camino (Cook et al., 2006), and reoriented tensors 

using the preservation-of-principal-directions algorithm (D. C. Alexander et al., 2001). 

We computed FA from the DT image for each subject, correcting distortion between T1 

and DT images by registering the FA image to the T1 image. We warped each 

participant’s T1 image to the template via the symmetric diffeomorphic procedure in 

ANTS; then warped the FA image to template space by applying the T1-to-template 

warps. 

We smoothed FA images using a 4mm FWHM isotropic Gaussian kernel. We 

performed DTI analyses of FA in SPM8 using the two-samples t-test module. We 

analyzed DTI volumes using an explicit mask (FA > 0.25) to constrain comparisons to 

regions of white matter. To compare bvFTD participants to healthy seniors, we used a 

p < .005 (FDR-corrected) height threshold and a 200-voxel extent. We constrained 
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regression analyses to white matter tracts with reduced FA using an explicit mask 

generated from the results of the direct comparison with healthy seniors. We limited our 

analyses to white matter tracts with significant disease, as above, to constrain our 

interpretation to disease-specific neuroanatomical regions. Using a deterministic 

tractography procedure in Camino (Cook et al., 2006) we tracked white matter fibers in a 

healthy elderly template generated using the DTI sequence described above. We retained 

fiber tracts that passed through voxels of reduced FA to define the mask for regression 

analyses and accepted as significant a cluster with a volume of 150 adjacent voxels and a 

peak voxel Z-score > 3.3 (equivalent to p < .0005). 

Results 

Behavioral data results. Mean apathy FxS score on the NPI for the bvFTD group 

was 5.27 ± 3.3. Mean caregiver distress associated with apathy was 2.77 ± 1.4. Caregiver 

distress scores and FxS scores were moderately correlated (rho = 0.53; p = .03). 

Table 7 summarizes the performance on the PACT measures. Between-group 

comparisons revealed that apathetic bvFTD participants had slower latencies than NC on 

all three measures of GDB: initiation (t[33] = 2.26, p = .03; planning (t[33] = 4.79, 

p < .001; and motivation (t[33] = 2.17, p = .03). 

Table 7 

Mean (S.D.) Reaction Time Scores for PACT Performance 

PACT score Control (n = 17) bvFTD (n = 18) p-value 

Initiation 364.2ms ± 54.0 587.50ms ± 404.3 .03 

Planning 1023.76ms ± 139.9 1754ms ± 612.5 < .001 

Motivation 522.31ms ± 113.6 916ms ± 715.5 .03 
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Imaging results. 

Grey matter imaging. Figure 1 illustrates widespread reduction in grey matter 

density (green) in lateral (Panel A) and medial (Panel B) frontal and temporal regions in 

bvFTD compared to controls. Table 8 summarizes the location of peak voxels in 

significantly atrophic clusters. 

The results of the regression analysis relating PACT performance to reduced grey 

matter density are also summarized in Table 8. Initiation performance was related to 

ACC (Figure , Panel C, purple). Planning performance was related to dlPFC (Figure 1, 

Panel D, red). Motivation performance was related to OFC (Figure 1, Panel E, blue). 

 
Figure 1. Significant atrophy in behavioral variant frontotemporal degeneration, and 
regressions relating Philadelphia Apathy Computerized Test performance to grey matter 
density (n = 18)1. 
Note: 1. Panel A and B: Anatomic distribution of significant grey matter atrophy in 
participants with behavioral variant frontotemporal degeneration (green). Panel C: 
Significant regressions relating initiation performance to cortical atrophy in anterior 
cingulate (purple) at y = 40. Panel D: Significant regressions relating planning 
performance to cortical atrophy in dorsolateral prefrontal cortex (red) at y = 22. Panel E: 
Significant regressions relating motivation performance to cortical atrophy in 
orbitofrontal cortex (blue) at y = 42. See text and Table 8 for details. 
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Table 8*** 

Anatomic Locus of Peak Voxels in Clusters Relating PACT Scores to Grey Matter 

Atrophy (n = 18) and White Matter Integrity in bvFTD (n = 15)  

Anatomic locus 
(BRODMANNAREA)1 

MNI coordinates2 
Z-score of peak 

voxel 
Cluster size 

(voxels) X Y Z 

behavioral variant frontotemporal degeneration < Eld (grey matter atrophy) 

L superior frontal gyrus (10) -22 46 26 4.65 96 

R rostral prefrontal (11) 22 52 4 5.17 362 

R middle frontal gyrus (9) 20 26 38 5.06 106 

R inferior frontal gyrus (44) 40 8 28 5.84 401 

L insula -22 20 -6 4.69 194 

R subcallosal gyrus (25) 16 18 -8 5.24 524 

R parahippocampal gyrus (27) 18 -34 -2 6.25 14067 

R fusiform gyrus (20) 40 -34 -20 4.51 99 

R middle temporal gyrus (20) 58 -32 -18 4.70 94 

R inferior temporal gyrus (37) 54 -52 -10 4.90 149 

R inferior parietal lobule (40) 34 -34 38 5.10 64 

behavioral variant frontotemporal degeneration Initiation Regression (grey matter) 

R dorsal anterior cingulate gyrus (32) 22 16 42 4.87 52 

L dorsal anterior cingulate gyrus (32) -14 42 14 4.30 74 

behavioral variant frontotemporal degeneration (grey matter) 

R middle frontal gyrus (9) 22 14 44 3.28 56 

L middle frontal gyrus (11) -20 40 -22 3.10 104 

behavioral variant frontotemporal degeneration Motivation Regression (grey matter) 

L medial orbital frontal gyrus (11) -4 44 -16 4.61 42 

R inferior frontal gyrus (46) 40 38 10 3.90 42 

R inferior frontal gyrus (47) 34 34 2 3.17 78 

L inferior frontal gyrus (47) -48 24 -6 3.52 34 

R cingulate gyrus (32) 22 18 40 5.41 63 

L cingulate gyrus (32) -14 42 14 4.16 77 

 

behavioral variant frontotemporal degeneration < Eld (reduced fractional anisotropy) 

L uncinate fasciculus -33 2 -9 6.30 13222 

R uncinate fasciculus 38 7 -28 5.15 1388 

L inferior frontal gyrus white matter -34 14 22 5.87 7623 
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Anatomic locus 
(BRODMANNAREA)1 

MNI coordinates2 
Z-score of peak 

voxel 
Cluster size 

(voxels) X Y Z 

R cingulum 3 -21 30 4.60 355 

R anterior corona radiata 11 34 -13 4.54 1244 

Body of corpus callosum -7 6 25 4.44 1546 

R column and body of fornix 3 -8 16 6.42 541 

L posterior limb of internal capsule -18 -8 5 4.17 347 

L crus of fornix or striaterminalis -14 -30 13 4.76 261 

Splenium of corpus callosum 12 -33 11 5.15 1220 

R inferior temporal gyrus white matter 47 -48 -13 5.10 335 

behavioral variant frontotemporal degeneration Initiation Regression (fractional anisotropy) 

L cingulum -7 30 15 3.43 1693 

Body of corpus callosum 2 8 25 3.52 Same cluster as 
cingulum 

Genu of corpus callosum 13 52 14 4.03 1056 

Genu of corpus callosum -12 53 23 3.39 382 

R uncinate fasciculus 16 39 -16 4.84 2587 

L medial orbital gyrus white matter -14 32 -16 4.29 4609 

behavioral variant frontotemporal degeneration Planning Regression (fractional anisotropy) 

R superior longitudinal fasciculus 25 -40 34 3.47 191 

L inferior frontal gyrus white matter -49 31 5 3.54 217 

R inferior frontal occipital fasciculus 18 25 -3 5.10 1092 

Genu of corpus callosum 12 47 26 4.23 650 

Body of corpus callosum 15 15 42 3.82 533 

Body of corpus callosum 10 6 58 3.74 162 

R posterior corona radiata 20 -26 37 3.93 258 

L superior corona radiata -20 -14 38 3.54 269 

L. cingulum -5 -8 37 3.45 239 

behavioral variant frontotemporal degeneration Motivation Regression (fractional anisotropy) 

R uncinate fasciculus 16 39 -16 4.67 2537 

L medial orbital gyrus white matter -13 33 -16 3.98 1678 

Genu of corpus callosum 16 51 15 3.92 1091 

Genu of corpus callosum 2 25 7 3.77 2593 
Note. 1. The corresponding Brodmann area is indicated by the figure in parentheses. L = left; R = right. 2. 
Peak locus of these clusters are derived from MNI (= Montreal Neurological Institute) space converted to 
Talairach space using Montreal Neurological Institute. 
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White matter imaging. bvFTD showed widespread reductions in FA in bilateral 

frontal and temporal white matter relative to controls (Figure 2, Panel A, green). Peak 

voxels in clusters of significantly reduced FA, and regressions of FA with PACT scores 

are summarized in Table 8. Initiation performance was related to FA in cingulum, UNC 

fasciculus, inferior longitudinal fasciculus, and corpus callosum (CC) (Figure 2, Panel B, 

purple). Planning performance was related to FA in superior longitudinal fasciculus 

(SLF), right inferior frontal-occipital fasciculus, rostral frontal corona radiata, and CC, as 

well as posterior thalamic radiations (Figure 2, Panel C, red). Finally, motivation 

performance was related to FA in UNC as well as CC, corona radiata , and inferior 

longitudinal fasciculus (Figure 2, Panel D, blue). 

 
Figure 2. Reduced white matter integrity in behavioral variant frontotemporal 
degeneration, and regressions relating Philadelphia Apathy Computerized Test 
performance to reduced fractional anisotropy (n = 15)1. 
Note: 1. Panel A: Anatomic distribution of reduced fractional anisotropy in participants 
with behavioral variant frontotemporal degeneration (green). Panel B: Significant 
regressions relating initiation performance to reduced fractional anisotropy including 
cingulum (purple). Panel C: Significant regressions relating planning performance to 
reduced fractional anisotropy including right superior longitudinal fasciculus (red). Panel 
D: Significant regressions relating motivation performance to reduced fractional 
anisotropy in uncinate fasciculus (blue). See text and Table 2.3 for details. 
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Discussion 

This study investigated the behavioral and neural basis of GDB by examining 

bvFTD patients who display prominent apathy. We found that apathetic bvFTD patients 

are impaired on each of the three processes thought to contribute to apathy due to deficits 

in GDB: initiation, planning, and motivation. These three GDB processes were associated 

with disease in three distinct frontal grey matter regions and in white matter projections 

between these regions and other brain areas. Specifically, initiation difficulty related to 

atrophy in the ACC and to disease in the cingulum, poor planning related to atrophy in 

dlPFC and disruption in SLF and frontal corona radiata, and impoverished motivation 

related to atrophy in OFC and UNC disease. These findings are consistent with a three-

component model of GDB that can contribute to apathy in bvFTD. 

The PACT identified impairment in the three components of GDB: initiation, 

planning and motivation. A deficit in any one of these can contribute to apathy in bvFTD. 

Moreover, each of these deficits was associated with selective disruption of a large-scale 

neuroanatomic network important for GDB. Consider first a deficit in initiating a 

behavior that is related to ACC and white matter tracts including the cingulum. 

Considerable work has suggested that the ACC is important to initiate a behavior (Tekin 

& Cummings, 2002). Researchers previously implicated the ACC in processes that 

influence action initiation in healthy adult studies (Mulert, Gallinat, Dorn, Herrmann, & 

Winterer, 2003). Others implicated the ACC in initiation difficulty in those with frontal 

lobe injury. For example, the akinetic mute state is a medical term describing patients 

who tend to sit quietly in the same position all day without speaking or talking, and 

researchers related this specifically to ACC damage (Mega & Cohenour, 1997). The ACC 
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has been well studied in dementia, and neuroimaging evaluations have linked the ACC 

region to apathy in various groups. Researchers associated reduced grey matter density in 

the cingulate gyrus with apathy in patients with bvFTD (Massimo et al., 2009; Zamboni 

et al., 2008) and PD (Reijnders et al., 2010). Previous DTI studies investigating white 

matter disease and apathy showed an association with the cingulum, which has reciprocal 

connections between ACC and the medial orbitofrontal region that is important for 

motivation (Hahn et al., 2013; Ota et al., 2012). In healthy adults, ACC and dlPFC 

structures work in concert during complex tasks that require attentional control, likely to 

be mediated through the cingulum (Silton et al., 2010). Therefore, disease in ACC and 

interruption of projections between ACC and other structures important for GDB may 

contribute to apathetic behavior. 

Researchers associated deficits in the planning component of GDB with atrophy 

in the dlPFC and reduced FA in related white matter tracts, including SLF and frontal 

corona radiata. fMRI studies of healthy adults suggested that dlPFC contributes to 

planning and working memory (Di, Rypma, & Biswal, 2013). Patients who suffer from 

dysfunction in these circuits failed to elaborate, manipulate, and integrate important 

information needed for behavior that is goal-directed. Studies suggested a relationship 

between apathy and poor executive function in bvFTD (Eslinger et al., 2012; Zamboni et 

al., 2008). Eslinger and colleagues (2012) found caregiver apathy scores were 

significantly correlated with executive-function measures, suggesting that apathy 

emanates in part from difficulty manipulating and integrating elements of a plan to 

achieve a goal (Eslinger et al., 2012). Imaging studies of patients with FTD and AD have 

linked apathetic behavior to atrophy in dlPFC as well (Massimo et al., 2009; Zamboni et 
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al., 2008). In addition, a previous study of patients with amnestic mild cognitive 

impairment revealed a relationship between reduced FA in the SLF and apathy (Cacciari 

et al., 2010). The SLF is a prominent white matter tract interconnecting the frontal, 

temporal, and parietal lobes, and this tract has been implicated in the integration of these 

diverse regions involved in planning (Genova, DeLuca, Chiaravalloti, & Wylie, 2013). 

We found that difficulty with the motivation component of GDB is associated 

with atrophy in the OFC and related white matter tracts, including UNC. Evidence from 

healthy subject fMRI studies suggested that the OFC plays a role in interpreting value 

and reward-related information (Hare et al., 2010). Researchers have examined deficits in 

processing value and reward extensively in patients with FTD because they appear to 

have early degeneration of this frontal circuit in comparison to other neurodegenerative 

conditions (Rabinovici et al., 2007). Poor motivation can occur in these patients because 

they have decreased reactivity to positive “reward” and negative “punishment” signals, 

thereby making goal-selection difficult (Levy & Dubois, 2006). Experimental evidence, 

however, emphasized that patients with bvFTD and other diseases affecting OFC have 

the greatest difficulty interpreting “punishment” signals (Grossman et al., 2010). Imaging 

evidence from patients with bvFTD emphasized the link between OFC and apathetic 

behavior (Massimo et al., 2009). Fludeoxylucose PET brain activity is decreased in OFC 

in bvFTD patients with apathetic compared to nonapathetic patients (Peters et al., 2006). 

UNC is a major tract connecting the anterior temporal lobe with the medial and lateral 

prefrontal cortex areas known to be important for GDB (Kable & Glimcher, 2007). DTI 

studies performed in AD and PSP implicated UNC in apathy (Hahn et al., 2013) and our 

findings extend this to bvFTD. 
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Although we suggest specific contributions of neural mechanisms to distinct 

components of GDB, we do observe some overlap across measures. For example, our 

grey matter observations suggested that the cingulate may contribute to both initiation 

and motivation. In fact, post hoc correlation analyses of PACT measures revealed a 

significant correlation between initiation and motivation performance (rho = .78; 

p < .001). Post hoc correlations, however, are not significant between other PACT 

measures (all p > .05, Bonferroni corrected) and we otherwise observed distinct 

neuroanatomical regions contributing to components of GDB. It will be important for 

future work to identify quantitative measures of initiation and motivation that are not 

interdependent. 

This is the first study using the impaired GDB model to help explain apathy in 

ND, and our findings have potentially important implications for its treatment. Prior 

measures to manage apathy have not been effective (Mizrahi & Starkstein, 2007). One 

reason for this failure may be the way apathy is conceptualized. That is, apathy is 

currently viewed homogeneously, as if derived from a single source; our findings suggest 

that each of three components of GDB contribute to apathetic behavior. Treatments, thus, 

have tended to focus on improving the initiation component of GDB, often with 

stimulants (Devos et al., 2013), even though apathy may be due to a deficit in one of the 

other components of GDB. 

Some limitations should be kept in mind when considering our findings. Although 

our sample was larger than in prior investigations of apathy, we nevertheless studied a 

small number of patients and power in the imaging studies may have been insufficient to 

detect every anatomic region associated with apathy. Because floor effects in performing 
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the planning measure limited variance, we were forced to use a liberal threshold for our 

hypothesis-driven grey matter analyses. Last, we do not have neuropathological 

confirmation of the diagnoses of these patients. 

With these caveats in mind, we conclude that apathetic behavior in bvFTD can be 

characterized as an impairment in GDB that is a multicomponent process including 

initiation, planning, and motivation. These three processes are supported by a large-scale 

neural network constituting the neuroanatomic basis for GDB, including distinct grey 

matter regions in the frontal lobe and related white matter projections. 
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Abstract 

Apathy involves a reduction in GDB. In the current study, we sought to identify 

three subtypes of apathy in bvFTD by differentiating impairments in GDB. Twenty 

patients with bvFTD and 17 matched healthy controls participated in this study. We 

measured RTs using a novel computerized procedure—PACT—to quantify performance 

for each of three components of GDB—initiation, planning, and motivation—and to 

derive individualized patient-apathy profiles. We explored neuroanatomical associations 

of these performance profiles using a region of interest volumetric analysis. We found 

isolated deficits in each component of GDB in 12 (60%) bvFTD participants, including 

two (10%) with an isolated initiation impairment, eight (40%) with an isolated planning 

impairment, and two (10%) with an isolated motivation impairment. An additional eight 

(40%) participants were impaired on multiple components of the PACT. Voxel-based 
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morphometry revealed that those participants with reduced initiation had ACC atrophy; 

those with impaired planning had atrophy in dlPFC, and those with poor motivation had 

OFC atrophy. Apathy is a complex, multicomponent syndrome, and we found 

quantitative reduction in each of the three processes contributing to apathy in bvFTD. 

Introduction 

GDB describes a set of related processes that support independent, goal-obtaining 

action in everyday activities (Brown & Pluck, 2000). Core components of GDB include 

initiation, planning, and motivation. We adopted the perspective that apathy is a 

reduction in GDB which arises when one or more GDB processes are compromised 

(Levy & Dubois, 2006). We developed a quantitative measure to directly assess the 

behavioral and neuroanatomic basis for apathy in bvFTD. 

Apathy is reported to be the most common initial behavioral syndrome in bvFTD, 

occurring in up to 90.5% of  patients (Diehl-Schmid et al., 2006). Researchers associated 

akinetic mutism and abulia that emphasize a lack of initiation with apathy (Starkstein & 

Leentjens, 2008). Further, others related apathy to executive deficits that limit planning 

needed for goal-obtaining actions (Eslinger et al., 2012). Still others have broadly defined 

apathy as reduced motivation (Marin, 1996). Each of these characteristic behaviors can 

be seen in apathetic bvFTD patients. We assessed initiation, planning, and motivation 

components of GDB using a novel computerized RT test—PACT—in apathetic patients 

with bvFTD. 

Researchers think apathy arises following degeneration of frontal-subcortical 

circuits (Levy & Dubois, 2006). Consistent with the view that a single-component model 

may be insufficient to explain apathy, neuroimaging studies associate apathy with several 
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frontal regions (Massimo et al., 2009; Rosen et al., 2005; Zamboni et al., 2008). Previous 

imaging studies in persons without apathy suggested that poor initiation relates to ACC disease, 

(Kotchoubey et al., 2003; Reijnders et al., 2010); poor planning relates to disease in dlPFC, 

(Kaller et al., 2011; Unterrainer, Rahm, Kaller, Leonhart, et al., 2004; van den Heuvel et al., 

2005), and reduced motivation relates to disease in OFC (Diekhof et al., 2011; Sescousse et al., 

2010). A specific process of GDB suffers when one of these frontal areas is compromised, 

resulting in apathetic behavior. We hypothesized that patients with bvFTD have 

differentiated profiles of apathy, and that these relate in part to patients’ neuroanatomic 

distribution of disease. 

