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General Introduction

Chapter 1

Glaciers of apathy



What is apathy?
Sometimes it can be difficult to get yourself together and go outside, take a walk, go to the super-
market, or for example to fulfill regular household activities. Probably every one of us has experienced 
these difficulties, at some point in their lives, maybe in the aftermath of a heavy flu or just on a lazy 
Sunday afternoon. However, some people experience these problems on a day-to-day basis. It is often 
seen in people with certain psychiatric problems, patients with brain injury, or for example in those 
who are diagnosed with a neurodegenerative disorder. Although the will to engage and to enjoy ac-
tivities can be present, the actual undertaking of actions appears to be severely compromised. To their 
friends and families, the person can appear listless, indifferent, insensible, or just lazy. This reduction 
in voluntary and goal-directed behavior can be described as apathy. Apathy can be highly debilitating 
in the development and maintenance of social interactions and fulfilling basic tasks in daily practice. 
Furthermore, across various disorders, apathy has been indicated as a strong predictor of worse clini-
cal, functional and occupational outcome. Therefore, it can be of great burden to those who suffer from 
it, but also to those in their surroundings. Understanding underlying mechanisms and developing better 
treatment options for apathy is highly relevant in improving clinical outcome of people suffering from 
apathy as part of psychiatric, neurodevelopmental, and neurodegenerative disorders. 

Apathy is derived from the ancient Greek word apatheia, meaning ‘without feelings’. It refers to 
being free of pathos, or passions. In this state of being there is no fear, pain or desire. Apathy was 
regarded as a highly desirable state of being by the ancient Greek; the only way to live a ‘virtuous 
and happy live’, because it allowed rational thoughts or clear thinking (Starkstein & Leentjens, 2008). 
From the mid-19th century onwards the term ‘apathy’ has been used to describe an undesirable state 
of being, indicating unresponsiveness and insensitivity (Arts, 2013). At that point in time, apathy was 
described as a disorder of emotions, including a lack of feelings, lack of emotions, and interests, which 
was commonly found in various patient populations (Arts, 2013). This definition was however incon-
gruent with the observation that certain patients could appear apathetic because of a lack of motivation 
and interest, but on the other hand could be hostile or anxious at the same time (Marin, 1990). In 
order to differentiate apathy from related concepts, but at the same time acknowledge the similarity of 
symptoms found in various patient populations, Marin (1990) proposed to define apathy as a state of 
diminished motivation. Of note, the motivational impairment was assumed not to be due to a ‘dimin-
ished level of consciousness, intellectual deficit, or emotional distress’ (Marin, 1990). To date, apathy 
has been described as an independent syndrome on its own, but also as part of various syndromes 
(Marin, 1991; Marin, Fogel, Hawkins, Duffy, & Krupp, 1995; Starkstein, Petracca, Chemerinski, & 
Kremer, 2001). Apathy as an independent syndrome can be considered to be at the extreme end of a 
distribution of otherwise normal variation in the propensity to execute self-initiated and goal-directed 
behavior; a variation in behavior that is also present in the healthy population (Bonnelle et al., 2016). 
Moreover, Marin (1991) and Starkstein (2001) advocated that apathy can also be described as a cluster 
of related but also varying symptoms (such as lack of feeling, interest, concern or motivation) with its 
own pathophysiology, which is reliably measurable, and that is clinically relevant.  

The notion of apathy as a separate syndrome of impaired motivation and/or loss of initiative has 
been studied in different fields of research, e.g. neurodegenerative, lesion, and psychiatry studies. 
Moreover, multiple factor analyses have identified apathy as a separate syndrome in various popu-
lations (Aalten et al., 2008; Zuidema, de Jonghe, Verhey, & Koopmans, 2007), but also as a separate 
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construct in measurement scales of psychiatric symptomatology (Liemburg et al., 2013). Despite 
this, apathy has not been described as a separate syndrome in any of the diagnostic manuals. Nev-
ertheless, based upon the work of Marin (1990; 1991) and Starkstein (2001), international consensus 
criteria for a diagnosis of apathy have been established (Robert et al., 2009). According to this inter-
national consensus, apathy is regarded as a syndrome of diminished motivation that is persistent over 
time (criterion A). In order to diagnose apathy, symptoms within two of three dimensions, i.e. loss of 
goal-directed behavior, goal-directed cognitive activity (for example, loss of ideas and curiosity for 
new events), and loss of emotions, should be present (criterion B). Furthermore, according to these di-
agnostic criteria, apathy should be characterized by multiple functional losses leading to clinically rel-
evant impairments in daily life (criterion C). Lastly, these symptoms cannot be exclusively explained 
by physical or motor disabilities, or diminished levels of consciousness (criterion D).

According to the international consensus criteria of Robert et al. (2009), apathy can be described 
as a disorder of motivation. While Galderisi and coworkers (2016) emphasize the importance of 
internal experiences in measuring apathy, others have argued that a motivational disturbance is 
difficult to measure. Difficulties could arise because motivation is not an objective and observable 
behavioral state, but a psychological interpretation of observed or reported behavior (Levy & Du-
bois, 2006; Stuss, van Reekum, & Murphy, 2000). Therefore, it has been proposed to define apathy 
as a behavioral syndrome involving a lack of self-initiated, goal-directed behaviors (Levy & Dubois, 
2006; Stuss et al., 2000; van Reekum, Stuss, & Ostrander, 2005). In this way, apathy can be measured 
independent of a psychological interpretation (Levy & Dubois, 2006). For this reason, in this disserta-
tion, the definition of apathy as provided by Levy & Dubois (2006) will be adhered, as it acknowledges 
apathy as a loss of observable (i.e. quantifiable) goal-directed behaviors. More specifically, through-
out this dissertation, apathy is regarded as a behavioral characteristic reflecting reduced self-initiated 
goal-directed behavior that can be present to differing degrees (along a continuum).  

Apathy-related concepts
Even though international criteria have been proposed to classify apathy as a separate syndrome, 
there is still a debate going on about the exact definition. The presence of various related terms illus-
trates the lack of consensus and complicates research. Two of the most closely related concepts are 
avolition and amotivation. Avolition can be defined as “a severe problem with initiation, volitional, 
or willed action, and production of goal-directed behavior”. Which “may reflect in a general lack 
of motivation and drive” (Piryatinsky & Malloy, 2011). Amotivation yields a similar description: 
“the inability to initiate and sustain goal-directed activity, related to a diminished sense of drive” 
(Fervaha, Foussias, Agid, & Remington, 2015). Indeed, these terms are often used interchangeably. 
Though, avolition, amotivation, and apathy describe similar or identical symptomatology, avolition 
and amotivation appear to be more often used than apathy in patients with schizophrenia (Fervaha 
et al., 2013). Abulia is another term used to describe disorders of ‘the will’, however it was more 
often used in the beginning of the 20th century (Arts, 2013). Abulia describes a lack of will, or an 
inability to decide, causing an absolute inactivity (Arts, 2013; Marin, 1990). According to Marin 
(1990) abulia (‘a lack of will’) and apathy (‘a lack of motivation’) are on a continuum, with abulia 
being more severe, referring to awake but unresponsive patients. Within clinical practice this contin-
uum and distinction in symptom severity is however not always acknowledged and terms are used 
interchangeably (Vijayaraghavan, Krishnamoorthy, Brown, & Trimble, 2002).
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It may be difficult to demarcate apathy from depression. Overlapping symptoms include inactivity, 
reduced social behavior, affective flattening, and loss of interests in activities that were previously 
enjoyed (Drijgers, Aalten, Leentjens, & Verhey, 2010; Marin, 1990). However, depression is distinct 
from apathy in a way that patients with depression actively avoid certain tasks, places or people, 
instead of being more passive or ignorant, as what is often seen in apathy. Furthermore, patients with 
depression are often more emotionally distressed. Whereas apathy is associated with insensibility, 
depression is characterized by high levels of distressing emotions. People with depression can be 
sad, feel worthless, and can even be suicidal, which clearly reflects despair and negativism (Marin, 
1990). Another core symptom of depression is anhedonia, or an inability to experience pleasure 
(Drijgers et al., 2010; Ribot, 1882). In patients with apathy, anhedonia can be present, and is often 
suspected to be present, however various studies have demonstrated an intact experience of pleasure 
in at least part of the patients with apathy (Gard, Gard, Kring, & John, 2006; Waltz et al., 2009). In-
deed, studies in various patient populations demonstrated that apathy and depression can be present 
independently of each other, they involve separate neural correlates, and can independently predict 
functional outcome (e.g. Hama et al., 2007; Holthoff et al., 2005; Kang et al., 2012; Lavretsky, Ball-
maier, Pham, Toga, & Kumar, 2007; Onoda & Yamaguchi, 2015; Simon et al., 2010; Skidmore et 
al., 2013; Starkstein et al., 2009). Taken together, apathy and depression can be regarded as separate 
constructs, that can co-occur but not by necessity. If one measures clinical apathy, it is therefore im-
portant to evaluate causes of reduced goal-directed behavior while prominent depressive symptoms 
need to be absent (Pagonabarraga, Kulisevsky, Strafella, & Krack, 2015). 

A final cluster of symptoms that overlaps with apathy concerns “negative symptoms”, and is part of 
the disorder of schizophrenia. Negative symptoms indicate a loss of behaviors (Andreasen, 1982). 
Positive symptoms on the other hand, refer to new produced behavior, i.e. behaviors that are pres-
ent in the affected schizophrenia population, such as hallucinations and delusions, while these are 
not present (or not as strong) in the healthy population (Crow, 1980). Primary negative symptoms, 
sometimes referred to as deficit symptoms, often occur before or after the onset of psychosis or 
positive symptoms, and include blunted affect, alogia (reduced speech), asociality, anhedonia, and 
apathy/avolition (Kirkpatrick, Fenton, Carpenter, & Marder, 2006). Apathy therefore is a narrower 
term compared to negative symptoms, the latter also including more general deficits such as alogia 
and anhedonia (Kirkpatrick Brian B, 2014-4). Within the most recent diagnostic manual for mental 
disorders, the negative symptom cluster is subdivided into at least two subdomains, which is in ac-
cordance with several factor analyses (e.g. Blanchard & Cohen, 2006; Liemburg et al., 2013). A first 
subdomain refers to reduced affective and linguistic expressions (blunted affect and alogia), and a 
second subdomain refers to apathy, encompassing avolition, anhedonia, and asociality.

Apathy as a behavioral characteristic with multiple subdomains
Undertaking goal-directed behavior requires thinking of and planning actions, the experience of 
(anticipatory) pleasure/reward or avoidance of aversive stimuli to engage in such actions (before the 
start of the action and during execution of actions), computation and willingness to exert the effort needed 
to perform the action, and to actually start the action and continue doing it while evaluating the outcomes 
and adapting your behavior to external circumstances (Hommel, 2016; Kring & Barch, 2014). In line with 
Criterion B of the international consensus criteria, emotional, cognitive, and behavioral/auto-activation 
subdomains of apathy have been proposed (Levy & Dubois, 2006; Stuss et al., 2000). A reduction or 

Chapter 1



11

inability to associate certain emotions or emotional states with planned or ongoing behavior could induce 
emotional apathy. In this case, the willingness and effort to engage in activities is diminished because mo-
tivational values are lacking (Levy & Dubois, 2006). Reduced goal-directed behavior has also been pro-
posed to occur due to the inability to plan and execute behaviors, possibly affected by working memory 
deficits, reductions in cognitive flexibility or set-shifting and attentional control (Levy & Dubois, 2006). 
This domain of apathy is referred to as cognitive apathy. The behavioral or auto-activation component 
of apathy is described as the inability to activate thoughts or start a motor program. Even though these 
deficits could lead to severe inactivation, it has been suggested that goal-directed behavior could still be 
provoked in case of external stimulation (Levy & Dubois, 2006). 

It is possible that certain symptom dimensions of apathy are more frequently present in specific 
patient populations or in specific illness phases. For example, in patients with Alzheimer’s disease 
apathy mostly occurs during the stage in which they experience confusion and are not capable of 
organizing and planning their activities, which in turn reduces goal-directed actions (Marin, 1990). 
In patients with traumatic brain lesions to the orbital and medial prefrontal cortex, a pronounced 
reduction in sensitivity to reward, and reduced emotional state is often observed, leading to a reduc-
tion in goal-directed behavior (Levy & Dubois, 2006). Even though these or similar types of apathy 
are acknowledged in a portion of the existing literature (Aleman, 2014; Levy & Dubois, 2006; Stuss 
et al., 2000; van Reekum et al., 2005), studies investigating apathy rarely specify apathetic symp-
toms or apathy domains occurring in patients. As stated earlier, in this dissertation, the definition of 
apathy as provided by Levy & Dubois (2006) will be adhered, acknowledging apathy as a multidi-
mensional construct (including emotional, cognitive, and behavioral/auto-activation subdomains) 
leading to quantitative loss of goal-directed behaviors.

Epidemiology of apathy and prognosis 
Apathy is commonly present in a wide range of diseases and disorders, including patients with 
Alzheimer’s disease (AD), Mild Cognitive Impairment (MCI), Parkinson’s disease (PD), Multiple 
Sclerosis (MS), Amyotrophic Lateral Sclerosis (ALS), Progressive Nuclear Palsy (PSP), traumatic 
brain injury, stroke, but also in patients with psychiatric disorders including schizophrenia and Ma-
jor Depressive Disorder (MDD). There are no authoritative estimates available on the prevalence of 
apathy in general, but it has been suggested that approximately 60% of the patients suffering from 
AD also suffer from apathy (Clarke et al., 2011). Furthermore, in schizophrenia apathy is regarded 
as the most prevalent negative symptom, occurring in approximately 50% of the patients (Barch & 
Dowd, 2010; G. Fervaha et al., 2015; Foussias et al., 2015; Mulin et al., 2011). Apathy is not only 
common, but also clinically relevant: it is associated with adverse outcomes. Patients with apathy 
often show a general decrease in quality of life, reduced social interactions, lower employment, 
reduced medication compliance, and worse general health (Caeiro, Ferro, & Costa, 2013; Chase, 
2011; Clarke et al., 2011; G. Fervaha et al., 2015; Ishii, Weintraub, & Mervis, 2009; Theleritis, 
Politis, Siarkos, & Lyketsos, 2014; van Reekum et al., 2005).

Apathy has also been reported to be present in a portion (approximately 24%) of the normal pop-
ulation (i.e. people without a psychiatric or neurological diagnosis, Clarke, Ko, Lyketsos, Rebok, 
& Eaton, 2010; Pardini et al., 2016). Apathy can result from a variety of causes including stressful 
changes in the social or physical environment of a person. A few studies on apathy in the normal 
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population indeed confirm that people who are functioning well at first sight (for example being able 
to fulfill high education), can also fulfill criteria for apathy in ranges comparable with apathy scores 
that are thought to be relevant in clinical populations. Of note, apathy in the normal population has 
been associated with reduced perceived quality of life (Pardini et al., 2016) and distress (G. Fervaha, 
Zakzanis, Foussias, Agid, & Remington, 2015). However, in the normal population, apathy symp-
toms might most often be present for a short period of time, while for patients, especially patients 
with schizophrenia it might be there for a lifetime.

Neuropathology underlying apathy
Structural neural correlates
The neuropathological basis of apathy has been investigated by means of various neuroimaging 
methods, including positron emission tomography (PET), single-photon emission computed tomog-
raphy (SPECT), electroencephalogram (EEG), Magnetic Resonance Imaging (MRI), and Near In-
frared Spectroscopy (NIRS). Alterations in cerebral blood flow in addition to alterations in neural 
density and volume (i.e. gray matter structure) of specific brain regions, and connections between 
brain regions (i.e. white matter structure) are associated with apathy. Overall, these studies suggest 
that lesions or abnormalities underlying apathy are primarily located within prefrontal and subcorti-
cal (striatal) brain regions, or lesions involving white matter connections between these regions (for 
reviews see Benoit & Robert, 2011; Chase, 2011; Guimaraes, Levy, Teixeira, Beato, & Caramelli, 
2008; Jorge, Starkstein, & Robinson, 2010; Kostic & Filippi, 2011; McIntosh, Rosselli, Uddin, & 
Antoni, 2015; Santangelo et al., 2013; Stella et al., 2014; Theleritis et al., 2014).

Abnormalities within separate fronto-striatal circuits have specifically been related to different clinical 
representations of apathy, including the emotional, cognitive, and auto-activation (behavioral) compo-
nents (Levy, 2012; Pagonabarraga et al., 2015; Stuss et al., 2000). It has been suggested that because 
apathy can arise through abnormalities within one or more steps towards goal-directed behavior, a di-
versity of underlying neural deficits may be involved, caused by specific disrupted processes. Indeed, 
separate structural abnormalities have been reported in association with emotional-affective, cognitive 
and auto-activation components. Reductions in goal-directed behavior, i.e. apathy, in relation to disrupted 
emotional processing have been associated with abnormalities in the orbital and medial regions of the 
prefrontal cortex (PFC, (e.g. Bechara, Damasio, & Damasio, 2000)) and subcortical regions including 
putamen, globus pallidus and thalamus (Rochat et al., 2013); apathy related to disruptions in cognitive 
processing has been suggested to result from brain lesions in the dorsolateral PFC (Levy, 2012; Mega & 
Cummings, 1994); and apathy related to disruptions in auto-activation processing have been most often 
associated with cognitive and limbic regions of the basal ganglia, including large portions of the caudate 
nucleus, globus pallidus, and medial dorsal thalamus (Adam, Baulac, Hauw, Laplane, & Duyckaerts, 
2008; Fukuoka et al., 2012; Laplane, Baulac, Widlocher, & Dubois, 1984). Disruptions in auto-activation 
have also been associated with lesions to the dorsomedial prefrontal regions, premotor medial frontal cor-
tex, and dorsal part of the anterior cingulate cortex (Laplane & Degos, 1983; von Giesen et al., 1994).

Functional neural correlates
Most of the magnetic resonance studies investigating apathy focused on structural brain abnormal-
ities, while functional neural correlates of apathy have hardly been investigated. Functional MRI 
(fMRI) refers to task-free or task-related imaging (i.e. imaging brain properties that reflect activation 
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of brain networks or certain brain regions in response to a certain task). Interestingly, fMRI could 
be very suitable for investigating the neural correlates of apathy or subcomponents of apathy. The 
small amount of fMRI studies that have been performed, primarily studied apathy in schizophrenia 
patients by means of reward related paradigms. Indeed, these studies report abnormalities within 
ventromedial regions of the prefrontal cortex, the anterior cingulate cortex, and ventral striatum in 
relation to higher levels of apathy (Park et al., 2015; Waltz et al., 2010; Waltz et al., 2013). These 
results are in accordance with previous studies on structural brain abnormalities and hypothesis de-
scribed in the previous paragraph, further substantiating involvement of a cingulo-striatal network 
in reward-related motivational aspects of apathy in schizophrenia patients. 

To our knowledge, higher order executive functioning in patients with schizophrenia and varying 
levels of apathy have only been investigated by our research group (Liemburg et al., 2013). In-
creased neural activation was found in the parietal cortex, within selective activations of regions in 
the temporal lobe, and in subcortical regions in relation to higher apathy (Liemburg et al., 2013). 
These results are in line with the hypothesis that apathy in schizophrenia patients can be associated 
with abnormalities in cognitive functioning and related neuronal networks. However, previously 
hypothesized involvement of the dorsolateral prefrontal regions in association with the cognitive 
subdomain of apathy was not confirmed by this study. Lastly, to our knowledge, fMRI studies 
investigating self-activating thoughts or self-initiated actions in relation to reduced goal-directed 
behavior have not been performed. Overall, it can be concluded that the limited number of fMRI 
studies have been performed particularly contribute to the understanding of emotional components 
of apathy and its neural basis, while cognitive and auto-activation components require further study. 

How to measure apathy
Apathy is most frequently assessed by means of (self-rating) questionnaires or (clinical) interviews. De-
velopment of these assessment tools has been facilitated and stimulated by the introduction of the apathy 
definition wherein apathy is described as a reduction in motivation and self-initiated behavior (Clarke et 
al., 2011). Several questionnaires are especially designed to measure apathy, but there are also other more 
general instruments that include a small range or a single question on apathy, and which can better be 
used for screening purposes. A portion of the available instruments can be used in all patient populations, 
while others are specifically designed for a certain group, for instance taking factors into account that 
might mimic apathy. Although most of the scales that are used to measure apathy are reliable, valid, and 
feasible to use in different settings, an appropriate cutoff score for the presence of the apathy syndrome or 
clinically relevant apathy is missing (van Reekum et al., 2005). Furthermore, current instruments assess 
apathy only at a certain point in time (including a time range of 4 weeks), while it can also be informative 
to know if apathetic symptoms were present throughout someone’s life span or if it occurred in response 
to a certain negative life event or as part of a disease or disorder for example. Moreover, the majority 
of the instruments that are available to quantify apathy do not specify which questions can be used for 
subtyping apathy into emotional, cognitive, and auto-activation subdomains, with the exception of one 
more recent dimensional apathy scale (DAS, Radakovic & Abrahams, 2014). 

An overview of the most often used assessment tools for apathy
The first scale, to our knowledge, that was specifically designed to measure apathy is the Apathy 
Evaluation Scale (AES) and was introduced by Marin (Marin, Biedrzycki, & Firinciogullari, 1991). 
This instrument includes 18 items and is available as a self-rating scale (AES-S), a clinical interview 
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(AES-C), and as a questionnaire for ‘informants’, which means that the questionnaire is completed 
by someone close to the person suffering from apathy (i.e. a family member or therapist). Together 
with the neuropsychiatric inventory ([NPI] Cummings et al., 1994; Cummings, 1997) the AES is one 
of the most frequently used and most psychometrically robust questionnaires to measure apathy in 
various populations (Clarke et al., 2011). The NPI was developed to assess various neuropsychiatric 
symptoms particularly in patients with neurodegenerative disorders. The apathy subscale of the NPI 
consists of eight items, in addition to follow-up questions on its frequency, severity, and possible 
associations with emotional distress. Overall, the items of these two questionnaires are largely in 
accordance with the international consensus criteria described by Robert et al. (2009), and partly in 
accordance with the more behavioral approach as described by Levy & Dubois (2006).

Population-specific apathy questionnaires or questionnaires with an apathy subscale have also been 
developed, including instruments for patients with neurodegenerative disorders: Apathy Scale ([AS] 
Starkstein et al., 1992), Apathy Inventory ([AI] P. H. Robert et al., 2002), Irritability Apathy Scale 
([IAS] Burns, Folstein, Brandt, & Folstein, 1990), Dementia Apathy Interview and Rating ([DAIR] 
Strauss & Sperry, 2002), and Lille Apathy Rating Scale ([LARS] Sockeel et al., 2006). In addi-
tion to instruments for patients with frontal lobe lesions (i.e. the frontal system behavioral scale 
([FrSBe] Grace, Stout, & Malloy, 1999) and patients with psychiatric disorders (i.e. the Scale for 
the Assessment of Negative Symptoms ([SANS] Andreasen, 1984), and Brief Psychiatric Rating 
Scale ([BPRS] Overall & Gorham, 1962). Factor-analyses on instruments assessing other or more 
general symptoms have revealed items specifically loading on apathy (Liemburg et al., 2013), as 
was demonstrated in (amongst others) the Positive and Negative Syndrome Scale ([PANSS] Kay, 
Fiszbein, & Opler, 1987), an instrument frequently used in patients with schizophrenia. Furthermore, 
more recent instruments have also been developed to quantify separate negative symptoms domains 
in patients with schizophrenia, including an apathy and expressive deficits domain (Daniel, 2013). 
These are the Brief Negative Symptom Scale ([BNSS] Kirkpatrick et al., 2011) and the Clinical 
Assessment Interview for Negative Symptoms ([CAINS] Forbes et al., 2010). These instruments 
have promising psychometric properties and, in contrast to other scales, both allow quantification 
of subjective experiences and desires, independent of possible behavioral manifestations (Mucci et 
al., 2015). 

Behavioral measures
In addition to traditional assessment tools, leaning on clinical observations and interviews (introduc-
ing many sources of bias, including recall bias), other more objective strategies have recently been 
introduced and explored to measure apathy, of which actigraphy is the most promising one. Within 
actigraphical measurements physical behavior is measured continuously in the natural environment 
of a person, by means of a small device (called an actimeter, accelerometer, or actigraph) that is 
attached to the wrist, ankle or hip. This device records the number of steps, frequency, and intensity 
of behavior (measured in activity counts). The use of actimeters in the assessment of apathy has been 
applied in patients with Alzheimer’s disease (Valembois et al., 2015), stroke (Goldfine et al., 2016), 
and schizophrenia (Docx, Sabbe, Provinciael, Merckx, & Morrens, 2013) and results from these 
studies suggest that actigraphy can be used to objectively and reliably quantify apathy. Instruments 
like the actigraph might especially be of use in clinical practice, providing more reliable data with-
out leaning on external observations or self-observation, and preventing recall bias. Actigraphical 
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information can for example be used to quantify apathy severity and evaluate the results of clinical 
interventions for apathy in a reliable manner. However, it is still unknown if actigraphy can be used 
for this purpose as it has never been studied in a sample of patients with schizophrenia suffering 
from severe and clinically relevant apathy. 