Methods 

Participants. We examined 20 apathetic patients with bvFTD (female = 5) and 

17 demographically matched healthy controls (NC). Experienced cognitive neurologists 

from the Department of Neurology, University of Pennsylvania (MG, DJI) evaluated and 

recruited all patients. bvFTD patients were diagnosed using published criteria (Rascovsky 

et al., 2011). Neurologists assessed patients as having apathy based on the apathy 

subscale of the NPI using an FxS score ≥ 1. As summarized in Table 9, we included only 

participants with mild disease (MMSE ≥ 20) to minimize confounding factors related to 

severity of cognitive impairment. Geriatric Depression Scale-Short Form (Sheikh & 

Yesavage, 1980) scores ≤ 5 demonstrated that participants were not depressed, as 

depression also could confound our findings. All subjects and responsible caregivers 

participated in an informed-consent procedure approved by the University of 

Pennsylvania IRB. 
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Table 9 

Mean (S.D.) Demographic Features of Participants 

 NC (n = 17) bvFTD (n = 20) 

Age (YEARS) 67.12±10.82 63.1±5.88 

Education (Years) 15.35±2.91 16.65±2.79 

Mini-Mental State Exam (max score = 30) 29.47±0.87 26.45±2.48 

Disease duration (Years) na 3.4±1.64 

Mean Neuropsychiatric Inventory 
Apathy frequency by severity (max score = 
12) 

na 
5.54±3.1 

 

The initial clinical diagnosis of bvFTD was consistent with results of serum 

studies, structural imaging such as MRI or CT, studies of cerebrospinal fluid, and 

functional neuroimaging studies such as single-photon emission computerized 

tomography or PET (when available). Exclusion criteria included the presence of other 

neurological conditions such as stroke, closed-head trauma, or hydrocephalus; primary 

psychiatric disorders such as depression or psychosis; a systemic illness that can interfere 

with cognitive functioning; or use of soporific medications because of their sedating side-

effects. Patients may have been taking a fixed dosage of a cholinesterase inhibitor (e.g., 

donepezil, rivastigmine, or galantamine) or memantine, or a low dosage of a nonsedating 

antidepressant (e.g., serotonin-specific reuptake inhibitors such as sertraline) or an 

atypical neuroleptic agent (e.g., quetiapine), indicated clinically. 

The Philadelphia Apathy Computerized Test (PACT). The PACT is a novel 

computerized RT test designed to quantify each core component of GDB: initiation, 

planning, and motivation. The PACT was developed based on a review of experimental 

paradigms and clinical observations (Elliott et al., 2010; Jenkins et al., 2000; Ruh et al., 
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2010). There are 48 trials in each of the three conditions, one for each GDB component. 

A practice block, in which participants receive instructions about task performance and 

12 practice trials, precedes each experimental condition. 

In each condition, a trial begins when the subject depresses a computer “start” key 

with the index finger. In response to a signal, RT1 is the latency for a participant to lift 

the finger from the start key, and RT2 is measured as the time to depress the target key 

after lifted from the start key. Total latency is the sum of RT1 and RT2. We 

counterbalanced all stimuli and randomly distributed them in each condition. 

In the simplest condition, designed to measure the initiation component, a 

participant begins a trial by depressing the start key; when a stimulus appears centrally on 

the computer screen, the participant lifts the finger from the start key, then depresses a 

fixed central target key in response to this stimulus; the signal occurs on average 

1,250msec (range 500–2,000msec) after depressing the start key. Initiation is assessed by 

measuring RT1. 

To measure the planning component, we administered two levels of task difficulty. 

In the first level, participants depress the start key and then are presented with randomly 

ordered lateralized visual stimuli on the computer screen. Participants are instructed to 

press a left or right target key (stimulus appears on the left, then go left; stimulus appears 

on right, then go right. In the second, more complex level, one of two lateralized keys is 

pressed contingent on the combination of patterns in a central visual stimulus (stimulus 

appears on the left, then go left; stimulus appears on right, then go right). These patterns 

are visually available to participants during performance to minimize task-related 

working memory confounds. We used two measures to identify a planning deficit: total 



68 

	  

latency in the complex planning condition and the difference in response times between 

these two levels of difficulty. 

To assess motivation, we repeated the simplest condition with an explicit 

monetary reward incentive; a system of “monetary units,” was exchanged for actual 

money at the end of the study, for responding correctly and more rapidly than during the 

simple task. Participants see their response speed during the unrewarded condition on the 

computer screen, and receive feedback about their “rewarded” response speed on the 

computer screen after each trial. Sensitivity to negative consequences is also assessed 

with a “penalty” condition. In this “penalty” condition, participants are given a number of 

monetary units at the beginning of the task. If they do not respond correctly and more 

rapidly, they lose units. We use the total latency in the penalty condition to assess 

motivation because previous work has shown that bvFTD patients appear to be relatively 

insensitive to negative feedback (Grossman et al., 2010). The point system was adjusted, 

without knowledge of the participant, so that each participant received the same total 

actual payment at the end of the study. 

Behavioral criteria for developing apathy subtypes. We developed 

performance profiles according to predetermined criteria that correspond to each of the 

components of GDB, and these were ascertained in individuals using latency means and 

standard deviations over 48 trials in each of the three experimental conditions (see Table 

10). Individual participant z-scores were generated for NC performance for each 

condition. Significant impairments were defined as a z-score ≥ 2 for each component. 

Most participants with impairments in initiation and/or motivation also had a planning 

impairment, consistent with the dysexecutive profile typically seen in bvFTD (Rascovsky 
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et al., 2011). For participants whose impairment was limited to planning, we assumed this 

component was the sole contributor to apathy. To better distinguish which components 

contributed most to apathy in those with multiple impairments, we implemented the 

application of the planning criteria in a stepwise fashion. Thus, we subjected planning-

impaired participants who also had deficits in initiation and/or motivation to a second 

level review; we only classified those participants who also had greater slowing on the 

complex planning condition compared to the simpler planning condition in the planning-

impairment subtype. 

Table 10 

Behavioral Criteria for Apathy Subtypes  

Subtype profile Criteria 

Initiation Significantly slow Reaction Time 1 in simple condition 
Does not have slowed latencies for complex condition 
Able to improve performance on the simple condition in response to penalty. 

Planning Significantly slowed on complex planning condition and, for those with multiple 
impairments, significant slowing on the complex planning condition compared to the 
simpler planning condition 
Does not have slowed initiation for simple condition 
Able to improve performance on the simpler planning condition in response to reward 
or “penalty.” 

Motivation Significantly slowed on simple penalty condition and fails to improve performance 
with penalizing motivators 
Does not have slowed initiation for simple condition 
Does not have slowed latencies for complex condition. 

 

Neuroimaging data. High-resolution T1-weighted 3-dimensional spoiled 

gradient echo images were acquired on a Siemens 3.0T Trio scanner with an 8-channel 

coil (repetition time = 1,620msec, echo time  = 3msec, slice thickness = 1.0mm, flip 

angle = 15°, matrix = 192 × 256, and in-plane resolution = 1.0 × 1.0mm). Before 
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normalization, each participant’s structural image was segmented into tissue classes using 

Atropos, a voxel-based segmentation tool that segments the brain into grey matter, white 

matter, and cerebrospinal fluid (Avants, Tustison, Wu, et al., 2011). We preprocessed all 

images processed using PipeDream (Sourceforge, 2014) and ANTS (Penn Image 

Computing & Science Lab, 2014). Researchers previously demonstrated the ability of 

this method to accurately normalize large-scale data as in studies of patients with ND 

(Avants et al., 2008; Avants, Tustison, Song, et al., 2011). We used a symmetric 

diffeomorphic deformation for registration to avoid bias toward the reference space for 

computing the mappings (Avants, Tustison, Song, et al., 2011). Processing involved 

mapping T1-weighted structural MRI to an unbiased average-shape and average-

appearance template derived from a representative population consisting of 25 healthy 

seniors and 25 patients with FTD (J. Kim et al., 2008). This diffeomorphic method for 

registration and normalization avoids the need to use identical participants in the local 

template (Avants & Gee, 2004). Images were then warped to Montreal Neurological 

Institute space for analysis. We calculated grey matter probability images as a 

quantitative measure of grey matter density. 

Structural MRI data were available for 19 bvFTD participants who completed the 

PACT. We obtained a priori defined ROI for ACC, dlPFC, and OFC. These ROIs were 

selected based on literature suggesting that poor initiation relates to disease in ACC 

(Kotchoubey et al., 2003; Reijnders et al., 2010), poor executive function relates to 

disease in dlPFC (Kaller et al., 2011; Unterrainer, Rahm, Kaller, Leonhart, et al., 2004; 

van den Heuvel et al., 2005), and reduced motivation relates to disease in OFC (Diekhof 

et al., 2011; Sescousse et al., 2010). We used a standardized AAL and parcellation 
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method (Tzourio-Mazoyer et al., 2002) to label the following ROIs. The first ROI (e.g., 

initiation) was centered on the ACC (AAL label = ACIN). The second (e.g., planning) 

ROI was centered on the middle frontal gyrus portion of the dlPFC (AAL label = F2). 

The last ROI (e.g., motivation) was composed of the orbital regions of the middle and 

superior frontal gyri (AAL labels = F10, F20). Additionally, we used a control ROI in the 

MT region (AAL label = T2). We chose this region because it is an area implicated in 

bvFTD (Brettschneider et al., 2014), but we did not hypothesize it to contribute to GDB. 

For all ROIs, we computer the mean GMP value and divided it by the subject’s 

individual average whole-brain GMP value. Using this ratio, we examined relative 

differences in regional composition of grey matter in frontal areas thought to underlie 

GDB impairments and the control region in the lateral temporal lobe. 

Results 

Behavioral results. Mean (SD) NPI apathy FxS score for the bvFTD group was 

5.54 ± 3.1, which suggests moderate levels of global apathy. Table 11 summarizes mean 

group performance on PACT measures. Between-group comparisons found that apathetic 

bvFTD participants have significantly slower latencies than NC on each GDB measure: 

Initiation (t[35] = 2.35, p = .03; Planning (t[35] = 5.58, p < .001; Motivation (t[35] = 2.60, 

p = .01). Although caregiver distress scores were correlated with NPI FxS scores for 

apathy, PACT scores did not correlate with either caregiver distress scores or NPI apathy 

scores. 
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Table 11 

Mean (SD) Latencies for each PACT Score in all Participants 

PACT score Control (n = 17) bvFTD (n = 20) p-value 

Initiation 364.31ms ±54.06 584.03ms ±381.60 .03 

Planning (complex 
condition) 

1023.79ms ±140.01 1845.75ms ±592.89 < .001 

Motivation (penalty 
condition) 

522.22ms ±113.54 967.67ms ±675.15 .01 

Note. PACT = Philadelphia Apathy Computerized Test; bvFTD = behavioral variant frontotemporal 
degeneration. 

Inspection of individual patient z-score profiles identified 12 patients (60%) with 

an impairment on a single GDB component. As summarized in Table 12, two (10%) had 

an initiation deficit, eight (40%) had a planning deficit, and two (10%) had a motivation 

deficit. Four patients (20%) had an initiation impairment combined with impaired 

planning or motivation, and four (20%) were impaired across all three GDB components. 

There were no differences in any demographic variables between participants with 

impairments in single or multiple components of GDB. 

Table 12 

Number of bvFTD Participants According to Apathetic Subtype (N = 20)  

Subtype N (%) 

Single component 12 (60%) 

 Initiation 2 (10%) 

 Planning 8 (40%) 

 Motivation 2 (10%) 

Multicomponent 8 (40%) 

 Initiation and planning 3 (15%) 

 Initiation and motivation 1 (5%) 

 Initiation, planning, and motivation 4 (20%) 
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Neuroimaging results. We examined differences in regional GMP in bvFTD 

participants with MRI data (n = 19) based on PACT performance. Paired samples t-tests 

were conducted to compare GMP in a priori ROIs to the control ROI in the MT region. 

Participants with any initiation deficit (n = 9) showed significantly reduced grey matter in 

the ACC region (M = 1.03, SD = 0.10) compared to the MT region (M = 1.19, 

SD = 0.02); t(8) = 3.59, p = .007). Participants with any planning deficit (n=13) showed 

reduced grey matter in the dlPFC (M = 0.99, SD = 0.04) compared to the MT region 

(M = 1.17, SD = 0.03); t(12) = 8.05, p ≤ .001). Last, participants with any motivation 

deficit (n = 10) showed reduced grey matter in the OFC (M = 1.07, SD = 0.05) compared 

to the MT region (M = 1.17, SD = 0.04), t(9) = 3.20, p = .01). 

We confirmed these findings in every participants with a single apathy deficit. 

Thus, we evaluated the specificity of these imaging results with a post hoc assessment of 

GMP in each participant with a single deficit in each apathy component. Although the 

small number of participants with single impairments precluded statistical analysis, we 

confirmed that participants with a single impairment in initiation (n = 2) had reduced grey 

matter density in the ACC compared to the MT region, participants with a single 

impairment in planning (n = 7) had reduced grey matter density in the dlPFC compared to 

the MT region, and participants with a single impairment in motivation (n = 2) had 

reduced grey matter density in the OFC compared to the MT region (see Figure 3). 
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Figure 3. Regions of interest selected from the automated anatomical labeling template. 
Note: Three parcellated gyral-based regions of interest (lateral and medial view of the 
right hemisphere). Red = anterior cingulate cortex (initiation); green = dorsolateral 
prefrontal cortex (planning); blue = orbitalfrontal cortex (motivation); 
magenta = midtemporal (control region). 

Discussion 

This study examined differentiated impairments in GDB in bvFTD patients who 

displayed prominent apathy. We identified three components of apathy based on impaired 

GDB processes defined by performance on an objective behavioral instrument: 

impairment of initiation, planning, and motivation. Our observations support that apathy 

is a multicomponent syndrome, and specific deficits in initiation, planning, and 

motivation are associated with discrete regions of the frontal lobe. 

Understanding the precise nature of the mechanisms that contribute to apathy is of 

clinical and theoretical importance. At present, no one has identified effective treatments 

for apathy (Drijgers, Aalten, Winogrodzka, Verhey, & Leentjens, 2009). This may be due, 

at least in part, to consideration of apathy as a single, undifferentiated phenomenon when, 

in fact, specific components may be differentially compromised. From this perspective, 

treatment of an initiation deficit may not benefit an individual with impaired motivation. 

A crucial step toward improving management of apathy, thus, may involve improving 

understanding of the mechanisms that contribute to apathy. According to a GDB model, 
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at least three core processes—initiation, planning, and motivation—must be functional to 

translate an idea into a goal-obtaining action (Brown & Pluck, 2000). Impaired initiation 

limits spontaneous action and results from difficulty activating cognitive and motor 

functions to initiate an act or thought. Plans of action often consist of multiple mental 

steps, and compromised planning may limit the ability to manipulate the components of a 

task mentally in order to execute an action. Impaired motivation compromises the ability 

to process the internal and external determinants that augment the rewarding value or 

help avoid the negative consequences associated with the intention to act (Levy & Dubois, 

2006). The present study used the GDB model to demonstrate differentiated deficits in 

these three components of apathy in bvFTD. 

An international task force proposed criteria for the clinical diagnosis of apathy in 

neurodegenerative conditions, drawing a distinction between behavioral, cognitive, and 

emotional domains (Robert et al., 2009). These correspond in part to the initiation, 

planning, and motivation components of apathy suggested by the GDB model. One of the 

primary obstacles to advancing knowledge in this area has been the absence of a 

quantitative method that directly measures specific mechanisms contributing to apathy. 

Although several global apathy-assessment tools exist for the cognitively impaired 

population, there is a lack of agreement on the interpretability of the data from these 

measures (Clarke et al., 2011). This lack of consensus may be due in part to the fact that 

traditional instruments to ascertain apathy commonly use proxy report. This approach is 

subject to caregiver confounds such as burden and strain that may impact the evaluation. 

Indeed, we did find the ascertainment of apathy by proxy report was biased by caregiver 

stress. Caregiver distress scores and FxS scores were correlated (r = .47; p = .04), 
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suggesting that estimated symptom severity in bvFTD was likely biased by caregiver 

distress. 

Further, beyond confirming the presence of apathy, current instruments such as 

the NPI are ineffective in identifying different subtypes of apathy (Chow et al., 2009). 

One goal of the present study was to quantify components of GDB in apathetic 

participants in an objective manner, minimally confounded by proxy report. In a series of 

bvFTD patients with apathy, we identified individuals who demonstrated single deficits 

in each of the hypothesized components of GDB, providing some validation for this 

approach. Additional work is needed to examine these components in larger groups of 

participants with bvFTD and other neurodegenerative conditions. 

The failure to initiate behavior leads to a subtype of apathy such that an individual 

is unable to generate a signal significant enough to begin a response. The akinetic-mute 

state describes individuals who sit quietly in the same position all day without speaking, 

due to anterior cingulate damage (Mega & Cohenour, 1997). Abulia is the loss of 

initiative and spontaneous thought, and external stimulation is needed to start mental 

activity or speech (Quaranta, Marra, Rossi, Gainotti, & Masullo, 2012). The initiation 

condition of the PACT assesses this GDB component quantitatively by measuring the 

latency to initiate a movement in response to a visual signal. We found that some 

apathetic bvFTD individuals are significantly impaired only on this component of GDB. 

Moreover, this impairment was associated with anterior cingulate atrophy. 

Initiation difficulty is not the only basis for apathetic behavior. The ability to 

execute an action is also highly dependent on the cognitive processes needed to plan, 

organize, and carry out goals. Apathy related to “cognitive inertia” can result from 
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impairments in executive functions such as planning, working memory, and task-

switching (Burgess, 2000; Levy & DuBois, 2006). Apathy in AD has been related to 

difficulty performing several tasks interchangeably (Esposito et al., 2010). In PD, 

performance on standardized tests of planning was associated with severity of apathy 

(Weintraub et al., 2005). Poor planning was the most prevalent single component of 

apathy found to be impaired in our bvFTD sample. This is not surprising, given that a 

dysexecutive neuropsychological profile is a common finding in bvFTD (Rascovsky et al., 

2011). Moreover, we found that this subtype of apathy is associated with lateral 

prefrontal atrophy. Other work has associated executive difficulty in bvFTD with lateral 

prefrontal atrophy (Huey et al., 2009). 

Another component of GDB is motivation, that is, responsiveness to external and 

internal drives that may be positive or negative. Apathy may result from a lack of 

responsiveness to reward or risk, thereby making goal-selection difficult (Levy & Dubois, 

2006; Rosen et al., 2002; Schultz et al., 2000). Likewise, reduced ability to assess and 

interpret consequences of actions, whether positive or negative, can limit motivation 

(Zamboni et al., 2008). Patients with bvFTD typically have a greater desire for certain 

rewards such as money and social praise, but tend to show less sensitivity to negative 

consequences (Grossman et al., 2010; D. C. Perry, Sturm, Wood, Miller, & Kramer, 

2013). We found that patients performed faster on the reward condition (compared to the 

simple condition without incentive), suggesting they were motivated by a monetary 

incentive. Their performance pattern did not change, however, when we took away 

monetary units for not performing faster, thereby suggesting relative insensitivity to 

negative consequences. In our sample of bvFTD participants, we identified some 
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individuals with insensitivity to the motivational component of GDB, associated with 

OFC atrophy. Other work has associated limited motivation with ventral frontal atrophy 

in bvFTD (Grossman et al., 2010). 

Although each of the three components we assessed may contribute to GDB, 

clinical observations suggest that deficits in initiation, planning, and motivation may not 

be sequential, as some have hypothesized (Levy & Dubois, 2006). Instead, apathy may 

arise when any one of these three processes is impaired. For example, patients who have 

profound impairments in planning an action may be able to initiate an action and may be 

motivated to achieve a goal, but their planning impairments alone may make it difficult to 

engage in GDB. Our findings suggest that initiation, planning, and motivation processes 

are relatively independent and, when compromised, may each contribute to apathy. 

Additional work is needed to confirm these profiles in a longitudinal cohort. Nevertheless, 

we found several individuals who appeared to be impaired with multiple components of 

GDB. That is, some patients with initiation difficulty also had limitations in planning, 

motivation, or both. Although consideration may be given to the possibility that a deficit 

in initiation may also lead to additional difficulty in other GDB components, the 

observation of independent deficits in each GDB component makes this less likely. 

Compared to individuals displaying a multicomponent subtype of apathy, those with a 

single GDB deficit did not differ by age, disease duration, and MMSE (all p > .05). This 

outcome suggests that variations in apathetic profiles are not easily attributable to 

variability in the underlying disease process, but instead are related, at least in part, to 

anatomical distribution of disease. 
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Our findings need to be interpreted in light of several limitations. Our findings 

require confirmation in a larger sample of participants. We studied patients with relatively mild 

disease, and it would be valuable to extend assessment to more severely impaired patients. We 

studied bvFTD particularly because apathy is very common in this condition, these patients do 

not have motor limitations such as weakness or involuntary movements that can confound the 

quantitative assessment of reduced GDB, and there are no language or visuospatial deficits that 

can potentially limit the interpretation of impaired performance. Nevertheless, it would be 

important to investigate GDB in apathetic patients with other neurodegenerative conditions 

such as AD or PD who also display apathy. 

With these caveats in mind, we identified three components of GDB, using a 

novel computerized RT test that may show independently impaired results in apathetic 

patients with bvFTD. There appear to be at least three distinct sources of apathy, 

including a deficit in initiation, planning, or motivation, and these appear to depend in 

part on regions in the frontal lobe that support GDB. Impairment in any one or 

combination of these components—initiation, planning, or motivation—may emerge as 

apathy. 
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CHAPTER 4: THE NEURAL BASIS OF APATHY IN FRONTOTEMPORAL 

DEGENERATION: A LONGITUDINAL STUDY1 

Specific Aims 

Apathy, a reduction in GDB (Levy & Dubois, 2006), affects 90% of people with 

bvFTD (Diehl-Schmid et al., 2006), a common cause of early onset ND (Vilalta-Franch 

et al., 2013). The cognitive and neural impairments associated with apathy make it 

difficult to initiate, plan, and motivate activities toward a specific goal, such as dressing 

or bathing. These impairments are associated with significant decline in functional ability, 

caregiver burden, and increased cost of care due to early institutionalization (Butterfield 

et al., 2010; Lechowski et al., 2009; Massimo et al., 2009; Okura et al., 2011). Caregivers 

struggle to provide care without hope of relief because current treatments are ineffective 

(Mizrahi & Starkstein, 2007). In this interdisciplinary research training grant, I propose 

innovative methods to advance understanding of the longitudinal course of apathy, a 

clinical manifestation of brain pathology in persons with bvFTD. My long-term goal is to 

design tailored interventions targeting reduction and management of apathy and the poor-

health outcomes that accrue to affected individuals and their caregivers. This work will 

also serve as a training venue to help me attain my professional goal to become an 

independent researcher by developing expertise with new measures of moderators 

(environmental factors and genetics), as well as new statistical (longitudinal analysis) and 

imaging techniques (diffusion-tensor imaging). 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

1 This chapter was submitted as a National Research Service Award for Individual Post-Doctoral 
Fellows (F32). It appears here as it does in the submitted application. 
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In my dissertation work, funded by an Individual Predoctoral National Research 

Service Award (F31NR013306), I used empirical methods to identify three subtypes of 

apathy in bvFTD that interfere with GDB: impairments in initiation, planning, and 

motivation. Each of these deficits was associated with selective disruption of a large-

scale neuroanatomic network underlying GDB. Specifically, initiation subtype was 

related to atrophy in ACC, the planning subtype was related to atrophy in dlPFC, and the 

motivation subtype was related to atrophy in OFC. My preliminary longitudinal data 

revealed that decline is restricted to the subtype of initial impairment and does not 

generalize to the other subtypes. These distinct types of apathy may benefit from 

interventions tailored to mediate each compromised mechanism, but I must first 

understand the natural history of these impairments and the biological and environmental 

factors that influence the rate of decline. Cognitive-reserve theory is a framework for 

understanding these brain–behavior relationships. Using cognitive-reserve theory, I posit 

that environmental factors (education, occupation, and leisure activities) are related to 

neural connectivity and cognitive strategies that support brain functioning in the face of 

ND, and thereby play a moderating role in the rate of longitudinal decline (Steffener & 

Stern, 2012). Biological factors that impact longitudinal decline include focal changes in 

grey matter and associated white matter tracts and genetic factors such as Apolipoprotein 

E (ApoE) and tau haplotype (Morley et al., 2012a; Van Gerven, Van Boxtel, Ausems, 

Bekers, & Jolles, 2012; Whitwell et al., 2008). I will examine both types of factors in this 

study. 

The identification of factors that moderate the clinical expression of disease, in 

this case apathy, is an important consideration for identifying persons “at risk” for more 
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rapid decline and optimizing interventions for all persons with apathy associated with ND. 

This research training proposal is a longitudinal investigation of impaired GDB using 

resources from an ongoing program project, “Cognitive and Neural Impairment in 

Frontotemporal Dementia” (P01-AG17586), which includes longitudinal clinical, 

neuropsychological, neuroimaging, and genetic data. 

The goals of this research proposal will be achieved through three aims: 

Aim 1. Examine longitudinal changes in subtypes of apathy in bvFTD compared 

to NC. 

H1: Based on preliminary longitudinal data, I hypothesize that apathy will worsen 

in bvFTD, and that decline will be restricted to the subtype of initial 

impairment. 

Aim 2. Determine the effect of environmental factors (education, occupation, and 

leisure activities) and genetic factors (ApoE status and tau haplotype) as moderators of 

annualized rate of change in apathy subtypes. 

H1: I hypothesize slowed annualized worsening in apathy in bvFTD individuals 

with higher education and occupational attainment and greater leisure 

activities. 

H2: A more rapid rate of worsening in apathy will be associated with the presence 

of ApoE e4 allele and tau H1H1 haplotype in bvFTD. 

Aim 3. Relate changes in apathy subtypes in bvFTD to annualized grey matter 

thinning and reduced FA on DT imaging studies of white matter; and I will explore the 

impact of moderating environmental and genetic factors on rates of grey matter and white 

matter change in anatomic structures related to each apathy subtype. 
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H1: Change in each bvFTD apathy subtype will be related to progressive grey 

matter thinning of specific frontal brain regions and to reduction in FA in 

related white matter tracts. 

The results from this proposed research will improve understanding of apathy by 

providing insights into mechanisms of longitudinal decline and neural compensation. 

Optimized interventions for apathy can be designed based on an understanding of these 

mechanisms. For example, knowledge of the progression of apathy will give direction for 

designing tailored interventions that target problems with initiation, planning, and 

motivation, and the optimal timing of their implementation. This work will also allow us 

to assess the effectiveness of these interventions based on a comparison with the natural 

trajectory of change in bvFTD-related apathy. This work supports the National Institute 

of Nursing Research strategic plan and will further my career goal to become an 

independent researcher. 

Significance 

Apathy is extraordinarily common in ND, contributing to poor patient and 

caregiver outcomes. Deficits observed in apathetic persons, such as poor planning, poor 

motivation, and inability to initiate even the simplest self-care activities, contribute to 

deteriorating function and greatly reduced quality of life (Pedersen, Alves, et al., 2009). 

Apathy is also associated with other undesirable features, such as poor insight and 

impaired cognitive performance (Chase, 2011; Ishii et al., 2009; Pedersen, Alves, et al., 

2009; Pluck & Brown, 2002). These features have strong implications for noncompliance 

with therapeutic interventions and further exacerbate disability (Chow, Pio, & Rockwood, 

2011). Furthermore, apathy appears to be an independent predictor of earlier risk for 
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mortality (Brown & Pluck, 2000; Holtta et al., 2012; Vilalta-Franch et al., 2013). The 

societal costs associated with caring for people with ND are enormous. The annual global 

burden cost of dementia is estimated at $315 billion (Dartigues, 2009). Long-term care is 

a significant driver of costs and rates of institutionalization are higher in apathetic 

persons because of the significant strain placed on caregivers (Bakker et al., 2012). 

Caring for a person with apathy is extremely challenging. The physical and 

emotional demands associated with the need to perform the simplest activities for those 

with apathy are profound, and high levels of depression, burden, and stress are reported 

in caregivers of apathetic persons (Chio et al., 2010; Massimo et al., 2009). Caregivers 

misinterpret apathy as a sign of volitional opposition and poor cooperation (Bakker et al., 

2012; Massimo, Evans, et al., 2013), leading to dissatisfaction with caregiving (Landes et 

al., 2001). Thus, it is important to optimize management of apathy. Additionally, 

caregivers often want to know what to expect behaviorally from the patient over the 

course of their disease (Chow et al., 2012). Insight into the trajectory of apathetic 

behavior is important to prepare caregivers for the changes in the affected person. 

Findings from this study will be used to inform caregivers about what to anticipate as the 

disease progresses. Prognostic information can be used as a decision aid to determine 

resources for support. 

Currently there are no effective treatments for apathy because of a poor 

understanding of the mechanisms underlying this condition. Treatments for apathy can 

best be developed in a context where behavioral and anatomic substrates of apathy are 

understood. My preliminary dissertation work shows that there are distinct subtypes of 

apathy associated with distinct anatomic substrates (Massimo, Evans, Morgan, Powers, 
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Grossman, 2012; Massimo, Morgan et al., 2012). An approach accepted for a wide 

variety of circumstances to manage apathy, thus, appears to be inappropriate, and tailored 

interventions focusing on a specific apathy subtype are more likely to be successful. 

Researchers assume that apathy worsens over time (Chow et al., 2012; Turro-Garriga et 

al., 2009), yet do not know if these distinct apathy subtypes persist or change 

longitudinally. Knowledge of the natural history of apathy is essential in the development 

of treatment trials for apathy. This knowledge will contribute critical information to the 

design of interventions and inform selection of end-points in treatment trials. In the 

proposed work, I will examine how persons with apathy worsen over time (Aim 1) and 

identify the influence of environmental, genetic (Aim 2) and anatomic (Aim 3) factors on 

the rate of change in apathetic persons. The proposed work will fill a crucial gap and will 

be used to develop treatment strategies and evaluate the effectiveness of tailored 

interventions. 

Conceptual framework. Disturbances of GDB in ND represent a significant 

problem that is understudied. In neuroscience, GDB is used to operationalize a broad spectrum 

of purposeful actions and their determinants (Brown & Pluck, 2000). GDB is related to the 

belief that when action a is taken, x may be obtained as a result. The GDB model has been 

proposed to improve understanding of the mechanisms that contribute to the loss of self-

initiated action (Levy & Dubois, 2006); a behavior referred to as “apathy.” According to the 

model, three processes—initiation, planning, and motivation—influence the intention to act. 

Apathy arises when any one of these three processes is impaired (Massimo, Evans et al. 2012; 

Massimo, Morgan et al., 2012). 
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These three GDB processes map onto three distinct brain regions that work 

together in a large-scale neural network associated with apathy. In particular, three 

functional neuroanatomic loops underlying GDB in the frontal area (anterior cingulate 

circuit, dorsolateral prefrontal circuit, orbitofrontal circuit) appear to capture the 

information from internal and external environments needed for GDBs and possible 

actions to be performed. Each circuit is functionally separate in supporting initiation, 

planning, and motivation, but interacts with the others to mediate overall GDB. Previous 

imaging studies in persons without apathy, and my dissertation data on apathetic persons, 

suggest that poor initiation is related to ACC disease, (Kotchoubey et al., 2003; Reijnders 

et al., 2010), poor planning is related to disease in dlPFC (Kaller et al., 2011; Unterrainer, 

Rahm, Kaller, Leonhart, et al., 2004; van den Heuvel et al., 2005), and reduced 

motivation is related to disease in OFC (Diekhof et al., 2011; Sescousse et al., 2010). A 

specific process of GDB suffers when one of these frontal areas is compromised, 

resulting in apathetic behavior. The proposed research will extend my cross-sectional 

dissertation data. First, I will study longitudinal changes in behavior and neuroanatomy 

following an impairment of each process of GDB. Second, I will examine the influence 

of environmental, genetic, and anatomic factors. A more complete understanding of 

apathy will lead to the development of treatments for persons with specific subtypes of 

apathy. 

Few studies have examined longitudinal decline in bvFTD, a disorder of social 

comportment and executive dysfunction related to frontal and temporal degeneration. 

Researchers previously reported that neuropsychological impairments in bvFTD remain 

distinct over the duration of illness rather than converging in a common undifferentiated 
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state (Libon et al., 2009). This outcome suggests the brain is highly organized around 

specific cognitive functions involving large-scale neural networks. These neural networks 

allow individuals to implement compensatory cognitive strategies, thereby maintaining 

relatively distinct patterns of impairment well into the disease course (Gigi, Babai, 

Penker, Hendler, & Korczyn, 2010). Compensatory brain-reserve mechanisms have been 

assessed in only two studies of bvFTD, revealing that reserve mechanisms may be 

moderated by factors such as education, occupation, and leisure activities (Borroni et al., 

2009; Y. Liu et al., 2012; Premi et al., 2012; Stern, 2006). Moreover, genetic factors such 

as ApoE status and tau haplotype may influence the presence of neuropsychiatric 

symptoms (Panza et al., 2012), including apathy (D’Onofrio et al., 2011; Monastero et al., 

2006) and genetic markers such as the presence of the e4 allele have been associated with 

faster decline in ND, although this has not been assessed in bvFTD. This research 

proposes to examine the influence of environmental factors and genetics on a common 

neuropsychiatric syndrome in well-characterized persons with bvFTD to gain a better 

understanding of reserve mechanisms and their relationship to behavioral functions such 

as apathy to determine who may be “at risk” for faster decline. Finally, brain atrophy is 

progressive in a small number of bvFTD studies, (Frings et al., 2012; Gordon et al., 2010; 

Whitwell et al., 2008) but the neuroanatomic basis for longitudinal worsening of apathy 

has not been examined. 

Preliminary studies. 

Although several apathy assessment tools exist for the cognitively impaired 

population, current instruments such as the NPI are ineffective in identifying subtypes of 

apathy (Chow et al., 2009) and may be confounded by caregiver stress (Boyer, Novella, 
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Morrone, Jolly, & Blanchard, 2004). Moreover, caregiver-completed surveys do not 

assess apathy directly through patient performance. Therefore, as part of my dissertation 

work, I developed the PACT, a novel behavioral instrument, based on the GDB model, a 

review of experimental paradigms in the scientific literature and clinical observations 

(Elliott et al. 2010; Jenkins et al., 2000; Ruh et al., 2010). PACT is used to capture 

subtypes of apathy based on impairments in GDB (initiation, planning, and motivation). 

A trial begins with a start key depressed. In response to a signal, RT1 is measured when a 

participant lifts their finger from the start key; RT2 is the time needed to depress the 

target key. Total latency is the sum of RT1 and RT2. Initiation is assessed by measuring 

RT1 to a single visual stimulus. To measure the planning component of GDB, two levels 

of task difficulty are assessed. To assess motivation, the “simple” planning level is 

repeated with a monetary incentive (reward and penalty conditions) using a point system 

of “monetary units.” Three scores (see Table 13) are generated from these times in the 

conditions described below for the proposed analysis. Below is a detailed description of 

the PACT. 

Table 13 

Scores Generated from the PACT 

Score Measure 

Initiation Reaction Time 1 in initiation condition 

Planning Total latency in “complex” planning level minus Total latency in “simple” planning 
level 

Motivation Total latency in reward or penalty condition minus Total latency in “simple” level from 
Planning condition 
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Preliminary Study 1. My dissertation work examined performance on the PACT 

for 19 persons with bvFTD (see Table 13). Participants with an initiation impairment 

(N = 5/19) demonstrated significantly slowed time to initiate a response (RT1). Imaging 

data showed atrophy in the ACC in this group (see Figure 4, Panel B blue). The planning 

impaired group (N = 8/19) had significantly slowed latencies and made errors on the 

complex measure of the PACT. Imaging data showed dlPFC atrophy in this group (see 

Figure 4, Panel A green). Participants in the third group with impaired motivation 

(N = 6/19) were not motivated to perform faster in response to the penalty condition in 

the PACT. This group showed significant atrophy in OFC (see Figure 4, Panel A yellow). 

 
Figure 4. Significant regressions of apathy subtypes using PACT measures. 
Blue = initiation (anterior cingulate cortex); Green = planning (dorsolateral prefrontal 
cortex); Yellow = motivation (orbitalfrontal cortex). 

Preliminary Study 2. I collected longitudinal data (mean follow up = 12months) 

in 7 bvFTD participants (see Figure 5). Two participants had initiation subtype at Time 1. 

Both participants showed more slowing on the initiation measure at Time 2 (slowed by an 

average of 162.71msec), but not on the planning or motivation measure (see Figure 5, 

Panel A). Three participants met criteria for the planning subtype at Time 1. Times 
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slowed for two of three participants (by an average of 108.60msec) on the planning 

measure, but not on the initiation or motivation measure (see Figure 5, Panel B). Two 

participants met criteria for the motivation subtype at Time 1. At Time 2, only one 

participant had additional slowing (555.15msec) on the motivation measure of the PACT. 

There were no additional worsening on initiation or planning measures (see Figure 5, 

Panel C). In sum, five of seven participants showed worsening that was restricted to the 

domain of initial impairment. Two of the seven participants mentioned above did not 

show slowing at Time 2. It is possible that these participants have cognitive reserve that 

slows the rate of apathy worsening, and I will examine this factor in the proposed study. 

 
Figure 5. Longitudinal worsening in apathy subtypes on PACT measures. 
 

Preliminary Study 3. To explore the effect of cognitive reserve on the 

longitudinal trajectory of bvFTD, I performed a retrospective chart review of autopsy 

confirmed bvFTD (n = 63). I found that environmental factors like higher occupational 

attainment, a proxy for cognitive reserve, were associated with longer survival time in 

bvFTD (F = 6.31, p = .0006) (Massimo et al., 2013). In the proposed study, I will 
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examine the moderating effect of cognitive reserve on annualized rate of change in the 

profile of apathy subtypes. 

Research Strategy 

A longitudinal case-control research design will be employed to conduct this 

study. I chose to compare normal and diseased populations (bvFTD) to elucidate 

mechanisms contributing to apathy subtypes. I focus particularly on bvFTD because 

apathy is very common in this condition and my dissertation data demonstrated the 

presence of each apathy subtype in bvFTD. These individuals do not have physical 

limitations that can confound the quantitative assessment of reduced GDB, and have no 

language or visuospatial deficits that can potentially limit the interpretation of bvFTD 

patient performance during the study. I have the opportunity to integrate my aims and 

instruments to collect prospective data on NC and bvFTD participants, as they are newly 

enrolled in the cosponsor’s ongoing study, “Cognitive and Neural Impairment in 

Frontotemporal Dementia” (P01-AG017586, PI: Virginia Lee, PhD; Clinical Core 

Leader: Murray Grossman, MD). The purpose of Dr. Grossman’s longitudinal study is to 

collect neuropsychological, neuroimaging, cerebrospinal fluid and genetic data to better 

understand the neural basis of impairments in this population, and relate these data to 

findings at autopsy. Potential participants are recruited from Dr. Grossman’s FTD clinic 

(University of Pennsylvania Center for Frontotemporal Degeneration) in Philadelphia, 

PA. Consented participants are assessed at baseline and then 6–12 months following 

baseline (see Table 14). Qualifying individuals are invited to enroll. All participants meet 

enrollment criteria listed in Table 15. 
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Table 14 

Schedule of Data Collection 

Time 1 
initial visit 
(Day 1–2) 

Clinical diagnosis and demographics 

Mini-Mental State Exam 

Neuropsychiatric Inventory 

Geriatric Depression Scale Short Form 

Genetic Data 

Neuroimaging 

Philadelphia Apathy Computerized Test 

 Lifetime of Experiences Questionnaire 

Time 2 
follow-up visit 
(6–12 months after 
initial visit) 

Mini-Mental State Exam 

Neuropsychiatric Inventory 

Geriatric Depression Scale Short Form 

Neuroimaging 

Philadelphia Apathy Computerized Test 
 

I will have full access to these data, including neuroimaging and genetic data, for 

my own analyses. The proposed study extends the parent study by prospectively 

collecting the PACT and Lifetime of Experiences Questionnaire (LEQ) for eligible 

participants coinciding with the first two data-collection points (Times 1 and 2). Table 14 

explicates the data-collection schedule for each participant; measures added for the 

proposed study are bolded. Currently 54 participants with bvFTD are being followed 

longitudinally and we have successfully collected full sets of multimodal data 

(neuropsychology, DNA, grey matter imaging, and white matter imaging) for 43 of these. 

The setting is a reliable source of well-characterized clinical patients because four new 

bvFTD patients are diagnosed each month and > 80% of these patients agree to 

participate in Dr. Grossman’s research program (see Table 15, Enrollment Criteria for 
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Proposed Study). NCs are recruited from the surrounding community and screened prior 

to entry in the parent study. 

Table 15 

Enrollment Criteria for the Proposed Study 

Inclusion Exclusion 

Individuals diagnosed with bvFTD (Rascovsky 
et al., 2011) or NC 

Persons with other neurologic conditions such as stroke 
or hydrocephalus, primary psychiatric disorder such as 
depression of psychosis, or systemic illness that could 
interfere with cognitive functioning. 

Mild impairment (measured by Mini-Mental 
State Exam ≥ 20) at initial visit 

Mini-Mental State Exam ≤ 19 to exclude moderate or 
severe dementia to minimize confounding factors 
related to severe cognitive impairment. 

Participants who are not depressed as 
determined by Geriatric Depression Scale Short 
Form score of ≤5 at initial visit. 

Individuals with depression (Geriatric Depression 
Scale-Short Form score > 5) are excluded because 
depression is confused with apathy and can confound 
interpretation of the data. I will exclude participants in 
the rare event that participants become depressed 
during follow up. 