Treatment options for apathy
Dependent on the cause of apathy, different treatment strategies can be implemented. If causes can 
be attributed to psychosocial or environmental problems, it is probably helpful to intervene in that 
context. If apathy is secondary to other symptoms or problems, again it is better to implement treat-
ment targeted at causal factors (Marin, 1990). In schizophrenia, apathy may be secondary to psy-
chotic symptoms (e.g. staying indoors due to anxious or paranoid experiences, Kirschner, Aleman, 
& Kaiser, 2016). Therefore, pharmaceutical treatment aimed at reduction of positive symptoms 
(including hallucinations) may also alleviate negative symptoms including apathy. In contrast, when 
apathy (or negative symptoms in general) are primary symptoms, antipsychotic medication might 
not always be helpful and other treatment strategies should be tried (Aleman et al., 2016). 

One possible treatment option that could be considered for treating primary apathy is pharmaceu-
tical intervention, targeting for instance dopaminergic, cholinergic, glutamatergic, or GABAergic 
systems (Chase, 2011; van Reekum et al., 2005). However, although some studies have reported 
positive effects of antipsychotics and antidepressants on apathy or negative symptoms in for in-
stance patients with schizophrenia (Barnes et al., 2016; Corcoran, Wong, & O’Keane, 2004; Kan-
trowitz et al., 2015; Leentjens et al., 2009), such effects may be rather limited (Aleman et al., 2016; 
Fervaha et al., 2015; Starkstein et al., 2016). Of note, based on a review of the existing literature 
on pharmaceutical interventions targeting apathetic symptoms in neurodegenerative disorders, Dri-
jgers et al. (2009) concluded that there was insufficient evidence that pharmaceutical treatment can 
benefit apathy. 

Because apathy is difficult to treat with drugs, alternative treatment options have been suggested. 
Evidence has been provided for the efficacy of interventions tailored at individual needs, including 
creative activities, cooking, Montessori methods (e.g. breaking up tasks in multiple components, 
order components according to the level of difficulty, use guided repetition, van der Ploeg et al., 
2013), and multisensory stimulation (for review see Lanctot et al., 2016). Another potential treat-
ment option for apathy is neurostimulation, including repetitive Transcranial Magnetic Stimulation 
(rTMS) and Transcranial Direct Current Stimulation (TDCS). By means of magnetic pulses (used 
in rTMS) or a weak electrical current (in TDCS) that passes through the skull, neuronal activation 
can be non-invasively influenced. In schizophrenia research, rTMS and TDCS have been investi-
gated as treatment options for negative symptoms, targeting the dorsolateral prefrontal cortex, with 
inconclusive, but promising results (Brunelin et al., 2012; Dlabac-de Lange et al., 2015; and for a 
meta-analyses see Prikryl & Kucerova, 2013; Wobrock et al., 2015). At present, the efficacy and 
neural correlates of (theta-burst) rTMS and TDCS as treatment options for apathy are studied at our 
center in an ongoing randomized controlled trial (which is not part of this dissertation, though the 
study described in Chapter 5 is based on the baseline measurement of this trial). The efficacy of 
neurostimulative treatment is influenced by numerous parameters that can be adjusted for stimula-
tion, a.o. the frequency of the magnetic pulses, the stimulation intensity, and location of coil place-
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ment. Indeed, optimal stimulation parameters for the treatment of negative symptoms or apathy still 
have to be determined. Furthermore, there are large inter-individual differences in morphological 
characteristics, e.g. the scalp-to-cortex distance and neural density of the stimulated region, that are 
likely to influence neurostimulative treatment efficacy. It is still unknown which patients can profit 
most from these types of treatment or how these treatments could be better individually tailored. 

Aims and outline of this dissertation
The aim of this dissertation is to provide insight into the neural basis of apathy in non-clinical as well 
as clinical populations. This first chapter serves as an introduction to apathy, what is already known 
about the neural correlates, the ways of measuring apathy, and possibilities for treatment. The aim of 
the remaining part of this dissertation is to further increase knowledge on the behavioral and neural 
basis of apathy in various populations. Firstly, in Chapter 2 a systematic review of the existing neu-
roimaging literature on apathy is presented. This chapter provides a general introduction into apathy 
and an overview of neural correlates of apathy in different patient populations, including patients 
with neurodegenerative disorders, acquired brain damage, and psychiatric disorders. Various neuro-
imaging studies have been performed to investigate the possible underlying neural abnormalities of 
apathy, and the question is addressed whether apathy in these patient populations shares a common 
neural basis. Identifying and understanding these neural underpinnings is essential for development 
and guidance of potential treatments for apathy. 

In Chapters 3 and 4, we report two studies in which we focused on apathy in a healthy, non-clinical, 
sample. In these chapters, we focused on two particular aspects of apathy, namely self-initiative and 
cognitive flexibility. These aspects are pivotal for performing goal-directed behavior. Both aspects 
have been scarcely studied in normal as well as in patient populations as a function of self-initiated 
goal-directed behavior. Although the participants in the study described in Chapters 3 and 4 were 
well-functioning healthy individuals, levels of apathy were sometimes high and in some within 
range comparable to those reported in clinical populations. Studying these separate concepts, initia-
tive and cognitive flexibility, in a non-clinical sample provides us with information on which behav-
ioral characteristics could contribute to variations in goal-directed behavior or apathy and if this is 
already measurable on a neural level, without complicating factors as those that are usually seen in 
patient studies (i.e. medication use and comorbid disorders). 

In Chapter 5 we describe the association between apathy and motor behavior, as measured with 
an actigraph. Studying motor behavior in an objective manner in the patients’ natural environment 
provides us with a unique source of information. In Chapter 5 we present a study that evaluated mo-
tor behavior outcomes in association with traditional assessment tools of apathy, i.e. questionnaires 
and interviews. Furthermore, in this study motor behavior is investigated in relation to the neural 
correlates associated with self-initiated motor behavior. 

Within various randomized controlled trials in schizophrenia patients, the efficacy of neurostimu-
lation in reducing clinical symptoms, such as negative symptoms including apathy, has been inves-
tigated. Within our research group such studies have also been performed with the aim to reduce 
negative symptoms (Dlabac-de Lange et al., 2015), and we observed large individual differences 
in response to treatment. In order to predict treatment success and optimize patient selection it is 
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necessary to evaluate which factors contribute to these inter-individual differences. In Chapter 6 we 
present a study that aimed to investigate possible predictive morphological biomarkers, including 
scalp-to-cortex distance and gray matter density of brain regions that are targeted during treatment. 
Results from this study could possibly help in treatment selection of patients characterized by high 
levels of apathy. 

Lastly, in Chapter 7 the main findings are summarized and discussed in a broader context, includ-
ing an evaluation of possible contributions to clinical practice. Furthermore, based on the existing 
literature and our contributions to it, recommendations for future studies are given.
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Abstract
Apathy can be described as a loss of goal-directed purposeful behavior and is common in a 
variety of neurological and psychiatric disorders. Although previous studies investigated as-
sociations between abnormal brain functioning and apathy, it is unclear whether the neural 
basis of apathy is similar across different pathological conditions. The purpose of this system-
atic review was to provide an extensive overview of the neuroimaging literature on apathy 
including studies of various patient populations, and evaluate whether the current state of 
affairs suggest disorder specific or shared neural correlates of apathy. Results suggest that ab-
normalities within fronto-striatal circuits are most consistently associated with apathy across 
the different pathological conditions. Of note, abnormalities within the inferior parietal cortex 
were also linked to apathy, a region previously not included in neuroanatomical models of 
apathy. The variance in brain regions implicated in apathy may suggest that different routes 
towards apathy are possible. Future research should investigate possible alterations in differ-
ent processes underlying goal-directed behavior, ranging from intention and goal-selection to 
action planning and execution.  

Keywords: anterior cingulate cortex, basal ganglia, frontal, amotivation, apathy, electroencephalog-
raphy (EEG), magnetic resonance imaging (MRI), neuroimaging, parietal, positron emission tomog-
raphy (PET), single photon emission computed tomography (SPECT), striatum

Introduction
Apathy is a debilitating behavioral characteristic present in many neuropsychiatric, neurodegen-
erative, and neurological disorders (Caeiro, Ferro, & Costa, 2013; Theleritis, Politis, Siarkos, & 
Lyketsos, 2014; van Reekum, Stuss, & Ostrander, 2005). Although a general consensus on the exact 
definition of apathy is still lacking, a marked reduction in self-initiated and goal-directed behavior is 
regarded as one of the core features of apathy (Stuss, van Reekum, & Murphy, 2000). Broader defi-
nitions describe apathy as an ‘absence or lack of feeling, emotion, interest or concern’ (Arts, 2013; 
Marin, 1991). Robert et al. (2009) proposed international consensus criteria and regarded apathy as 
a syndrome of diminished motivation that is persistent over time, including symptoms on two of the 
following three dimensions: loss of goal-directed behavior, loss of goal-directed cognitive actions, 
or loss of emotions (Marin & Wilkosz, 2005; Robert et al., 2009). There is however less agreement 
upon the inclusion of emotional deficits into the definition (Starkstein & Leentjens, 2008). A more 
narrow definition of apathy as a behavioral syndrome was proposed by Levy & Dubois (2006), 
i.e. “apathy is a quantitative reduction of self-generated voluntary and purposeful behaviors”. This 
definition allows apathy to be an observable, and measurable construct. Terms that are synony-
mous or closely related to the concept of apathy are abulia, avolition, athymhormia, and amotivation 
(Foussias & Remington, 2010; cf. Starkstein & Leentjens, 2008). Furthermore, the concept of nega-
tive symptoms is commonly used to describe apathy related dysfunction in schizophrenia research. 
However, besides apathy as conceptualized by Robert et al. (2009), negative symptoms include other 
deficits such as alogia and anhedonia which makes it a broader term (Kirkpatrick, 2014-4).

Apathy is common in distinct neurological disorders such as Alzheimer’s disease (AD), Parkinson’s 
disease (PD), mild cognitive impairment (MCI), multiple sclerosis (MS), traumatic brain injury 
(TBI), progressive nuclear palsy, and stroke, but also in psychiatric disorders including schizophre-
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nia and major depressive disorder (MDD). There are no authoritative estimates available on the 
prevalence of apathy in general, but it has been estimated that approximately 10 million people in 
the US suffer from apathy (Chase, 2011). On average 60 % of the patients suffering from AD also 
suffer from apathy (Clarke et al., 2011), and at least 35% of those with stroke also experience apathy 
(Chase, 2011; van Dalen, van Charante, Nederkoorn, van Gool, & Richard, 2013). Within schizo-
phrenia patients, apathy is regarded as the most frequently occurring core negative symptom with a 
prevalence of approximately 50% (Barch & Dowd, 2010; Fervaha, Foussias, Agid, & Remington, 
2015; Foussias et al., 2015; Kiang, Christensen, Remington, & Kapur, 2003; Konstantakopoulos et 
al., 2011; Mulin et al., 2011). Across various disorders, apathy is regarded as the strongest predictor 
of poor cognitive, functional and occupational outcome, reduced medication compliance, increased 
caregiver burden, diminished quality of life, and general health (Caeiro et al., 2013; Clarke et al., 
2011; Fervaha et al., 2015; Ishii, Weintraub, & Mervis, 2009; Theleritis et al., 2014; van Reekum 
et al., 2005).

Although apathy is associated with significant clinical and prognostic features and with a highly 
similar behavioral manifestation in many diseases/disorders, there is a paucity of studies into a 
possible common neural basis. In recent years, reviews have been published on apathy in neurode-
generative disorders (Benoit & Robert, 2011; Guimaraes, Levy, Teixeira, Beato, & Caramelli, 2008; 
Kostic & Filippi, 2011b; Santangelo et al., 2013; Stella et al., 2014; Theleritis et al., 2014), after 
stroke (Jorge, Starkstein, & Robinson, 2010), neuropsychiatric disorders (Chase, 2011), and HIV 
(McIntosh, Rosselli, Uddin, & Antoni, 2015). However, most of these reviews were non-systematic 
and focused on a single patient group or only included studies with a specific neuroimaging method. 
Theleritis et al. (2014) and Stella et al. (Stella et al., 2014) did include a variety of neuroimaging 
data and concluded that disturbances in the function of fronto-subcortical networks are associated 
with apathy in neurodegenerative disorders. Notwithstanding, it is not clear whether similar neural 
substrates explain apathy in patients suffering from acquired brain injury or psychiatric disorders. 
Understanding the neural underpinnings of apathy can be pivotal to guide treatment selection and to 
develop therapeutic paradigms. Thus far, to our knowledge, shared and disorder-specific neural cor-
relates of apathy within/across different patient populations have not yet been described. Such com-
monalities or, to the contrary, disorder-specific associations may help us better understand apathy 
and whether it should be characterized as a unified behavioral and neuropathological manifestation, 
or rather may be the behavioral result of different pathophysiological processes. 

The aim of this review is to provide insights into potential shared or unique neural correlates of 
apathy within separate patient groups with neurodegenerative disorders, acquired brain injury, and 
psychiatric disorders. Therefore this paper systematically reviews neuroimaging studies investigat-
ing apathy in patient groups with diagnoses known to be associated with apathy. There is no gold 
standard definition, but because there is a consistency in the investigated core features of apathy 
(including reduced motivation and reduced goal-directed behavior) in different patient groups, this 
generalized approach can yield reliable information. To our knowledge, none of the earlier apa-
thy-related reviews (e.g. Benoit & Robert, 2011; Chase, 2011; Guimaraes et al., 2008; Jorge et al., 
2010; Kostic & Filippi, 2011a; McIntosh et al., 2015; Santangelo et al., 2013; Stella et al., 2014; 
Theleritis et al., 2014), reviewed findings from patient populations across diagnostic categories and 
across neuroimaging methods to identify mechanisms associated with apathy.



Chapter 2

Table 1. List of abbreviations.

Abbreviation  Written in full 

AAL Autonomic Atlas Labeling 
ACC Anterior Cingulate Cortex 
AD Alzheimer’s Disease 
AES Apathy Evaluation Scale 
AI Apathy Inventory 
ALS Amyotrophic Lateral Sclerosis 
AS Apathy Scale 
BA Brodmann Area 
CBF Cerebral Blood Flow 
CT Computed Tomography 
DAT Dopamine Transporter 
DLPFC Dorsolateral Prefrontal Cortex 
DTI Diffusion Tensor Imaging 
EEG Electroencephalography 
ERP Event-Related Potential 
FA Fractional Anisotropy 
fALFF Fractional Amplitude of Low Frequency Fluctuations 
FDG Fluorodeoxyglucose 
FTD Frontal Temporal Degeneration 
LARS Lille Apathy Rating Scale 
LBD Lewy Body Disease 
LPP Late Positive Potential 
MCI Mild Cognitive Impairment 
MDD Major Depressive Disorder 
(s/f)MRI Structural/functional Magnetic Resonance Imaging 
MS Multiple Sclerosis 
NIRS Near-infrared Spectroscopy 
NPI Neuropsychiatric Inventory 
OFC Orbitofrontal Cortex 
PD Parkinson’s Disease 
PET Positron Emission Tomography 
PFC Prefrontal Cortex 
PiB Pittsburgh Compound-B 
PSA Post-stroke Apathy 
PSP Progressive Supranuclear Palsy 
R/VOI Region/Volume of Interest 
SANS Scale for the Assessment of Negative Symptoms 
SMA Supplementary Motor Area 
SPECT Single Photon Emission Computed Tomography 
VBM Voxel Based Morphometry 
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Methods
Systematic literature search

Search strategy
To identify studies on the neural basis of apathy, the computerized databases of PubMed and Web 
of Knowledge (including Web of Science, Biological abstracts, Medline, and Journal Citation Re-
ports) were systematically searched by two independent authors (CK and MJvT) in August 2014 
and updated in April 2015 (CK). The following search terms were used to identify articles: ((apathy 
OR avolition OR abulia OR amotivation) AND (neuroimaging OR magnetic resonance imaging OR 
MRI OR fMRI OR positron emission tomography OR PET OR single photon emission computed 
tomography OR SPECT OR near-infrared spectroscopy OR NIRS OR Electroencephalography OR 
EEG OR computerized tomography OR CT OR frontal OR temporal OR parietal OR cerebellum 
OR cingulate OR striat* OR pallidus OR caudate OR putamen OR basal ganglia)). 

Study selection
Studies on apathy were only included if a) the study used a neuroimaging method as defined in the 
search terms, b) associations between apathy and a parameter provided by a neuroimaging method 
were investigated, and c) the study applied a validated apathy scale, specifically the Apathy Inven-
tory (AI), Apathy Evaluation Scale (AES), Apathy Scale (AS), Dementia Apathy Interview and 
Rating (DAIR), Lille Apathy Rating Scale (LARS), Neuropsychiatric Inventory (NPI), the apathy 
factor of the Positive and Negative Symptom Scale (PANSS) or Clinical Assessment Interview 
for Negative Systems (CAINS), the apathy subscale of the Scale for the Assessment of Negative 
Symptoms (SANS), or a scale with similar items. Furthermore, d) the studied population included 
patients with acquired brain injury, a neurodegenerative disease or a psychiatric disorder, and e) if 
the sample included at least 15 participants in the total sample in case of a correlational study, or at 
least 15 participants per group in case of a categorical study. Additionally, studies were only includ-
ed if the manuscript was f) an original article or article in press, g) written in English, h) published 
in a peer reviewed journal, and i) based on original data, e.g. no review or comment. In case multiple 
studies were published on the same sample, the study that matched all our criteria was included. In 
case multiple studies on the same sample matched our criteria, the most recent study was included. 

Search results and results report
The database search identified 1389 unique publications. After reading the abstracts, 308 of these ar-
ticles were selected for further inspection. This inspection led to the inclusion of 95 articles fulfilling 
the inclusion criteria. During inspection of the full text article, reference lists were also checked for 
possible other relevant studies for the review. This resulted in the inclusion of 4 additional studies (a 
flowchart of the procedure is presented in Figure 1). In total, 99 studies were included and grouped 
per diagnostic category (Table 2 and 3).

For our systematic review, we included all 99 studies in the Tables (2-4). However, we limited 
our textual descriptions in the result section to diagnostic categories on which five or more unique 
articles have been published. The articles are described per disease class (acquired brain injury, 
neurodegenerative disease or psychiatric disorder), diagnostic category, imaging method, and brain 
lobes or white matter tracts. Summaries and critical comments are provided after the result section 
of each diagnostic category. 
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Visualization 
To visualize the results related to gray matter abnormalities, we constructed brain maps representing a 
selection of the imaging findings of the included articles in this review. Of note, these brain maps are not 
constructed in a meta-analytic fashion, but combined without weighting. In case authors provided peak 
coordinates of brain regions that were associated with apathy (this was the case for 24 studies), these were 
used to mark the areas and were converted to MNI space, if necessary. Around each peak coordinate a 
sphere of 10 mm was drawn. When coordinates were not available, either (reported) Brodmann areas 
(N=7) or the Autonomic Atlas Labeling (AAL, N=18) was used to mark the reported brain regions. The 
final selection of maps was aggregated into a single group map for each diagnostic category, representing 
the total number of studies. Subsequently, we used MRIcron to render these brain maps (Figure 4, Rorden 
& Brett, 2000). We only displayed studies that provided sufficient anatomical detail on structural gray 
matter associations with apathy (N=49, Figure 4, Supplementary Group maps 1-3). Studies reporting 
white matter abnormalities, null findings or non-specific locations were not included in this visualization. 
In case regression analysis and categorical analysis were performed within the same study and these 
yielded identical results, apathy associated brain regions were included once into the figures. In case uni-
variate and multivariate results were presented in a study, only the univariate results were included in the 
figures. Furthermore, within figure 4, only regions are displayed that were reported by at least two studies, 
or part of regions that overlap with reported regions from a second study. 

Furthermore, we employed BrainNet Viewer (Xia, Wang, & He, 2013, http://www.nitric.org/proj-
ects/bnv/) to visualize a selection of studies to provide a more detailed representation of findings 
(Figure 5). Only those studies that provided MNI or Talairach coordinates were used for this figure. 
Structural as well as functional MRI studies, PET, and SPECT studies are included in this figure.  

Figure 1. Flowchart of the selection process for this review
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Table 2. Details of included studies in the review.

Study Year Patient category Imaging 
Technique 

Apathy 
measurement 

Sample 
size 

Sex (% male) 

Agosta 2014 Neurodegenerative MRI AES 112 61  
Andela 2013 Neurodegenerative MRI AS 50 16  
Andersson 1999 Acquired brain 

damage 
fMRI AES 72 79  

Apostolova  2007 Neurodegenerative MRI NPI 35 40  
Baggio 2015 Neurodegenerative MRI AS 93 56  
Balthazar 2013 Neurodegenerative fMRI NPI 37 NS  
Benoit 1999 Neurodegenerative SPECT NPI 63 NS  
Benoit 2002 Neurodegenerative SPECT NPI 41 29  
Bertoux 2012 Neurodegenerative MRI AI 20 50  
Bijanki 2014 Psychiatry MRI SANS 90 80  
Brodaty 2005 Acquired brain 

damage 
MRI AES 227 56  

Bruen 2008 Neurodegenerative MRI NPI 31 61  
Cacciari 2010 Neurodegenerative MRI DAIR 20 30  
Caeiro 2011 Acquired brain 

damage 
CT AES 108 35  

Caeiro 2011 Neurodegenerative MRI AES 144 69  
Chuang 2014 Psychiatry MRI MEI 66 79  
Craig 1996 Neurodegenerative SPECT NPI 31 35  
David 2008 Neurodegenerative SPECT AI & NPI 22 55  
Deguchi 2013 Acquired brain 

damage 
MRI AS 247 36  

Diaz-
Olavarrieta 

1999 Neurodegenerative MRI NPI 69 39  
Dietz 2013 Neurodegenerative EEG AS 33 91  
Farrow 2005 Psychiatry MRI SANS 16 100  
Finset 2000 Acquired brain 

damage 
MRI AES 141 74  

Ford 2008 Psychiatry EEG SANS 48 81  
Gregg 2014 Acquired brain 

damage 
MRI FrSBe 55 40  

Guercio 2015 Neurodegenerative MRI AES 66 59  
Hahn 2013 Neurodegenerative MRI AI 60 47  
Hama 2007 Acquired brain 

damage 
CT AS 243 67  

Heinz 1998 Psychiatry SPECT SANS 16 NS  
Hoffmann 2008 Acquired brain 

damage 
MRI LARS 26 81  

Holthoff 2005 Neurodegenerative MRI & PET NPI 53 42  
Huang 2013 Neurodegenerative MRI & PET AES 26 62  
Isella 2002 Neurodegenerative MRI AS 55 55  
Jonsson 2010 Neurodegenerative MRI & CT STEP 176 49  
Kamat 2014 Acquired brain 

damage 
MRI FrSBe 38 87  

Kang 2012 Neurodegenerative SPECT NPI 36 19  
Kawada 2009 Psychiatry MRI FrSBe 52 42  
Kim 2011 Neurodegenerative MRI NPI 51 20  
Kim 2013 Acquired brain 

damage 
MRI & PET NPI 254 50  

Knutson 2013 Acquired brain 
damage 

CT NPI 228 100  
Lanctot 2007 Neurodegenerative SPECT NPI 74 59  
Lavretsky 2007 Geriatric depression MRI AS 84 37  
Liemburg  2015 Psychiatry MRI PANSS 67 75  
Links 2009 Neurodegenerative MRI NPI 21 38  
Liu 2004 Neurodegenerative MRI NPI 91 53  
Marshall 2013 Neurodegenerative PET AES 24 71  
Martinez-Horta 2014 Neurodegenerative EEG AS 40 70  
Matsuoka 2014 Acquired brain 

damage 
MRI AS 34 71  

Migneco 2001 Neurodegenerative SPECT NPI 41 32  
Moon 2014a Neurodegenerative MRI NPI 162 36  
Moon 2014b Neurodegenerative MRI NPI 40 78  
Morch-Johnsen 2015 Psychiatry MRI AES 70 54  
Mori 2014 Neurodegenerative fMRI & PET NPI 28 46  
Mucci 2015 Psychiatry MRI QLS 50 56  
Nakamura 2012 Psychiatry MRI SANS 116 66  
Ohtani 2014 Psychiatry MRI SANS 53 NS  
Okada 1997 Acquired brain 

damage 
MRI & SPECT AS 79 NS  

Okada 1999 Acquired brain 
damage 

SPECT SANS 21 81  
Onoda 2011 Acquired brain 

damage 
MRI & SPECT AS 102 56  
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Ota 2012 Neurodegenerative MRI AS 21 38  
Ott 1996 Neurodegenerative SPECT AES 40 58  
Park 2015 Psychiatry MRI PANSS 40 45  
Piamarta 2004 Acquired brain 

damage 
MRI PSDRS 33 61  

Reeves 2009 Neurodegenerative PET NPI 23 48  
Reijnders 2010 Neurodegenerative MRI AES, LARS, 

NPI 
55 NS  

Remy 2005 Neurodegenerative PET AES 20 70  
Robert 2006 Neurodegenerative SPECT AI 31 35  
Robert 2012 Neurodegenerative PET AES 45 NS  
Robert 2014 Neurodegenerative PET AES 36 NS  
Roselli 2009 Neurodegenerative SPECT NPI 18 61  
Rosen 2005 Neurodegenerative MRI NPI 148 NS  
Roth 2004 Psychiatry MRI SANS 40 73  
Saletu 1990 Psychiatry EEG AMDP 

system 
48 NS  

Sarazin 2003 Acquired brain 
damage 

MRI & PET Scale of 
Lhermitte 

32 38  
Schroeter 2011 Neurodegenerative PET NPI 54 48  
Simon 2010 Psychiatry fMRI AES 30 67  
Skidmore 2011 Neurodegenerative fMRI LARS 15 80  
Staekenborg 2010 Neurodegenerative MRI NPI 484 64  
Starkstein 1997 Acquired brain 

damage 
CT AS 80 54  

Starkstein 2009 Neurodegenerative MRI & SPECT AS 38 29  
Starkstein 1993 Neurodegenerative MRI AS 79 39  
Takayanagi 2013 Psychiatry MRI AES 62 81  
Tang 2013 Acquired brain 

damage 
MRI AES 185 63  

Tighe 2012 Neurodegenerative MRI NPI 45 NS  
Tsujimoto 2011 Neurodegenerative MRI FrSBe 42 67  
Tunnard 2011 Neurodegenerative MRI NPI 111 68  
Turetsky 2009 Psychiatry EEG SANS 45 62  
Waltz 2009 Psychiatry fMRI SANS 36 75  
Waltz 2010 Psychiatry fMRI SANS 34 74  
Waltz 2013 Psychiatry fMRI SANS 50 78  
Wang 2003 Psychiatry SPECT SANS 16 56  
Werf. Van der  2014 Neurodegenerative MRI AS 44 18  
Wolf 2014 Psychiatry MRI CAINS 78 51  
Woodruff 1997 Psychiatry MRI SANS 85 100  
Woolley 2011 Neurodegenerative MRI FrSBe 48 63  
Yamagata 2004 Acquired brain 

damage 
EEG AS 29 62  

Yang  2015 Acquired brain 
damage 

MRI AES 54 65  
Yang  2015 Acquired brain 

damage 
MRI AES 88 73  

Zamboni 2008 Neurodegenerative MRI FrSBe 76 47  
AI – Apathy Inventory; AES – Apathy Evaluation Scale; AMDP – Arbeitsgemeinschaft fur Methodik und Dokumentation 
in der Psychiatrie; AS – Apathy Scale; CAINS – Clinical Assessment Interview for Negative Systems; CT – Computed 
tomography; DAIR – Dementia Apathy Interview and Rating; EEG – Electroencephalography; (f)MRI – 
(functional)Magnetic Resonance Imaging; FrSBe – Frontal Systems Behavior Scale; LARS – Lille Apathy Rating Scale; 
MEI – Motivation and Energy Inventory; NPI – Neuropsychiatric Inventory; NS – Not specified; PANSS – Positive and 
Negative Symptom Scale; PET – Positron Emission Tomography; PSDRS – Post-Stroke Depression Rating Scale; QLS – 
Quality of Life Scale; SANS – Scale for the Assessment of Negative Symptoms; STEP – Stepwise comparative status 
analysis; SPECT – Single Photon Emission Computed Tomography. 