Modest doses of selective serotonin reuptake 
inhibitors or antipsychotic medication may be 
needed for clinical management, and thus are 
allowed. Moreover, a stable dose (no change 
during follow-up study period) is necessary to 
minimize potential confounding effects because 
these medications can contribute to apathy 
(Benoit et al., 2008). 

Participants taking regular doses of benzodiazepines 
and other soporific medications will be excluded 
because of their sedative effects. 

A reliable caregiver who has frequent contact 
with the participant (> 3 times/week for ≥ 1 
hour). 

Participants who do not have caregiver contact. 
Frequent contact with patient is needed to accurately 
rate the patient’s behavior, because patients with 
bvFTD often have poor insight into their own deficits 
(Massimo, Libon et al., 2013). 

Speak and understand English to complete the 
questionnaires. 

Insufficient English to complete questionnaires. 

 

In Aim 1, a standard apathy scale from the NPI will be administered to identify 

participants with apathy. The PACT will be administered to ascertain initiation, planning, 

and motivation subtypes of apathy in bvFTD. The PACT will be collected again 6–12 

months after the initial visit to examine longitudinal change. I will specifically monitor 
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whether participants with all subtypes of apathy, regardless of their initial presentation, 

maintain their distinct subtype profile of apathy longitudinally or accumulate additional 

subtype features to converge on a single apathy phenotype over time. 

In Aim 2, potential moderating environmental factors (education, occupation, and 

leisure activities) and genetic factors (ApoE status and tau haplotype) will be related to 

changes in apathy subtypes over time. From the perspective of the model of longitudinal 

change known as “cognitive reserve,” factors such as education, occupation, and leisure 

activities may moderate the rate of longitudinal decline (Bartres-Faz & Arenaza-Urquijo, 

2011). Thus, I propose to monitor the ways these environmental and genetic factors 

moderate the rates of clinical progression (Stern, 2002). Importantly, this knowledge will 

provide insight into potential responses of participants to planned cognitive interventions 

for apathy (Simon, Yokomizo, & Bottino, 2012). 

In Aim 3, MRI obtained at initial and follow-up assessments in apathetic 

participants will be compared to NC, and regression analyses will relate apathy subtype 

scores (see Table 13) to cortical thinning and FA of white matter tractography. Biological 

factors such as grey matter volume and white matter tractography must be considered to 

understand the neuroanatomic basis of change in apathy subtypes. During longitudinal 

monitoring of apathy, progression restricted to a specific subtype should continue to 

involve primarily a specific neuroanatomic circuit; by comparison, progression involving 

additional apathy subtypes may incorporate additional disease involving other brain 

regions associated with apathy and/or white matter tracts. I will also explore whether 

environmental and genetic factors impact longitudinal MRI changes in areas related to 

apathy subtypes. 
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Instrumentation for Aim 1: Examine longitudinal changes in subtypes of 

apathy. 

The PACT is a novel, quantitatively rigorous computerized RT test designed to 

quantify each GDB process. In my preliminary dissertation data, the PACT is able to 

identify apathy subtypes according to distinct behavioral response patterns (Massimo, 

Evans et al., 2012; Massimo, Morgan et al., 2012). In all conditions, a trial begins when 

the participant depresses a computer “start” key with one finger. The PACT measures RT 

to lift this finger from the start key in response to a signal (RT1) and then RT to depress 

the target key (RT2). 

Initiation refers to one’s ability to self-generate or activate actions (Levy & 

Dubois, 2006). In the simplest condition designed to measure initiation, the participant 

begins a trial by depressing the start key, then a central stimulus on the computer screen 

appears. A fixed central target key must be depressed in response to this stimulus; the 

stimulus occurs on average 1,250msec (range 500–2000msec) after depressing the start 

key. Initiation is assessed by measuring RT1. 

Planning refers to the ability to elaborate plans of action (Levy & Dubois, 2006). 

In the second condition, designed to assess the planning process of GDB, two levels of 

task difficulty are assessed. In the first, “simple” level, after depressing the start key, 

participants are signaled by randomly-ordered lateralized visual stimuli to press a left or 

right target key (stimulus appears on the left, then go left; stimulus appears on right, then 

go right). In the second, “complex” level, one of two lateralized keys is pressed 

contingent on the combination of patterns in a central visual stimulus (stimulus appears 
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on the left, then go left; stimulus appears on right, then go right). Planning is assessed by 

measuring the RT difference between these two levels of difficulty. 

Motivation refers to the ability to associate affective signals (positive or negative) 

with value in order to perform actions (Levy & Dubois, 2006). In the third condition 

designed to assess motivation, the “simple” level from the planning condition is repeated 

with an explicit monetary incentive using a point system (monetary units) to reward 

participants for responding correctly and more rapidly. Participants receive feedback 

about their response speed after each trial on the computer screen. I also assess the 

sensitivity to negative consequence by having a “penalty” condition, where participants 

are given monetary units at the beginning of each task, and monetary units are taken 

away if they do not respond correctly and more rapidly. (Unbeknownst to participants, all 

receive the same final amount for participation by adjusting the dollar value of a 

monetary unit.) 

I obtain 48 trials during each condition. A practice block precedes each 

experimental condition where participants get instructions on the task and 12 practice 

trials. The PACT measures RT1, RT2, total latency (RT1 + RT2) and errors. In our 

experience, the PACT takes approximately 45 minutes to complete. 

Instrumentation for Aim 2: Determine the effect of environmental factors 

(education, occupation, and leisure activities) and genetic factors (ApoE status and 

tau haplotype) as moderators of annualized rate of change in the profile of apathy 

subtypes in bvFTD. 

Environmental factors. The LEQ (Bartres-Faz & Arenaza-Urquijo, 2011) is a 

reliable and valid instrument that assesses cognitive lifestyle, a proxy for cognitive 
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reserve. The LEQ will be obtained by interviewing a knowledgeable informant for 

educational, occupational, and leisure activities that are protective against cognitive 

decline. The LEQ consists of 42 items constructed around two dimensions: three life 

stages (young, mid, and late adulthood) and specific versus nonspecific mental activity in 

each stage. Scores are calculated for each stage and then summed for a total LEQ score. 

Higher scores indicate higher lifetime mental activity. The LEQ has an overall internal 

consistency of .66 and test–retest reliability of .98, and it discriminates between older 

adults with high and low mental-activity levels. Healthy older adults with higher LEQ 

scores have shown less cognitive decline over 18 months than those with low scores, 

independent of covariates (Bartres-Faz & Arenaza-Urquijo, 2011). 

Genetic factors. DNA is extracted from frozen blood using a previously reported 

procedure (Van Deerlin et al., 2010). DNA samples will be evaluated for purity by 

spectrophotometric analysis (NanoDrop) and for degradation by 1% agarose gel 

electrophoresis (Invitrogen). Genetic analysis for bvFTD includes sequence analysis of 

ApoE genotype and tau haplotype. ApoE genotyping will be performed by Polymerase 

Chain Reaction-Restriction Fragment Length Polymorphism. Tau haplotypes will be 

determined by either DNA sequence analysis or by Polymerase Chain Reaction-

Restriction Fragment Length Polymorphism of Exon 9 using the following intronic 

primers: forward 5’acctgcctaacccagtggtg-3’ and reverse 5’gaggggactggggtgttatg- 3’. The 

amplified fragment will be digested with HpaII and HpyCH4IV and the resulting 

fragments analyzed by agarose gel electrophoresis to determine the haplotype based on 

three known polymorphisms of Exon 9 that segregate with the known major haplotypes. 
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Instrumentation for Aim 3: Relate changes in apathy subtypes in bvFTD to 

annualized grey matter thinning and reduced FA on DT imaging studies of white 

matter tractography. 

Volumetric MRI. T1-weighted MRI scans will be collected using a research-

dedicated Siemens Trio 3.0T scanner with 1-mm slice thickness, in-plane resolution 

= .9766 x .9766, and a 195 x 256 matrix using an magnetization-prepared 180 degrees 

radio-frequency pulses and rapid gradient-echo (MPRAGE) protocol (TR = 1,620ms, TE 

= 3ms, flip angle = 15°). 

Diffusion weighted image (DWI). DWI images are collected using the following 

parameters: FOV = 240mm; matrix size = 128 x 128; number of slices = 70; imaging 

resolution = 1.9 x 1.9 x 2 mm; TR = 8,000ms; TE = 82ms; fat saturation. In total, 34 

volumes will be acquired per subject, four volumes without diffusion weighting (b = 0 

s/mm2) interleaved within 30 volumes with diffusion weighting (b = 1,000s/mm2) along 

30 noncollinear directions. 

Analyses. 

Analyses Aim 1: Examine longitudinal changes in subtypes of apathy. The 

overall sample will be described demographically and according to continuous measures of the 

PACT using means, standard deviations, median, and interquartile ranges. Additionally the 

sample will be described according to the apathetic subtype of initiation, planning, and 

motivation (see criteria below) using means, standard deviations, and z-scores. I established the 

criteria shown in Table 16 to partition participants into subtypes using PACT observations 

(Elliott et al. 2010; Jenkins et al., 2000; Ruh et al., 2010). 
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Table 16 

Criteria for Apathy Subtypes 

Subtype Criteria 

Initiation Significantly slow RT1 in initiation condition; does not have slowed latencies for 
“complex” level of planning condition; able to improve performance on the “simple” 
planning level in response to “reward” or “penalty.” 

Planning  Significantly greater slowing on the “complex” planning level compared to the “simple” 
planning level; does not have slowed initiation for all conditions; able to improve 
performance on the “simple” planning level in response to “reward” or “penalty.” 

Motivation Fails to respond to “reward” or “penalty” motivators in “simple” level of planning 
condition; does not have slowed initiation for all conditions; does not have slowed 
latencies for “complex” level of planning condition. 

 

Individual z-scores will be used to define subtypes. These will be based on the 

entire patient population. Participants will be designated as a specific subtype if the 

z-score is > 1.96 for one condition, but within the range of the remainder of the 

population (i.e., z-score 1.96) for the remainder of the conditions. I will use a linear 

mixed-effects model (Laird & Ware, 1982) to assess longitudinal change in each subtype. 

Linear mixed-effects models account for within-subject correlations over time and 

accommodate both variable length of follow-up for different subjects and variation in the 

interval between assessments. In the analysis, the intercept and regression coefficients for 

the follow-up time will be treated as random effects, such that each individual would 

have a unique intercept and regression coefficient for the follow-up time. Population 

mean coefficients for the follow-up time will be obtained by averaging the participants’ 

specific regression coefficients for follow-up time. The population mean regression 

coefficient for the follow-up time estimates the annual change in PACT scores over time 
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and accounts for differences in baseline PACT scores. I will also confirm subtype 

worsening relative to NC. 

Analyses Aim 2: Determine the effect of environmental factors (education, 

occupational attainment, and leisure activities) and genetic factors (ApoE status and 

tau haplotype) as modulators of annualized rate of change in the profile of apathy 

subtypes in bvFTD. Environmental factors such as education, occupation, and leisure 

activities data will be scored according to the LEQ, as described above. The patient group will 

be dichotomized based on the following genotypes: (a) ApoE e4 carrier versus not; (b) 

microtubule-associated protein tau genotype H1/H1 versus not. Linear mixed-effects models 

will be used to test for associations between environmental factors, different genotypes and 

changes in apathy subtypes. 

Analyses Aim 3: Relate changes in apathy subtypes in bvFTD to annualized 

grey matter thinning and reduced FA on DT imaging studies of white matter 

tractography. 

Volumetric MRI. High-resolution volumetric (1mm3) images will be segmented 

and normalized to a common space using Pipedream and ANTs (Avants, Tustison, Song, 

et al., 2011; Avants et al., 2008), as previously reported. Briefly, this procedure provides 

the newest ideas and most current features (Harris, Adams, Zubatsky, & White, 2011): 

unbiased diffeomorphic and symmetric registration of MRI volumes into local template 

space. MRI volumes are then segmented into three tissue classes using probabilistic 

information and template priors (Avants, Tustison, Wu, et al., 2011) and from these 

images I will compute grey matter density and cortical thickness (Das et al., 2009). I will 

use the multiple-regression module in SPM8 to identify the relationship between 
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performance on each PACT score (see Table 13) and cortical thinning. To constrain the 

interpretation of the regression analysis to areas of known disease in bvFTD, I will use an 

atrophy mask generated from a t-test contrast of all apathetic bvFTD participants relative 

to NC. I will also evaluate atrophy in each apathy subtype defined according to 

behavioral performance on the PACT. I will evaluate longitudinal change in grey matter 

by generating a single volume reflecting longitudinal change (Time 2 - Time 1/months), 

and compare this to longitudinal change in NC. The regression module in SPM8 will be 

used to relate longitudinal imaging change to change in PACT scores. To determine the 

relative contribution to the variance of environmental and genetics factors, I will also 

perform a stepwise multiple-regression analysis. 

DTI. DWI images will be preprocessed using ANTs (Avants, Tustison, Song, et 

al., 2011) and Camino (J. Perry, 2002). Motion and distortion artifacts will be removed 

by affine coregistration of each DWI to the unweighted (b = 0) image in the diffusion 

imaging sequence. DT will be computed using a linear least squares algorithm 

implemented in Camino. The distortion between the participant’s T1 and DT images will 

be corrected by registering FA in the DT image to the T1 image. The DT image will be 

warped to template space by applying intrasubject (FA - > T1) and intersubject (T1 -

 > template) warps. A general linear-model module in SPM8 will be used to compare FA 

in bvFTD to NC. I will calculate mean FA in each apathy subtype defined by behavioral 

performance (see Section B.7.1). I will also use logistic regression to evaluate the 

relationship between apathy subtypes and FA. I will evaluate longitudinal change in FA 

by generating a single volume reflecting longitudinal change (Time 2 - Time 1/months). 

The regression module in SPM8 will be used to relate longitudinal imaging change to 
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change in PACT scores. To determine the contribution of environmental and genetic 

factors, I will perform stepwise multiple-regression analysis. 

Power analyses. Sample-size estimates and power calculations are based on the 

minimum detectable slope (rate of decline) difference between two groups (e.g., NC and 

bvFTD) over time using a mixed-effect model, with an α = .05. I assume moderate 

correlations between repeated measures (r = .5) and one follow-up after baseline. Table 

17 lists sample size needed per group to detect a slope difference between two groups. 

With 16 participants per group, we will have 80% power to detect a slope difference of 

1.0 SD of an outcome measure (e.g., PACT scores). The detectable effect size (1.0 SD) is 

larger than what was observed (0.3 SD) in pilot data. However, the current study allows 

me to generate important pilot data for a larger scale study in the future. For the imaging 

studies, a minimum of 20 participants are required in each group to detect a 1mm 

(equivalent to 1 voxel) change at the p < .05 (corrected) level with a beta of 0.15 

(power = .85). The final sample size, accounting for a 10% attrition rate will be 44 

participants (NC and bvFTD). 

Table 17 

Sample Size to Detect Difference Between Two Groups 

SD diff β = 0.8 β = 0.9 

0.5 63 84 

0.75 28 37 

1.0 16 21 

1.5 7 9 
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Potential Challenges 

Interpretation and potential problems Aim 1. I predict that the profile of 

apathetic subtypes will be maintained over the course of the disease trajectory, (Libon et 

al., 2009), although additional deficits may accrue over a longer duration. If I see slowed 

RTs for more than one PACT measure in a subtype, I will look for additional evidence 

for generalized cognitive worsening using neuropsychological measures (collected by the 

cosponsor’s ongoing longitudinal study), as previously reported in my cross-sectional 

dissertation study, and covary PACT performance for these general cognitive deficits. 

There may not be worsening in a subtype, and this may be due to not enough time 

between Time 1 and Time 2. I will also assess cognitive reserve factors that may 

minimize or slow worsening (see Aim 2). 

Interpretation and potential problems Aim 2. I predict that the rate of change 

in apathy will be moderated by environmental and genetic factors. There may be too 

much variation in occupation and leisure activity so I may have to categorize these 

variables according to level of cognitive stimulation the activity provides, as previously 

reported (Foubert-Samier et al., 2012). I expect participants with e4 alleles and H1H1 

haplotypes will have faster rates of worsening in apathy than those without these genetic 

markers (Di Maria et al., 2010; Morley et al., 2012). If I do not detect an effect on the 

trajectory of apathy due to limited impact of genetics on apathy, I will look for additional 

evidence of moderating effects in other cognitive domains using longitudinal 

neuropsychological (collected under the cosponsor’s ongoing longitudinal study). I may 

also look at the influence of the number of e4 alleles on apathy worsening (additive 

model) rather than the proposed dominant method (e4 present or not). Rather than 
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affecting the slope of decline, factors such as education and leisure activities may delay 

the point at which worsening begins; likewise, the presence of genetic risk factors may 

hasten the onset of worsening rather than steepen the slope. These alternatives can be 

assessed statistically. 

Interpretation and potential problems Aim 3. I predict that apathetic 

participants will have significant cortical thinning and loss of white matter integrity in the 

frontal lobe (Diekhof et al., 2011; Kaller et al., 2011; Kotchoubey et al., 2003; Reijnders 

et al., 2010; Sescousse et al., 2010; Unterrainer, Rahm, Kaller, Leonhart, et al., 2004). If 

unable to detect longitudinal change in the proposed imaging regression, I will obtain 

mean grey matter thickness values at Time 1 and Time 2 and compare with t-tests. I can 

also evaluate DTI using tract-specific analysis, which minimizes “crossing-fibers” and 

enables the analysis of individual white matter structures (Wimo, Jonsson, Bond, Prince, 

& Winblad, 2013). I will also evaluate whether white matter disease is related to grey 

matter disease or independent from grey matter disease by investigating the residuals of 

white matter atrophy in a linear regression that includes areas of grey matter atrophy as 

nuisance covariates, and vice versa. 

It is also possible that participants with long disease duration will have diffuse, 

nonspecific atrophy, and I propose to examine participants who are mild at initial visit. I 

will also evaluate whether disease duration and age contribute to group-level difference 

by including these as nuisance covariates. It may be difficult to obtain imaging in some 

participants because of time restriction, medical contraindication (e.g., claustrophobia 

and pacemakers) and participant preferences. If this is the case, participants will still be 

asked to participate in the PACT assessment and I will assess the dataset to ensure those 
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who are imaged are representative of the entire data set by performing t-tests to ensure 

there are no significant differences between those who are imaged and those who do not 

have imaging data. 

The MRI may not have been collected on the same day the PACT was 

administered; however all images will be collected within 6 months of the PACT. Given 

the rate of brain volume change in bvFTD, 6 months is a widely accepted timeframe 

(Whitwell et al., 2008). Despite these caveats, the results from this research will extend 

my dissertation work by providing an understanding of the trajectory of apathy as well as 

the identification of factors that moderate the progression of this devastating 

neuropsychiatric symptom. With this knowledge, tailored interventions that target 

problems with initiation, planning, and motivation can be appropriately designed and 

implemented. 
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CHAPTER 5: DISCUSSION 

Introduction 

Apathy, a reduction in GDB (Levy & Dubois, 2006), profoundly limits a person’s 

ability to engage in self-care activities. Apathy affects 90% of people with bvFTD (Diehl-

Schmid et al., 2006), a common cause of early onset ND. Researchers hypothesized that 

apathy emerges where there is dysfunction at the level of GDB (Levy & Dubois, 2006). 

Therefore, I proposed to use the GDB model to examine the brain-behavior relationships 

underlying apathy in bvFTD. Specifically, I conducted an empirical study that quantified 

difficulty with each component of GDB using a novel computerized RT test, examined 

the distinct prefrontal neuroanatomical substrates of these impairments in an apathetic 

bvFTD sample using regression, and related specific apathetic behaviors to grey matter 

atrophy and white matter integrity, quantified by MRI. This study used a novel RT test 

and neuroimaging to examine three dissociable behavioral and neuroanatomical 

components of GDB—initiation, planning, and motivation—in a sample of 20 apathetic 

adults with bvFTD and 17 normal older adults. Impairment in each of these components 

was associated with selective disruption of a large-scale neuroanatomic network 

underlying GDB. Specifically, impaired initiation was related to disease in the ACC, 

impaired planning was related to disease in the dlPFC and impaired motivation was 

related to disease in the OFC. Moreover, some participants with bvFTD were found to 

have specific subtypes of apathy, depending on the impaired GDB mechanism, whereas 

others had more global impairments. Together, these findings demonstrate that apathy is 

not simply a unitary phenomenon, but rather has multiple components related to 

impairments in GDB. In this chapter, I elucidate these findings: (a) how initiation, 
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planning, and motivation are supported by a large-scale neural network constituting the 

neuroanatomic basis for GDB, including distinct grey matter regions in the frontal lobe 

and related white matter projections, and (b) how, when compromised, impairments in 

these mechanisms contribute to apathy in bvFTD. This discussion concludes with 

implications for clinical practice and social neuroscience research. 

Summary and Discussion of Principal Findings 

GDB is supported by a large-scale neural network in distinct specific 

portions of the prefrontal cortex (AIM 1, see Chapter 2). The integration of three 

processes that influence the intention to act are central to the model of GDB is (Levy & 

Dubois, 2006). Initiation refers to one’s ability to self-generate or activate actions. 

Planning is the ability to elaborate plans of action. Motivation refers to the ability to 

associate affective signals (positive or negative) with value in order to perform actions. I 

found that apathetic bvFTD participants are impaired in one or more of these three 

processes. Further, impairments in these three GDB processes were associated with 

disease in three distinct frontal grey matter regions and in white matter projections 

between these regions and other brain areas. 

I found that difficulty in initiating a behavior is related to reduced grey matter in the 

ACC and white matter tracts including the cingulum (H1). Considerable published work has 

suggested that the ACC is important for initiating a behavior (Tekin & Cummings, 2002), 

and the ACC has previously been implicated in processes that influence action initiation 

in studies with healthy adults (Mulert et al., 2003). For example, fMRI studies have 

demonstrated the role of the ACC in processing “action”-related signals such as 

movement selection (e.g., simple finger tapping) and timing of movement initiation (e.g., 
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selecting the moment of when; Hoffstaedter, Grefkes, Caspers, et al., 2013; Hoffstaedter, 

Grefkes, Zilles, & Eickhoff, 2013). Additionally, the ACC is functionally linked to 

important motor systems such as premotor areas and the basal ganglia, suggesting a core 

network of brain structures, important for implementation of intentional motor control 

(Beckmann, Johansen-Berg, & Rushworth, 2009; Hoffstaedter, Grefkes, Caspers, et al., 

2013). 

The ACC is also implicated in initiation difficulty in those with frontal-lobe injury. 

For example, the akinetic mute state—a medical term describing patients who tend to sit 

quietly in the same position all day without speaking or talking—has been specifically 

related to ACC damage (Mega & Cohenour, 1997). The ACC has been well studied in 

dementia, and neuroimaging evaluations have linked the ACC region to apathy in various 

groups. Specifically, reduced grey matter density in the cingulate gyrus was associated 

with apathy in persons with bvFTD (Massimo et al., 2009; Zamboni et al., 2008) and PD 

(Reijnders et al., 2010). Previous DTI studies investigating white matter disease and 

apathy have shown associations among the three frontal areas important for GDB. That is, 

the cingulum has reciprocal connections between ACC and the medial orbitofrontal 

region that is important for motivation (Hahn et al., 2013; J. W. Kim et al., 2011; Ota et 

al., 2012). In healthy adults, ACC and dlPFC structures work in concert during complex 

tasks that require attentional control, and this is likely mediated through the cingulum 

(Silton et al., 2010). These prior findings provided support for the notion that disease in 

ACC and interruption of projections between ACC and other structures important for 

GDB may contribute to apathetic behavior, and were further supported in this study. 
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I found that deficits in the planning component of GDB were associated with 

atrophy in the dlPFC and reduced FA in related white matter tracts, including SLF and 

frontal corona radiata (H2). fMRI studies of healthy adults suggested that the dlPFC 

supports planning and working memory (Di et al., 2013; Miller & Cohen, 2001). In 

addition, some studies demonstrated hemispheric specialization or differential effects of 

right and left dlPFC in planning tasks. For example, researchers thought the left dlPFC 

analyzes propositional information such as task parameters, whereas the right dlPFC 

manipulates and integrates information into a sequence (Huey et al., 2009; Ruh, Rahm, 

Unterrainer, Weiller, & Kaller, 2012). Thus, it is likely that patients who suffer from 

dysfunction in these circuits fail to elaborate, manipulate, and integrate important 

information needed for behavior that is goal directed. Studies have suggested a 

relationship between apathy and poor executive function in bvFTD (Eslinger et al., 2012; 

Zamboni et al., 2008). Eslinger and colleagues (2012) found caregiver apathy scores were 

significantly correlated with executive-function measures, suggesting that apathy 

emanates in part from difficulty manipulating and integrating elements of a plan to 

achieve a goal. Imaging studies of persons with FTD and AD have linked apathetic 

behavior to atrophy in dlPFC (Massimo et al., 2009; Zamboni et al., 2008). In addition, a 

previous study of persons with amnestic mild cognitive impairment revealed a 

relationship between reduced FA in the SLF and apathy (Cacciari et al., 2010). The SLF 

is a prominent white matter tract interconnecting the frontal, temporal, and parietal lobes; 

this tract has been implicated in the integration of these diverse regions involved in 

planning (Genova et al., 2013). Thus, my findings are congruent with previous work. 
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I found that difficulty with the motivation component of GDB is associated with 

atrophy in the OFC and related white matter tracts, including UNC (H3). Evidence from 

healthy subject fMRI studies suggests that the OFC plays a role in interpreting value- and 

reward-related information (Hare et al., 2010). In particular, evidence suggests that the 

medial OFC is more sensitive to reward signals and the lateral OFC is more sensitive to 

punishment signals (X. Liu, Hairston, Schrier, & Fan, 2011). Thus, the OFC encodes and 

assigns the relative value of reward for future decisions on avoidance or acquisition of the 

stimulus (S. I. Kim, 2013). Deficits in processing value and reward have been examined 

extensively in persons with FTD because they appear to have early degeneration of this 

frontal circuit in comparison to persons with other neurodegenerative conditions 

(Rabinovici et al., 2007). 

Poor motivation can occur in these individuals because they may have decreased 

reactivity to positive “reward” and negative “punishment” signals, thereby making goal-

selection difficult (Levy & Dubois, 2006). Experimental evidence, however, has 

emphasized that persons with bvFTD and other diseases affecting OFC have the greater 

difficulty interpreting “punishment” rather than “reward” signals (Grossman et al., 2010; 

Noonan, Kolling, Walton, & Rushworth, 2012). Imaging evidence from persons with 

bvFTD has emphasized the link between OFC and apathetic behavior (Massimo et al., 

2009). fludeoxyglucose PET brain activity is decreased in OFC in bvFTD patients with 

apathetic compared to nonapathetic patients (Peters et al., 2006). Apathy scores from the 

NPI have been associated with atrophy in ventromedial frontal regions (Rosen et al., 

2005). UNC is a major tract connecting the anterior temporal lobe with the medial and 

lateral prefrontal cortex (Papagno et al., 2011), areas known to be important for GDB 
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(Kable & Glimcher, 2007). DTI studies performed in AD and PSP implicated UNC in 

apathy (Hahn et al., 2013; Kvickstrom et al., 2011), and my results extend this finding to 

bvFTD. 

Three subtypes of apathy, based on differentiated impairments in GDB, exist 

in bvFTD (AIM 2, see Chapter 3). Consistent with the definition of apathy as the 

pathology of GDB, I studied a sample of apathetic bvFTD participants and identified 

individuals who demonstrated impairments on one or more components of GDB. 

Consider first the failure to initiate behavior, which leads to a subtype of apathy when 

processing is unable to generate a signal significant enough to begin a response. The 

initiation condition of the PACT assessed this GDB component quantitatively by 

measuring latency to initiate a movement in response to a visual signal. I found that some 

apathetic bvFTD participants were significantly impaired only on this component of 

GDB (H1). 

Initiation difficulty, however, was not the only basis for apathetic behavior. The 

ability to execute an action is also highly dependent on the cognitive processes needed to 

plan, organize, and carry out goals. Apathy related to “cognitive inertia” can result from 

impairments in executive functions such as planning, working memory, and task-

switching (Burgess, 2000; Levy & DuBois, 2006). I assessed two levels of task difficulty 

in the planning condition of the PACT. In the first level (simple planning condition), after 

depressing the start key, participants were signaled by randomly-ordered lateralized 

visual stimuli to press a left or right target key. In the second, more complex level, one of 

two lateralized keys were pressed, contingent on the combination of patterns in a central 

visual stimulus (blue and horizontal stripes go left, orange and vertical stripes go right). I 



112 

	  

found that some apathetic participants were significantly impaired only on the planning 

condition (H2). Moreover, poor planning was the most prevalent single component of 

GDB found to be impaired in this bvFTD sample. This is not surprising, given that a 

dysexecutive neuropsychological profile is a common finding in bvFTD (Rascovsky et al., 

2011). Another component of GDB is motivation, that is, responsiveness to external and 

internal drives that may be perceived as positive or negative. Apathy may result from a 

lack of responsiveness to reward or risk, thereby making goal-selection difficult (Levy & 

Dubois, 2006; Rosen et al., 2002; Schultz et al., 2000). Likewise, reduced ability to 

assess and interpret consequences of actions, whether positive or negative, can limit 

motivation (Zamboni et al., 2008). Patients with bvFTD typically have a greater desire 

for certain rewards such as money, but tend to show insensitivity to negative 

consequences (Grossman et al., 2010; D. C. Perry et al., 2013). Therefore, I used a 

penalty condition (negative consequence) to assess impaired motivation. I found that 

participants performed faster on the simple reward condition (compared to the simple 

condition without incentive), suggesting they were motivated by the monetary incentive. 

Their performance pattern did not change, however, when I removed monetary units in 

response to not performing faster, suggesting an insensitivity to negative consequences. 

In my sample of bvFTD participants, I identified some individuals with single 

impairment in the motivational component of GDB (H3). Thus, the results support the 

presence of differentiated sources of apathy, including deficits in initiation, planning, and 

motivation that work together to limit GDB. 

Together, the analyses of Aims 1 and 2 support the model of apathy as a 

complex behavioral syndrome comprised of three distinct mechanisms related to 
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impairments in GDB, each with its own neuroanatomical basis. Using this model 

opens new avenues of approaches to managing or treating apathy. Most researchers of 

bvFTD have assumed that apathy is a single, undifferentiated behavioral phenomenon 

(Rosen et al., 2005, Zamboni et al., 2008). One early approach proposed defining an 

undifferentiated form of apathy as a lack of motivation (Marin, 1990), although lack of 

motivation does not appear to be the only mechanism that contributes to apathetic 

behavior. Others have suggested that apathy is related to impairment of other single 

processes such as difficulty with initiation (Tekin & Cummings, 2002). Subsequently, 

investigators proposed to define apathy as “the quantitative reduction of self-generated 

voluntary and purposeful behavior” (Levy & Dubois, 2006, 916). The model of GDB 

includes initiation, planning, and motivation (Brown & Pluck, 2000), which allow a 

person to direct purposeful behavior toward a desirable goal or away from an undesirable 

outcome (Geurts & de Wit, 2013). Although each process is necessary to achieve GDB, 

my research findings suggest these processes are, in fact, dissociable. For example, I 

found that apathetic bvFTD patients are impaired on one or more of the three processes 

thought to contribute to GDB: initiation, planning, and motivation. These three GDB 

processes were associated with disease in three distinct frontal grey matter regions and in 

white matter projections between these regions and other brain areas. Moreover, I found 

apathetic participants who demonstrated single deficits in only one of the three 

components of GDB. Indeed, apathy arises when any one of these three processes is 

impaired. For example, patients who have impairments in executive abilities needed to 

carry out plans of action may not find it difficult to initiate GDB or lack motivation, but 

their planning impairment may overwhelm their ability to develop plans of action that are 
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complex. My findings, thus, suggest that each GDB process is relatively independent and, 

when compromised, likely contributes to apathy. 

Implications for Practice 

This study examined a pathophysiological model of GDB, which revealed three 

distinct mechanisms likely contributing to apathy: impairments in initiation, planning, 

and motivation. A future goal is to optimize interventions for apathy subtypes based on 

an understanding of these mechanisms. The assessment of the efficacy of treatments for 

apathy has heretofore been hindered because of methodological failures in trials where 

apathetic patients are viewed homogeneously, for example solely as displaying a “lack of 

motivation.” I found that lack of motivation is not the only process that contributes to 

apathy. Based on my work, future treatments for apathy would more appropriately be 

tailored to the specific component(s) of GDB that is (are) compromised in an individual. 

Interventions should be explored based on the structural anatomic features of each of the 

three impairments in GDB. For example, when apathy emerges in response to planning 

difficulties, benefit may be gained from restructuring a complex activity into simple 

components for the patient. For patients with impaired goal-selection (motivation), 

modifications such as amplified lighting in a room or onto a specific activity or object 

may increase the reward potential of the environment (Ishii et al., 2009). Last, MSS—a 

therapeutic approach that provides visual, auditory, tactile and olfactory stimulation—

may be helpful for patients with initiation difficulty (Baker et al., 2001). The use of MSS 

in a patient with planning difficulty, however, may worsen rather than improve apathy 

because it can cause distractibility. To facilitate research, a systemic evaluation of 

existing interventions for apathy is warranted, followed by the categorization and testing 
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of interventions designed for specific subtypes. These studies are important to improve 

patient and caregiver quality of life. 

Recognizing and making a reliable diagnosis of apathy is essential to initiate 

treatment. Healthcare practitioners may overlook patients with apathy because of their 

lack of apparent distress (Butterfield et al., 2010). Although several apathy-assessment 

tools exist for the cognitively impaired population, researchers lack agreement on the 

interpretability of the data from these measures (Clarke et al., 2011). Traditional 

instruments to ascertain the presence of apathy commonly rely on proxy report. 

Unfortunately, this approach is subject to caregiver confounds such as burden and strain 

that may impact the evaluation. This dissertation study, along with others (Boyer et al., 

2004), has found that this approach is biased by caregiver stress. One goal of the present 

study was to identify subtypes of apathy in an objective manner, minimally confounded 

by proxy report. This study furthers the research in this area because I used an 

empirically-based approach that elucidated mechanisms contributing to apathy. This 

work is the first step in the development of an instrument that would be based on 

objective, empirical measurements of impairments of each of the components of GDB 

that contribute to apathy. Such an instrument would improve on the current instruments 

because of its objective basis and would increase the likelihood of detection and targeted 

treatment of specific subtypes of apathy. 

Implications for Social Neuroscience 

I propose, in short, that the syndrome of apathy is complex, consisting of 

impairments in at least one GDB process. As discussed above, these processes are largely 

independent of each other, rather than sequential or hierarchical, as has been suggested 
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by others (Dezfouli & Balleine, 2013; Levy & Dubois, 2006). My findings support the 

view that apathy is a conceptually heterogeneous syndrome, explained in part by 

underlying dysfunction at the neuroanatomical level. Figure 6 presents an illustration of 

my hypothesized model of apathy, adapted from Levy and DuBois (2006). 

 
Figure 6. Model of apathy as the pathology of goal-directed behavior in behavioral 
variant frontotemporal degeneration. 
Note. Adapted from “Apathy and the Functional Anatomy of the Prefrontal Cortex-Basal 
Ganglia Circuits,” by R. Levy & B. Dubois, 2006, Cerebral Cortex, 16, 918. 
doi:10.1093/cercor/bhj043 

Study Strengths 

Although apathy is a significant problem that is commonly observed in persons 

with bvFTD and has a pervasive impact on their caregivers, current understanding of 

apathy is based on observational data. This dissertation is the first study to examine 

apathy using the GDB model to guide direct, empirical assessments of behavior and 

interpretation of results. Overwhelmingly, the most common way to assess apathy has been 

through caregiver questionnaires. Caregiver surveys, however, do not assess apathy by directly 

ascertaining patient performance, thereby limiting their validity and reliability. Moreover, 

ascertainment of patient apathy solely from a caregiver’s perspective is likely to be confounded 
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by caregiver stress (Boyer et al., 2004). Indeed, I found a correlation between apathy symptom 

FxS scores and caregiver-distress scores on the NPI. Currently available instruments, such as 

the NPI, are less than optimal because they are also insensitive to subtypes of apathy (Chow et 

al., 2009). The PACT was developed as an alternate measure that provides a direct, 

independent assessment of GDB components contributing to apathy that is not biased by the 

subjectivity of caregiver-rated questionnaires. 

The method used in this dissertation, thus, offers several advantages over 

traditional, questionnaire-based approaches to measuring apathy because I directly 

ascertained participant performance without the intervening factor of a caregiver’s 

impression. Moreover, I assessed several different components of GDB that are believed 

to contribute to apathy. Although not a primary aim of the study, the study data served to 

provide validation for the PACT with a neuroanatomical model of apathy. I used VBM to 

quantify significant grey matter changes in this bvFTD sample and I related these 

changes to PACT performance. Based on previous literature reports in ND and lesion 

studies, I hypothesized that poor initiation was related to ACC disease (Kotchoubey et al., 

2003; Reijnders et al., 2010), poor executive function (planning) was related to disease in 

dlPFC (Kaller et al., 2011; Unterrainer, Rahm, Kaller, Ruff, et al., 2004), and reduced 

motivation was related to disease in the orbital and medial prefrontal cortex (Diekhof et 

al., 2011; Sescousse et al., 2010). These earlier findings were replicated in my 

dissertation data. My hypothesized anatomic model of apathy falls in the broad area in 

the frontal lobe that I had previously correlated with NPI FxS apathy scores (Massimo et 

al., 2009). Moreover, my assessment of white matter disease was the first to examine 

apathy in bvFTD comprehensively. The availability of both grey matter and white matter 
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neuroimaging data allowed me to investigate a large-scale neural network that subserves 

a complex behavior. This allowed me to develop a framework that captured the complex 

associations of impaired GDB encompassing the various subtypes of apathy and their 

associated neuroanatomic substrates, and to examine the ways the breakdown of this 

network can lead to the clinical syndrome of apathy. 

Study Limitations 

Several potential limitations should be kept in mind when considering these 

findings. Although the sample was larger than in prior investigations of apathy, I 

nevertheless studied a small number of participants; power in the imaging studies may 

not have been sufficient to detect every anatomic region associated with apathy. In 

addition, as anticipated, the participant sample was not diverse and querying the database 

to find a representative sample did not reveal additional women or diverse racial/ethnic 

participants. Because floor effects in performing the planning measure limited variance, I 

was forced to use a higher threshold for the grey matter analyses in Chapter 2. In addition, 

I had to adjust my planning subtype criteria in Chapter 3. Most participants with 

impairments in initiation and/or motivation also had a planning impairment, consistent 

with the dysexecutive profile typically seen in bvFTD (Rascovsky et al., 2011). To better 

classify participants with impaired planning, I implemented the application of the 

planning criteria for those with multiple impairments in a stepwise fashion. That is, I 

subjected planning-impaired participants who also had deficits in initiation and/or 

motivation to a second level review; I only classified participants who also had greater 

slowing on the complex planning condition compared to the simpler planning condition 

into the planning-impairment subtype. 
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Based on these considerations, however, it will be important in future studies to 

make the planning condition less complex by giving participants only two contingencies. 

Four participants with an isolated planning subtype were mildly impaired on the 

complex-planning condition (mean z-score = 2.52), but their difference score on the 

simpler planning condition compared to complex planning condition did not quite attain 

significance. Thus, it will be important in the future to study more patients with mild 

apathy to better characterize early behavioral changes. Additionally, I studied participants 

with mild ND (defined by MMSE score), and it would be valuable to extend assessment 

to participants with greater cognitive impairments. It would also be important to follow 

participants longitudinally to see if apathetic profiles are maintained throughout the 

duration of disease (see Aim 3, Chapter 4). I studied apathy in bvFTD particularly 

because it is very common in this condition; these patients do not have physical 

limitations that can confound the quantitative assessment of reduced GDB, and there are 

no language or visuospatial deficits that can potentially limit the interpretation of 

impaired performance. Nevertheless, it is important to investigate GDB in apathetic 

participants with other ND, like AD or PD, who also display apathy. 

Areas for Further Research 

This dissertation research study found that three distinct mechanisms, related to 

impairments in GDB, likely contribute to subtypes of apathy in bvFTD. As previously 

described, conceptualizing distinct subtypes of apathy may benefit the development of 

interventions tailored to mediate each compromised mechanism, but I must first 

understand the natural history of these impairments and the biological and environmental 

factors that influence the rate of their decline. The identification of factors that moderate 
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the clinical expression of disease, in this case apathy, is an important consideration for 

identifying persons “at risk” for more rapid decline and optimizing interventions for all 

persons with apathy associated with ND. Thus, my next research projects will examine 

how GDB impairments in apathetic bvFTD patients worsen over time (Aim 3, see 

Chapter 4). I plan to identify the influence of cognitive reserve factors such as 

environmental, genetic and anatomic influence on the rate of change in GDB 

impairments in apathetic persons with bvFTD. This will help me gain a better 

understanding of reserve mechanisms and their relationship to apathy, to determine who 

may be “at risk” for faster decline. With support from my Ruth L. Kirschstein National 

Research Service Award for Individual Postdoctoral Fellowships (F32; see Appendix B), 

this work will fill a crucial gap and will be used to develop treatment strategies and 

evaluate the effectiveness of tailored interventions. 