 



27

Table 3. Neuroimaging and statistical details of the included studies in the review.

Authors Year Imaging 
Technique 

BA, 
AAL, 
COO 

Scanner / 
Tracer 

Field of 
view 

Covariate Corrections 

Agosta 2014 MRI WM 1.5T ROI NS Random Forests 
approach Andela 2013 MRI NF 3T Whole brain Age 

Gender 
Education 

Corrected (NS) 
Andersson 1999 fMRI 0 NS ROI Age  

Gender  
Time since injury 

Uncorrected 
Apostolova 2007 MRI BA NS Whole brain Age  

Gender  
Race  
Education 

Permutation  
Baggio 2015 MRI CO 3T ROI Gender  

Dysphoric mood  
FDR 

Balthazar 2013 fMRI NF 3T ROI Age  
Dementia severity 
(CDR) 
Gray matter maps 

Permutation  
Benoit 1999 SPECT WM 99m-

Technetic
um 

ROI NS Non parametric 
testing 
Bonferroni 

Benoit 2002 SPECT CO 99m-
Technetic
um 

Whole brain NS Volume 
correction Bertoux 2012 MRI 0 1.5T ROI Age  

Global cognition 
(MMSE) 
Executive functioning 
(FAB) 

Uncorrected 
Bijanki 2014 MRI 0 3T Whole brain Age Non-parametric 

testing Brodaty 2005 MRI 0 1.5T Whole brain Age  
Depression (HDRS)  

Yates continuity 
correction Bruen 2008 MRI CO 1.5T Whole brain Age  

Education  
Global cognition 
(MMSE) 

Uncorrected 
Cacciari 2010 MRI WM 3T Whole brain Age  

Brain volume 
FDR 

Caeiro 2011 CT 0 CT Whole brain NS Yates continuity 
correction Caeiro 2012 MRI 0 CT Whole brain NS Uncorrected 

Chuang 2014 MRI WM 3T Whole brain Age  
Gender  
Total grey matter 
volume 

FWE 
Craig 1996 SPECT BA Xenon-

133 
ROI Global cognition 

(MMSE)  
Dysphoria (NPI) 

Uncorrected 
David 2008 SPECT AAL (123)I-FP-

CIT 
ROI Motor activity 

(UPDRS)a 
Bonferroni 

Deguchi 2013 MRI 0 NS Whole brain NS Uncorrected 
Diaz-
Olavarrieta 

1999 MRI NF NS ROI NS Uncorrected 
Dietz 2013 EEG 0 EEG NS Age Bonferroni, 

Greenhouse 
Geisser 

Farrow 2005 MRI NF 1.5T ROI NS Uncorrected 
Finset 2000 MRI 0 NS Whole brain NS Bonferroni 
Ford 2008 EEG 0 EEG Whole brain NS Non-parametric 

testing Gregg 2014 MRI 0 NS ROI NS Hoghberg 
Guercio 2015 MRI AAL 3T ROI Diagnosis  

Age  
Premorbid 
intelligence 
(AMNART) 
Memory performance  
(RAVLT) 
Processing speed 
(WAIS) 

Uncorrected 
Hahn 2013 MRI WM 3T Whole brain Age  

Education  
Gender  
Total intracranial 
volume 

FWE 
Hama 2007 CT AAL CT ROI NS Uncorrected 
Heinz 1998 SPECT 0 (I-123) 

IBZM  
ROI NS Uncorrected 

Hoffmann 2008 MRI 0 1.5T ROI NS Uncorrected 
Holthoff 2005 MRI NF NS ROI NS Uncorrected   

PET CO 18F-FDG Whole brain NS Corrected for 
multiple 
comparisons 
(NS) 

Huang 2013 MRI NF 3T Whole brain NS Uncorrected   
PET CO NS Whole brain Age  

Education 
FDR 

Isella 2002 MRI 0 0.5T ROI NS Uncorrected 
Jonsson 2010 CT / MRI 0 1T Whole brain Scanner type 

(CT/MRI) 
Uncorrected 

Kamat 2014 MRI WM 1.5T ROI NS Uncorrected 
Kang 2012 SPECT CO 99m-

Technetic
um 

Whole brain Age  
Gender  
Global cognition 
(MMSE) 

Uncorrected 
Kawada 2009 MRI NF 3T ROI Age  

Gender  
Intracranial volume 

FDR 
Kim 2011 MRI NF 3T Whole brain NS FDR    

WM 3T ROI Age  
Gender  
Education  
Depression  
Psychotropic 
medication 
Regional GM density 
(VBM)  
Intracranial volume  

Uncorrected 
Kim 2013 MRI 0 3T Whole brain Age  

Gender  
Education level  
Medication use 
Total number of 
lacunae 

FDR   
PET NF ((11)C) 

PiB  
ROI Age  

Gender  
Education level  
Medication use 
Total number of 
lacunea  

FDR 
Knutson 2013 CT CO GELight 

Speed 
Plus 

ROI NS FDR 
Lanctot 2007 SPECT BA 99m-

Technetic
um 

ROI NS Non-parametric 
testing, 
Corrections for 
multiple 
comparisons 
(NS) 

Lavretsky 2007 MRI AAL 1.5T ROI Age  
Gender  
Severity of illness 
(CIRS)  
Diagnosis 
Intracranial volume  

Bonferroni 
Liemburg  2015 MRI CO 3T Whole brain NS Pseudo T-

threshold Links 2009 MRI NF 1.5T ROI NS Uncorrected 
Liu 2004 MRI NF 1.5T ROI NS Bonferroni  
Marshall 2013 PET 0 18F-FDG Whole 

brain/ ROI 
Age  
Memory (RAVLT) 
Global cognition 
(MMSE) 

Non-parametric 
testing 
Small volume 
correction 

Martinez-
Horta 

2014 EEG 0 EEG  ROI NS Greenhouse 
Geisser  Matsuoka 2014 MRI AAL 3T Whole 

brain/ ROI 
Age  
Gender  
Laterality of the 
infarction  
Acute stroke size 

Bonferroni 
Migneco 2001 SPECT CO 99m-

Technetic
um 

Whole brain NS Worsley 
Moon 2014a MRI NF 3T Whole brain Age 

Educational level  
ApoE e4 allele  
Dementia severity 
(CDR)  
Other 
neuropsychiatric 
symptoms (NPS)  

Uncorrected 
Moon 2014b MRI AAL 3T  ROI Age  

Dementia severity 
(CDR)  
Vascular risk factors  
WMH  
Grey matter volume  
Other 
neuropsychiatric 
symptoms (NPS) 

Uncorrected 
Morch-
Johnsen 

2015 MRI AAL 1.5T ROI Age 
Gender 

Bonferroni a 
Mori 2014 fMRI CO 1.5T  Whole brain Age  

Gender  
Education  
Global cognition 
(MMSE)  
Executive functioning 
(FAB) 

FDR   
PET 

 
((11)C)PiB  Age  

Gender  
Education  
Global cognition 
(MMSE)  
Executive functioning 
(FAB) 

Partial volume 
correction 
FWE 
FDR 
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Mucci 2015 MRI CO 3T ROI Education  
IQ  
Depression (PANSS) 
Positive symptoms 
(PANSS)  
Chlorpromazine dose 

a 

FWE 
Bonferroni Nakamura 2012 MRI CO 1.5T Whole brain Age 

Illness duration  
Medication (dose 
duration) 

FWE 
Bonferroni Ohtani 2014 MRI 0 NS ROI Intracranial volume Bonferroni a 

Okada 1997 SPECT BA Xenon-
133 

ROI NS Uncorrected 
  MRI NF NS NS NS NS 
Okada 1999 SPECT AAL N-

isopropyl-
p[123I] 
iodoamph
etamine 

ROI NS Bonferroni 
Onoda 2011 SPECT  AAL (123)I-FP-

CIT 
ROI Age  

Gender  
Depression (SDS) 

FDR   
MRI AAL 1.5T ROI Age 

Gender  
Depression (SDS)  

Uncorrected 
Ota 2012 MRI CO 1.5T Whole brain Age  

Gender  
Global cognition 
(MMSE) 

Uncorrected 
Ott 1996 SPECT BA 99mTc-

ECD 
ROI NS Uncorrected 

Park 2015 MRI CO 3T ROI NS FWE 
Piamarta 2004 MRI NF NS Whole brain NS Uncorrected 
Reeves 2009 PET NF [11C] 

raclopride 
ROI NS Corrected for 

multiple 
comparisons 
(NS) 

Reijnders 2010 MRI CO 3.0T ROI Age  
Global cognition 
(MMSE)  
Gray matter volume a 

FDR 
Remy 2005 PET CO [11C]RTI-

32  
ROI NS Small volume 

correction Robert 2006 SPECT CO 99mTc-
ECD 

Whole brain Depression (NPI)  
Emotional blunting 
(AI) a 

Corrected (NS) 
Robert 2012 PET CO 18F-FDG 

 
Whole brain Age  

Dementia severity 
(MDRS) 
Medication use 
(LEDD) 

Uncorrected 
Robert 2014 PET CO 18F-FDG 

 
Whole brain Age  

Dementia severity 
(MDRS) 
Medication use 
(LEDD) 

Uncorrected 
Roselli 2009 SPECT AAL (123)I-FP-

CIT 
ROI NS Bonferroni 

Rosen 2005 MRI CO 1.5T Whole 
brain/ ROI 

Age  
Gender  
Global cognition 
(MMSE)  
Intracranial volume 

FWE 
Roth 2004 MRI 0 1.5T ROI Intracranial volume Uncorrected 
Saletu 1990 EEG 0 EEG Whole brain NS Uncorrected 
Sarazin 2003 PET BA 18F-FDG 

 
ROI Age  

Global cognition 
(MMSE) 

Non-parametric 
testing 
Corrections for 
multiple 
comparisons 
(NS) 

  
MRI NF 1.5T ROI NS NS 

Schroeter 2011 PET CO 18F-FDG 
 

Whole brain Age  
Dementia severity 
(CDR) 

FWE 
Simon 2010 fMRI AAL 3T Whole 

brain/ ROI 
NS Uncorrected 

Skidmore 2011 fMRI CO 3T Whole brain Depression (HRSD)  
Motor activity 
(UPDRS) 

Monte Carlo 
Staekenborg 2010 MRI 0 0.5-1.5 T 

(multiple 
scanners) 

NS NS Uncorrected 
Starkstein 1993 CT NF CT Whole brain NS Yates continuity 

correction Starkstein 1997 MRI 0 0.5T NS NS Yates continuity 
correction 

  
SPECT 

 
99m Tc-
HMPAO 

NS NS Yates continuity 
correction Starkstein 2009 MRI 0 1.5T NS Age  

Global cognition 
(MMSE) 

Uncorrected 
Takayanagi 2013 MRI NF 1.5T Whole 

brain/ ROI 
Age  
Gender  
Intracranial volume 

Monte Carlo 
Tang 2013 MRI 0 1.5T ROI Age 

Depression (GDS) a  
Stoke severity 
(HIHSS) a  
Daily functioning (BI) 

a  
Global cognition 
(MMSE) a 
Number of old 
infarcts 
White matter hyper 
intensities (PVWMH)  

Uncorrected 
Tighe 2012 MRI AAL 3T ROI Global cognition 

(MMSE) 
Uncorrected 

Tsujimoto 2011 MRI CO 3T Whole 
brain/ ROI 

Age  
Gender  
Intracranial volume 

Uncorrected 
Tunnard 2011 MRI BA 1.5T (six 

different 
scanners) 

NS Depression (GDS)  
Dementia severity 
(CDR) 

Corrections for 
multiple 
comparisons 
(NS) 

Turetsky 2009 EEG 0 EEG Whole brain NS Uncorrected 
Waltz 2009 fMRI AAL 3T Whole brain NS Uncorrected 
Waltz 2010 fMRI CO 3T ROI NS Uncorrected 
Waltz 2013 fMRI AAL 3T ROI NS Uncorrected 
Wang 2003 SPECT NF 99m Tc-

HMPAO 
ROI Age Non-parametric 

testing Werf, van 
der  

2014 MRI NF 3T  ROI NS Bonferroni 
Wolf 2014 MRI CO 3T ROI NS Cluster 

Corrected Woodruff 1997 MRI WM 1.5T ROI Intracranial volume a Uncorrected 
Woolley 2011 MRI WM 4T  ROI Age  

Gender  
Disease severity 
(ALFRS-R) 

Uncorrected 
Yamagata 2004 EEG 0 EEG ROI NS Greenhouse 

Geisser 
correction 

Yang  2015a MRI WM 3T Whole brain Age  
Education 
Depression (HDRS) 
Global cognition 
(MMSE) 

FWE 
Yang  2015b MRI AAL 3T ROI Age  

Gender  
Depression (HDRS)  
Global cognition 
(MMSE) 
Lesion size 

FDR 
Zamboni 2008 MRI CO 1.5T Whole brain Age  

Gender  
Dementia severity 
(MDRS) 
Intracranial volume  

FWE 
AAL – Automated Anatomical Labeling; AI – Apathy Inventory; ALSFRS-R – Amyotrophic Lateral Sclerosis Functional 
Rating Scale; AMNART – American National Adult Reading Test; BA – Brodmann Area; BI – Barthel Index; CDR – 
Clinical Dementia Rating; CO – Coordinates; FAB – Frontal Assessment Battery; GDS – Geriatric Depression Scale GM 
– Gray matter; HDRS – Hamilton Depression Rating Scale; LEDD – Levodopa Equivalent Daily Dose; MDRS – Mattis 
Dementia rating scale; MMSE – Mini-Mental State Examination; NIHSS – National Institutes of Health Stroke Scale; 
NPS – Neuropsychiatric Symptoms; NS – Not specified; PVWMHI – Periventricular White Matter Hyperintensities; SDS 
– Self rating Depression Scale; RAVLT – Rey Auditory Verbal Learning Test; WAIS – Wechsler Adult Intelligence 
Scale. 
a Not applicable for all analysis within the study 
0 Not included in Figure 4 and Figure 5 
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Results
The studies that fitted our a priori set criteria most frequently included patients with neurodegen-
erative diseases (N=52), and less commonly patients with acquired brain injury (N=23), and psy-
chiatric disorders (N=24). Distinct apathy measures are used in each studied population with the 
Neuropsychiatric Inventory (NPI) being most often used in neurodegenerative diseases, the Apathy 
Scale (AS) and Apathy Evaluation Scale (AES) in patients with acquired brain injury, and the Scale 
for the Assessment of Negative Symptoms (SANS) in psychiatric disorders. MRI is most often used 
as imaging technique to associate apathy with specific brain lesions or abnormalities. Other imag-
ing techniques used were CT, PET, SPECT, and EEG. Figures 2 and 3 illustrate questionnaires and 
imaging techniques used in the studies. 

Figure 2. Apathy measurements used 
in the included studies, presented per 
patient population.

Figure 3. Neuroimaging methods that were used in the 
studies that were included in this review, presented per 
patient population.

ABI – Acquired Brain Injury; AI – Apathy 
Inventory; AES – Apathy Evaluation Scale; 
AS – Apathy Scale; FrSBe – Frontal Systems 
Behavior Scale; LARS – Lille Apathy Rating 
Scale; Neuro D – Neurodegenerative disorders; 
NPI – Neuropsychiatric Inventory; Psy – 
Psychiatric disorders; SANS – Scale for the 
Assessment of Negative Symptoms.

ABI – Acquired Brain Injury; CT – Com-
puted tomography; EEG – Electroencepha-
lography; (s/f)MRI – (structural/functional)
Magnetic Resonance Imaging; Neuro D – 
Neurodegenerative disorders; PET – Positron 
emission tomography;  Psy – Psychiatric 
disorders; SPECT – Single Photon Emission 
Computed Tomography.
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Neurodegenerative diseases
A total of 52 studies investigating apathy in patients with a neurodegenerative disorder fitted our 
criteria, including Parkinson’s Disease (PD; n=10), Frontal Temporal Degeneration (FTD; n=5), 
Alzheimer’s Disease (AD; n=26). Studies that will not be described textually included patients with 
Lewy Body Disease (LBD; n=1), vascular dementia (n=1), Amyotrophic Lateral Sclerosis (ALS; 
n=2), Cushing’s Disease (n=2), Multiple Sclerosis (MS; n=1), Mild Cognitive Impairment only 
(MCI; N=3), and Progressive Supranuclear Palsy (PSP; n=1), due to the low number of studies 
published on these disorders.

Parkinson’s disease (PD)
In total, four structural MRI, two functional MRI, four PET, and two EEG studies have been identi-
fied in PD. Of these studies, one used both MRI and PET techniques, and one performed structural 
as well as functional MRI analyses. 

sMRI
• Frontal cortex: Reijnders et al. (2010) found an association between higher apathy and lower gray 
matter density values as objectified with voxel based morphometry (VBM) analyses in the bilateral 
inferior frontal gyrus and precentral gyrus. Across their analyses, there was a consistency between 
neural correlates of apathy as measured by three different apathy questionnaires. 
• Parietal cortex: In PD, higher apathy and lower gray matter density values were found in the bilat-
eral inferior parietal gyrus, and right precuneus (Reijnders et al., 2010). 
• Temporal cortex: No abnormalities reported. 
• Subcortical areas: No abnormalities reported. 
• Other findings: Baggio and coworkers (2015), Huang et al., (2013), and Isella et al., (2002) did not 
find any structural differences when comparing apathetic to non-apathetic PD patients after applying 
appropriate correction for multiple comparisons.

fMRI 
• Frontal cortex: Skidmore et al. (2013) investigated functional integrity of the brain in relation to 
apathy by using voxel-wise fractional amplitude of low frequency fluctuations (fALFF) analysis in 
resting state fMRI data. Results showed that the severity of apathy was best predicted by a greater 
fALFF in the right middle orbitofrontal cortex and bilateral subgenual cingulate cortex, together 
with a lower signal amplitude in the left supplementary motor cortex (SMA). In another resting state 
study, abnormalities in functional connectivity were found within a fronto-striatal network in the left 
hemisphere, such that patients with higher apathy had weaker functional connections between the 
striatum and ventrolateral prefrontal brain regions (Baggio et al., 2015). 
• Parietal cortex: In patients with higher apathy, lower amplitude of low frequency fluctuations was 
detected in the left inferior parietal lobule (Skidmore et al., 2013).
Temporal cortex: Lower fALFF in the left fusiform gyrus was associated with higher apathy (Skid-
more et al., 2013). 
• Subcortical areas: Functional connectivity within the striatum and between striatal and ventrolateral 
prefrontal regions was more impaired in patients with high apathy compared to low (Baggio et al., 2015). 
• Other findings: Within a group of PD patients, increased severity of apathy was associated with 
lower activity in bilateral cerebelli (Skidmore et al., 2013).
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PET
• Frontal cortex: Multiple fluorodeoxyglucose (FDG-)PET-studies specifically focused on identifying 
metabolic bases of apathy in PD. Positive correlations of apathy and cerebral metabolism during rest 
were found in the right middle frontal gyrus, right inferior frontal gyrus, left anterior insula (Robert 
et al., 2012), bilateral orbitofrontal lobes and bilateral anterior cingulate (Huang et al., 2013), and left 
posterior cingulate cortex (Robert et al., 2014). Remarkably, in a functional PET study (whereby the 
participants performed an emotional facial recognition task), the same research group found lower 
metabolism in largely the same brain regions in association with higher apathy, including the right su-
perior frontal gyrus, bilateral middle frontal gyri, and the left posterior cingulate (Robert et al., 2014). 
• Parietal cortex: Within parietal regions, increased cerebral metabolism in the right cuneus correlat-
ed with higher apathy (Robert et al., 2012) and reduced metabolism within the right inferior parietal 
lobe (Huang et al., 2013). 
• Temporal cortex: Areas that showed a lower metabolism (during rest) with higher apathy were 
found in the left superior temporal gyrus (Huang et al., 2013). 
• Subcortical areas: An inverse correlation between catecholaminergic binding potential, indicative of 
a specific loss of dopamine and noradrenaline innervation, and apathy was found in the bilateral ven-
tral striatum in an exploratory resting-state analysis (Remy, Doder, Lees, Turjanski, & Brooks, 2005). 
• Other findings: Bilateral cerebellar areas, namely the inferior semilunar lobules, showed lower 
metabolism in PD patients with higher apathy in resting state (FDG-)PET (Robert et al., 2012).

EEG
• Frontal cortex: An EEG study investigated incentive processing through the feedback-related neg-
ativity event-related potential (ERP) component (associated with reinforcement learning) in patients 
with and without apathy (Martinez-Horta et al., 2014) across the scalp. This feedback related nega-
tivity ERP in apathy patients was lower in amplitude at frontal and superior parietal regions ([Fz and 
Cz locations] Martinez-Horta et al., 2014), indicating a smaller difference in neural activation after 
wins and losses compared to the non-apathy group and healthy controls. 
• Parietal cortex: To investigate emotional processing in PD, Dietz et al. (2013) used the centro-pa-
rietal late positive potential (LPP). Viewing of negative pictures elicited an attenuated LPP response 
in PD patients compared to the response in healthy controls, which was interpreted as an indication 
of emotional dysregulation. Apathy scores were found to significantly and specifically modulate 
this LPP response, where higher apathy was associated with lower LPP amplitude, independent of 
severity of depressive and anxiety symptoms (Dietz et al., 2013). These results suggest that apathy 
is associated with a parietal-mediated disturbance of emotional processing in PD. 
• Temporal cortex: No abnormalities reported. 
• Other findings: No other findings have been reported.