A number of participants (40%) were impaired on multiple components of GDB. 

Compared to individuals displaying a multicomponent subtype of apathy, those with a 

single GDB deficit did not differ by age, disease duration, MMSE or NPI FxS score (all 

p > .05), suggesting that I cannot easily attribute variations in apathetic difficulty to 

variability in the underlying disease process, but instead can relate them, in part, to 

anatomical distribution of disease. Additional work is needed to confirm this with larger 

groups of participants. 

A questionnaire instrument that measures each component of GDB, quantified by 

the PACT, may provide further validation for my hypothesized GDB model. As 

previously described, beyond confirming the presence of apathy, current instruments such 

as the NPI are ineffective in identifying different subtypes of apathy (Chow et al., 2009). 
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In fact, I did not find correlations between PACT scores (individual or composite) with 

either NPI caregiver-distress scores or NPI FxS apathy scores. This lack of finding 

provides support for the notion that the NPI assesses global apathy whereas the PACT 

assesses component of GDB that contribute to apathy. 

A necessary step is the development of an instrument that is based on my 

empirical measurements of impaired GDB. This type of instrument would increase the 

likelihood of detection and treatment of subtypes of apathy and, being specific to each 

component of GDB, may invite less respondent bias than do existing more general 

measures. Other instrumentation such as neuropsychological measures may also provide 

validation for my hypothesized model. I did not find significant correlations between the 

neuropsychological data available for my study and initiation and motivation measures 

from the PACT. This may be due, in part, to the lack of specificity for initiation and 

motivation constructs in currently available measures. 

I did observe some overlap across behavioral and neuroanatomical measures. For 

example, my grey matter observations suggested that the ACC may contribute to both 

initiation and motivation. In fact, post hoc correlation analyses of PACT measures 

revealed a significant correlation between initiation and motivation performance 

(rho = .78; p < .001). Post hoc correlations, however, are not significant between other 

PACT measures (all p > .05 Bonferroni corrected) and I otherwise observed distinct 

neuroanatomical regions contributing to components of GDB. It will be important for 

future work to identify quantitative measures of initiation and motivation that are not 

interdependent. 
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This study investigated the neural basis for apathy from a structural 

neuroanatomical viewpoint. Although voxel-based morphometry is the most commonly 

used approach to examine the anatomical basis of behavioral syndromes in ND, the 

measurement of brain activation using functional neuroimaging (fMRI) may be a 

complementary way of validating and increasing understanding of the GDB model. My 

findings suggest that GDB is supported by a large-scale neural network in distinct 

specific portions of the prefrontal cortex. A functional investigation of apathy may 

provide additional information regarding how each process of GDB interacts with 

another. Other technologies that measure function such as transcranial magnetic 

stimulation or actigraphy may be helpful in confirming the interaction of GDB processes. 

This can be done by examining distinctive patterns of cortical excitability or locomotive 

activity. In sum, apathy is a complex behavioral syndrome and multimodal methods 

should be adopted in future research to provide insight into the dynamic interrelationships 

between structure and function (Carey & Seitz, 2007). 

Conclusion 

GDB is a multicomponent process that involves initiation, planning, and 

motivation. These three GDB processes map onto three distinct brain regions that work 

together in a large-scale neural network. This network captures the information from 

internal and external environments needed for GDBs. Each frontal region is functionally 

separate in supporting initiation, planning, and motivation, but interacts with the others to 

mediate overall GDB. A specific GDB process suffers when one of these frontal areas is 

compromised, and is associated with behavior currently referenced as apathy. Presently, apathy 

is viewed as a unitary concept. This research has supported the view that apathy is a 
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multicomponent phenomenon—a complex behavioral syndrome that emerges when there is 

dysfunction in any GDB component. Thus, it is likely that the pathophysiology is not a single 

mechanism, but rather multifaceted, depending on which specific GDB process is impaired. 

Furthermore, it is possible to identify single impairments in GDB that may contribute to 

different clinical profiles or subtypes of apathy. GDB allows people to be independent in 

everyday task performance. This work will change the paradigm for assessing and treating 

apathy, leading to improved diagnostic accuracy and effective interventions to improve the 

ability of families, nurses, and other health professionals to manage a pervasive feature of ND. 
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APPENDIX A: NEUROPSYCHIATRIC INVENTORY APATHY SUBSCALE 

 
 



125 

	  

APPENDIX B: NOTICE OF GRANT AWARD 

 
 



126 

	  

Bibliography 

Aarsland, D., Bronnick, K., Alves, G., Tysnes, O. B., Pedersen, K. F., Ehrt, U., & Larsen, 

J. P. (2009). The spectrum of neuropsychiatric symptoms in patients with early 

untreated Parkinson’s disease. Journal of Neurology, Neurosurgery, and 

Psychiatry, 80, 928–930. doi:10.1136/jnnp.2008.166959 

Aharon-Peretz, J., Kliot, D., & Tomer, R. (2000). Behavioral differences between white 

matter lacunar dementia and Alzheimer’s disease: A comparison on the 

neuropsychiatric inventory. Dementia and Geriatric Cognitive Disorders, 11, 

294–298. doi:10.1159/000017252 

Alexander, D. C., Pierpaoli, C., Basser, P. J., & Gee, J. C. (2001). Spatial transformations 

of diffusion tensor magnetic resonance images. IEEE Transactions on Medical 

Imaging, 20, 1131–1139. doi:10.1109/42.963816 

Alexander, G. E., DeLong, M. R., & Strick, P. L. (1986). Parallel organization of 

functionally segregated circuits linking basal ganglia and cortex. Annual Review 

of Neuroscience, 9, 357–381. doi:10.1146/annurev.ne.09.030186.002041 

Avants, B., Duda, J. T., Kim, J., Zhang, H., Pluta, J., Gee, J. C., & Whyte, J. (2008). 

Multivariate analysis of structural and diffusion imaging in traumatic brain injury. 

Academic Radiology, 15, 1360–1375. doi:10.1016/j.acra.2008.07.007 

Avants, B. B., Epstein, C. L., Grossman, M., & Gee, J. C. (2008). Symmetric 

diffeomorphic image registration with cross-correlation: Evaluating automated 

labeling of elderly and neurodegenerative brain. Medical Image Analysis, 12, 26–

41. doi:10.1016/j.media.2007.06.004 



127 

	  

Avants, B., & Gee, J. C. (2004). Geodesic estimation for large deformation anatomical 

shape averaging and interpolation. NeuroImage, 23, S139–S150. doi:10.1016/j 

.neuroimage.2004.07.010 

Avants, B. B., Tustison, N. J., Song, G., Cook, P. A., Klein, A., & Gee, J. C. (2011). A 

reproducible evaluation of ANTs similarity metric performance in brain image 

registration. NeuroImage, 54, 2033–2044. doi:10.1016/j.neuroimage.2010.09.025 

Avants, B. B., Tustison, N. J., Wu, J., Cook, P. A., & Gee, J. C. (2011). An open source 

multivariate framework for n-tissue segmentation with evaluation on public data. 

Neuroinformatics, 9, 381–400. doi:10.1007/s12021-011-9109-y 

Baker, R., Bell, S., Baker, E., Gibson, S., Holloway, J., Pearce, R., ... Wareing, L. A. 

(2001). A randomized controlled trial of the effects of multi-sensory stimulation 

(MSS) for people with dementia. British Journal of Clinical Psychology, 40, 81–

96. doi:10.1348/014466501163508 

Bakker, C., de Vugt, M. E., van Vliet, D., Verhey, F. R., Pijnenburg, Y. A., Vernooij-

Dassen, M. J., & Koopmans, R. T. (2012). Predictors of the time to 

institutionalization in young- versus late-onset dementia: Results from the needs 

in young onset dementia (NeedYD) study. Journal of the American Medical 

Directors Association, 14, 248–253. doi:10.1016/j.jamda.2012.09.011 

Bartres-Faz, D., & Arenaza-Urquijo, E. M. (2011). Structural and functional imaging 

correlates of cognitive and brain reserve hypotheses in healthy and pathological 

aging. Brain Topography, 24, 340–357. doi:10.1007/s10548-011-0195-9 

Bechara, A., Damasio, H., & Damasio, A. R. (2000). Emotion, decision making and the 

orbitofrontal cortex. Cerebral Cortex, 10, 295–307. doi:10.1093/cercor/10.3.295 



128 

	  

Beckmann, M., Johansen-Berg, H., & Rushworth, M. F. (2009). Connectivity-based 

parcellation of human cingulate cortex and its relation to functional specialization. 

Journal of Neuroscience, 29, 1175–1190. doi:10.1523/JNEUROSCI.3328-08 

.2009 

Benoit, M., Andrieu, S., Lechowski, L., Gillette-Guyonnet, S., Robert, P. H., & Vellas, B. 

(2008). Apathy and depression in Alzheimer’s disease are associated with 

functional deficit and psychotropic prescription. International Journal of 

Geriatric Psychiatry, 23, 409–414. doi:10.1002/gps.1895 

Bhatia, K. P., & Marsden, C. D. (1994). The behavioural and motor consequences of 

focal lesions of the basal ganglia in man. Brain, 117, 859–876. doi:10.1093/brain 

/117.4.859 

Bonelli, R. M., & Cummings, J. L. (2007). Frontal-subcortical circuitry and behavior. 

Dialogues in Clinical Neuroscience, 9, 141–151. Retrieved from http://www 

.ncbi.nlm.nih.gov/pmc/articles/PMC3181854/ 

Borroni, B., Premi, E., Agosti, C., Alberici, A., Garibotto, V., Bellelli, G., ... Padovani, A. 

(2009). Revisiting brain reserve hypothesis in frontotemporal dementia: Evidence 

from a brain perfusion study. Dementia and Geriatric Cognitive Disorders, 28, 

130–135. doi:10.1159/000235575 

Boyer, F., Novella, J. L., Morrone, I., Jolly, D., & Blanchard, F. (2004). Agreement 

between dementia patient report and proxy reports using the Nottingham Health 

Profile. International Journal of Geriatric Psychiatry, 19, 1026–1034. doi:10 

.1002/gps.1191 



129 

	  

Brettschneider, J., Del Tredici, K., Irwin, D. J., Grossman, M., Robinson, J. L., Toledo, J. 

B., ... Trojanowski, J. Q. (2014). Sequential distribution of pTDP-43 pathology in 

behavioral variant frontotemporal dementia (bvFTD). Acta Neuropathologica, 

127, 423–439. doi:10.1007/s00401-013-1238-y 

Brown, R. G., & Pluck, G. (2000). Negative symptoms: The ‘pathology’ of motivation 

and goal-directed behavior. Trends in Neuroscience, 23, 412–417. doi:10.1016 

/S0166-2236(00)01626-X 

Burgess, P. W. (2000). Strategy application disorder: The role of the frontal lobes in 

human multitasking. Psychological Research, 63, 279–288. doi:10.1007 

/s004269900006 

Burke, W. J., Roccaforte, W. H., & Wengel, S. P. (1991). The short form of the Geriatric 

Depression Scale: A comparison with the 30-item form. Journal of Geriatric 

Psychiatry and Neurology, 4, 173–178. doi:10.1177/089198879100400310 

Butterfield, L. C., Cimino, C. R., Oelke, L. E., Hauser, R. A., & Sanchez-Ramos, J. 

(2010). The independent influence of apathy and depression on cognitive 

functioning in Parkinson’s disease. Neuropsychology, 24, 721–730. doi:10 

.1037/a0019650 

Cacciari, C., Moraschi, M., Di Paola, M., Cherubini, A., Orfei, M. D., Giove, F., ... 

Spalletta, G. (2010). White matter microstructure and apathy level in amnestic 

mild cognitive impairment. Journal of Alzheimer’s Disease, 20, 501–507. doi:10 

.3233/JAD-2010-1384 



130 

	  

Carey, L. M., & Seitz, R. J. (2007). Functional neuroimaging in stroke recovery and 

neurorehabilitation: Conceptual issues and perspectives. International Journal of 

Stroke, 2, 245–264. doi:10.1111/j.1747-4949.2007.00164.x 

Champod, A. S., & Petrides, M. (2007). Dissociable roles of the posterior parietal and the 

prefrontal cortex in manipulation and monitoring processes. Proceedings of the 

National Academy of Science of the United States of America, 104, 14837–14842. 

doi:10.1073/pnas.0607101104 

Chase, T. N. (2011). Apathy in neuropsychiatric disease: Diagnosis, pathophysiology, 

and treatment. Neurotoxicity Research, 19, 266–278. doi:10.1007/s12640-010 

-9196-9 

Chio, A., Vignola, A., Mastro, E., Giudici, A. D., Iazzolino, B., Calvo, A., ... Montuschi, 

A. (2010). Neurobehavioral symptoms in ALS are negatively related to 

caregivers’ burden and quality of life. European Journal of Neurology, 17, 1298–

1303. doi:10.1111/j.1468-1331.2010.03016.x 

Chow, T. W., Binns, M. A., Cummings, J. L., Lam, I., Black, S. E., Miller, B. L., … van 

Reekum, R. (2009). Apathy symptom profile and behavioral associations in 

frontotemporal dementia vs dementia of Alzheimer type. Archives of Neurology, 

66, 888–893. doi:10.1001/archneurol.2009.92 

Chow, T. W., Fridhandler, J. D., Binns, M. A., Lee, A., Merrilees, J., Rosen, H. J., ... 

Miller, B. L. (2012). Trajectories of behavioral disturbance in dementia. Journal 

of Alzheimer’s Disease, 31, 143–149. doi:10.3233/JAD-2012-111916 



131 

	  

Chow, T. W., Pio, F. J., & Rockwood, K. (2011). An international needs assessment of 

caregivers for frontotemporal dementia. Canadian Journal of Neurological 

Sciences, 38, 753–757. 

Clarke, D. E., Ko, J. Y., Kuhl, E. A., van Reekum, R., Salvador, R., & Marin, R. S. 

(2011). Are the available apathy measures reliable and valid? A review of the 

psychometric evidence. Journal of Psychosomatic Research, 70, 73–97. doi:10 

.1016/j.jpsychores.2010.01.012 

Clarke, D. E., van Reekum, R., Simard, M., Streiner, D. L., Conn, D., Cohen, T., & 

Freedman, M. (2008). Apathy in dementia: Clinical and sociodemographic 

correlates. Journal of Neuropsychiatry and Clinical Neurosciences, 20, 337–347. 

doi:10.1176/appi.neuropsych.20.3.337 

Cogbill, T. H., & Ziegelbein, K. J. (2011). Computed tomography, magnetic resonance, 

and ultrasound imaging: Basic principles, glossary of terms, and patient safety. 

Surgical Clinics of North America, 91, 1–14. doi:10.1016/j.suc.2010.10.006 

Cook, P. A., Bai, Y., Nedjati-Gilani, S., Seunarine, K. K., Hall, M. G., Parker, G. J., & 

Alexander, D. C. (2006, June). Camino: Open-source diffusion-MRI 

reconstruction and processing. Paper presented at 14th Scientific Meeting of the 

International Society for Magnetic Resonance in Medicine, Seattle, WA. 

Cooper, C., Tandy, A. R., Balamurali, T. B., & Livingston, G. (2010). A systematic 

review and meta-analysis of ethnic differences in use of dementia treatment, care, 

and research. American Journal of Geriatric Psychiatry, 18, 193–203. doi:10 

.1097/JGP.0b013e3181bf9caf 



132 

	  

Cummings, J. L. (1994). Vascular subcortical dementias: Clinical aspects. Dementia, 5, 

177–180. doi:10.1159/000106718 

Cummings, J. L., Mega, M., Gray, K., Rosenberg-Thompson, S., Carusi, D. A., & 

Gornbein, J. (1994). The Neuropsychiatric Inventory: Comprehensive assessment 

of psychopathology in dementia. Neurology, 44, 2308–2314. doi:10.1212/WNL 

.44.12.2308 

Dartigues, J. F. (2009). Alzheimer’s disease: A global challenge for the 21st century. 

Lancet Neurology, 8, 1082–1083. doi:10.1016/S1474-4422(09)70298-4 

Das, S. R., Avants, B. B., Grossman, M., & Gee, J. C. (2009). Registration based cortical 

thickness measurement. NeuroImage, 45, 867–879. doi:10.1016/j.neuroimage 

.2008.12.016 

Devos, D., Moreau, C., Dujardin, K., Cabantchik, I., Defebvre, L., & Bordet, R. (2013). 

New pharmacological options for treating advanced Parkinson’s disease. Clinical 

Therapeutics, 35, 1640–1652. doi:10.1016/j.clinthera.2013.08.011 

de Vugt, M. E., Riedijk, S. R., Aalten, P., Tibben, A., van Swieten, J. C., & Verhey, F. R. 

(2006). Impact of behavioural problems on spousal caregivers: A comparison 

between Alzheimer’s disease and frontotemporal dementia. Dementia and 

Geriatric Cognitive Disorders, 22, 35–41. doi:10.1159/000093102 

Dezfouli, A., & Balleine, B. W. (2013). Actions, action sequences and habits: Evidence 

that goal-directed and habitual action control are hierarchically organized. PLoS 

Computational Biology, 9(12), e1003364. doi:10.1371/journal.pcbi.1003364 



133 

	  

Di, X., Rypma, B., & Biswal, B. B. (2013). Correspondence of executive function related 

functional and anatomical alterations in aging brain. Progress in Neuro-

psychopharmacology & Biological Psychiatry, 48, 41–50. doi:10.1016/j.pnpbp 

.2013.09.001 

Dickert, N., & Grady, C. (1999). What’s the price of a research subject? Approaches to 

payment for research participation. New England Journal of Medicine, 341, 198–

203. doi:10.1056/NEJM199907153410312 

Diehl-Schmid, J., Pohl, C., Perneczky, R., Forstl, H., & Kurz, A. (2006). Behavioral 

disturbances in the course of frontotemporal dementia. Dementia and Geriatric 

Cognitive Disorders, 22, 352–357. doi:10.1159/000095625 

Diekhof, E. K., Falkai, P., & Gruber, O. (2011). The orbitofrontal cortex and its role in 

the assignment of behavioural significance. Neuropsychologia, 49, 984–991. doi: 

10.1016/j.neuropsychologia.2011.01.032 

Di Iulio, F., Palmer, K., Blundo, C., Casini, A. R., Gianni, W., Caltagirone, C., & 

Spalletta, G. (2010). Occurrence of neuropsychiatric symptoms and psychiatric 

disorders in mild Alzheimer’s disease and mild cognitive impairment subtypes. 

International Psychogeriatrics, 22, 629–640. doi:10.1017/S1041610210000281 

Di Maria, E., Cammarata, S., Parodi, M. I., Borghi, R., Benussi, L., Galli, M., ... Tabaton, 

M. (2010). The H1 haplotype of the tau gene (MAPT) is associated with mild 

cognitive impairment. Journal of Alzheimer’s Disease, 19, 909–914. doi:10 

.3233/JAD-2010-1285 



134 

	  

D’Onofrio, G., Panza, F., Seripa, D., Sancarlo, D., Paris, F., Cascavilla, L., ... Pilotto, A. 

(2011). The APOE polymorphism in Alzheimer’s disease patients with 

neuropsychiatric symptoms and syndromes. International Journal of Geriatric 

Psychiatry, 26, 1062–1070. doi:10.1002/gps.2644 

Drapier, D., Drapier, S., Sauleau, P., Haegelen, C., Raoul, S., Biseul, I., ... Millet, B. 

(2006). Does subthalamic nucleus stimulation induce apathy in Parkinson’s 

disease? Journal of Neurology, 253, 1083–1091. doi:10.1007/s00415-006-0177-0 

Drijgers, R. L., Aalten, P., Winogrodzka, A., Verhey, F. R., & Leentjens, A. F. (2009). 

Pharmacological treatment of apathy in neurodegenerative diseases: A systematic 

review. Dementia and Geriatric Cognitive Disorders, 28, 13–22. doi:10.1159 

/000228840 

Drijgers, R. L., Dujardin, K., Reijnders, J. S., Defebvre, L., & Leentjens, A. F. (2010). 

Validation of diagnostic criteria for apathy in Parkinson’s disease. Parkinsonism 

& Related Disorders, 16, 656–660. doi:10.1016/j.parkreldis.2010.08.015 

Elliott, R., Agnew, Z., & Deakin, J. F. (2010). Hedonic and informational functions of the 

human orbitofrontal cortex. Cerebral Cortex, 20, 198–204. doi:10.1093/cercor 

/bhp092 

Eslinger, P. J., Dennis, K., Moore, P., Antani, S., Hauck, R., & Grossman, M. (2005). 