PD Summary & Discussion 
To summarize, in PD studies a variety of neuroimaging methods have been used to investigate ap-
athy, but the total number of studies is rather limited. Regions of reported abnormalities in relation 
to apathy are distributed over frontal and parietal regions, including superior, middle, inferior, orbi-
tofrontal gyri, anterior cingulate cortex (ACC) and inferior parietal cortex, precuneus and cuneus. 
It appears that resting state metabolism within fronto-parietal regions is increased and functional 



Chapter 2

metabolism is decreased in association with higher apathy. Further findings include lower amplitude 
of ERPs in frontal and parietal regions and reduced fronto-striatal connectivity in association with 
higher apathy. The majority of studies included patients with relatively low levels of apathy, or with 
only a subsample of patients with high levels of apathy, which might have biased the findings.

Frontotemporal degeneration (FTD)
All five studies investigated frontotemporal degeneration (FTD) and their structural brain associa-
tions in relation to apathy by means of structural MRI. 

sMRI
• Frontal cortex: All of the included studies reported abnormalities within the frontal regions in rela-
tion to apathy, including the right dorsolateral prefrontal cortex ([DLPFC] Zamboni, Huey, Krueger, 
Nichelli, & Grafman, 2008),  right ventrolateral PFC (uncorrected, Bertoux et al., 2012; Rosen et al., 
2005), orbitofrontal cortex (OFC), and the rostromedial PFC including the ventral and dorsal ACC, 
and adjacent ventromedial superior frontal gyrus (Rosen et al., 2005). These regional volumetric 
relations reported by Rosen et al. (2005) were however not unique to apathy, but also related to other 
behaviors measured in this study including disinhibition, eating disorders, and aberrant motor behav-
iors. Unique effects for apathy were found within the FTD/semantic dementia subpopulation where 
tissue loss in the right ventromedial superior frontal gyrus towards the cingulate sulcus was correlat-
ed with higher apathy (Rosen et al., 2005). Finally, Liu et al. (2004) divided patients into frontal and 
temporal variants of FTD based on T2-weighted MR-images. A significantly higher prevalence of 
apathy in patients with the frontal variant of FTD was found (Liu et al., 2004), accompanied by a 
FTD-specific reduction in frontal lobe cortical volumes only (compared to temporal volume reduc-
tions in AD). This finding suggests an indirect link between frontal pathology and apathy. Overall 
this result fits with the VBM-studies that reported abnormalities in primarily the (right) frontal re-
gions (Bertoux et al., 2012; Rosen et al., 2005; Zamboni et al., 2008).
• Parietal/temporal cortex: Atrophy within the right temporo-parietal junction was related to higher 
apathy in patients with progressive non-fluent aphasia (Zamboni et al., 2008). 
• Subcortical areas: Within FTD patients, apathy is rarely associated with abnormalities within sub-
cortical regions, and the findings that have been reported are not consistent. Atrophy of the right 
putamen (Zamboni et al., 2008) and caudate head/ventral striatum (Rosen et al., 2005) has been asso-
ciated with higher apathy. The first observation was however only significant at a lowered threshold 
(Zamboni et al., 2008) and the second was not uniquely associated with apathy (Rosen et al., 2005). 
In a VBM-study (Links et al., 2009), only subcortical regions of interest were investigated (bilater-
al striatum and thalami) and no association was found between apathy and morphometry of these 
specified brain areas.

FTD Summary and discussion
In summary, in FTD especially atrophy of frontal regions has been associated to apathy, more spe-
cifically within the right hemisphere. Temporal degeneration within this FTD patient group however 
did not appear to be associated with higher apathy and subcortical abnormalities were also hardly 
mentioned in association with apathy. It should be kept in mind that all but one of the described stud-
ies used regions or volumes of interest (R/VOI’s) in relation to apathy. The use of these predefined 
regions potentially biases towards a selection of brain regions, while perhaps more unexpected as-
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sociations are neglected. Furthermore, it is important to note that only structural MRI studies have 
been performed. 

Alzheimer’s Disease (AD)
In total, 14 structural MRI, one functional MRI, four PET, and seven SPECT studies have been 
identified in AD.

sMRI – gray matter abnormalities
• Frontal cortex: An association between apathy severity and atrophy in the left medial frontal cor-
tex, OFC, pars triangularis, supplementary motor area, bilateral ACC (Apostolova et al., 2007), and 
caudal ACC (Tunnard et al., 2011) were revealed by MRI studies using structural volume and thick-
ness analyses. In a patient group with probable AD of mild severity similar regions were reported 
(Bruen, McGeown, Shanks, & Venneri, 2008). Higher apathy was associated lower gray matter den-
sities in the right superior frontal gyrus, bilateral inferior and middle frontal gyri, and ACC (Bruen 
et al., 2008). This VBM analysis was however performed without corrections for multiple compar-
isons. Lastly, Moon et al. (2014) selectively investigated apathy in relation to gray matter volume 
of the insular cortex (central and bilateral anterior and posterior cortex) and found that apathy was 
negatively correlated to the volume ratio of the bilateral anterior insular cortex (Moon et al., 2014). 
• Parietal cortex: No abnormalities reported. 
• Temporal cortex: No abnormalities reported. 
• Subcortical areas: Only one study reported lower gray matter densities within the basal ganglia, 
including the bilateral putamen and left head of the caudate nucleus, in relation to higher apathy 
(Bruen et al., 2008). This finding was however uncorrected for multiple comparisons and although 
apathy was the most frequent reported symptom in this sample, severity was low. In another study 
that included subcortical regions of interest (bilateral hippocampus, amygdala, basal ganglia, thal-
ami, brainstem) no atrophy or volumetric differences were found in relation to apathy (Tunnard et 
al., 2011). 
• Other findings: A study investigating atrophy or volumetric differences in ROI’s including the 
cerebellum and corpus callosum, did not find associations with apathy (Tunnard et al., 2011). Two 
further studies that used VBM analysis did not find any association between apathy severity and 
gray matter volumes (Kim et al., 2011; Mori et al., 2014).

sMRI – White matter abnormalities
In AD patients white matter alterations related to apathy have been most frequently investigated, 
compared to alternations in gray matter or functional characteristics. Often DTI is used to evaluate 
white matter integrity, as quantified with e.g. fractional anisotropy. Fractional anisotropy (FA) is a 
sensitive but rather unspecific measure for white matter neuropathology, where decreased FA values 
are an indication of a decreased anisotropy reflecting lower white matter integrity (Alexander, Lee, 
Lazar, & Field, 2007). 

• Superior longitudinal fasciculus: No abnormalities reported. 
• Inferior longitudinal fasciculus: No abnormalities reported. 
• Cingulum: In patients with high apathy, lower FA values were found within the left, right, or bilat-
eral anterior and posterior cingulum in comparison to patients with low apathy ([Left hemisphere] 
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Hahn et al., 2013; Kim et al., 2011; [Right] Ota, Sato, Nakata, Arima, & Uno, 2012; [Bilateral] Tighe 
et al., 2012). When corrected for disease severity (both MCI and AD patients were included), the 
finding of lower FA values in the bilateral cingulum did not hold (Tighe et al., 2012). 
• Uncinate fasciculus: One study reported bilateral lower FA values in the bilateral uncinate fasciculi 
in a group of patients with high apathy compared to low apathy (Hahn et al., 2013). 
• Interhemispheric structures: Patients with apathy had lower FA values in the genu, body, and sple-
nium of the corpus callosum compared to patients without apathy (Hahn et al., 2013). 
• Other findings: Higher apathy was associated with non-specific white matter changes (Jonsson et 
al., 2010; Starkstein et al., 1997) and with additional increment of white matter hyperintensities in 
the frontal lobes (Starkstein et al., 2009) and basal ganglia (Starkstein et al., 1997). Furthermore, 
diffusion abnormalities in the right thalamus and parietal regions were associated with higher apathy 
(Ota et al., 2012). Starkstein et al. (2009) observed that in patients who experienced apathy in com-
bination with depression, more white matter hyperintensities were found in the parietal lobes com-
pared to patients without apathy and depression or in groups with apathy or depression only. These 
findings were however reported with uncorrected p-values. Therefore, results should be interpreted 
with caution. Two of the studies that investigated the relationship between apathy and white matter 
morphometry by means of visual rating of structural (T1- and T2 weighted) MRI-scans did not find 
specific associations (Holthoff et al., 2005; Moon, Kim, Ok Kim, & Han, 2014).  Lastly, one study 
investigating volumetric characteristics of the brain‘s white and gray matter, did not find an associ-
ation with apathy (Starkstein et al., 2009).

fMRI 
One fMRI study investigated possible alterations in functional networks in relation to apathy in AD 
patients (Balthazar et al., 2013). Based on independent component analysis of resting state data, no 
association between the severity of apathy (as measured in a cluster together with appetite and eating 
abnormalities based on Aalten et al., 2008) and connectivity within the default mode and salience 
network was found (Balthazar et al., 2013). This analysis included corrections for gray matter atro-
phy (VBM). 

PET
• Frontal cortex: Mori and coworkers investigated amyloid-B (AB) deposition using ((11)C)Pitts-
burgh Compound-B (PiB) PET in relation to apathy in AD. ((11)C)PiB retention, indicative of ele-
vated levels of AB and thus cortical damage (Mori et al., 2014) throughout the whole frontal cortex, 
bilateral insula and right anterior cingulate cortex was associated with greater apathy severity. Using 
FDG-PET, lower regional glucose metabolism was found in the left OFC in AD patients with apathy 
compared to patients without apathy (Holthoff et al., 2005). 
• Parietal cortex: No abnormalities reported. 
• Temporal cortex: No abnormalities reported. 
• Subcortical areas: No abnormalities reported. 
• Other findings: Using [(11)C]raclopride PET, striatal dopamine (D2/D3) receptor availability was 
investigated in a population of probable AD patients, but did not reveal any associations with apathy 
(Reeves, Brown, Howard, & Grasby, 2009). 
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SPECT
• Frontal cortex: Using 99m-Technetium SPECT cerebral blood flow (CBF) abnormalities were 
found in bilateral frontal regions, though primarily right lateralized. Both whole brain and ROI-
based analyses have been performed. The predefined regions were widely distributed over the entire 
brain (although using different tissue markers). Negative correlations were found between apathy 
and orbitofrontal regions (Craig et al., 1996; Lanctot et al., 2007), right inferior frontal (Benoit et 
al., 2002), and the right and bilateral medial (Benoit et al., 2002; Kang et al., 2012), and dorsolateral 
regions (Craig et al., 1996). Furthermore, some smaller clusters were negatively associated with 
apathy within the bilateral precentral and superior frontal regions (although right more than left), 
right middle frontal regions and the left insula (Kang et al., 2012). Using the Apathy Inventory ([AI] 
Robert et al., 2002), higher total apathy scores were correlated with lower perfusion in the bilateral 
frontal cortices (Robert et al., 2006), whereas the AI subscale ‘lack of initiative’ was negatively 
correlated with perfusion solely in the right frontal lobe. Although a relatively large sample of AD 
patients was included in this latter study, apathy scores were low and below clinical significance 
(except for 29% of the patients) which should be kept in mind when interpreting these results.

In addition, higher apathy was consistently associated with lower perfusion in the ACC (Benoit 
et al., 1999; Craig et al., 1996; Lanctot et al., 2007; Migneco et al., 2001). Lanctot and coworkers 
(2007) demonstrated that the left ACC and right OFC were associated with apathy, and not with AD 
pathology itself and showed lower perfusion compared to both the non-apathy group and the healthy 
comparison group. Patients were only included in the latter analysis if they were free of depressive 
symptoms. A remark should be made regarding the findings of Craig and coworkers (1996) because 
no corrections for multiple comparisons were applied and no information on lateralization was pro-
vided, even though the authors included bilateral ROI’s. 
• Parietal cortex: No abnormalities reported. 
• Temporal cortex: Multiple studies (all using 99m-Technetium SPECT) report lower perfusion in 
temporal lobe, including the anterior temporal region (Craig et al., 1996), bilateral inferior temporal 
gyri ([right] Robert et al., 2006; [left] Schroeter et al., 2011), bilateral middle temporal gyri ([right 
hemisphere] Kang et al., 2012; [left] Schroeter et al., 2011), right superior temporal gyrus (Kang et 
al., 2012), right lingual gyrus (Benoit et al., 2002), and the right posterior temporo-parietal area (Ott 
et al., 1996) in patients with high levels of apathy compared to patients with low apathy and healthy 
elderly. Of all included studies performed in the AD population, one reported apathy to be related to 
abnormalities within hippocampal regions (Kang et al., 2012). This is contradictory to the finding of 
Lanctot et al. (2007) who report a relative sparing of hippocampi and other temporal areas in apathetic 
patients (while these areas were associated with hypoperfusion in the AD group without apathy). Tak-
en these results together, it can be stated that blood perfusion in a large part of the right temporal lobe 
is abnormal in patients with higher apathy.

• Subcortical areas: Schroeter et al. (2011) used FDG-PET in a sample of early AD patients, together 
with patients with other types of dementia (a.o. frontal lobe dementia patients and Lewy Body Dis-
ease). Results showed that higher apathy was associated with hypometabolism in the ventral tegmental 
area (Schroeter et al., 2011). Furthermore, one study that included both AD and Lewy body disease 
patients, investigated the relationship between apathy and striatal dopamine uptake, using (123)I-FP-
CIT SPECT (David et al., 2008). This ROI-analysis showed that higher apathy was associated with a 
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reduced dopaminergic binding potential in the right putamen (David et al., 2008). When analyses were 
performed per AI subscale, lack of initiative was associated with a reduced binding potential in bilateral 
putamen, lack of interest with the left caudate, and emotional blunting did not show correlations with 
dopamine transporter (DAT) uptake in the striatal areas. The reported findings appear to be driven by 
reductions in binding potentials within the Lewy Body population, however this is not clearly specified 
by means of statistical analysis. Another lacuna of the study concerns the lack of information on the 
mean and distribution of apathy scores that were included in the analysis. 

AD Summary
Studies that included AD patients were relatively consistent regarding apathy associated brain areas. 
Gray matter abnormalities in relation to higher apathy were primarily found in the frontal areas of 
the right hemisphere (DLPFC and OFC) and bilateral ACC, while white matter abnormalities are 
primarily found in more bilateral subcortical areas including the striatum, areas around the corpus 
callosum and the fasciculi, but also the bilateral cingulum. Results from PET studies are consistent 
with reduced perfusion found in bilateral frontal (OFC and medial frontal areas), ACC, and striatal 
areas. SPECT studies demonstrate a reduction in dopaminergic binding in primarily the right striatal 
areas, a reduction in perfusion in bilateral but also primarily right frontal (OFC and medial gyri) and 
right temporal areas, and the bilateral ACC. 

Integration of findings in neurodegenerative disorders
When we attempt to integrate the discussed findings on neurodegenerative populations, but also take 
into account findings reported in less studied populations (studies: n<5), including PD, FTD, AD, 
ALS, Cushing’s disease, MS, MCI, and PSP patients, apathy is most often associated with (pre)frontal 
(60%), (inferior) parietal (40%), or temporal lobe (20%) damage (Table 4, Figure 5, Supplementary 
Movie 1). From Figure 4, that displays a selection of the included studies that report gray matter ab-
normalities in relation to apathy, we can read that a large part of the frontal cortex including the ACC is 
associated with apathy (either structural or functional abnormalities), in addition to subcortical regions 
including the caudate nucleus, putamen and globus pallidus, and selective regions in the temporal lobe.



37

Neural correlates of apathy in patients with neurodegenerative disorders, 
acquired brain injury, And psychiatric disorders

Figure 4. Neuroimaging findings (gray matter only) related to apathy per disease group of all studies that provided sufficient 
anatomical detail. Studies are combined without weighting. Upper panel = Neurodegenerative disorders; Middle panel = 
Acquired brain injury; Lower panel = psychiatric disorders.

Table 4. Neuroimaging findings related to apathy from all included studies in the review are summarized per brain lobe in 
studies including patients with neurodegenerative disorders, acquired brain injury and psychiatry disorders. Full tables are 
Supplementary Tables 1-3.

Patient 
popula- 
tion 

Frontal Parietal Temporal Occipital Subcortical Cerebellum White 
matter 
abnormali
ties 

N.A / N.F 
Neuro D 30 (60%) 16 (32%) 11 (22%) 4 (8%) 12 (24%) 2 (4%) 6 (12%) 12 (24%) 
ABI 9 (41%) 3 (14%) 2 (9%) 1 (5%) 5 (23%) 0 (0%) 5 (23%) 6 (27%) 
Psy 8 (38%) 4 (19%) 2 (10%) 1 (5%) 9 (43%) 0 (0%) 5 (24%) 8 (38%) 
ABI = Acquired Brain Injury; GM = Gray matter; N = Sample size; N.A = Not applicable; N.F = Null finding; Neuro D = 
Neurodegenerative Disorders; Psy = Psychiatric disorders.  

Figure 5. Voxel-based Neuroimaging 
findings related to apathy of all stud-
ies that provided peak coordinates. 
Blue = Neurodegenerative disorders; 
Green = Acquired brain injury; Red 
= psychiatric disorders.
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Apathy and acquired brain injury
In total 23 studies were included in the acquired brain injury patient population. The majority of the 
studies included stroke patients (n=16), of which the results will be described. Studies that will not be 
included in this textual description, but which are included in the Tables and graphical displays include 
patients with (penetrating) traumatic brain injury (TBI, n=2), frontal lobe lesions (n=1), small vessel 
disease (n=1), brain tumors (n=1), solvent abusers (n=1), and patients with HIV infection (n=1).

Stroke
Sixteen neuroimaging studies that complied with our set criteria, investigated if post-stroke apathy 
(PSA) is related to specific neural adversities. The vast majority of the studies visually assessed sMRI 
(n=8) or CT scans (n=3) or both (n=1) in order to classify patients into groups based on their lesion 
location and lesion severity, and subsequently investigated group-wise associations with apathy. Addi-
tionally, DTI (Matsuoka et al., 2014; Yang et al., 2015; Yang, Shang, Tao, Liu, & Hua, 2015) was per-
formed. Furthermore, two SPECT (combined with MRI) studies, and one EEG study were identified. 

sMRI
• Frontal cortex: Stroke patients with apathy showed more right-sided lesions in general, and specif-
ically more white-matter hyperintensities within the right fronto-subcortical circuit compared to a 
non-apathetic group (Brodaty et al., 2005). Lower fractional anisotropy values were detected in the 
right inferior frontal gyrus (Yang et al., 2015). In a DTI connectivity analysis of Yang et al. (2015) 
in a large sample, higher apathy was associated with 24 nodes distributed over various lobes, repre-
senting an “apathy-related subnetwork”. Within this network global as well as local efficiency was 
negatively correlated with apathy. Global efficiency is a measure of efficiency within the network at 
a global level, whereas local efficiency is informative on how efficiently information is transferred 
between nodes within a network (Yang et al., 2015). Of the 24 nodes constituting this network, six 
nodes were localized in the frontal cortex. These nodes comprised bilateral inferior frontal gyri (or-
bital and triangular parts) and left superior frontal gyrus (medial orbital part), and the right precentral 
and left supplementary motor areas. The authors state that the global and local efficiencies of the 
entire apathy-related network were negatively correlated with apathy measures (Yang et al., 2015). 
• Parietal cortex: In the connectivity analysis of Yang et al. (2015), three parietal nodes were includ-
ed in the apathy-related subnetwork, including the right supramarginal gyrus, right precuneus and 
right paracentral lobule. Within a study focusing on subcortical lesions (including the basal ganglia 
and thalamus), regional changes at a distal location from the lesion site were reported, namely in the 
posterior cingulate cortex (Matsuoka et al., 2014). The authors suggest that this volumetric reduction 
is due to secondary neural loss after stroke. 
• Temporal cortex: Three nodes within the temporal cortex were associated with an apathy-related 
network, namely the right superior temporal gyrus and bilateral temporal poles, together with the 
bilateral insula (Yang et al., 2015).
• Subcortical areas: Apathy has been associated with subcortical lesions in general (Finset & Anders-
son, 2000) or more specifically with bilateral basal ganglia damage (Hama et al., 2007; [left basal 
ganglia] Onoda et al., 2011), isolated pontine or cerebellar infarcts (Hoffmann & Cases, 2008), and 
an increased number and volume of these pontine infarcts (Tang et al., 2013), compared to other 
patient groups including traumatic, cerebrovascular lesions or parieto-occipital lobe lesions. Within 
the connectivity analysis of Yang et al. (2015), the hippocampus, right putamen, right thalamus, and 
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posterior cingulum were found as nodes in the apathy-related network. 
• Interhemispheric structures: Reduced FA values were found in the genu and splenium of the corpus 
callosum in relation to higher apathy (Yang et al., 2015).
• Other findings: Higher apathy in stroke patients was found to be most strongly associated with 
right hemispheric damage (Andersson, Krogstad, & Finset, 1999; Caeiro, Ferro, & Figueira, 2012; 
Finset & Andersson, 2000), higher periventricular white matter hyper-intensities (Tang et al., 2013), 
lower FA values in the anterior corona radiata (Yang et al., 2015), and other less focal observations 
such as an increased number of microbleeds (Deguchi et al., 2013), and hypoxic damage (Anders-
son et al., 1999; Finset & Andersson, 2000). In contrast to other studies, Yang et al. (2015) report 
several areas within the occipital lobe to be part of the apathy-related network, including the right 
calcarine sulcus and cuneus, right lingual gyrus, and right superior and left inferior occipital gyri. 
Of the included studies, three did not find a specific association between higher apathy and left vs. 
right, cortical vs. subcortical, or anterior vs. posterior strokes (Piamarta et al., 2004); or between 
apathy and general presence of structural abnormalities determined by visual categorization and 
grading in a whole brain assessment (Okada, Kobayashi, Yamagata, Takahashi, & Yamaguchi, 1997; 
Starkstein, Fedoroff, Price, Leiguarda, & Robinson, 1993). Within two of these studies reporting 
a null-finding, apathy scores were either very low (below the predefined cut-off, Piamarta et al., 
2004), or no information was provided (Starkstein et al., 1993).

SPECT
• Frontal cortex: Okada et al. (1997) reported significantly lower regional cerebral blood perfusion in the 
right DLPFC in an apathy group, and in left frontotemporal regions, compared to a non-apathy group. 
• Parietal cortex: No abnormalities reported. 
• Temporal cortex: No abnormalities reported. 
• Subcortical areas: Higher apathy was significantly associated with lesions in the left basal ganglia, 
and with reduced perfusion in bilateral basal ganglia (Onoda et al., 2011). The authors suggested 
that unilateral lesions could cause bilateral perfusion problems, which are causal to higher apathy. 
• Other findings: No other findings reported.

EEG
Only one study in patients with acquired brain injury used ERPs to examine neuronal correlates 
of apathy (Yamagata, Yamaguchi, & Kobayashi, 2004). The novelty-associated auditory P3-com-
ponent is elicited by a salient stimulus in a train of frequently occurring stimuli and its parameters 
were compared between patients with and without apathy. Results showed that the apathy group had 
a significantly prolonged P3, with its amplitude being lower at the frontal site, and higher in parietal 
areas. The rate of change in amplitude of the novelty P3 was correlated with apathy severity. The 
authors suggest that these alternations including the fronto-parietal shift, are caused by disturbances 
in the fronto-subcortical circuit (Yamagata et al., 2004).

Stroke Summary
Summarizing findings in relation to apathy within this diverse patient group is difficult, because 
consistency is lacking. In general, apathy was associated with greater and more structural abnormal-
ities (presence of lesions, white matter hyperintensities, lacunae, microbleeds, or lower FA values) 
primarily in the right hemisphere and fronto-striatal circuit compared to patients with lower apathy. 
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Results from the few studies performed with SPECT or EEG matched those found in structural 
MRI, namely reporting right frontal and subcortical (basal ganglia) abnormalities. Most findings 
concerned structural MRI studies, while only a single diffusion-weighted MRI connectivity-analysis 
was performed. Results from this study showed a widely-distributed network to be associated with 
apathy. Besides frontal, parietal and subcortical regions, also temporal, and occipital regions were 
part of the apathy-related network; regions that are rarely reported in relation to structural abnormal-
ities and apathy. The included studies often first categorized their patients based on lesion site or type 
and then investigate its relation to apathy. This methodology is different from other apathy-related 
research that categorizes based on apathy scores, which should be kept in mind when interpreting the 
results because of the lower anatomical detail that is provided. Finally, it should be noted that a vast 
number of studies included patients with very low apathy scores, which make previously described 
results less solid.

Integration of findings in acquired brain injury patients.
With regard to studies in patients with acquired brain injury, including previously discussed findings 
and findings reported in less studied populations (studies: n<5) which are amongst others frontal 
lobe lesions, TBI, and HIV, it becomes clear that the (superior) frontal lobe and subcortical regions 
are associated with higher apathy (Table 4, Figure 5 and Supplementary Movie 1). Abnormalities 
in the frontal lobe were found in 41% of studies performed in this population. From the selection 
of studies that provided sufficient anatomical information, large regions of the prefrontal cortex are 
associated with apathy (Figure 4). The orbitofrontal regions appear more abnormal in the left hemi-
sphere, while medial and superior prefrontal regions are lateralized more to the right hemisphere. 
Furthermore, the temporal poles, parietal cortex, and caudate and putamen were associated with 
apathy in patients with acquired brain injury. 

Psychiatry
In psychiatric research, the majority of the included studies (n=24) investigated apathy in schizo-
phrenia patients with the exception of one study that included patients with major depressive disor-
der ([MDD] Lavretsky, Ballmaier, Pham, Toga, & Kumar, 2007). Only studies including schizophre-
nia patients will be described. 

Schizophrenia
In total, ten sMRI studies were included, eight fMRI, two SPECT, and three EEG studies. 

sMRI 
• Frontal cortex: In patients with higher apathy rates, smaller volumes in the bilateral frontal regions 
were found in comparison to a healthy sample (Roth, Flashman, Saykin, McAllister, & Vidaver, 
2004), specifically in the left OFC and bilateral ACC ([right ACC results did not hold after Bon-
ferroni corrections] Morch-Johnsen et al., 2015). Ohtani and coworkers (2014) also reported lower 
white matter integrity (quantified with FA values) in left posterior medial OFC-rostral ACC tracts to 
be associated with higher apathy. 
• Parietal cortex: No abnormalities reported.
• Temporal cortex: No abnormalities reported. 
• Subcortical areas: An increased volume of the caudate was reported to be associated with higher 
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apathy in first-episode psychosis patients (Morch-Johnsen et al., 2015). However, these results did 
not hold after multiple comparisons corrections. 
• Superior longitudinal fasciculus: A principal component, denoted ‘pleasure/motivation’, was as-
sociated with higher apathy and increased white matter volume in the left superior longitudinal 
fasciculus (Chuang et al., 2014). 
• Inferior longitudinal fasciculus: No abnormalities reported. 
Interhemispheric structures: Regional differences between patients scoring high and low on apathy 
were found in the corpus callosum, especially in the anterior part, where apathy was associated with 
smaller volumes (Woodruff et al., 1997) and lower FA values (Nakamura et al., 2012). 
• Other findings: A decrease in white matter volume in the left anterior limb of the internal capsule/
anterior thalamic radiation was associated with higher apathy (Chuang et al., 2014). Bijanki and 
coworkers (2015) reported an association between increased FA values for the entire cerebrum and 
higher apathy. Others investigated whole-brain and regional cortical thickness, but did not find an 
association with apathy (Chuang et al., 2014; Farrow, Hunter, Wilkinson, Green, & Spence, 2005; 
Kawada et al., 2009; Takayanagi et al., 2013). However, in two of these studies low apathy scores 
were reported (Farrow et al., 2005; Takayanagi et al., 2013) which could contribute to the null find-
ings. Furthermore, Ohtani and coworkers (2014) also did not find an association between apathy and 
white matter regional volume, who however provided no information on the level of apathy scores. 

fMRI
• Frontal cortex: Waltz and coworkers (2009; 2010; 2013) and Park and coworkers (2015) investi-
gated whether disrupted reward processing behavior contributes to motivational deficits i.e. apathy. 
Higher ratings of apathy were associated with lower activation to a pleasant stimulus during the 
actual receiving of the stimulus or reward consumption (Waltz et al., 2009). These reduced neural 
responses were found in the left hemisphere including the frontal and parietal operculum. Subjec-
tive ratings of the stimulus however did not differ between groups scoring high and low on apathy 
(Waltz et al., 2009). Thus, although the experience/appreciation of pleasant stimuli appears to be 
normal, underlying physiology might still be abnormal. The same research group studied reward 
processing on two other occasions in relation to goal-directed behavior. Although the studies of 
Waltz et al. (2009; 2010) include different fMRI tasks, the patient population appears to be (partly) 
the same. The authors report a reduction in deactivation after negative feedback in the ventromedial 
PFC / pregenual ACC compared to healthy controls (Waltz et al., 2010; Waltz et al., 2013). Fur-
thermore, apathy and anhedonia measures were related to increased activation in the left pre- and 
supplementary motor areas during feedback-evoked behavior (Waltz et al., 2013). In accordance 
with Waltz et al. (2010; 2013), Park and coworkers (2015) found a lower rostro-ventral / pregenual 
ACC activation in schizophrenia patients compared to healthy controls during reward engagement. 
However, in patients with higher apathy, higher reward-engagement related activity was measured 
in this particular area.  
• Parietal cortex: One fMRI study (using pseudo-continuous arterial spin labeling) investigated higher 
order cognitive functioning by means of a visuospatial planning task, in relation to apathy (Liemburg et 
al., 2015). Higher apathy in schizophrenia was associated with abnormal increased activation within pa-
rietal regions, including the left inferior parietal lobule, precuneus and paracentral lobule. This abnormal 
activation was associated with increasing task/planning difficulty (Liemburg et al., 2015).
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• Temporal cortex: During the visuospatial planning task, patient with higher apathy showed abnor-
mally increased activation in the right middle temporal gyrus with increased task difficulty (Liem-
burg et al., 2015). 
• Subcortical areas: During the high cognitive load condition of the visuospatial planning task of 
Liemburg et al. (2015), reduced thalamic activity was measured in association with apathy. Fur-
thermore, during reward anticipation, schizophrenia patients with higher apathy had lower bilateral 
dorsal caudate (Mucci et al., 2015) or (left) ventral-striatal activation ([bilateral] Simon et al., 2010; 
[left] Waltz et al., 2010) compared to patients with low apathy and heathy controls. In the sample of 
Waltz et al. (2010), apathy and anhedonia scores were summed, which should be kept in mind when 
comparing these findings. Interestingly, altered activity during the actual receipt of the reward was 
not associated with apathy, but with severity of depressive symptoms only (Simon et al., 2010). In a 
more recent study of Wolf et al. (2014) only a negative trend towards significance between ventral 
striatal activation during a monetary card guessing task and apathy severity was reported. In another 
study bilateral putamen abnormalities were found during the receipt of reward, without any abnor-
malities in the anticipation phase (Waltz et al., 2009). This same research group found a hyperactiva-
tion, due to a reduction in deactivation after negative feedback, in the left putamen/ventral striatum 
(Waltz et al., 2013). Overall, the results from these studies suggest that apathy might be caused by 
abnormal anticipation, and processing of reward stimuli. 

SPECT
• Frontal, parietal, temporal cortex: No abnormalities reported. 
• Subcortical areas: Dopamine D2/D3 receptor availability in the striatum was negatively correlated 
with apathy (Heinz et al., 1998). 
• Other findings: Wang et al. (2003) investigated regional cerebral blood perfusion in relation to neg-
ative symptoms and although the total score of the SANS was significantly correlated with reduced 
perfusion in the bilateral (superior) frontal regions, the apathy subscale was not associated with 
particular perfusion abnormalities (Wang et al., 2003). 

EEG
• Frontal cortex: In EEG studies the temporal phase synchrony of neural oscillations preceding a 
motor action is commonly used as a representation of activity in the motor cortex. It was found that 
this temporal synchrony in the beta band was reduced in the ventral frontal site, contralateral to the 
hand performing a simple motor action, in patients with schizophrenia compared to healthy controls 
(Ford, Roach, Faustman, & Mathalon, 2008). A within-group correlational analysis showed that this 
reduction was more pronounced in patients with higher apathy. In an early paper by Saletu et al. 
(1990) cortical brain activation was measured during resting state, and higher apathy was correlated 
with higher absolute delta and theta activity in fronto(polar) and fronto-temporal regions within 
primarily the right hemisphere (Saletu et al., 1990). 
• Parietal cortex: No abnormalities reported. 
• Temporal cortex: Higher delta and theta activity within temporal regions in the right hemisphere 
(no further specifications available) were associated with higher apathy in patients with schizophre-
nia (Saletu et al., 1990). 
• Subcortical areas: No abnormalities reported. 
Other findings: In a study by Turetsky et al. (2009) the auditory P300 component,  associated with 
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the detection of infrequent or unexpected events, was associated with increased levels of apathy 
(Turetsky et al., 2009).

Summary and integration of findings in psychiatric disorders
The studies on structural abnormalities in schizophrenia in relation to apathy are inconclusive; re-
sults point towards white matter abnormalities in the corpus callosum, and gray matter abnormal-
ities in primarily right frontal (38%) and striatal areas (43%), but a significant amount of studies 
did not find any association (Table 4, Figure 5, Supplementary Movie 1). Figure 4 clearly shows 
involvement of the right ACC, which is reported in schizophrenia patients, but also within the MDD 
population. Furthermore, the bilateral medial prefrontal regions, left parietal, left putamen, bilateral 
head of the caudate, and globus pallidus are associated with apathy. Results from functional stud-
ies suggest a disruption in reward anticipation and processing, and report abnormalities within the 
fronto-striatal circuit. Although multiple functional studies have been performed, these studies are 
predominantly focused on reward processing in relation to apathy, which is a more emotional com-
ponent of apathy (Levy & Dubois, 2006). Because primarily reward-tasks were used, these findings 
in relation to apathy are inevitably biased towards regions associated with reward processing. There 
are hardly any studies available on cognitive, self-initiated behavior or motor aspects of apathy. 
Furthermore, structural studies of white and gray matter abnormalities in association with apathy 
are lacking within this patient population.

Discussion
The aim of the present article was to provide an overview of studies investigating the neural basis of apa-
thy across different patient populations, including neurodegenerative disorders, acquired brain injury, and 
psychiatric patients. Although these populations are diverse, the symptoms described as apathy are often 
homogeneous and considered to be frequently present and debilitating in all populations. 
Previous literature established abnormalities within the fronto-striatal circuitry as neural substrate 
for apathy in AD (Guimaraes et al., 2008; Theleritis et al., 2014), after stroke (Jorge et al., 2010), and 
in schizophrenia (Barch & Dowd, 2010). The present systematic review confirms the association 
between abnormalities within the fronto-subcortical circuitry and apathy. In addition, this review 
highlights the involvement of the anterior cingulate cortex (ACC) and adds the inferior parietal cor-
tex as a region of interest. Furthermore, results indicate that apathy is consistently associated with 
abnormalities in interhemispheric structures, including the corpus callosum and other parts of the 
cingulum (i.e. not only ACC). 

Abnormalities within these regions were quite consistently found across the different patient pop-
ulations that were included in this review, but there were also abnormalities more specific to each 
group. Within the neurodegenerative population, primarily the right orbitofrontal, dorsomedial and 
dorsolateral prefrontal cortex, as well as temporal abnormalities were associated with apathy. Studies 
including patients with acquired brain injury frequently reported left orbitofrontal, right medial and su-
perior frontal damage, in addition to fronto-temporal and anterior temporal areas. Furthermore, within 
the population of patients with psychiatric disorders, abnormalities in bilateral and especially medial 
prefrontal regions were found to be associated with apathy. Thus, it is possible that disorder-specific 
brain abnormalities may lead to apathy, although this deserves further investigation.
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An important role for the ACC in apathy has been hypothesized previously (Guimaraes et al., 2008; 
Onoda & Yamaguchi, 2015; Stella et al., 2014), and was confirmed in our review. The anterior 
cingulate circuit is one of the five frontal-striatal circuits described in the neuroanatomical model 
of  Tekin & Cummings (2002) and is involved in motivation and reward systems. This particular 
circuit starts within the ACC, projects to the ventral striatum, continues to the globus pallidus and 
thalamus, and then projects back to the ACC. Indeed, several apathy and reward related studies 
reported involvement of the thalamus, besides striatal regions (Blundo & Gerace, 2015; Carrera & 
Bogousslavsky, 2006; Rochat et al., 2013). Reward related research in schizophrenia patients con-
firms the involvement of these ventral areas and abnormal activation in relation to apathy. The lim-
bic regions within this circuit also project to the medial frontal cortex (Tekin & Cummings, 2002), 
and our review suggests abnormalities within these medial frontal regions. Furthermore, our review 
indicates that functional and structural abnormalities within the dorsolateral prefrontal cortex (DLP-
FC) are associated with apathy. According to Tekin & Cummings (2002), the DLPFC is part of a 
second fronto-striatal circuit in the brain. This circuit has been suggested to be involved in executive 
functioning, planning actions, and regulation of actions. It originates in the DLPFC and projects to-
wards the dorsal parts of the basal ganglia including the head of the caudate nucleus, internal globus 
pallidus, and substantia nigra. From the basal ganglia projections run to the mediodorsal thalamus, 
and then back to the DLPFC (Tekin & Cummings, 2002). Except for the substantia nigra, all of these 
structures were repeatedly associated with apathy in our review. The involvement of this ‘executive 
circuit’ supports the suggestion that  the ability to generate and maintain purposeful, goal-directed 
behavior is also at the core of apathy. 

Besides the involvement of frontal-striatal circuits, abnormalities within the inferior parietal cortex 
were also regularly observed. To our knowledge, none of the earlier apathy related reviews rec-
ognized the role of the inferior parietal cortex in apathy. However, several studies pointed out the 
critical involvement of the inferior parietal cortex in intentional movement and movement aware-
ness (Desmurget & Sirigu, 2009; Hoffstaedter, Grefkes, Zilles, & Eickhoff, 2013; Jenkins, Jahan-
shahi, Jueptner, Passingham, & Brooks, 2000; Westerholz, Schack, & Koester, 2014). By means 
of fMRI, Hoffstaedter and coworkers (2013) measured increased activation of the inferior parietal 
cortex (amongst other regions in the fronto-subcortical network) during self-initiated movements in 
a healthy sample. Furthermore, an increased cerebral blood flow during self-initiated movements in 
the inferior parietal cortex was reported (Jenkins et al., 2000). In addition, Desmurget et al. (2009) 
demonstrated that the inferior parietal cortex was associated with movement intention. During 
awake surgery this region was stimulated which ‘triggered a strong intention and desire to move’. 
A strong desire or actual feeling of movement was expressed by the patients, while no movement 
of muscles was recorded. Although similar statements of patients were recorded after stimulation of 
the supplementary motor cortex, increased stimulation of this region did lead to actual movements, 
while this was not the case for increased stimulation of the inferior parietal cortex. Our finding of 
reduced parietal activation in apathy supports the suggested important role of the inferior parietal 
cortex in initiating intentional and goal-directed behavior.

Taken together, these findings suggest that various abnormalities within the ACC and dorsolater-
al prefrontal-striatal circuits, possibly in combination with inferior parietal abnormalities, underlie 
apathy. It is possible that different lesions lead to different types of apathy, which was previously 
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hypothesized by Levy & Dubois (2006). These authors state that dependent on which frontal-basal 
ganglia circuit is disrupted, one of the apathetic subtypes could occur; either an emotional, cog-
nitive, or auto-activation subtype whereby self-initiated thoughts and behavior are compromised. 
Similarly, Stuss et al. (2000) have distinguished different forms of apathy and an emotional and 
cognitive route towards apathy have also been proposed for schizophrenia (Aleman, 2014), but 
these distinctions await further investigation. Our findings do not allow any statements about the 
existence of separate subtypes of apathy, but the regions that we find to be associated with apathy 
largely converge with those hypothesized by Levy & Dubois (Levy & Dubois, 2006). The emotion-
al-affective component represents a reduction in goal-directed behavior due to the inability to asso-
ciate emotion or affect with planned or ongoing behavior and is associated with orbital and medial 
prefrontal regions and limbic regions of the basal ganglia (Levy & Dubois, 2006). We hypothesize 
that the ACC could be added to this network because of its involvement in reward and motivation. 
The cognitive component of apathy can be described as a loss of executive functions needed to ex-
ecute behavior (Levy & Dubois, 2006). Impairments in the generation of ideas for possible actions, 
coordination and evaluation lead to a lack of goal-directed behavior which can be associated with 
abnormalities in dorsolateral prefrontal areas and cognitive regions of the basal ganglia that are 
associated with cognitive processes such as the dorsal caudate nucleus, internal globus pallidus, 
and medial-dorsal and anterior thalamic nuclei (Levy & Dubois, 2006). Lastly, apathy can arise 
because of an inability to actually start and execute actions, which is related to the auto-activation 
subtype as proposed by Levy and Dubois (2006). They implied a role for medial prefrontal regions 
and cognitive and emotional regions of the basal ganglia including the caudate nucleus, the medial 
(internal) globus pallidus, and medial-dorsal thalamus. We would like to suggest that this lack of 
wanting to move and failure to start motor programs may additionally be due to abnormalities within 
the inferior parietal cortex. 

Limitations and suggestions for future research
One of the strengths of the present article is a drawback at the same time. A vast amount of studies 
was included, which provides an extensive overview of the published literature on the topic, but the 
variability of the included methods, patient groups, apathy scores, and many other variables limit 
the interpretation of the results. Because the purpose of our review was to provide a comprehensive 
descriptive exploration of the available literature, we consider our methods justifiable. Future stud-
ies should contrast different methods in a more systematic way regarding the neural basis of apathy. 

A major limitation is the low severity of apathy within the majority of the investigated samples. 
Even though some studies included large amounts of patients, only a subset of the included patients 
reached a level of apathy that could be regarded to be clinically significant. Sometimes studies did 
not provide information on the severity or distribution of apathy in the investigated population. 
These studies often reported no associations between apathy and neural abnormalities. For future 
studies, it would be important to evaluate the neural correlates of lower and higher, i.e. clinically 
relevant, apathy.

A remark can be made about the apathy measurements that were used. In neurodegenerative studies, 
the most often used scale is the neuropsychiatric interview ([NPI] Cummings et al., 1994), while in 
psychiatric and acquired brain injury populations the apathy evaluation scale ([AES] Marin, Bie-
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drzycki, & Firinciogullari, 1991), Lille apathy rating scale ([LARS] Sockeel et al., 2006) and apathy 
scale ([AS] Starkstein et al., 1992) were more frequently used. There is no gold standard assessment 
tool, but all the questionnaires that were used address the core feature of apathy (reduced goal-direct-
ed behavior). Multiple reviews on apathy questionnaires report adequate to good quality ratings for 
the questionnaires that are most often used to measure apathy, including the AI, AES, BPRS, DAIR, 
LARS, NPI, PANSS, and SANS (Clarke et al., 2011; Radakovic, Harley, Abrahams, & Starr, 2015; 
van Reekum et al., 2005). Although the NPI and PANSS are regarded as valid and reliable measure-
ments to assess psychopathology, they were not especially developed to measure apathy. It might be 
sufficient to screen for apathy, but for a more extensive evaluation of apathy, other scales specifically 
designed to qualify and quantify apathy should be preferred. In this way, results from different pa-
tient populations can be compared to each other meaningfully. Furthermore, it would be of interest 
to investigate possible subtypes of apathy and their putatively distinct neural underpinnings with the 
use of different fMRI tasks that target different processes underlying goal-directed behavior, such as 
self-initiative, goal selection, planning, and action execution. 

The selective use of neuroimaging methods within various patient populations may have influenced our 
results. Within neurodegenerative research structural imaging is most often used together with PET and 
SPECT, within acquired brain injury populations, patients are grouped per type or location of brain le-
sion(s), and within psychiatric populations almost solely functional task-related MRI is applied. Because 
structural MRI is most often used in our complete sample, there might be a slight bias towards a more 
frequent report of cortical abnormalities compared to  abnormalities in subcortical regions or altered 
connectivity in brain networks, for example. Therefore, the use of structural as well as functional research 
(including PET, SPECT, and fMRI) in each population may be helpful to develop more reliable hypothe-
ses on apathy and its neural basis, in future studies. Lastly, future studies should include more refined and 
similar apathy measures and provide peak coordinates of their findings (also at subthreshold levels), to 
enable quantitative or meta-analytic analyses on apathy in multiple patient populations.

Overall conclusions
Apathy is one of the most debilitating symptoms in patients with neurologic or psychiatric disorders. 
Our review suggests that, across diagnostic categories, apathy is associated with abnormalities in 
fronto-striatal circuits, in addition to the ACC and inferior parietal cortex. Thus, the structural and 
functional neuroanatomy of apathy may be similar across different patient groups. However, we 
cannot rule out a contribution of distinctive pathophysiology to apathy in different patient groups. 
Studies differed in their use of either structural or functional neuroimaging methods and apathy mea-
surements between patient groups. Indeed, more fine-grained analyses and comparisons of groups 
within single studies using the same methodology (including comprehensive assessments of apathy) 
are needed. Ultimately, a better understanding of the neural underpinnings of apathy may inform 
novel treatment strategies

.
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Supplementary Table 1. Findings per brain lobe in studies including patients with neurodegenerative disorders.

Author Frontal Parietal Temporal Occipital Sub 
cortical 

Cerebel
lum 

WM ab-
normalities 

N.A / 
N.F 

Agosta et al., 2014       1  
Andela et al., 2013        N.F 
Apostolova et al., 
2007 

1 1       

Baggio et al., 2014 1 1   1    
Balthazar et al., 2013        N.F 
Benoit et al., 1999 1 1       
Benoit et al., 2002 1 1  1     
Bertoux et al., 2012         
Bruen et al., 2008 1    1    
Cacciari et al., 2010       1  
Craig et al., 1996 1 1       
David et al., 2008     1    
Diaz-Olavarrieta et 
al., 1999 

       N.F 

Dietz et al., 2013 1 1       
Guercio et al., 2015 1  1      
Hahn et al., 2013 1 1     1  
Holthoff et al., 2005 1        
Huang et al., 2013        N.F 
Huang et al., 2013 1 1 1      
Isella et al., 2002   1    1  
Jonsson et al., 2010        N.A 
Kang et al., 2012 1  1  1    
Kim et al., 2011 
(WM) 

1        

Lanctot et al., 2007 1  1  1    
Links et al., 2009        N.F 
Liu et al., 2004        N.F 
Marshall et al., 2013        N.A 
Martinez-Horta et al., 
2014 

1 1       

Migneco et al., 2001 1        
Moon et al., 2014        N.F 
Moon et al., 2014 1        
Mori et al., 2014 1  1      
Ota et al., 2012 1 1   1    
Ott et al., 1996  1 1      
Reeves et al., 2009        N.F 
Remy et al., 2005     1    
Robert et al., 2006 1 1 1      
Robert et al., 2012 1   1  1   
Robert et al., 2014  1       
Roselli et al., 2009     1    
Rosen et al., 2005 1        
Reijnders et al., 2010 1 1  1     
Schroeter et al., 2011   1  1    
Skidmore et al., 2011 1 1 1 1  1   
Staekenborg et al., 
2010 

       N.A 

Starkstein et al., 1997       1  
Starkstein et al., 2009 1 1     1  
Tighe et al., 2012 1        
Tsujimoto et al., 2011 1  1  1    
Tunnard et al., 2011 1    1    
Werf, van der., 2014        N.F 
Woolley et al., 2011 1        
Zamboni et al., 2008 1 1   1    
Total  
(%) 

30 
(60%) 

16 
(32%) 

11  
(22%) 

4  
(8%) 

12  
(24%) 

2  
(4%) 

6 
 (12%) 

12 
(24%) 

N = Sample size; N.A = Not applicable; N.F = Null finding; WM = White mater. 
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Author Frontal Parietal Temporal Occipital Subcortical  White matter  
abnormalities 

N.F / N.A 
 

Andersson et al., 1999        
Brodaty et al., 2005 1    1   
Caeiro et al., 2011        
Caeiro et al., 2012        
Deguchi et al., 2013       N.A 
Finset et al., 2000     1   
Gregg et al., 2014 1       
Hama et al., 2007     1   
Hoffmann et al., 2008       N.A 
Kamat et al., 2014      1  
Kim et al., 2013 1     1 N.F 
Knutson et al.,2013 1     1  
Matsuoka et al., 2014  1      
Okada et al., 1997 1  1     
Okada et al., 1999 1       
Onoda et al., 2011     1   
Piamarta et al., 2004       N.F 
Sarazin et al., 2003 1      N.F 
Starkstein et al., 1993       N.F 
Tang et al., 2013      1  
Yamagata et al., 2004 1 1      
Yang et al., 2015a      1  
Yang et al., 2015b 1 1 1 1 1   
Total (%) 9 

(41%) 
3 (14%) 2 (9%) 1 (5%) 5 (23%) 5 (23%) 6 (27%) 

N = Sample size; N.A = Not applicable; N.F = Null finding. 
 

Supplementary Table 2. Findings per brain lobe in studies including patients with acquired brain injury.

Supplementary Table 3. Findings per brain lobe in studies including psychiatry patients.