Metacognitive deficits in frontotemporal dementia. Journal of Neurology, 

Neurosurgery, and Psychiatry, 76, 1630–1635. doi:10.1136/jnnp.2004.053157 



135 

	  

Eslinger, P. J., Moore, P., Anderson, C., & Grossman, M. (2011). Social cognition, 

executive functioning, and neuroimaging correlates of empathic deficits in 

frontotemporal dementia. Journal of Neuropsychiatry & Clinical Neurosciences, 

23, 74–82. doi:10.1176/appi.neuropsych.23.1.74 

Eslinger, P. J., Moore, P., Antani, S., Anderson, C., & Grossman, M. (2012). Apathy in 

frontotemporal dementia: Behavioral and neuroimaging correlates. Behavioural 

Neurology, 25, 127–136. doi:10.3233/BEN-2011-0351 

Eslinger, P. J., Moore, P., Troiani, V., Antani, S., Cross, K., Kwok, S., & Grossman, M. 

(2007). Oops! Resolving social dilemmas in frontotemporal dementia. Journal of 

Neurology, Neurosurgery, and Psychiatry, 78, 457–460. doi:10.1136/jnnp.2006 

.098228 

Esposito, F., Rochat, L., Van der Linden, A. C., Lekeu, F., Quittre, A., Charnallet, A., & 

Van der Linden, M. (2010). Apathy and executive dysfunction in Alzheimer 

disease. Alzheimer Disease and Associated Disorders, 24, 131–137. doi:10 

.1097/WAD.0b013e3181c9c168 

Farag, C., Troiani, V., Bonner, M., Powers, C., Avants, B., Gee, J., & Grossman, M. 

(2010). Hierarchical organization of scripts: Converging evidence from FMRI and 

frontotemporal degeneration. Cerebral Cortex, 20, 2453–2463. doi:10.1093 

/cercor/bhp313 

Folstein, M. F., Folstein, S. F., & McHugh, P. R. (1975). “Mini mental state.” A practical 

method for grading the cognitive state of patients for the clinician. Journal of 

Psychiatric Research, 12, 189–198. doi:10.1016/0022-3956(75)90026-6 



136 

	  

Foubert-Samier, A., Catheline, G., Amieva, H., Dilharreguy, B., Helmer, C., Allard, M., 

& Dartigues, J. F. (2012). Education, occupation, leisure activities, and brain 

reserve: A population-based study. Neurobiology of Aging, 33, 423.e15–25. doi: 

10.1016/j.neurobiolaging.2010.09.023 

Frings, L., Mader, I., Landwehrmeyer, B. G., Weiller, C., Hull, M., & Huppertz, H. J. 

(2012). Quantifying change in individual subjects affected by frontotemporal 

lobar degeneration using automated longitudinal MRI volumetry. Human Brain 

Mapping, 33, 1526–1535. doi:10.1002/hbm.21304 

Funahashi, S. (2001). Neuronal mechanisms of executive control by the prefrontal cortex. 

Neuroscience Research, 39, 147–165. doi:10.1016/S0168-0102(00)00224-8 

Garavan, H., Ross, T. J., Li, S. J., & Stein, E. A. (2000). A parametric manipulation of 

central executive functioning. Cerebral Cortex, 10, 585–592. doi:10.1093/cercor 

/10.6.585 

Genova, H. M., DeLuca, J., Chiaravalloti, N., & Wylie, G. (2013). The relationship 

between executive functioning, processing speed, and white matter integrity in 

multiple sclerosis. Journal of Clinical and Experimental Neuropsychology, 35, 

631–641. doi:10.1080/13803395.2013.806649 

Geurts, H. M., & de Wit, S. (2013, September 26). Goal-directed action control in 

children with autism spectrum disorders. Autism (Published online before print). 

doi:10.1177/1362361313477919 



137 

	  

Gigi, A., Babai, R., Penker, A., Hendler, T., & Korczyn, A. D. (2010). Prefrontal 

compensatory mechanism may enable normal semantic memory performance in 

mild cognitive impairment (MCI). Journal of Neuroimaging, 20, 163–168. doi:10 

.1111/j.1552-6569.2009.00386.x 

Gill, T. M., Castaneda, P. J., & Janak, P. H. (2010). Dissociable roles of the medial 

prefrontal cortex and nucleus accumbens core in goal-directed actions for 

differential reward magnitude. Cerebral Cortex, 20, 2884–2899. doi:10.1093 

/cercor/bhq036 

Girardi, A., Macpherson, S. E., & Abrahams, S. (2011). Deficits in emotional and social 

cognition in amyotrophic lateral sclerosis. Neuropsychology, 25, 53-65. doi:10 

.1037/a0020357 

Gordon, E., Rohrer, J. D., Kim, L. G., Omar, R., Rossor, M. N., Fox, N. C., & Warren, J. 

D. (2010). Measuring disease progression in frontotemporal lobar degeneration: A 

clinical and MRI study. Neurology, 74, 666–673. doi:10.1212/WNL 

.0b013e3181d1a879 

Grossman, M., Eslinger, P. J., Troiani, V., Anderson, C., Avants, B., Gee, J. C., ... Antani, 

S. (2010). The role of ventral medial prefrontal cortex in social decisions: 

Converging evidence from fMRI and frontotemporal lobar degeneration. 

Neuropsychologia, 48, 3505–3512. doi:10.1016/j.neuropsychologia.2010.07.036 

Hahn, C., Lim, H. K., Won, W. Y., Ahn, K. J., Jung, W. S., & Lee, C. U. (2013). Apathy 

and white matter integrity in Alzheimer’s disease: A whole brain analysis with 

tract-based spatial statistics. PloS One, 8(1), e53493. doi:10.1371/journal.pone 

.0053493 



138 

	  

Hare, T. A., Camerer, C. F., Knoepfle, D. T., & Rangel, A. (2010). Value computations 

in ventral medial prefrontal cortex during charitable decision making incorporate 

input from regions involved in social cognition. Journal of Neuroscience, 30, 

583–590. doi:10.1523/JNEUROSCI.4089-09.2010 

Harris, S. M., Adams, M. S., Zubatsky, M., & White, M. (2011). A caregiver perspective 

of how Alzheimer’s disease and related disorders affect couple intimacy. Aging & 

Mental Health, 15, 950–960. doi:10.1080/13607863.2011.583629 

Hellstrom, I., Nolan, M., Nordenfelt, L., & Lundh, U. (2007). Ethical and methodological 

issues in interviewing persons with dementia. Nursing Ethics, 14, 608–619. doi:10 

.1177/0969733007080206 

Hikosaka, O., & Isoda, M. (2010). Switching from automatic to controlled behavior: 

Cortico-basal ganglia mechanisms. Trends in Cognitive Sciences, 14, 154–161. 

doi: 10.1016/j.tics.2010.01.006 

Hoffstaedter, F., Grefkes, C., Caspers, S., Roski, C., Palomero-Gallagher, N., Laird, A. 

R., ... Eickhoff, S. B. (2013, September 24). The role of anterior midcingulate 

cortex in cognitive motor control: Evidence from functional connectivity analyses. 

Human Brain Mapping, (Published online ahead of print). doi:10.1002 

/hbm.22363 

Hoffstaedter, F., Grefkes, C., Zilles, K., & Eickhoff, S. B. (2013). The “what” and 

“when” of self-initiated movements. Cerebral Cortex, 23, 520–530. doi:10.1093 

/cercor/bhr391 



139 

	  

Holtta, E. H., Laakkonen, M. L., Laurila, J. V., Strandberg, T. E., Tilvis, R. S., & Pitkala, 

K. H. (2012). Apathy: Prevalence, associated factors, and prognostic value among 

frail, older inpatients. Journal of the American Medical Directors Association, 13, 

541–545. doi:10.1016/j.jamda.2012.04.005 

Huey, E. D., Goveia, E. N., Paviol, S., Pardini, M., Krueger, F., Zamboni, G., ... Grafman, 

J. (2009). Executive dysfunction in frontotemporal dementia and corticobasal 

syndrome. Neurology, 72, 453–459. doi:10.1212/01.wnl.0000341781 

.39164.26 

Ishii, S., Weintraub, N., & Mervis, J. R. (2009). Apathy: A common psychiatric 

syndrome in the elderly. Journal of the American Medical Directors Association, 

10, 381–393. doi:10.1016/j.jamda.2009.03.007 

Jenkins, I. H., Jahanshahi, M., Jueptner, M., Passingham, R. E., & Brooks, D. J. (2000). 

Self-initiated versus externally triggered movements. II. The effect of movement 

predictability on regional cerebral blood flow. Brain, 123, 1216–1228. doi:10 

.1093/brain/123.6.1216 

Johnson, J. K., Diehl, J., Mendez, M. F., Neuhaus, J., Shapira, J. S., Forman, M., ... 

Miller, B. L. (2005). Frontotemporal lobar degeneration: Demographic 

characteristics of 353 patients. Archives of Neurology, 62, 925–930. doi:10 

.1001/archneur.62.6.925 

Kable, J. W., & Glimcher, P. W. (2007). The neural correlates of subjective value during 

intertemporal choice. Nature Neuroscience, 10, 1625–1633. doi:10.1038/nn2007 



140 

	  

Kaller, C. P., Rahm, B., Spreer, J., Weiller, C., & Unterrainer, J. M. (2011). Dissociable 

contributions of left and right dorsolateral prefrontal cortex in planning. Cerebral 

Cortex, 21, 307–317. doi:10.1093/cercor/bhq096 

Karlawish, J. (2008). Measuring decision-making capacity in cognitively impaired 

individuals. Neurosignals, 16, 91–98. doi:10.1159/000109763 

Karttunen, K., Karppi, P., Hiltunen, A., Vanhanen, M., Valimaki, T., Martikainen, J., ... 

Pirttila, T. (2010). Neuropsychiatric symptoms and quality of life in patients with 

very mild and mild Alzheimer’s disease. International Journal of Geriatric 

Psychiatry, 26, 473–482. doi:10.1002/gps.2550 

Kaufer, D. I., Cummings, J. L., Christine, D., Bray, T., Castellon, S., Masterman, D., … 

DeKosky, S. T. (1998). Assessing the impact of neuropsychiatric symptoms in 

Alzheimer’s disease: The Neuropsychiatric Inventory Caregiver Distress Scale. 

Journal of the American Geriatrics Society, 46, 210–215. 

Kim, J., Avants, B., Patel, S., Whyte, J., Coslett, B. H., Pluta, J., ... Gee, J. C. (2008). 

Structural consequences of diffuse traumatic brain injury: A large deformation 

tensor-based morphometry study. NeuroImage, 39, 1014–1026. doi:10.1016/j 

.neuroimage.2007.10.005 

Kim, J. W., Lee, D. Y., Choo, I. H., Seo, E. H., Kim, S. G., Park, S. Y., & Woo, J. I. 

(2011). Microstructural alteration of the anterior cingulum is associated with 

apathy in Alzheimer disease. American Journal of Geriatric Psychiatry, 19, 644–

653. doi:10.1097/JGP.0b013e31820dcc73 

Kim, S. I. (2013). Neuroscientific model of motivational process. Frontiers in 

Psychology, 4, 98. doi:10.3389/fpsyg.2013.00098 



141 

	  

Knopman, D. S., & Roberts, R. O. (2011). Estimating the number of persons with 

frontotemporal lobar degeneration in the US population. Journal of Molecular 

Neuroscience, 45, 330–335. doi:10.1007/s12031-011-9538-y 

Kotchoubey, B., Schneck, M., Lang, S., & Birbaumer, N. (2003). Event-related brain 

potentials in a patient with akinetic mutism. Clinical Neurophysiology, 33(1), 23–

30. doi:10.1016/S0987-7053(03)00003-0 

Kvickstrom, P., Eriksson, B., van Westen, D., Latt, J., Elfgren, C., & Nilsson, C. (2011). 

Selective frontal neurodegeneration of the inferior fronto-occipital fasciculus in 

progressive supranuclear palsy (PSP) demonstrated by diffusion tensor 

tractography. BMC Neurology, 11, 13. doi:10.1186/1471-2377-11-13 

Lach, H. W., Chang, Y. P., & Edwards, D. (2010). Can older adults with dementia 

accurately report depression using brief forms? Reliability and validity of the 

Geriatric Depression Scale. Journal of Gerontological Nursing, 36(5), 30–37. doi: 

10.3928/00989134-20100303-01 

Laird, N. M., & Ware, J. H. (1982). Random-effects models for longitudinal data. 

Biometrics, 38, 963–974. doi:10.2307/2529876 

Lamar, M., Zonderman, A. B., & Resnick, S. (2002). Contribution of specific cognitive 

processes to executive functioning in an aging population. Neuropsychology, 16, 

156–162. doi:10.1037/0894-4105.16.2.156 

Landes, A. M., Sperry, S. D., Strauss, M. E., & Geldmacher, D. S. (2001). Apathy in 

Alzheimer’s disease. Journal of the American Geriatrics Society, 49, 1700–1707. 

doi:10.1046/j.1532-5415.2001.49282.x 



142 

	  

Law, E., Russ, T., & Connelly, P. (2013). What motivates patients and carers to 

participate in dementia studies? Nursing Older People, 25(9), 31–36. doi:10 

.7748/nop2013.11.25.9.31.e503 

Le Ber, I., Guedj, E., Gabelle, A., Verpillat, P., Volteau, M., Thomas-Anterion, C., ... 

Dubois, B. (2006). Demographic, neurological and behavioural characteristics and 

brain perfusion SPECT in frontal variant of frontotemporal dementia. Brain, 129, 

3051–3065. doi:10.1093/brain/awl288 

Lechowski, L., Benoit, M., Chassagne, P., Vedel, I., Tortrat, D., Teillet, L., & Vellas, B. 

(2009). Persistent apathy in Alzheimer’s disease as an independent factor of rapid 

functional decline: The REAL longitudinal cohort study. International Journal of 

Geriatric Psychiatry, 24, 341–346. doi:10.1002/gps.2125 

Lerch, J. P., & Evans, A. C. (2005). Cortical thickness analysis examined through power 

analysis and a population simulation. NeuroImage, 24, 163–173. doi:10.1016/j 

.neuroimage.2004.07.045 

Levy, R., & Dubois, B. (2006). Apathy and the functional anatomy of the prefrontal 

cortex-basal ganglia circuits. Cerebral Cortex, 16, 916–928. doi:10.1093/cercor 

/bhj043 

Libon, D. J., Xie, S. X., Wang, X., Massimo, L., Moore, P., Vesely, L., ... Grossman, M. 

(2009). Neuropsychological decline in frontotemporal lobar degeneration: A 

longitudinal analysis. Neuropsychology, 23, 337–346. doi:10.1037/a0014995 



143 

	  

Liu, X., Hairston, J., Schrier, M., & Fan, J. (2011). Common and distinct networks 

underlying reward valence and processing stages: A meta-analysis of functional 

neuroimaging studies. Neuroscience and Biobehavioral Reviews, 35, 1219–1236. 

doi:10.1016/j.neubiorev.2010.12.012 

Liu, Y., Julkunen, V., Paajanen, T., Westman, E., Wahlund, L. O., Aitken, A., ... 

Soininen, H. (2012). Education increases reserve against Alzheimer’s disease—

Evidence from structural MRI analysis. Neuroradiology, 54, 929–938. doi:10 

.1007/s00234-012-1005-0 

Lu, P. H., Lee, G. J., Shapira, J., Jimenez, E., Mather, M. J., Thompson, P. M., ... Mendez, 

M. F. (2013). Regional differences in white matter breakdown between 

frontotemporal dementia and early-onset Alzheimer’s disease. Journal of 

Alzheimer’s Disease, 39, 261–269. doi:10.3233/JAD-131481 

Lynoe, N., Sandlund, M., & Jacobsson, L. (1998). When others decide: Reasons for 

allowing patients with Alzheimer’s disease to participate in nontherapeutic 

research. International Psychogeriatrics, 10, 435–436. doi:10.1017 

/S104161029800550X 

Marin, R. S. (1990). Differential diagnosis and classification of apathy. American Journal 

of Psychiatry, 147, 22–30. 

Marin, R. S. (1996). Apathy and related disorders of diminished motivation. In L. J 

Dickstein, J. M. Oldham, & M. B. Riba (Eds.), Review of psychiatry (Vol. 15, 

pp. 205–242). Washington, DC: American Psychiatric Press. 



144 

	  

Marin, R. S., Biedrzycki, R. C., & Firinciogullari, S. (1991). Reliability and validity of 

the Apathy Evaluation Scale. Psychiatry Research, 38, 143–162. doi:10.1016 

/0165-1781(91)90040-V 

Massimo, L., Evans, L. K., & Benner, P. (2013). Caring for loved ones with 

frontotemporal degeneration: The lived experiences of spouses. Geriatric Nursing, 

34, 302–306. doi:10.1016/j.gerinurse.2013.05.001 

Massimo, L., Evans, L. K., Morgan, B., Powers, J., & Grossman, M. (2012, October). 

Executive difficulty and apathy in behavioral variant frontotemporal degeneration. 

Paper presented at the 65th annual meeting of the Gerontological Society of 

America, San Diego, CA. 

Massimo, L., & Grossman, M. (2008). Patient care and management of frontotemporal 

lobar degeneration. American Journal of Alzheimer’s Disease and Other 

Dementias, 23, 125–131. doi:10.1177/1533317507307961 

Massimo, L., Libon, D. J., Chandrasekaran, K., Dreyfuss, M., McMillan, C. T., 

Rascovsky, K., ... Grossman, M. (2013). Self-appraisal in behavioural variant 

frontotemporal degeneration. Journal of Neurology, Neurosurgery, and 

Psychiatry, 84, 148–153. doi:10.1136/jnnp-2012-303153 

Massimo, L., Morgan, B., Chandrasekaran, K., Boller, A., Camp, E., McMillan, C., … 

Grossman, M. (2012, April). Initiation difficulty and apathy in frontotemporal 

degeneration. Paper presented at the 64th annual meeting of the American 

Academy of Neurology, New Orleans, LA. 



145 

	  

Massimo, L., Powers, C., Moore, P., Vesely, L., Avants, B., Gee, J., ... Grossman, M. 

(2009). Neuroanatomy of apathy and disinhibition in frontotemporal lobar 

degeneration. Dementia and Geriatric Cognitive Disorders, 27, 96–104. doi:10 

.1159/000194658 

Massimo, L., Rascovsky, K., Xie, S., Zee, J., Libon, D., Kolanowski, A. & Grossman, M. 

(2013, April). Occupational attainment influences survival in frontotemporal 

degeneration. Paper presented at the 25th annual meeting of the Eastern Nursing 

Research Society, Boston, MA. 

Mastwyk, M., Ritchie, C. W., LoGiudice, D., Sullivan, K. A., & Macfarlane, S. (2002). 

Carer impressions of participation in Alzheimer’s disease clinical trials: What are 

their hopes? And is it worth it? International Psychogeriatrics, 14, 39–45. doi:10 

.1017/S1041610202008268 

Mega, M. S., & Cohenour, R. C. (1997). Akinetic mutism: Disconnection of frontal-

subcortical circuits. Neuropsychiatry, Neuropsychology, and Behavioral 

Neurology, 10, 254–259. 

Mega, M. S., Cummings, J. L., Fiorello, T., & Gornbein, J. (1996). The spectrum of 

behavioral changes in Alzheimer’s disease. Neurology, 46, 130–135. doi:10.1212 

/WNL.46.1.130 

Mendez, M. F., Lauterbach, E. C., & Sampson, S. M. (2008). An evidence-based review 

of the psychopathology of frontotemporal dementia: A report of the ANPA 

Committee on Research. Journal of Neuropsychiatry and Clinical Neurosciences, 

20, 130–149. doi:10.1176/appi.neuropsych.20.2.130 



146 

	  

Miller, E. K., & Cohen, J. D. (2001). An integrative theory of prefrontal cortex function. 

Annual Review of Neuroscience, 24, 167–202. doi:10.1146/annurev.neuro.24.1 

.167 

Mioshi, E., & Hodges, J. R. (2009). Rate of change of functional abilities in 

frontotemporal dementia. Dementia and Geriatric Cognitive Disorders, 28, 419–

426. doi:10.1159/000255652 

Mizrahi, R., & Starkstein, S. E. (2007). Epidemiology and management of apathy in 

patients with Alzheimer’s disease. Drugs & Aging, 24, 547–554. doi:10.2165 

/00002512-200724070-00003 

Monastero, R., Mariani, E., Camarda, C., Ingegni, T., Averna, M. R., Senin, U., ... 

Mecocci, P. (2006). Association between apolipoprotein E epsilon4 allele and 

apathy in probable Alzheimer’s disease. Acta Psychiatrica Scandinavica, 113, 

59–63. doi:10.1111/j.1600-0447.2005.00597.x 

Morley, J. F., Xie, S. X., Hurtig, H. I., Stern, M. B., Colcher, A., Horn, S., ... Siderowf, A. 