Author Frontal Parietal Temporal Occipital Subcortical White matter 
abnormalities 

N.A / N.F 

Bijanki et al., 2014 1 1 1 1    
Cuang et al., 2014      1 N.F (GM) 
Farrow et al., 2005       N.F 
Ford et al., 2008       N.A 
Heinz et al., 1998       N.A 
Kawada et al., 2009       N.F 
Lavretsky et al., 2007 1 1      
Liemburg et al., 2015  1   1   
Morch-Johnson et al., 
2015 

1    1   
Mucci et al., 2015     1   
Nakamura et al., 2012      1  
Ohtani et al., 2014      1  
Park et al., 2015 1       
Roth et al., 2004 1       
Saletu et al., 1990 1  1     
Simon et al., 2010     1   
Takayanagi et al., 
2013 

    1 1 N.F 
Turetsky et al., 2009       N.A 
Waltz et al., 2009 1 1   1   
Waltz et al., 2010     1   
Waltz et al., 2013 1    1   
Wang et al., 2003       N.F 
Wolf et al., 2014     1   
Woodruff et al., 1997      1  
Total N (%) 8 

(38%) 
4 (19%) 2 (10%) 1 (5%) 9 (43%) 5 (24%) 8 (38%) 

GM = Gray matter; N = Sample size; N.A = Not applicable; N.F = Null finding.  
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Abstract
Human behaviour can be externally driven, e.g. catching a falling glass, or self-initiated and 
goal-directed, e.g. drinking a cup of coffee when one deems it is time for a break. Apathy refers 
to a reduction of self-initiated goal-directed or motivated behaviour, frequently present in neu-
rological and psychiatric diseases. The amount of undertaken goal-directed behaviour varies 
considerably in clinical as well as healthy populations. In the present study, we investigated be-
havioural and neural correlates of self-initiated action in healthy individuals (N=40) with min-
imal to high levels of apathy. We replicated activation of fronto-parieto-striatal regions during 
self-initiation. The neural correlates of self-initiated action did not explain varying levels of 
apathy in our sample, neither when mass-univariate analysis was used, nor when multivariate 
patterns of brain activation were considered. Other hypotheses, e.g. regarding a putative role 
of deficits in reward anticipation, effort expenditure or executive difficulties, deserve investi-
gation in future studies.

Keywords: apathy, amotivation, auto-activation, self-initiative, fMRI, frontal, 
parietal, striatum, healthy

Introduction
Intentional behaviour is of critical importance for normal daily functioning. It comprises multiple com-
ponents, including deciding whether to act, what action to perform, and when to execute it (Haggard, 
2008). A disruption in intentional behaviour could lead to behavioural poverty known as apathy (Levy 
& Dubois, 2006). Apathy, i.e. a quantifiable reduction in goal-directed behaviour, is frequently present 
in a variety of neurological and psychiatric disorders (van Reekum, Stuss, & Ostrander, 2005), but is 
also present to a certain degree in a portion of the healthy population (Bonnelle, Manohar, Behrens, & 
Husain, 2016; Fervaha, Zakzanis, Foussias, Agid, & Remington, 2015; Pardini et al., 2016; Simon et 
al., 2015; Spalletta, Fagioli, Caltagirone, & Piras, 2013a). In the general population apathy has been as-
sociated with lower behavioural activation, reduced perceived quality of life (Pardini et al., 2016), and 
higher levels of distress (Fervaha et al., 2015), similar to the clinical manifestation of apathy. Moreover, 
structural differences in gray and white matter of the brain have been associated with higher apathy in 
the healthy population (Bonnelle et al., 2016; Pardini et al., 2016; Spalletta, Fagioli, Caltagirone, & Pi-
ras, 2013b). However, whether variations in apathy in the non-clinical population are also underpinned 
by functional abnormalities in regions subserving intentional behaviour has not been studied to date.

It has been suggested that apathy is not a unitary concept, but that it can be divided into different 
domains, including an emotional, cognitive, and auto-activation domain (Levy & Dubois, 2006; 
Starkstein, Petracca, Chemerinski, & Kremer, 2001; Stuss, van Reekum, & Murphy, 2000). First, 
the emotional domain is thought to relate to the appreciation of, and rewarding feelings associated 
with the outcome of undertaking future actions. Second, the cognitive domain relates to executive 
functions needed to realize an action, such as cognitive planning, calculating needed effort, and 
controlling action. Finally, the auto-activation domain relates to the actual initiation of planned be-
haviour, e.g. to start the motor program. Levy & Dubois (2006) have proposed that apathy may be 
related to specific neural substrates underlying these subtypes of disrupted processing, suggesting 
that differential neural pathways could lead to the same behavioural manifestation. 
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So far, the neural basis of apathy has been investigated in the context of reward processing and 
executive control, mainly in clinical samples (i.e. schizophrenia populations: Liemburg et al., 2015; 
Mucci et al., 2015; Park et al., 2015; Simon et al., 2010; Waltz et al., 2009; Waltz et al., 2010; Waltz 
et al., 2013; Wolf et al., 2014) and less frequently in healthy individuals (Bonnelle et al., 2016). 
In these healthy individuals, an association has been found between higher levels of apathy and 
increased effort sensitivity, and between apathy and increased involvement of the supplementary 
motor area (SMA) and anterior cingulate cortex (ACC) and reduced connectivity between these 
brain regions (Bonnelle et al., 2016). To date, to our knowledge, the neural underpinnings of apathy 
related to self-initiation of actions independent of reward and effort computation have not been 
studied as yet, neither in patients nor in a healthy population.

Previous research on self-initiated behaviour in healthy individuals suggested that self-initiated be-
haviour is associated with the recruitment of fronto-parieto-striatal regions (Haggard, 2008). Sep-
arate components of self-initiated behaviour have been studied, including a selection component 
(i.e. deciding what action to perform), and a timing component (i.e. deciding on when to initiate a 
pre-specified or self-chosen action). Using functional Magnetic Resonance Imaging (fMRI), what 
and when components of action execution have been studied in healthy individuals employing a task 
that evoked either self-initiated, or externally triggered finger movements (Hoffstaedter, Grefkes, 
Zilles, & Eickhoff, 2013). In this study, selecting which action to perform was associated with ac-
tivation in medial frontal regions including the bilateral pre-supplementary motor cortex extending 
to the anterior midcingulate cortex, in addition to dorsolateral prefrontal cortices (DLPFC), dorsal 
premotor cortices, and inferior parietal lobules (IPL). Deciding on the timing of action execution 
was associated with largely overlapping regions, however with additional recruitment of the bilat-
eral anterior insula, anterior putamen, globus pallidi, and left cerebellum (Hoffstaedter et al., 2013). 
Taken together, primary and supplementary motor regions, the DLPFC, ACC, IPL, and (parts of) the 
striatum have been consistently related to selection and timing components of action and therefore 
may have high relevance for disturbances in self-initiated behaviour underpinning apathy. Indeed, 
substantial evidence was found for consistent involvement of the ACC and IPL in a dysfunction-
al fronto-parieto-striatal network, in relation to apathy across disorders (Kos, van Tol, Marsman, 
Knegtering, & Aleman, 2016). These results suggest that regions that were associated with apathy 
are largely in accordance with those involved in self-initiation of actions. 

The aim of this paper was to investigate whether levels of apathy in a healthy population were asso-
ciated with neural correlates of action initiation of self-selected behaviour. To this end, we employed 
an event-related functional MRI paradigm adapted from Hoffstaedter et al. (2013) that allowed us 
to investigate both the action selection and timing components of self-initiated action. We hypoth-
esized that higher levels of apathy would be related to altered activation of regions associated with 
intentional behaviour, namely within the fronto-parieto-striatal circuit. We expected apathy-related 
variations primarily during the condition where both type and timing of action could be freely 
determined. Furthermore, we hypothesized that higher levels of apathy would be associated with 
longer times needed to make a decision on what and when to act and with reduced variability in 
behaviour, i.e. more similar button presses. Finally, we tested whether levels of apathy could be pre-
dicted from multivariate patterns of brain activation during intentional behaviour using multivariate 
pattern analysis.
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Methods
Participants
For this study, 300 university and vocational university students were recruited via advertisements 
on university websites, via email, posters, and by word of mouth, and subsequently completed the 
Apathy Scale (AS, Starkstein et al., 1992). From this initial sample, participants with the highest 
(N=20) and lowest scores (N=20) were selected to assure sufficient variability in apathy scores. 
Participants with high and low scores were matched on age and sex. Participants were native Dutch 
speakers, right-handed, and MR-compatible. They did not have any record of neurological or psy-
chiatric disorders, or visual or hearing problems that could not be corrected, and did not take med-
ication that could influence task performance. Participants were invited to complete an fMRI pro-
tocol including an anatomy scan and three tasks, among which a self-initiation task. Time between 
initial sign-up and invitation to complete the fMRI protocol ranged between two and 13 months. All 
participants gave informed consent after having received written information about the aims and 
procedures of the study. The study protocol was approved by the local medical ethical committee of 
the University Medical Center Groningen. The procedures were carried out according to the latest 
version of the declaration of Helsinki (World Medical Association Inc, 2009).

Behavioural measurements
At time of MR data acquisition, several measures were used to quantify behavioural characteris-
tics of the selected participants (N=40). The self-rated Apathy Evaluation Scale ([AES-S] Marin et 
al., 1991) and the semi-structured interview for the Lille Apathy Rating Scale ([LARS] Sockeel et 
al., 2006) were used to measure apathy. The AES-S was considered our primary outcome measure 
because we believed it was better suitable for the population we investigated. However, the Action 
Initiation (AI) subscale of the LARS was used to measure everyday productivity and self-initiation 
to specifically characterize self-initiation aspects of goal directed behaviour. To further investigate 
characteristics of our sample, the Snaith-Hamilton pleasure scale ([SHAPS] Snaith et al., 1995) 
and Temporal Experience of Pleasure Scale ([TEPS] Gard et al., 2006) were assessed to measure 
the degree to which an individual is capable to experience pleasure. To evaluate the general psy-
chological status of the included participants, the Beck Depression Inventory ([BDI] Beck, Ward, 
Mendelson, Mock, & Erbaugh, 1961), the Symptom Checklist 90 ([SCL-90] Derogatis, Lipman, & 
Covi, 1973), the Schizotypal Personality Questionnaire ([SPQ] Raine, 1991), and the Positive and 
Negative Affect Schedule ([PANAS] Watson, Clark, & Tellegen, 1988) were added to the protocol. 
Because depressive and apathetic symptoms partly overlap, we separately mention the score on the 
core “depressed mood” items of the BDI, previously identified in a meta-analysis of factor structures 
(Shafer, 2006).

Task design
The task that was used is based upon the self-initiative task developed by Hoffstaedter et al. (2013), 
including adjustments on response options and duration of the task. This task was designed to evoke 
self-initiated behaviour, by allowing participants to select what to do and when to act. During the 
task, participants were asked to take initiative by pressing one of two buttons with their right index 
or right middle finger at a visual cue or at a self-chosen point in time. The task consisted of three 
conditions: free, timed choice, and no choice (see Figure 1). In the free condition, participants could 
choose which button to press and when to press it. The timed choice condition only offered freedom 
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in choosing which button to press, on a fixed point in time. In the no choice condition participants 
were requested to respond with a fixed button press (i.e. left or right) as quick as possible after a 
cue. During instructions participants were asked not to provide rhythmic or routine responses in the 
free and timed choice conditions. Comparison of the conditions allowed for examination of brain 
activation related to the what and when components of self-initiated behaviour.

Free choice
During free trials, participants were presented with a visual cue (hashes) during which the par-
ticipant had to choose to press the left or right button at any time, though when no button press 
was recorded within 20 seconds, the next trial was presented. After a button press, the participant 
received feedback on which button was pressed, by means of an arrow which was presented for 3.5 
seconds. In case of no button press, a message that no response was recorded was shown. Participants 
were instructed not to press a button during feedback. Afterwards, a fixation cross appeared (500ms) 
which was followed by the next trial. Response times within this condition were used to determine the 
interstimulus intervals (ISIs), i.e. the duration of the fixation crosses, for the subsequent timed choice 
and no choice conditions, in order to keep the number of trials equal for all three conditions. Response 
times were calculated using the onset of the visual cue and subsequent button press as offset.

Timed choice
During the timed choice condition, a double arrow (pointing to the left and right side of the screen) 
was presented as a cue during which the left or right button (as chosen by the participant) had to be 
pressed as quickly as possible. The double arrow was visible for 3.5s. In between trials a fixation cross 

Figure 1. Outline of the Self-Initiative task with three conditions that were pseudorandomized in blocks 
(adapted from Hoffstaedter et al. 2013).
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was presented. The durations of these fixation crosses (ISI’s) varied, and were based upon the response 
times during the free condition (presented in random order). 

No choice
During the no choice condition an arrow was presented, which pointed either to the left or the right side 
of the screen. Participants had to respond as quickly as possible by pressing the corresponding button. 
The arrow remained visible for 3.5s. In between the arrows, fixation crosses were presented of which 
the length varied and was determined by the response times during the free condition. 

The task consisted of five blocks in total, and each block comprised the three conditions (free, timed 
choice and no choice), presented in sub blocks of 60 seconds each and separated by 15-second pe-
riods of fixation. The five blocks lasted 210 seconds each, with 8-9s fixation periods in between the 
blocks, in addition to a 20s fixation period at the beginning and a 8-19s fixation period at the end of 
the task, which adds up to a total task duration of 18-22 minutes. Variations in fixation periods can 
be explained by programming in TRs, not in seconds. The order of the sub blocks alternated between 
‘free-timed-no choice’ and ‘free-no choice-timed’. Because ISI’s in the timed and no choice condi-
tions were determined by the response times in the free condition, the latter condition was always 
presented first. In accordance with Hoffstaedter et al. (2013), we did not introduce conditions that 
separately manipulated the when (timing) component. 

Image acquisition
Imaging data was acquired on a 3.0 Tesla magnetic resonance imaging system (Philips Intera, 
Best, the Netherlands) equipped with a 32-channel SENSE head coil. For anatomical reference, a 
T1-weighted image was obtained (TR/TE = 9/3.5ms) using fast-field echo and turbo-field echo: 170 
axial slices; FOV (rl, ap, fh) = 232 × 170 × 256 mm; flip angle = 8°, voxel size = 1 × 1 × 1 mm, slice 
thickness = 1 mm. An Echo Planner Imaging sequence was used for functional scanning (TR/TE = 
2000/22ms) using 47 descending axial slices; FOV (rl, ap, fh) = 192 x 192 x 141 mm, flip angle of 
90º, voxel size = 3 x 3 x 3 mm, slice thickness = 3 mm; slice gap = 0 mm.

Demographic and behavioural data analyses
Demographic and behavioural data was analysed using IBM SPSS Statistics (Version 23) and MAT-
LAB 2013a (The Mathworks, Natick MA, USA). The independent variable apathy, as measured 
with the AES-S, was treated as a continuous variable because the distribution was not deviant from 
a unimodal distribution (Hartiganˈs dip test for unimodality D = .06, p = .2, Hartigan & Hartigan, 
1985). However, because the assumption of normality was not met for AES-S scores (Shapiro-Wilk 
W test = .924, p = .011), possible associations between demographic variables and apathy were test-
ed with the non-parametric Kendall’s Tau correlation measure. Results were considered significant 
for p < .05.

Functional magnetic resonance imaging
fMRI data were analysed in the context of the General Linear Model (GLM) using Statistical Para-
metric Mapping (SPM12; version 6470; http://www.fil.ion.ucl.ac.uk/spm/software/spm12/), in 
MATLAB 2013a (The Mathworks, Natick MA, USA). Before processing the functional images, we 
performed visual inspection to check for possible artefacts. Further, image origins (of T1 and EPI- 
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images) were manually set to the centre point of the anterior commissure to ensure proper alignment 
with the templates. Preprocessing steps included correction for slice timing, realignment, co-regis-
tration of the T1-image to the mean functional image, normalization to Montreal Neurological In-
stitute (MNI) space, and smoothing with an 8 mm isotropic Full Width at Half Maximum (FWHM) 
Gaussian Kernel. Data for one participant was excluded due to excessive movement during the 
entire experiment. Movement was deemed excessive if participants moved more than 3 mm in x, y, 
or z direction or if rotations were more than 1 degree in any direction. 

In accordance with Hoffstaedter et al. (2013), the self-initiative task was modelled in an event-relat-
ed manner for the conditions free, timed choice and no choice. We employed presentation (hashes/
arrows) to define trial onsets, and response times were used to define the duration of each event 
for the three conditions (free, timed choice, and no choice). Non-response trials and sudden peaks 
in head motion (> 3mm or 1 degree in any direction) were modelled as separate regressors of no 
interest. Furthermore, motion parameters and their first derivatives were added to the model (i.e. 12 
motion regressors in total).

Statistical modelling of fMRI-data
At first level, contrasts were defined for each condition (free, timed choice, and no choice). At sec-
ond level, free, choice and no choice contrasts were entered into a one-sample T model to evaluate 
task related activity vs. activity at low level implicit baseline (i.e. during fixation crosses). Further-
more, multiple regression analyses were conducted to evaluate the relationship between AES-S 
score and brain activation on free, choice and no choice contrasts. More complex contrasts (what 
and when) were unsuitable to define at first level because we observed an inequality of residual 
means squares over the three conditions, leading to an underestimation of task effects at the second 
level (see Supplementary Figure 3). Therefore, these complex contrasts were not included in the 
regression analyses. 

Regression analyses were considered the most appropriate statistical method because of the uni-
modal distribution of AES-S scores in the included sample and therefore mass-univariate regression 
analyses were considered our main analyses. However, because participants were initially selected 
on low and high apathy scores, additional exploratory group analyses were performed. For this rea-
son, free, choice and no choice contrasts were entered into two-sample T models to evaluate possible 
differences between low and high apathy severity groups (based on a median split). Moreover, a 
flexible factorial model was applied to evaluate group differences on more complex contrasts, which 
allowed to properly handle the inequality in residual means squares of the conditions into account. 
This model included group (high and low apathy) as between-subject factor and condition (free, 
choice, and no choice) as within-subject factor, which allowed for assuming unequal variances in 
the condition factor. In this model, group differences for more complex contrasts, to separate the 
‘when’ and ‘what’ component of self-initiated behaviour (See Hoffstaedter et al. 2013) were ex-
plored. These contrasts allowed to directly compare free with timed choice and no choice conditions 
([Free > Timed Choice] ∩ Free > No Choice]), to separate the ‘when’ component of self-initiated 
behaviour and the timed and free with the no choice condition ([Timed Choice > No Choice] ∩ Free 
> No Choice]) to separate the ‘what’ component of self-initiated behaviour. 
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In a subsequent step of the main regression analyses, hedonic capacity (SHAPS), depression (BDI 
core depression score), and positive schizotypal symptoms (SPQ-pos) were included as covariates in 
the second level models. Hedonic capacity was included to regress out variance in the AES-S scores 
that related to the emotional aspects of apathy (lowered propensity to anticipate to and experience 
pleasurable feelings). This way, we studied the relationship between self-initiation related brain 
activation and AES-S score including the cognitive and behavioural components of apathy. Further-
more, core depressive symptoms and positive schizotypal symptoms were included as covariates, 
because these symptoms may result in behaviour that resembles apathetic behaviour (e.g. staying 
indoors, reducing social contact). Furthermore, in order to evaluate possible neural correlates of ap-
athy independent of depression, a last additional analysis was performed only including participants 
that scored “minimal” on depression (range 0-13; excluding N=5 for BDI > 13).

All voxel-wise analyses were performed both at whole-brain level and using a ROI-restricted ap-
proach. Our ROI mask included regions that were previously found to be related to apathy (Kos 
et al., 2016), as well as the self-initiative task that we used, at p <.005 uncorrected and k > 10. To 
define overlapping regions (associated with apathy as well as the fMRI task), a composite mask 
was built using two separate binarized masks; one ‘apathy mask’ based on Kos et al. (2016) and 
one ‘self-initiative mask’ for current task-activation summed over free, timed choice, and no choice 
contrasts. Both binarized masks were multiplied using the Imcalc function in SPM12, to only end up 
with regions present in both masks. Lastly, all regions of the Automated Anatomical Labels (AAL, 
Tzourio-Mazoyer et al., 2002) atlas that corresponded to the overlapping regions were selected for 
the final mask. The mask was composed using the WFU-Pick Atlas (Maldjian, Laurienti, Kraft, & 
Burdette, 2003; Maldjian, Laurienti, & Burdette, 2004). The final composite mask, i.e. our regions 
of interest, included large portions of the inferior and middle frontal gyri, (pre)supplementary motor 
cortex, premotor cortex, inferior parietal cortex, supramarginal gyrus, cingulate cortex, thalamus, 
amygdala, striatum, globus pallidus, hippocampus, and some regions within temporal lobe (see Sup-
plementary Figure 4). 

The threshold was set at p <.05, family wise error (FWE) corrected at cluster level with an initial 
threshold of p < .001, uncorrected. For our regions of interest, the correction area was restricted to 
the spatial extent of the composite mask. For regions outside our ROI mask, a correction for the 
whole brain was applied. 

Multivariate analyses
Additional exploratory analyses were performed in the context of multivariate regression and group 
classification using the “Pattern Recognition for Neuroimaging Toolbox (PRoNTo, Schrouff et al., 
2013). First, three separate multivariate regression analyses were performed for the free, timed 
choice, and no choice contrasts (vs. implicit baseline) to investigate the potential of whole-brain 
functional images for predicting the severity of apathy using Relevance Vector Regression. Multi-
variate weight maps were constructed to visualize the spatial pattern driving the regression. Second, 
linear SVM learning was used to classify participants to the low and high apathy group. Prior to 
regression and SVM analyses, the contrast maps where masked using a standard gray matter mask. 
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To assess generalizability, a leave-one-out cross-validation (LOOCV) procedure was carried out. 
During this procedure the analysis was repeated as many times as there were participants, excluding 
all data from a single subject at each iteration. Data for the remaining participants was subsequently 
used to train the model; the data for the excluded participant was used for testing the algorithms. 

Statistical significance was assessed using permutation testing. AES-S scores and group classifi-
cations were randomly permuted 1000 times and the models were tested using these labels. The 
number of times the permuted accuracy was greater than the true accuracy was counted and divided 
by the number of permutations in order to produce a p-value. 

Results
Behavioural data
Apathy, as measured with the self-rated version of the Apathy Evaluation Scale (AES-S), was 
significantly associated with action initiation as measured using the Lille Apathy Rating Scale 
(LARS_AI, Table 1). Furthermore, higher levels of apathy were significantly associated with higher 
depression scores (Beck Depression Inventory [BDI]), reduced pleasure (Temporal Experience of 
Pleasure Scale [TEPS], and Snaith-Hamilton Pleasure Scale [SHAPS]), higher (positive and nega-
tive) schizotypal symptoms (Schizotypal Personality Questionnaire [SPQ]), and higher symptoms 
of psychopathology (Symptom Checklist [SCL-90], Table 1, p < .05). Of note, the mean scores on 
the BDI, TEPS, SHAPS, SPQ, and SCL-90 were low and comparable to other normal populations, 
while the mean score on the AES-S was in the range of clinical populations (Marin, 1991). In Sup-
plementary Table 2 and Supplementary Figures 1 and 2, demographical and clinical information can 
be found for this sample, divided in two groups of low and high apathy scores.

Neuroimaging results - Overall task effects
Activation elicited in the free condition (i.e. freedom in timing and selection of actions) compared to 
the implicitly modelled low level baseline (i.e. fixation cross) was primarily found in bilateral dor-
solateral and ventrolateral prefrontal regions, inferior frontal gyri, insula, precentral and postcentral 
gyri, anterior and midcingulate cortex (ACC and MCC), supramarginal gyri, inferior parietal lobes 
(IPL), cerebellar crura, and anterior cerebellar regions (extending to the left lingual gyrus and right 
fusiform gyrus). Additional activation during the free condition was found in the occipital lobe, right 
precuneus, and right superior parietal lobe (Figure 2 and Table 2 for all peak activations). Higher 
activation in the timed choice condition (i.e. freedom in selection of actions) compared to low lev-
el baseline was primarily found in the right ventrolateral, dorsolateral and inferior orbital frontal 
regions, left inferior operculum (extending to the insula), left precentral gyrus, bilateral midbrain, 
bilateral middle and inferior occipital regions, and the anterior cerebellum. A single cluster of lower 
activation (compared to baseline) was found in the bilateral medial orbitofrontal gyrus (Figure 2 and 
Table 2 for all peak activations). Lastly, increased activation elicited by the no choice condition (i.e. 
no freedom in timing nor selection of actions) was primarily found in the left supramarginal gyrus 
extending to the IPL and precentral gyrus, the left operculum, and furthermore right occipital and 
anterior cerebellar regions (Figure 2 and Table 2 for all peak activations). 
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Variables Possible Range1 Mean (SD) 
(N=39) 

Min/Max τ with AES-S2 p Value 
 

Age 
Sex (M/F) 
Education3 
AES-S 

- 
- 
- 
18/72 

22.69 (2.27) 
- 
17.36 (1.89) 
33.41 (5.33) 

18/27 
13/26 
14/24 
25/44 

 - 
 -  
 - 
 - 

 - 
 - 
 - 
 - 

LARS-AI -4/4 -2.68 (1.26) -4/1.5  .53 <.001** 
BDI 0/63 6.21 (6.35) 0/27  .53 <.001** 
BDI_Factor 
TEPS-ANT 
TEPS-CON 

0/33 
10/60 
8/48 

3.28 (4.23) 
43.26 (6.92) 
38.69 (5.11) 

0/19 
25/55 
26/47 

 .51 
-.43 
-.32 

<.001** 
<.001** 
  .007* 

SHAPS 0/14 1.08 (2.6)  0/14  .33   .011** 
SPQ-pos 
SPQ-neg 

0/46 
0/43 

7.87 (5.96) 
8.05 (5.86) 

0/23 
0/22 

 .35 
 .58 

  .003** 
<.001** 

PANAS-pos 

PANAS-neg 

SCL-90 

10/50 
10/50 
90/450 

32.41 (7.6) 
14.21 (3.68) 
121.49 (24.76) 

15/46 
10/25 
92/179 

-.38 
 .18 
 .46 

  .001** 
  .126 
  .000** 

*p < .05 is statistically significant ** Significant after Bonferroni correction, p < .005 
AES-S = Apathy Evaluation Scale, Self-rated; BDI = Beck Depression Inventory; PANAS = Positive and Negative 
Schedule; LARS_AI = Lilly Apathy Rating Scale, Action Initiation subscale; SCL-90 = Symptom Checklist; SHAPS = 
Snaith-Hamilton Pleasure Scale; SPQ = Schizotypal Personality Questionnaire; TEPS = Temporal Experience of Pleasure 
Scale; TEPS-ANT = Anticipatory pleasure subscale of the TEPS; TEPS-CON = Consummatory subscale of the TEPS. 
      1 A higher number indicates higher severity, except for PANAS-pos and TEPS 
      2 Correlations between apathy scores and other factors are calculated with a Kendall’s Tau test (τ) 
         3 Years including primary school 

 

Table 1. Demographical information and mean scores on the questionnaires and correlations with apathy (AES-S).

Figure 2. Whole-brain task activation of all participants (N=39) during the free (red), timed choice (green), and no choice 
(blue) conditions, all significant p <.05 FWE cluster-corrected (initial threshold p <.001, uncorrected). Coordinates (MNI) of 
the upper panel: x = -6.5, y = 3.5, z = 62.5, and lower panel: x = 48, x = -40.5, z = 12.
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Neuroimaging results - Association with apathy 
No relations were found between apathy and activation during free, timed choice, and no choice 
conditions, nor when investigating more complex contrasts evaluating what action to perform and 
when a to initiate a pre-specified action, in regression and group analyses, for both voxel-based 
ROI-constricted and whole-brain analyses at p <.05 FWE corrected at cluster level (initial threshold 
of p < .001, uncorrected). Adding BDI, SPQ, and SHAPS scores to the model as covariates to ac-
count for variations in depression severity, psychopathy and hedonic capacity, did not change these 
results. Excluding participants with mild to moderate depression (BDI > 13) also did not change the 
results. Lastly, no associations were found between apathy severity and behavioural responses of the 
self-initiative task (see Supplementary Material 1 and Supplementary Table 1).

In exploratory multivariate regression analyses correlations between observed and predicted apathy 
scores were non-significant for the free (r = .21, p = .09; R2 = .04, p = .46; MSE = 28.83, p = .10), 
timed choice (r = .05, p = .22; R2 = 0.00, p = .87; MSE = 34.78, p = .68), and no choice contrasts (r = 
-.29, p = .73; R2 = .09, p = .33; MSE = 40.67, p = .90), indicating that degree of apathy could not be 
predicted based on the activation pattern in gray matter voxels. Furthermore, SVM analyses revealed 
that the automated classifier only performed at chance to differentiate the two apathy groups for all 
three conditions (classification accuracies are displayed in Supplementary Table 3). 
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Main task 
effect  
(N=39) 

Region (AAL) BA Cluster size 
(voxels) 

Side T-
value 

p-value  
(FWE) 

MNI 
Coordinates 

  x       y       z 
    Free 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
 
Timed 
Choice 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
No Choice 
 
 
 
 
 
 
      
 
 
 
    

Supramarginal gyrus 
Inferior parietal lobule 
Supramarginal gyrus 
 
Middle frontal gyrus 
Inferior frontal gyrus 
Supplementary motor area  
 
Cerebellum crus 1 
Lingual gyrus 
Cerebellum lobule 6 
 
Precentral gyrus 
Middle frontal gyrus 
Middle frontal gyrus  
 
Cerebellum crus 1 
Cerebellum crus 1 
Lingual gyrus 
 
Superior occipital gyrus  
Superior occipital gyrus  
 
Precuneus 
Precuneus 
 
Middle occipital gyrus  
Middle occipital gyrus 
Cerebellum 
 
Insula  
Precentral gyrus 
Insula 
 
Midbrain 
Midbrain 
Hippocampus  
 
Middle frontal gyrus 
Middle frontal gyrus 
Inferior frontal gyrus 
 
Medial frontal gyrus 
 
Superior occipital gyrus 
Inferior occipital gyrus 
Cerebellum lobule 6  
 
Insula 
Inferior frontal gyrus  
 
Cerebellum lobule 8  
 
Precentral gyrus 
Inferior parietal lobule 
Supramarginal gyrus 

40 
40 
40 
 
46 
44 
6 
 
- 
19 
- 
 
6 
46 
46 
 
- 
- 
19 
 
18 
18 
 
7 
7 
 
19 
19 
- 
 
- 
6 
- 
 
- 
- 
- 
 
45 
46 
45 
 
10 
 
18 
19 
- 
 
 
 
 
- 
 
6 
40 
40 

989 
 
 
 
3671 
 
 
 
426 
 
 
 
982 
 
 
 
543 
 
 
 
104 
 
 
91 
 
 
11999 
 
 
 
457 
 
 
 
93 
 
 
 
353 
 
 
 
129 
 
4038 
 
 
 
169 
 
 
87 
 
734 

R 
R 
R 
 
R 
R 
R 
 
L 
L 
L 
 
L 
L 
L 
 
R 
R 
R 
 
R 
R 
 
R 
R 
 
L 
R 
R 
 
L 
L 
L 
 
R 
L 
R 
 
R 
R 
R 
 
R 
 
R 
R 
R 
 
L 
L 
 
R 
 
L 
L 
L 

7.23 
6.68 
6.34 
 
7.15 
6.91 
6.79 
 
6.13 
4.72 
3.78 
 
5.97 
5.80 
5.02 
 
5.02 
4.98 
4.37 
 
4.74 
4.69 
 
4.91 
3.91 
 
10.4 
9.70 
9.66 
 
6.70 
5.07 
5.02 
 
6.56 
4.41 
3.98 
 
4.59 
4.56 
4.53 
 
5.49 
 
8.88 
8.83 
8.69 
 
7.96 
4.07 
 
7.19 
 
6.70 
6.59 
6.54 

<.001 
<.001 
<.001 
 
<.001 
<.001 
<.001 
 
<.001 
<.001 
<.001 
 
<.001 
<.001 
<.001 
 
<.001 
<.001 
<.001 
 
<.001 
<.001 
 
<.001 
.001 
 
<.001 
<.001 
<.001 
 
<.001 
<.001 
<.001 
 
<.001 
<.001 
<.001 
 
<.001 
<.001 
<.001 
 
.012 
 
<.001 
<.001 
<.001 
 
<.001 
<.001 
 
<.001 
 
<.001 
<.001 
<.001 

 63    -43     41 
 57    -34     50 
 63    -40     26 
 
 27      44     32 
 51      14       5 
   9      14     50 
 
-45    -58    -34 
-21    -79    -10 
-27    -64    -16 
 
-60       8      26 
-30     50      23 
-24     53        7 
 
 45    -58    -34 
 33    -52    -34 
 33    -70    -16 
 
 30    -94     11 
 18    -97       8 
  
 12    -58     53 
 21    -70     53 
 
-48    -79    -1  
 45    -76    -7 
 15    -73    -19 
 
-45     11    -1 
-57      8      26 
-36     -4      14 
 
   9    -22    -13  
-12    -16    -13 
 24    -25     -7 
 
  45     41     11 
  39     56     -4 
  51     41     -4 
 
   6      59    -10 
 
 21    -88     14 
 36    -70    -10 
 27    -58    -22 
 
-48     -1      11 
-60      8        8 
 
  21    -61    -49 
 
-33    -19     68 
-45    -28     44 
-54    -25     23 

AAL= Automated Anatomic Labelling; BA = Brodmann area; FWE = Family-Wise Error corrected, on cluster level; MNI 
= Montreal Neurological Institute. 

Table 2. Peak activations of the Self-Initiative task for the free, timed choice, and no choice conditions, all significant p < .05 
FWE cluster-corrected (initial threshold p <.001, uncorrected). 
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Discussion
To our knowledge, the current study is the first designed to investigate the neural underpinnings 
of apathy in a non-clinical sample by focussing on self-initiated behaviour. We included healthy 
participants with apathy ranging from low to high scores, and manipulated the extent to which they 
could freely execute finger movement behaviour while measuring brain activation using functional 
MRI. The self-initiative task robustly activated fronto-parietal regions when participants decided 
what action to perform and when to perform it. However, no relationship between degree of apathy 
and brain activation during action initiation was observed, neither when mass-univariate analysis 
was used, nor when multivariate patterns of brain activation were considered. In summary, in this 
study no correlation was found between apathy in a healthy sample and neural substrates related to 
auto-initiation components of action execution.

Goal-directed behaviour depends on many cognitive processes (Kring & Barch, 2014). First of all, 
it requires action selection, and anticipation and prediction of the action outcome (Hommel, 2016), 
including the experience of anticipatory pleasure, reward or avoidance of aversive stimuli, based on 
imagination or memory, effort computation (i.e. will the action and expected outcome be worth the 

Main task 
effect  
(N=39) 

Region (AAL) BA Cluster size 
(voxels) 

Side T-
value 

p-value  
(FWE) 

MNI 
Coordinates 

  x       y       z 
    Free 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
 
Timed 
Choice 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
No Choice 
 
 
 
 
 
 
      
 
 
 
    

Supramarginal gyrus 
Inferior parietal lobule 
Supramarginal gyrus 
 
Middle frontal gyrus 
Inferior frontal gyrus 
Supplementary motor area  
 
Cerebellum crus 1 
Lingual gyrus 
Cerebellum lobule 6 
 
Precentral gyrus 
Middle frontal gyrus 
Middle frontal gyrus  
 
Cerebellum crus 1 
Cerebellum crus 1 
Lingual gyrus 
 
Superior occipital gyrus  
Superior occipital gyrus  
 
Precuneus 
Precuneus 
 
Middle occipital gyrus  
Middle occipital gyrus 
Cerebellum 
 
Insula  
Precentral gyrus 
Insula 
 
Midbrain 
Midbrain 
Hippocampus  
 
Middle frontal gyrus 
Middle frontal gyrus 
Inferior frontal gyrus 
 
Medial frontal gyrus 
 
Superior occipital gyrus 
Inferior occipital gyrus 
Cerebellum lobule 6  
 
Insula 
Inferior frontal gyrus  
 
Cerebellum lobule 8  
 
Precentral gyrus 
Inferior parietal lobule 
Supramarginal gyrus 

40 
40 
40 
 
46 
44 
6 
 
- 
19 
- 
 
6 
46 
46 
 
- 
- 
19 
 
18 
18 
 
7 
7 
 
19 
19 
- 
 
- 
6 
- 
 
- 
- 
- 
 
45 
46 
45 
 
10 
 
18 
19 
- 
 
 
 
 
- 
 
6 
40 
40 

989 
 
 
 
3671 
 
 
 
426 
 
 
 
982 
 
 
 
543 
 
 
 
104 
 
 
91 
 
 
11999 
 
 
 
457 
 
 
 
93 
 
 
 
353 
 
 
 
129 
 
4038 
 
 
 
169 
 
 
87 
 
734 

R 
R 
R 
 
R 
R 
R 
 
L 
L 
L 
 
L 
L 
L 
 
R 
R 
R 
 
R 
R 
 
R 
R 
 
L 
R 
R 
 
L 
L 
L 
 
R 
L 
R 
 
R 
R 
R 
 
R 
 
R 
R 
R 
 
L 
L 
 
R 
 
L 
L 
L 

7.23 
6.68 
6.34 
 
7.15 
6.91 
6.79 
 
6.13 
4.72 
3.78 
 
5.97 
5.80 
5.02 
 
5.02 
4.98 
4.37 
 
4.74 
4.69 
 
4.91 
3.91 
 
10.4 
9.70 
9.66 
 
6.70 
5.07 
5.02 
 
6.56 
4.41 
3.98 
 
4.59 
4.56 
4.53 
 
5.49 
 
8.88 
8.83 
8.69 
 
7.96 
4.07 
 
7.19 
 
6.70 
6.59 
6.54 

<.001 
<.001 
<.001 
 
<.001 
<.001 
<.001 
 
<.001 
<.001 
<.001 
 
<.001 
<.001 
<.001 
 
<.001 
<.001 
<.001 
 
<.001 
<.001 
 
<.001 
.001 
 
<.001 
<.001 
<.001 
 
<.001 
<.001 
<.001 
 
<.001 
<.001 
<.001 
 
<.001 
<.001 
<.001 
 
.012 
 
<.001 
<.001 
<.001 
 
<.001 
<.001 
 
<.001 
 
<.001 
<.001 
<.001 

 63    -43     41 
 57    -34     50 
 63    -40     26 
 
 27      44     32 
 51      14       5 
   9      14     50 
 
-45    -58    -34 
-21    -79    -10 
-27    -64    -16 
 
-60       8      26 
-30     50      23 
-24     53        7 
 
 45    -58    -34 
 33    -52    -34 
 33    -70    -16 
 
 30    -94     11 
 18    -97       8 
  
 12    -58     53 
 21    -70     53 
 
-48    -79    -1  
 45    -76    -7 
 15    -73    -19 
 
-45     11    -1 
-57      8      26 
-36     -4      14 
 
   9    -22    -13  
-12    -16    -13 
 24    -25     -7 
 
  45     41     11 
  39     56     -4 
  51     41     -4 
 
   6      59    -10 
 
 21    -88     14 
 36    -70    -10 
 27    -58    -22 
 
-48     -1      11 
-60      8        8 
 
  21    -61    -49 
 
-33    -19     68 
-45    -28     44 
-54    -25     23 

AAL= Automated Anatomic Labelling; BA = Brodmann area; FWE = Family-Wise Error corrected, on cluster level; MNI 
= Montreal Neurological Institute. 
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effect  
(N=39) 

Region (AAL) BA Cluster size 
(voxels) 

Side T-
value 

p-value  
(FWE) 

MNI 
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  x       y       z 
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Timed 
Choice 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
No Choice 
 
 
 
 
 
 
      
 
 
 
    

Supramarginal gyrus 
Inferior parietal lobule 
Supramarginal gyrus 
 
Middle frontal gyrus 
Inferior frontal gyrus 
Supplementary motor area  
 
Cerebellum crus 1 
Lingual gyrus 
Cerebellum lobule 6 
 
Precentral gyrus 
Middle frontal gyrus 
Middle frontal gyrus  
 
Cerebellum crus 1 
Cerebellum crus 1 
Lingual gyrus 
 
Superior occipital gyrus  
Superior occipital gyrus  
 
Precuneus 
Precuneus 
 
Middle occipital gyrus  
Middle occipital gyrus 
Cerebellum 
 
Insula  
Precentral gyrus 
Insula 
 
Midbrain 
Midbrain 
Hippocampus  
 
Middle frontal gyrus 
Middle frontal gyrus 
Inferior frontal gyrus 
 
Medial frontal gyrus 
 
Superior occipital gyrus 
Inferior occipital gyrus 
Cerebellum lobule 6  
 
Insula 
Inferior frontal gyrus  
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Precentral gyrus 
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Supramarginal gyrus 
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6 
46 
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18 
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91 
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4038 
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R 
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R 
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R 
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L 
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L 
L 
 
R 
R 
R 
 
R 
R 
 
R 
R 
 
L 
R 
R 
 
L 
L 
L 
 
R 
L 
R 
 
R 
R 
R 
 
R 
 
R 
R 
R 
 
L 
L 
 
R 
 
L 
L 
L 

7.23 
6.68 
6.34 
 
7.15 
6.91 
6.79 
 
6.13 
4.72 
3.78 
 
5.97 
5.80 
5.02 
 
5.02 
4.98 
4.37 
 
4.74 
4.69 
 
4.91 
3.91 
 
10.4 
9.70 
9.66 
 
6.70 
5.07 
5.02 
 
6.56 
4.41 
3.98 
 
4.59 
4.56 
4.53 
 
5.49 
 
8.88 
8.83 
8.69 
 
7.96 
4.07 
 
7.19 
 
6.70 
6.59 
6.54 

<.001 
<.001 
<.001 
 
<.001 
<.001 
<.001 
 
<.001 
<.001 
<.001 
 
<.001 
<.001 
<.001 
 
<.001 
<.001 
<.001 
 
<.001 
<.001 
 
<.001 
.001 
 
<.001 
<.001 
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<.001 
<.001 
<.001 
 
<.001 
<.001 
<.001 
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<.001 
<.001 
 
.012 
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<.001 
 
<.001 
<.001 
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   9    -22    -13  
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AAL= Automated Anatomic Labelling; BA = Brodmann area; FWE = Family-Wise Error corrected, on cluster level; MNI 
= Montreal Neurological Institute. 
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estimated effort), and executive planning (Aarts & Elliot, 2012; Kring & Barch, 2014). Secondly, 
goal-directed behaviour involves the execution of actions including the actual in the moment en-
joyment of the undertaken action, i.e. consummatory pleasure (Kring & Barch, 2014). Thirdly, it 
involves action evaluation (Hommel, 2016). The propensity to initiate a motor program to actually 
start the behaviour is another key component of goal-directed behaviour (Levy & Dubois, 2006). 
Even though one has planned actions, is motivated to pursue those plans, and is willing to make 
efforts, it is still possible that actual initiation of motor programs does not occur and no actions take 
place at all. However, this key component is not always emphasized in reward-related models of 
goal-directed behaviour (e.g. Kring & Barch, 2014). Nevertheless, deficits in one of these processes 
may lead to a reduction in self-initiated goal-directed behaviour, i.e. apathy. 

Previous studies have demonstrated that apathy in the normal population is indeed associated with 
abnormalities in reward sensitivity and effort computation, at a behavioural as well as at a neural level 
(Bonnelle et al., 2015; Bonnelle et al., 2016; Engel, Fritzsche, & Lincoln, 2015). In the current study, 
apathy was studied in relation to goal-directed behaviour by focusing on self-initiation of simple finger 
movements in a controlled experimental task. This way, the effects of emotional or hedonic compo-
nents that are commonly part of goal-directed action could be minimized, isolating the possible effects 
of disrupted action initiation of apathy. We hypothesized that apathy was at least in part underpinned 
by deficits in an action-initiation circuit and specifically hypothesized that higher apathy scores would 
be related to lower variability in choice of action and less recruitment of fronto-parietal areas important 
for action initiation. However, these hypotheses were refuted by the data. This either means that the 
neural correlates of self-initiated action are indeed not involved in apathy in a non-clinical sample, or 
that our findings can be explained by methodological drawbacks or artefacts. Therefore, several possi-
ble alternative explanations for our findings will be discussed successively.

First of all, the lack of associations between apathy and behavioural and neural measures of self-ini-
tiation may raise the question whether the measurement of apathy was valid and reliable in this 
study. Apathy was measured with the Apathy Evaluation Scale, self-rated version (AES-S), which 
is a standardized, reliable, questionnaire that is suitable for a non-clinical population, though most 
frequently used in clinical populations, e.g. patients with schizophrenia (Marin, Biedrzycki, & Fir-
inciogullari, 1991). We observed a wide variety in scores, bolstering confidence in the sensitivity of 
our measurements. Furthermore, in our sample, AES-S scores were associated with reduced action 
initiation of daily life activity as measured with a clinical apathy evaluation instrument (i.e. the 
LARS_AI), but also with reduced pleasure (as measured with the SHAPS and TEPS), and higher 
depression (BDI), supporting convergent validity. Even though correlations between these measures 
of apathy, pleasure, and depression were significant and indicated an overlap in symptoms, the 
correlation coefficients (ranging between .32 and .53) also demonstrated that the AES-S measures 
a unique aspect that is not incorporated in other questionnaires, supporting discriminant validity. 
In other words, the symptoms measured by the AES-S might overlap with depressive or anhedonic 
symptoms, e.g. staying in bed or indoors and reduced feelings of anticipatory pleasure, but the 
AES-S also measures symptoms that are more specific to apathy, i.e. motivational and self-initiation 
aspects of behaviour. In our MR-analyses we entered the AES-S and additional covariates in order 
to specifically evaluate the relationship between neural correlates and the self-initiation component 
of apathy, while taking into account the possible effects of mood and pleasure (or anhedonia). How-
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ever, accounting for variations on other clinical measures and even excluding participants with signs 
of mild to moderate depression did not change the results.   

Secondly, the absence of a relation with apathy may bring into question the choice for the self-ini-
tiative task as a valid measure for self-initiation or auto-activation. Levy & Dubois (2006) described 
the auto-initiation deficit as “difficulties in activating thoughts or initiating the motor program nec-
essary to complete the behaviour”. A person suffering from an auto-activation deficit particularly has 
problems in self-initiation of actions, while externally driven responses and actions are spared. In 
the task we used, both aspects were acknowledged; we attempted to provide circumstances in which 
participants were indeed free in their choice and timing of actions, but also conditions in which 
a person was provided with a structured assignment and whereby behaviour was more externally 
driven. Using a paradigm that provides assignments to act voluntary might however be regarded as 
paradoxical. The range of possible behavioural responses in our paradigm was limited and might 
even in the most free condition be considered as externally driven or comparable to a decision mak-
ing task because we provided the subjects with a limited range of possible behaviours. Nevertheless, 
according to Haggard (2008), these paradigms “capture a key computational feature of voluntary 
action, namely the participant must themselves generate the information that is needed to perform 
an action”. Our study is in line with this idea. However, we need to keep in mind that we studied 
self-initiation in a limited and perhaps artificial way within a controlled setting. 

Moreover, brain activation related to the task corresponded with different stages of self-initiation, 
which provides further support for the validity of the paradigm that was used. In most restricted 
assignments without freedom in selection and timing of behaviour (the no choice condition), par-
ticularly regions related to motor behaviour (e.g. planning, intention, motor speed, and control) 
were involved, including the precentral gyrus, inferior parietal, and cerebellar regions, which is in 
accordance with the existing literature (Desmurget & Sirigu, 2012; Hoffstaedter et al., 2013; John-
son-Frey, Newman-Norlund, & Grafton, 2005; Kroliczak, Michalowski, Kubiak, & Pawlak, 2015; 
Turner, Desmurget, Grethe, Crutcher, & Grafton, 2003; Wenzel, Taubert, Ragert, Krug, & Villringer, 
2014). The paradigm also reliably activated expected regions as a function of increasing task load. 
With increasing task freedom, we found activation in regions related to executive processes, atten-
tional control, and decision making, including parietal regions, insula, anterior and midcingulate 
regions, and dorsolateral and inferior frontal regions (Bechara, Damasio, & Damasio, 2000; Kringel-
bach, 2005; Kuhn & Brass, 2009; Rolls & Grabenhorst, 2008; Tanji & Hoshi, 2008). In assignments 
offering more freedom in timing and selection of actions similar regions were involved, however to 
a larger extend, and more bilaterally distributed. 

However, several limitations concerning the self-initiative task are of note here. We found a system-
atic inequality in residual means squares in the free, compared to the timed choice and no choice 
conditions (Supplementary Figure 3). This inequality made it less suitable to examine neural activa-
tion in relation to apathy during complex and specific ‘what’ (i.e. free & timed choice > no choice) 
and ‘when’ contrasts (i.e. free > timed & no choice). Because the inequality might have led to an 
underestimation of task effects at second level, we cannot rule out that apathy could be related to 
specific deficits on narrower contrasts. Nevertheless, we were able to evaluate complex contrasts 
in the context of a second level model when we categorized participants into high and low apathy 
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severity. However, no significant difference on neural activation between apathy groups was ob-
served. Furthermore, inherent to the open character of the task during the free condition (freedom in 
selection and timing of behaviour), we cannot determine at which point in time a person is waiting, 
deciding which action to undertake, preparing for that action, potential inhibiting and postponing of 
the action, and starting the motor program of that action, which might increase individual variability 
in this particular condition and therefore could have an effect on the results we found. 

A last important aspect of the self-initiative task that warrants discussion regards its specificity. A 
strong suit for measuring self-initiation is that this task did not involve any reward components, ef-
fort computation, and only minimally involved memory and planning components (functions related 
to the cognitive and affective domains of apathy), which makes it a task that specifically allowed 
measurement of auto-activation components. Of note, studies that reported behavioural aspects to be 
involved in apathy in the healthy population have thus far always employed tasks that included re-
warding components and effort computation, which might impede drawing conclusions on selective 
behavioural aspects of apathy. Overall, we can conclude that the design of our task appeared suitable 
for the research question at hand, and our results replicated previous findings. 

Therefore, we argue that limitations related to the measurements that were used cannot explain the 
lack of associations between apathy and brain activation during the initiation of motor-behaviour. 
Instead our results rather suggest that apathy in non-clinical populations is not strongly underpinned 
by core abnormalities in initiating motor behaviour. It is perhaps more likely that in the healthy 
population apathy, as a multidimensional construct, is stronger associated with complex processes 
including effort computation, planning and reward learning, as was previously demonstrated in 
other studies (Bonnelle et al., 2015; Bonnelle et al., 2016; Engel et al., 2015). We observed that 
participants with higher levels of apathy presented reduced pleasure, primarily in the anticipatory 
phase compared to in-the-moment consummatory pleasure, which is in accordance with anhedonia 
in patients with schizophrenia suffering from apathy (Waltz et al., 2009) and anhedonia in healthy 
university students (Gard, Gard, Kring, & John, 2006). Effort computation is however not examined 
in our population, neither are the cognitive aspects of apathy, which therefore limits further conclu-
sions on apathy related deficits in our studied population. 