(2012). Genetic influences on cognitive decline in Parkinson’s disease. Movement 

Disorders, 27, 512–518. doi:10.1002/mds.24946 

Mulert, C., Gallinat, J., Dorn, H., Herrmann, W. M., & Winterer, G. (2003). The 

relationship between reaction time, error rate and anterior cingulate cortex activity. 

International Journal of Psychophysiology, 47, 175–183. doi:10.1016 

/S0167-8760(02)00125-3 

Nader, K., Bechara, A., & van der Kooy, D. (1997). Neurobiological constraints on 

behavioral models of motivation. Annual Review of Psychology, 48, 85–114. doi: 

10.1146/annurev.psych.48.1.85 



147 

	  

Newman, S. D., Carpenter, P. A., Varma, S., & Just, M. A. (2003). Frontal and parietal 

participation in problem solving in the Tower of London: fMRI and 

computational modeling of planning and high-level perception. Neuropsychologia, 

41, 1668–1682. doi:10.1016/S0028-3932(03)00091-5 

Noonan, M. P., Kolling, N., Walton, M. E., & Rushworth, M. F. (2012). Re-evaluating 

the role of the orbitofrontal cortex in reward and reinforcement. European 

Journal of Neuroscience, 35, 997–1010. doi:10.1111/j.1460-9568.2012.08023.x 

Okura, T., Plassman, B. L., Steffens, D. C., Llewellyn, D. J., Potter, G. G., & Langa, K. 

M. (2011). Neuropsychiatric symptoms and the risk of institutionalization and 

death: The aging, demographics, and memory study. Journal of the American 

Geriatrics Society, 59, 473–481. doi:10.1111/j.1532-5415.2011.03314.x 

Ota, M., Sato, N., Nakata, Y., Arima, K., & Uno, M. (2012). Relationship between 

apathy and diffusion tensor imaging metrics of the brain in Alzheimer’s disease. 

International Journal of Geriatric Psychiatry, 27, 722–726. doi:10.1002/gps.2779 

Panza, F., Frisardi, V., Seripa, D., D’Onofrio, G., Santamato, A., Masullo, C., ... Pilotto, 

A. (2012). Apolipoprotein E genotypes and neuropsychiatric symptoms and 

syndromes in late-onset Alzheimer’s disease. Ageing Research Reviews, 11, 87–

103. doi:10.1016/j.arr.2011.06.005 

Papagno, C., Miracapillo, C., Casarotti, A., Romero Lauro, L. J., Castellano, A., Falini, 

A., ... Bello, L. (2011). What is the role of the uncinate fasciculus? Surgical 

removal and proper name retrieval. Brain, 134, 405–414. doi:10.1093/brain 

/awq283 



148 

	  

Pedersen, K. F., Alves, G., Aarsland, D., & Larsen, J. P. (2009). Occurrence and risk 

factors for apathy in Parkinson disease: A 4-year prospective longitudinal study. 

Journal of Neurology, Neurosurgery, and Psychiatry, 80, 1279–1282. doi:10.1136 

/jnnp.2008.170043 

Pedersen, K. F., Larsen, J. P., Alves, G., & Aarsland, D. (2009). Prevalence and clinical 

correlates of apathy in Parkinson’s disease: A community-based study. 

Parkinsonism and Related Disorders, 15, 295–299. doi:10.1016/j.parkreldis.2008 

.07.006 

Penn Image Computing & Science Lab. (2014). ANTS. Retrieved from http://www.picsl 

.upenn.edu/ANTS 

Perry, D. C., Sturm, V. E., Wood, K. A., Miller, B. L., & Kramer, J. H. (2013, October 

25). Divergent processing of monetary and social reward in behavioral variant 

frontotemporal dementia and Alzheimer disease. Alzheimer Disease and 

Associated Disorders,(Published online ahead of print). doi:10.1097/WAD 

.0000000000000012 

Perry, J. (2002). Wives giving care to husbands with Alzheimer’s disease: A process of 

interpretive caring. Research in Nursing & Health, 25, 307–316. doi:10.1002/nur 

.10040 

Peters, F., Perani, D., Herholz, K., Holthoff, V., Beuthien-Baumann, B., Sorbi, S., ... 

Salmon, E. (2006). Orbitofrontal dysfunction related to both apathy and 

disinhibition in frontotemporal dementia. Dementia & Geriatric Cognitive 

Disorders, 21, 373–379. doi:10.1159/000091898 



149 

	  

Piguet, O., Hornberger, M., Mioshi, E., & Hodges, J. R. (2011). Behavioural-variant 

frontotemporal dementia: Diagnosis, clinical staging, and management. Lancet 

Neurology, 10, 162–172. doi:10.1016/S1474-4422(10)70299-4 

Pluck, G. C., & Brown, R. G. (2002). Apathy in Parkinson’s disease. Journal of 

Neurology, Neurosurgery, and Psychiatry, 73, 636–642. 

Premi, E., Garibotto, V., Alberici, A., Paghera, B., Giubbini, R., Padovani, A., & Borroni, 

B. (2012). Nature versus nurture in frontotemporal lobar degeneration: The 

interaction of genetic background and education on brain damage. Dementia & 

Geriatric Cognitive Disorders, 33, 372–378. doi:10.1159/000339366 

Quaranta, D., Marra, C., Rossi, C., Gainotti, G., & Masullo, C. (2012). Different apathy 

profile in behavioral variant of frontotemporal dementia and Alzheimer’s disease: 

A preliminary investigation. Current Gerontology and Geriatrics Research, 2012, 

719250. doi:10.1155/2012/719250 

Rabinovici, G. D., Seeley, W. W., Kim, E. J., Gorno-Tempini, M. L., Rascovsky, K., 

Pagliaro, T. A., ... Rosen, H. J. (2007). Distinct MRI atrophy patterns in autopsy-

proven Alzheimer’s disease and frontotemporal lobar degeneration. American 

Journal of Alzheimer’s Disease and Other Dementias, 22, 474–488. doi:10.1177 

/1533317507308779 

Rascovsky, K., Hodges, J. R., Knopman, D., Mendez, M. F., Kramer, J. H., Neuhaus, 

J., ... Miller, B. L. (2011). Sensitivity of revised diagnostic criteria for the 

behavioural variant of frontotemporal dementia. Brain, 134, 2456–2477. doi:10 

.1093/brain/awr179 



150 

	  

Ratnavalli, E., Brayne, C., Dawson, K., & Hodges, J. R. (2002). The prevalence of 

frontotemporal dementia [see comment]. Neurology, 58, 1615–1621. doi:10 

.1212/WNL.58.11.1615 

Reijnders, J. S., Scholtissen, B., Weber, W. E., Aalten, P., Verhey, F. R., & Leentjens, A. 

F. (2010). Neuroanatomical correlates of apathy in Parkinson’s disease: A 

magnetic resonance imaging study using voxel-based morphometry. Movement 

Disorders, 25, 2318–2325. doi:10.1002/mds.23268 

Robert, P., Onyike, C. U., Leentjens, A. F., Dujardin, K., Aalten, P., Starkstein, S., ... 

Byrne, J. (2009). Proposed diagnostic criteria for apathy in Alzheimer’s disease 

and other neuropsychiatric disorders. European Psychiatry, 24, 98–104. doi:10 

.1016/j.eurpsy.2008.09.001 

Rosen, H. J., Allison, S. C., Schauer, G. F., Gorno-Tempini, M. L., Weiner, M. W., & 

Miller, B. L. (2005). Neuroanatomical correlates of behavioural disorders in 

dementia. Brain, 128, 2612–2625. doi:10.1093/brain/awh628 

Rosen, H. J., Perry, R. J., Murphy, J., Kramer, J. H., Mychack, P., Schuff, N., ... Miller, B. 

L. (2002). Emotion comprehension in the temporal variant of frontotemporal 

dementia. Brain, 125, 2286–2295. doi:10.1093/brain/awf225 

Rosso, S. M., Donker Kaat, L., Baks, T., Joosse, M., de Koning, I., Pijnenburg, Y., ... van 

Swieten, J. C. (2003). Frontotemporal dementia in The Netherlands: Patient 

characteristics and prevalence estimates from a population-based study. Brain, 

126, 2016–2022. doi:10.1093/brain/awg204 



151 

	  

Rowe, J. B., Owen, A. M., Johnsrude, I. S., & Passingham, R. E. (2001). Imaging the 

mental components of a planning task. Neuropsychologia, 39, 315–327. doi:10 

.1016/S0028-3932(00)00109-3 

Ruh, N., Cooper, R. P., & Mareschal, D. (2010). Action selection in complex routinized 

sequential behaviors. Journal of Experimental Psychology, Human Perception 

and Performance, 36, 955–975. doi:10.1037/a0017608 

Ruh, N., Rahm, B., Unterrainer, J. M., Weiller, C., & Kaller, C. P. (2012). Dissociable 

stages of problem solving (II): First evidence for process-contingent temporal 

order of activation in dorsolateral prefrontal cortex. Brain and Cognition, 80(1), 

170–176. doi:10.1016/j.bandc.2012.02.012 

Salvador, R., Suckling, J., Schwarzbauer, C., & Bullmore, E. (2005). Undirected graphs 

of frequency-dependent functional connectivity in whole brain networks. 

Philosophical transactions of the Royal Society of London. Series B, Biological 

Sciences, 360, 937–946. doi:10.1098/rstb.2005.1645 

Savio, A., Garcia-Sebastian, M. T., Chyzyk, D., Hernandez, C., Grana, M., Sistiaga, A., ... 

Villanua, J. (2011). Neurocognitive disorder detection based on feature vectors 

extracted from VBM analysis of structural MRI. Computers in Biology and 

Medicine, 41, 600–610. doi:10.1016/j.compbiomed.2011.05.010 

Schultz, W., Tremblay, L., & Hollerman, J. (2000). Reward processing in primate 

orbitofrontal cortex and basal ganglia. Cerebral Cortex, 10, 272–283. doi:10.1093 

/cercor/10.3.272 



152 

	  

Seelaar, H., Rohrer, J. D., Pijnenburg, Y. A., Fox, N. C., & van Swieten, J. C. (2011, 

October 22). Clinical, genetic and pathological heterogeneity of frontotemporal 

dementia: A review. Journal of Neurology, Neurosurgery, and Psychiatry, 

(Published online ahead of print). doi:10.1136/jnnp.2010.212225 

Sescousse, G., Redoute, J., & Dreher, J. C. (2010). The architecture of reward value 

coding in the human orbitofrontal cortex. Journal of Neuroscience, 30, 13095–

13104. doi:10.1523/JNEUROSCI.3501-10.2010 

Sheikh, J. I., & Yesavage, J. A. (1980). Geriatric Depression Scale (GDS): Recent 

evidence and development of a shorter version. In T. L. Brink (Ed.), Clinical 

gerontology: A guide to assessment and intervention (pp. 165–173). New York, 

NY: The Haworth Press. 

Silton, R. L., Heller, W., Towers, D. N., Engels, A. S., Spielberg, J. M., Edgar, J. C., ... 

Miller, G. A. (2010). The time course of activity in dorsolateral prefrontal cortex 

and anterior cingulate cortex during top-down attentional control. NeuroImage, 50, 

1292–1302. doi:10.1016/j.neuroimage.2009.12.061 

Simon, S. S., Yokomizo, J. E., & Bottino, C. M. (2012). Cognitive intervention in 

amnestic mild cognitive impairment: A systematic review. Neuroscience and 

Biobehavioral Reviews, 36, 1163–1178. doi:10.1016/j.neubiorev.2012.01.007 

Smith, D. V., Hayden, B. Y., Truong, T. K., Song, A. W., Platt, M. L., & Huettel, S. A. 

(2010). Distinct value signals in anterior and posterior ventromedial prefrontal 

cortex. Journal of Neuroscience, 30, 2490–2495. doi:10.1523/JNEUROSCI.3319 

-09.2010 



153 

	  

Sorel, O., & Pennequin, V. (2008). Aging of the planning process: The role of executive 

functioning. Brain and Cognition, 66, 196–201. doi:10.1016/j.bandc.2007.07.006 

Sourceforge. (2014). Pipe dream. Retrieved from https://sourceforge.net/projects 

/neuropipedream 

SPM. (2014). SPM8. Retrieved from http://www.fil.ion.ucl.ac.uk/spm/software/spm8 

Starkstein, S. E., Ingram, L., Garau, M. L., & Mizrahi, R. (2005). On the overlap between 

apathy and depression in dementia. Journal of Neurology, Neurosurgery, and 

Psychiatry, 76, 1070–1074. doi:10.1136/jnnp.2004.052795 

Starkstein, S. E., & Leentjens, A. F. (2008). The nosological position of apathy in clinical 

practice. Journal of Neurology, Neurosurgery, and Psychiatry, 79, 1088–1092. 

doi:10.1136/jnnp.2007.136895 

Starkstein, S. E., Mayberg, H. S., Preziosi, T. J., Andrezejewski, P., Leiguarda, R., & 

Robinson, R. G. (1992). Reliability, validity, and clinical correlates of apathy in 

Parkinson’s disease. Journal of Neuropsychiatry and Clinical Neurosciences, 4, 

134–139. 

Steffener, J., & Stern, Y. (2012). Exploring the neural basis of cognitive reserve in aging. 

Biochimica et Biophysica Acta, 1822, 467–473. doi:10.1016/j.bbadis.2011.09.012 

Stern, Y. (2002). What is cognitive reserve? Theory and research application of the 

reserve concept. Journal of the International Neuropsychological Society, 8, 448–

460. doi:10.1017.S1355617701020240 

Stern, Y. (2006). Cognitive reserve and Alzheimer disease. Alzheimer Disease and 

Associated Disorders, 20, S69–S74. doi:10.1097/00002093-200607001-00010 



154 

	  

Tangalos, E. G., Smith, G. E., Ivnik, R. J., Petersen, R. C., Kokmen, E., Kurland, L. T., ... 

Parisi, J. E. (1996). The mini-mental state examination in general medical 

practice: Clinical utility and acceptance. Mayo Clinic Proceedings, 71, 829–837. 

doi:10.4065/71.9.829 

Tekin, S., & Cummings, J. L. (2002). Frontal-subcortical neuronal circuits and clinical 

neuropsychiatry: An update. Journal of Psychosomatic Research, 53, 647–654. 

doi:10.1016/S0022-3999(02)00428-2 

Toglia, J., & Berg, C. (2013). Performance-based measure of executive function: 

Comparison of community and at-risk youth. American Journal of Occupational 

Therapy, 67, 515–523. doi:10.5014/ajot.2013.008482 

Torralva, T., Roca, M., Gleichgerrcht, E., Bekinschtein, T., & Manes, F. (2009). A 

neuropsychological battery to detect specific executive and social cognitive 

impairments in early frontotemporal dementia. Brain, 132, 1299–1309. doi:10 

.1093/brain/awp041 

Turro-Garriga, O., Lopez-Pousa, S., Vilalta-Franch, J., Turon-Estrada, A., Pericot-Nierga, 

I., Lozano-Gallego, M., ... Garre-Olmo, J. (2009). A longitudinal study of apathy 

in patients with Alzheimer’s disease. Revista de Neurologia, 48(1), 7–13. 

Tzourio-Mazoyer, N., Landeau, B., Papathanassiou, D., Crivello, F., Etard, O., Delcroix, 

N., ... Joliot, M. (2002). Automated anatomical labeling of activations in SPM 

using a macroscopic anatomical parcellation of the MNI MRI single-subject brain. 

NeuroImage, 15, 273–289. doi:10.1006/nimg.2001.0978 



155 

	  

Unterrainer, J. M., Rahm, B., Kaller, C. P., Leonhart, R., Quiske, K., Hoppe-Seyler, K., ... 

Halsband, U. (2004). Planning abilities and the Tower of London: Is this task 

measuring a discrete cognitive function? Journal of Clinical and Experimental 

Neuropsychology, 26, 846–856. doi:10.1080/13803390490509574 

Unterrainer, J. M., Rahm, B., Kaller, C. P., Ruff, C. C., Spreer, J., Krause, B. J., ... 

Halsband, U. (2004). When planning fails: Individual differences and error-

related brain activity in problem solving. Cerebral Cortex, 14, 1390–1397. doi: 

10.1093/cercor/bhh100 

Van Deerlin, V. M., Sleiman, P. M., Martinez-Lage, M., Chen-Plotkin, A., Wang, L. S., 

Graff-Radford, N. R., ... Lee, V. M. (2010). Common variants at 7p21 are 

associated with frontotemporal lobar degeneration with TDP-43 inclusions. 

Nature Genetics, 42, 234–239. doi:10.1038/ng.536 

van den Heuvel, O. A., Veltman, D. J., Groenewegen, H. J., Cath, D. C., van Balkom, A. 

J., van Hartskamp, J., ... van Dyck, R. (2005). Frontal-striatal dysfunction during 

planning in obsessive-compulsive disorder. Archives of General Psychiatry, 62, 

301–309. doi:10.1001/archpsyc.62.3.301 

Van Gerven, P. W., Van Boxtel, M. P., Ausems, E. E., Bekers, O., & Jolles, J. (2012). Do 

apolipoprotein E genotype and educational attainment predict the rate of cognitive 

decline in normal aging? A 12-year follow-up of the Maastricht Aging Study. 

Neuropsychology, 26, 459–472. doi:10.1037/a0028685 



156 

	  

Vilalta-Franch, J., Calvo-Perxas, L., Garre-Olmo, J., Turro-Garriga, O., & Lopez-Pousa, 

S. (2013). Apathy syndrome in Alzheimer’s disease epidemiology: Prevalence, 

incidence, persistence, and risk and mortality factors. Journal of Alzheimer’s 

Disease, 33, 535–543. doi:10.3233/JAD-2012-120913 

Weintraub, D., Moberg, P. J., Culbertson, W. C., Duda, J. E., Katz, I. R., & Stern, M. B. 

(2005). Dimensions of executive function in Parkinson’s disease. Dementia and 

Geriatric Cognitive Disorders, 20, 140–144. doi:10.1159/000087043 

Whitwell, J. L., Avula, R., Senjem, M. L., Kantarci, K., Weigand, S. D., Samikoglu, A., ... 

Jack, C. R., Jr. (2010). Gray and white matter water diffusion in the syndromic 

variants of frontotemporal dementia. Neurology, 74, 1279–1287. doi:10.1212 

/WNL.0b013e3181d9edde 

Whitwell, J. L., Jack, C. R., Jr., Pankratz, V. S., Parisi, J. E., Knopman, D. S., Boeve, B. 

F., ... Josephs, K. A. (2008). Rates of brain atrophy over time in autopsy-proven 

frontotemporal dementia and Alzheimer disease. NeuroImage, 39, 1034–1040. 

doi:10.1016/j.neuroimage.2007.10.001 

Whitwell, J. L., Jack, C. R., Jr., Senjem, M. L., Parisi, J. E., Boeve, B. F., Knopman, D. 

S., ... Josephs, K. A. (2009). MRI correlates of protein deposition and disease 

severity in postmortem frontotemporal lobar degeneration. Neurodegenerative 

Diseases, 6, 106–117. doi:10.1159/000209507 

Wimo, A., Jonsson, L., Bond, J., Prince, M., & Winblad, B. (2013). The worldwide 

economic impact of dementia 2010. Alzheimer’s & Dementia, 9, 1–11 e13. doi: 

10.1016/j.jalz.2012.11.006 



157 

	  

Wrubel, J., & Folkman, S. (1997). What caregivers actually do: The caregiving skills of 

partners of men with AIDS. AIDS Care, 9, 691–706. doi:10.1080/713613223 

Yun, R. J., Krystal, J. H., & Mathalon, D. H. (2010). Working memory overload: Fronto-

limbic interactions and effects on subsequent working memory function. Brain 

Imaging and Behavior, 4, 96–108. doi:10.1007/s11682-010-9089-9 

Zamboni, G., Huey, E. D., Krueger, F., Nichelli, P. F., & Grafman, J. (2008). Apathy and 

disinhibition in frontotemporal dementia: Insights into their neural correlates. 

Neurology, 71, 736–742. doi:10.1212/01.wnl.0000324920.96835.95 


	University of Pennsylvania
	ScholarlyCommons
	1-1-2014

	The Cognitive and Neural Basis for Apathy in Frontotemporal Degeneration
	Lauren M. Massimo
	Recommended Citation

	The Cognitive and Neural Basis for Apathy in Frontotemporal Degeneration
	Abstract
	Degree Type
	Degree Name
	Graduate Group
	First Advisor
	Keywords
	Subject Categories


	Microsoft Word - Massimo_Dissertation_final.doc