For future studies it would be interesting to evaluate the neural correlates of apathy in other samples, 
including clinical populations or individuals with lower education and higher age, as one might 
expect that levels of apathy may be higher in these populations. Furthermore, where in the current 
study there was insufficient information on stability of apathy severity over time within our included 
participants, both individuals with stable, long-term apathy (‘trait’ apathy), as well as those with 
temporary or adaptive apathy (‘state’ apathy) may have been included. Although, the more chronic 
form may be less likely in our university student sample, in contrast to apathy induced by stressful 
changes in the social or physical environment of a person. It would be interesting for future research 
to explore the possible differences between state and trait apathy. In addition to more extensive 
research on the evolution of apathy, we propose to further include behavioural, emotional (reward), 
but also cognitive tasks and apathy measures to explore its presence in healthy, as well as in clinical 
samples. The results from the present study might suggest that apathy as a non-clinical behavioural 
manifestation maybe qualitatively different from apathy as presented in clinical populations (i.e. pa-



tients with schizophrenia, Parkinson’s disease), but further work is required to establish the viability 
of this suggestion. 

In conclusion, in this study degree of apathy as measured with a clinical apathy evaluation scale 
was not associated with activation of brain regions in the fronto-parieto-striatal circuit during an 
fMRI task that evoked self-initiated behaviour in a healthy and highly educated sample of young indi-
viduals. These results suggest that alterations in starting motor programs, a critical component of the 
auto-activation subdomain of apathy, do not explain the occurrence of apathy in the healthy population. 
According to Levy & Dubois (2006), the auto-activation component of apathy is the most severe form 
of apathy, which frequently occurs in patients with focal basal ganglia lesions. Therefore it might be 
suggested that this component is not, or not strongly, involved in a population without psychiatric and 
neurological complaints. This may also explain why they can still function relatively well, i.e. they did 
not seek professional help for their apathy (and did not receive a neurological or psychiatric diagnosis) 
as it may have been less disruptive to their daily life because of intact action-initiation.
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Supplementary Material 1
Behavioral task analyses
A repeated measures analysis of variance (ANOVA) was performed to evaluate whether response 
times over the three conditions were significantly different from each other. Furthermore, possible 
associations between apathy and behavioural responses during the fMRI task were tested by means 
of an analysis of covariance (ANCOVA). In this analysis, apathy was included as a covariate of 
interest and condition was included as a within-subject factor. Separate models were constructed for 
response times (including all three conditions free, timed choice, and no choice), proportion of left 
responses, and response variability (both for two conditions free and timed choice). The proportion 
of left button presses was calculated in percentages per condition. The variability in button presses 
was calculated in a binary fashion as follows: in case a response was different from the previous 
response (i.e. using a different finger) it was counted as 1, in case it was the same it was counted as 
0. Response counts were summed and divided by the total number of responses per participant to 
obtain a measure of variability. The no choice condition was not included in the ANCOVA analyses, 
because response type was predetermined in this condition. The relationship between response accu-
racy (i.e. the number of correct button presses) in the no choice condition and apathy was evaluated 
with a Kendall’s Tau test.

Behavioral task results
Repeated measures ANCOVA with apathy as a continuous covariate of interest did not reveal signif-
icant main effects of apathy on response times (F(1, 37) = .18, p = .67), proportion of left responses 
(F(1, 37) = .01, p = .94), or on response variability (F(1,37) = 1.17, p = .29). Furthermore, there were 
no significant interactions between apathy and condition (free, timed choice, no choice) on response 
times (F(1, 37.04) = .08, p = .79), proportion of left responses (F(1, 37 ) = .41, p = .53) and variabil-
ity of responses in the free and timed choice conditions (Table 2, F(1, 37) = .45, p =.51). Lastly, a 
correlation analysis showed no relationship between apathy and the accuracy of responses in the no 
choice condition (Table 2, Kendall’s τ = -.11, p = .35).

For all participants the distribution of the residual means squares (ResMS) of the timed choice and 
no choice conditions were comparable in height and shape, while the distribution of the ResMS of 
the free condition was lower and wider (for an example, see Figure S1).  

We can only speculate on the reason of this difference in ResMS over the three conditions. It may be 
due to a more widespread activation pattern in the free condition, compared to the other conditions. It 
is also possible that estimation of the error is less accurate in the free condition. Because of the differ-
ence in distribution of the ResMS between the conditions, more complex contrasts including the what 
(timed & free > no choice) and when (free > timed & no choice) contrasts, as previously specified by 
Hoffstaedter et al. (2013), could not reliably be entered in a Second-Level analysis. 
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Supplementary Figure 1. A) Distribution of the AES-C of the total group (N=39), B) of the low 
apathy group (N=20), and C) high apathy group (N=19).

Supplementary Figure 2. A) Distribution of the LARS-AI of the total group (N=39), B) of the low 
apathy group (N=20), and C) high apathy group (N=19).

Supplementary Figure 3. Visualization of the residual means squares (ResMS) of one of the par-
ticipants, representative for the pattern observed in all participants (cond 1= free; cond 2 = timed; 
cond 3 = no choice).
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Supplementary Figure 4. The mask that was used in 
the Region of Interest (ROI) analyses. Coordinates: x 
= -5.5, y = -14.5, z = 8. 

Supplementary Table 1. Response times and response types per condition, and associations 
with apathy (as measured with the AES-S). 

Neural basis of self-initiative in relation to apathy in a non-clinical population

Responses per condition Mean  
(N=39) 

SD τ with AES-S* 

Free 
 
 
 
Timed Choice 
 
 
 
No choice 

 
Response times1 
Left button presses2 
Variability3  
 
Response times1 
Left button presses2 
Variability3 
 
Response times1 
Accuracy4 

 
2.89  
47.24  
59.54  
 
.41  
44.23  
58.79  
 
.43  
96.9  

 
2.58 
5.16 
9.91 
 
.11 
10.11 
15.04 
 
.07 
3.14 

 
  .14 
 -.01 
  .10 
 
  .21 
  .03 
  .13 
 
  .21 
 -.11 

*Correlations were calculated with a Kendall’s Tau Test (τ): all non-significant 
     1 mean RT in s  
     2 proportion of left button presses in percentages  
     3 variability of response types in percentages  
     4 accuracy of response in percentages  

 



Variables Low apathy 
Mean (SD) 
(N=20) 

Low apathy 
Min/Max 

High apathy 
Mean (SD) 
(N=19) 

Low apathy 
Min/ Max 

Age 
Sex (M/F) 
Education1 
AES-S* 

22.75 (2.15) 
- 
17.55 (2.16) 
29.05 (1.79) 

19/27 
5/15 
14/24 
25/31 

22.63 (2.45) 
- 
17.16 (1.57) 
38 (3.64) 

18/26 
8/11 
14/20 
32/44 
-4/1.5 
0/27 
0/19 
25/55 
26/47 
0/7 
2/23 
2/22 
15/44 
10/25 
92/179 

LARS-AI* -3.3 (.86) -4/-1 -2.03 (1.31) 
BDI* 2.55 (3.27) 0/12 10.05 (6.6) 
BDI_Factor* 
TEPS-ANT* 
TEPS-CON* 

1 (1.75) 
46.8 (5.24) 
40.7 (4.85) 

0/6 
33/55 
31/47 

5.68 (4.76) 
39.53 (6.59) 
36.58 (4.59) 

SHAPS* .9 (3.16) 0/14 1.26 (1.91) 
SPQ-pos* 
SPQ-neg* 

5.35 (4.34) 
4.4 (3.35) 

0/14 
0/11 

10.53 (6.36) 
11.89 (5.56) 

PANAS-pos* 

PANAS-neg* 

SCL-90* 

35.85 (5.31) 
12.7 (2.58) 
108.25 (14.81) 

26/46 
10/18 
95/157 

28.79 (8.07) 
15.79 (4.05) 
135.42 (25.74) 

AES-S = Apathy Evaluation Scale, Self-rated; BDI = Beck Depression Inventory; PANAS = Positive and Negative 
Schedule; LARS_AI = Lilly Apathy Rating Scale, Action Initiation subscale; SCL-90 = Symptom Checklist; SHAPS = 
Snaith-Hamilton Pleasure Scale; SPQ = Schizotypal Personality Questionnaire; TEPS = Temporal Experience of Pleasure 
Scale; TEPS-ANT = Anticipatory pleasure subscale of the TEPS; TEPS-CON = Consummatory subscale of the TEPS. 
1 Years including primary school 
* Significant different means for low and high apathy groups, t-test, p < .05 

 
 

Property/Condition Free  Choice No Choice 
 

Total accuracy 
Balanced accuracy 
BA p-value 
Class accuracy (low and high) 
CA p-value 
Class predictive value (low and high) 

54% 
54% 
.28 
50% 
.58 
56% 

 
 
 
58% 
.27 
52% 

59% 
59% 
.11 
50% 
.59 
63% 

 
 
 
68% 
.06 
57% 

44% 
44% 
.68 
45% 
.71 
45% 

 
 
 
42% 
.68 
42% 

BA = Balanced accuracy; CA = Class accuracy. 
 

Supplementary Table 2. Demographical information and mean scores on the questionnaires for 
participants scoring low and high on apathy.

Supplementary Table 3. Classification accuracies to differentiate the two apathy groups, 
displayed per condition.
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Abstract
Apathy is a prominent and influential symptom in several neurological and psychiatric dis-
orders, but it also occurs in the healthy population. It has considerable impact on daily life 
functioning, in clinical as well as healthy samples. Even though cognitive control is thought to 
be disrupted in people with apathy, the exact neural underpinnings of apathy remain unclear. 
Because flexible shifting between behaviors (set-shifting) is crucial for goal-directed behavior, 
disruptions in set-shifting may underlie apathy. In this study, the neural correlates of apa-
thy during set-shifting were studied in 34 healthy participants with varying levels of apathy, 
measured by the Apathy Evaluation Scale (AES). During functional MRI scanning partic-
ipants performed a set-shifting task, distinguishing between behavioral switches (a change 
in response to different stimuli), cognitive switches (a change in response rule), and salience 
decoupling. Regression analysis was used to assess the relationship between apathy and brain 
activation. Results showed that higher apathy scores were related to reduced activation in the 
medial superior frontal gyrus and cerebellum (Crus I/II) during cognitive set-shifting, but not 
behavioral shifting and salience decoupling. No relationship between apathy and accuracy or 
response time was found. These results support the idea that alterations in the neural basis of 
cognitive control, especially cognitive set-shifting, may contribute to apathy.

Keywords: cerebellum, executive function, superior frontal gyrus, volition

Introduction
Apathy is a prominent symptom in several neurological and psychiatric disorders, including Alz-
heimer’s and Parkinson’s disease, traumatic brain injury, schizophrenia, and major depressive disor-
der. Apathy refers to a quantitative reduction of voluntary and purposeful behaviors (Levy & Dubois, 
2006). It has been indicated as a predictor of worse functional outcome, for example reduced social, 
instrumental, and physical daily life abilities (Bobes, Arango, Garcia-Garcia, Rejas, & Group, 2010; 
Kiang, Christensen, Remington, & Kapur, 2003; Laatu, Karrasch, Martikainen, & Marttila, 2013; Pa-
gonabarraga, Kulisevsky, Strafella, & Krack, 2015; Reekum, Stuss, & Ostrander, 2005). Despite the 
prominence of apathy in various disorders, the cognitive and neural underpinnings of apathy remain 
unclear. The number of studies on apathy in clinical populations has increased over the past years, but 
results may be influenced by factors like medication use, hospitalization, and comorbid symptoms. Ap-
athy also occurs in a minority of the healthy people at subclinical to clinical levels (Fervaha, Zakzanis, 
Foussias, Agid, & Remington, 2015; Simon et al., 2015; Spalletta, Fagioli, Caltagirone, & Piras, 2013), 
and it can be considered to be part of the construct of subclinical negative symptoms (Fervaha et al., 
2015). Apathy in the healthy population is related to higher levels of distress (Fervaha et al., 2015) and 
reduced quality of life (Pardini et al., 2016). Therefore, studying apathy in a healthy population may 
prove beneficial in order to assess the underlying cognitive and neural substrates. 

Several affective and cognitive processes are suggested to play a role in goal-directed behavior 
and apathy might result from a disruption in any of these processes (Levy & Dubois, 2006; Stuss, 
van Reekum, & Murphy, 2000). Goal-directed actions require a balance between flexible shifting 
between behaviors and maintaining current behavior despite distractions or competing behaviors 
(Goschke & Bolte, 2014). Therefore, reduced cognitive flexibility may play an important role in the 
occurrence of apathy (Levy & Dubois, 2006). 
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Cognitive flexibility concerns the ability to switch between cognitive processes in response to a 
changing environment or internal goals and relies on intact salience detection and attention, working 
memory, inhibition, and shifting (Dajani & Uddin, 2015). A commonly used task to investigate cog-
nitive flexibility is the Wisconsin Card Sorting Test (WCST). During the WCST, participants have 
to sort cards according to a certain rule and this rule changes covertly and unexpectedly. Indeed, 
associations between WCST performance and apathy have been reported, especially in patients with 
neurodegenerative diseases (Kuzis, Sabe, Tiberti, Dorrego, & Starkstein, 1999; Pluck & Brown, 
2002). However, the WCST is a complicated task and this might influence the possibility to measure 
cognitive flexibility. Therefore, Shafritz et al. (2005) have developed a set-shifting task measuring 
specific behavioral properties of cognitive flexibility in a more simple way, namely maintenance of 
a rule in mind, inhibition of an initial response, and periodically (overtly) changing the response rule 
(Shafritz et al., 2005). This task distinguishes behavioral switches (a change in response to different 
stimuli) from cognitive switches (a change in response rule). Disturbances in both behavioral and 
cognitive set-shifting could possibly underlie reduced goal-directed behavior and therefore lead to 
higher levels of apathy.

Brain areas that have been associated with both behavioral flexibility and cognitive set-shifting are 
the dorsolateral prefrontal cortex (DLPFC), anterior cingulate cortex (ACC), insula, and basal gan-
glia (Dajani & Uddin, 2015; Dosenbach et al., 2006; Leber, Turk-Browne, & Chun, 2008; Shafritz 
et al., 2005). Furthermore, there are indications that activation in the intraparietal sulcus (IPS) is 
specifically related to behavioral shifting, whereas activation in the ventrolateral prefrontal cortex 
(VLPFC) and posterior parietal cortex (PPC) are specific for cognitive set-shifting (Shafritz et al., 
2005). Of these areas, the lateral PFC (including VLPFC, DLPFC, and frontopolar cortex), ACC, 
insula, and basal ganglia have also been implicated in apathy (Alzahrani & Venneri, 2015; Kirschner 
et al., 2015; Knutson et al., 2014; Levy & Dubois, 2006; Stuss et al., 2000; Zamboni, Huey, Krueger, 
Nichelli, & Grafman, 2008). Therefore, compromised activation of these areas during behavioral 
and/or cognitive set-shifting might underlie apathy. 

Besides behavioral and cognitive set-shifting, reduced sensitivity to salience of relevant stimuli 
could also play a role in the occurrence of apathy. If internal goals or external stimuli are not rec-
ognized as salient, motivation to respond to these stimuli may be lacking. Salience detection is as-
sociated with activation in the anterior insula and ACC (Seeley et al., 2007), areas that have shown 
disturbed activation in people with apathy (Bonnelle, Manohar, Behrens, & Husain, 2016; Knutson 
et al., 2014; Levy & Dubois, 2006; Njomboro, Deb, & Humphreys, 2012; Yuen et al., 2014). 

To our knowledge, the direct relationship between apathy and behavioral shifting, cognitive set-shift-
ing, and salience allocation has not been studied to date. In order to examine these processes, the 
current study used a set-shifting paradigm in healthy participants. We hypothesized that higher lev-
els of apathy are associated with an inability to accurately shift behavior or cognitive set according 
to task conditions and that this is related to disturbed activation in lateral prefrontal areas, basal 
ganglia, ACC, and insula. On the other hand, we hypothesized that apathy could also be related to 
reduced sensitivity for salience, possibly due to a disruption of anterior insula and ACC activation. 

Apathy is related to reduced activation in cognitive control regions during set-shifting



Methods
Participants
Three hundred students (from the University of Groningen and Hanze University for Applied Sci-
ences) were screened on levels of apathy using the Apathy Scale (Starkstein et al., 1992) and the 
in- and exclusion criteria. Inclusion criteria were: age between 18 and 28 years old, right-handed, 
and native Dutch speaking. Exclusion criteria were: current or past presence of a neurological or psy-
chiatric disorder, use of medication that may influence brain activation, visual or hearing problems 
that could not be corrected, and MR-incompatibility. Subsequently, twenty students with the highest 
scores and twenty students with the lowest scores, who met the inclusion criteria, were invited to 
participate in the MRI session. All participants gave written informed consent after oral and written 
explanation of all study procedures. The study was approved by the Medical Ethics Committee of the 
University Medical Center Groningen and was carried out according to the Declaration of Helsinki 
(World Medical Association Inc, 2009).

Questionnaires
At time of scanning, apathy was evaluated using the self-rated version of the Apathy Evaluation 
Scale ([AES] Marin, Biedrzycki, & Firinciogullari, 1991). Apathy was further characterized using 
the action initiation scale of the Lille Apathy Rating Scale ([LARS] Sockeel et al., 2006). The AES 
was used as the primary apathy measure because it was considered the most suitable for the popula-
tion under investigation. Schizotypy was assessed using the Schizotypal Personality Questionnaire 
([SPQ] Raine, 1991) and depressive symptoms were assessed using the Beck Depression Invento-
ry ([BDI] Beck, Ward, Mendelson, Mock, & Erbaugh, 1961). A systematic review by Lako et al. 
(2012) showed that a substantial amount of items of the BDI may be identified as non-depressive 
symptoms, among others apathy, therefore a BDI depression score was calculated based on a pure 
depression factor defined by Shafer (2006).

Set-shifting task
Participants performed a set-shifting task adapted from Shafritz et al. (2005), which was presented in 
E-prime 2.0.10. This event-related task was scanned as part of an MRI protocol including 3 tasks and 
an anatomy scan. Before entering the scanner, all participants received task instructions, followed 
by a short practice session. During scanning the task was introduced by a short recapitulation of the 
instructions to ensure that the participant remembered the task instructions.

During the task, participants were presented with circles, triangles, and squares of different colors 
and sizes (Figure 1). Participants were asked to determine whether the shape was a target or a dif-
ferent stimulus (non-target or standard). Circles and triangles could be either target or non-target 
depending on the instruction, which changed during the task. Squares were standard stimuli and 
were never presented as a target. Stimulus intensity was matched between conditions. Participants 
were asked to respond by button presses using the right index finger for target stimuli and the right 
middle finger for the other stimuli (non-target and standard).

The task consisted of 14 epochs, each containing 40 pseudo-randomly presented trials. At the be-
ginning of each epoch, the target shape was presented for 2000ms. Each epoch contained 4 target, 4 
non-target, and 32 standard trials. During each trial, a stimulus was presented for 500ms, followed 
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by a blank black screen with a jittered duration of 1000-2809ms. This duration was pseudo ran-
domly selected from f(x) = 2000 e-.1x+1000, where x = [0, 100]. Participants were able to respond 
during the presentation of the stimulus and the first 1000ms of the following blank screen. 

The target changed every two epochs. This resulted in six epochs in which participants had to shift 
and six epochs in which they had to maintain behavior and cognitive set. The first and last epoch 
were excluded from the analysis, because the first epoch could not be classified as shift or maintain 
and the last epoch was excluded to maintain an equal number of maintain and shift epochs. 

At the onset and end of the task a 16s rest period was included. Furthermore, between the epochs 
rest periods of 8-9s were included. The variation in duration of these rest periods were due to their 
programming in number of TRs, not in seconds, in order to obtain the exact TR for each participant. 
During all rest periods a fixation cross was presented. The total task duration was 19 minutes.

Image acquisition
The fMRI data were collected using a 3.0 Tesla Philips Intera MR-scanner scanner (Best, NL), 
equipped with a 32-channel SENSE head coil. During the task, whole-brain functional images were 
acquired using a T2*-weighted echo planar imaging sequence (47 descending axial slices; slice 
thickness = 3 mm; slice gap = 0 mm; TR = 2000 ms; TE = 22 ms; FOV(ap,fh,rl) = 192 x 141 x 192 
mm; voxel size = 3 mm isotropic, flip angle = 90°, 583 volumes). For anatomical reference, a whole 
brain T1-weighted image was acquired (170 axial slices; TR = 9 ms; TE = 3.5 ms; FOV = 232 x 
170 x 256 mm; voxel size = 1mm isotropic; flip angle = 8°). Images were tilted approximately 30° 
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Figure 1. Procedure of the set-shifting task. Stimuli were presented 
for 500ms; blank screens for 1000 - 2809ms (jittered). The target 
stimulus changed every two epochs.



from the Anterior Commissure-Posterior Commissure (AC-PC) plane in order to prevent artefacts 
due to nasal cavities.

Clinical and behavioral analysis
Demographic, clinical, and behavioral data were analyzed using IBM SPSS version 23.0 (IBM Corp, 
Armonk, NY, 2014) and MATLAB 2013a, (The MathWorks Inc., Natick, MA). Assessment of the 
distribution of AES scores (Supplementary Figure 1) indicated a unimodal distribution, confirmed 
by Hartigan’s Dip statistic (Hartigan & Hartigan, 1985), which showed no significant deviation 
from a unimodal distribution (D = .07, p = .16). Therefore, AES scores were treated as a continuous 
variable. This is in accordance with the idea that apathy is present along a continuum ranging from 
normal and subclinical levels the general population to clinical levels found in patients, a distribution 
similar to the continuum that has been proposed for the negative symptoms of schizophrenia (Kaiser, 
Heekeren, & Simon, 2011). Furthermore, this approach has been used in previous studies on the neu-
ral substrates of subclinical symptoms and personality traits in healthy subjects (Servaas et al., 2015; 
Vercammen & Aleman, 2010), including brain activation related to apathy (Simon et al., 2015).

Bivariate relationships between apathy and demographic and clinical variables were examined. Be-
cause the assumption of bivariate normality was not met, Kendall’s Tau test was used. Furthermore, 
mean accuracy and response times were calculated per condition. For the assessment of possible 
differences on accuracy and response times between conditions, repeated measures analyses of cova-
riance (ANCOVA) were used with condition as the within-subject factor and AES scores as covariate 
of interest. In case of a nonsignificant effect of AES scores, this analysis was repeated without this 
covariate in order to assess the main effect of condition. In case of a significant F-test, subsequent 
post-hoc pairwise Bonferroni-corrected comparisons were performed. For all tests, significance was 
set to p < .05.

fMRI analysis
The data were preprocessed and analyzed using Statistical Parametric Mapping (SPM12 version 
6470) (http://www.fil.ion.ucl.ac.uk/spm/) implemented in MATLAB 2013a. First, the PAR/REC-
files were converted to NIfTI, using an in-house script. Both T1 and T2* images were reoriented 
manually to the AC-PC plane. Afterwards, slice time correction to the first slice was performed. 
Functional images were realigned to the mean image. The resulting motion parameters showed 
that motion was minimal for all participants (< 3mm translation and < 3° rotation). In order to 
further detect possible motion artefacts, functional displacement (FD) was calculated. Motion was 
deemed excessive when FD>0.9 for a certain volume (Siegel et al., 2014). The amount of volumes 
with excessive motion was minimal (< 5%) for all participants, which we regarded acceptable. The 
T1-image was coregistered to the mean functional image. The data was then normalized to Montreal 
Neurological Institute (MNI) space. Finally, images were smoothed using an 8mm Full Width Half 
Maximum Gaussian kernel.

Hemodynamic changes related to the set-shifting task were calculated using a General Linear Model 
(GLM). For the first-level models, standard, non-target, and target trials were defined as regressors 
separately for shift and maintain epochs. Onsets were defined as the onset of the stimulus and du-
rations were set to the response time for each individual trial. In addition, instruction periods and 
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the first and last epoch were defined as separate regressors of no interest. Furthermore, motion 
parameters and their first temporal derivatives were added to the model as nuisance regressors. A 
high pass filter of twice the fundamental frequency (i.e. the longest period between two subsequent 
trials of the same condition), calculated per individual, was applied. For all participants, first-level 
contrasts for behavioral shift (target > non-target), cognitive set-shift (target shift > target maintain), 
and salience decoupling (non-target shift > non-target maintain) were defined and were taken to 
second level. 

On second level, all contrasts were separately entered into one-sample t-tests to assess the main 
effects of task over all participants. Subsequently, a linear regression analysis was performed with 
AES scores as the independent variable, to assess the association between the level of apathy and 
neural activation. Significance was set to p < .05 family wise error (FWE) cluster-level corrected, 
with an initial threshold of p = .001, uncorrected. In order to be more sensitive to apathy-related 
brain activation differences, the multiple comparisons correction was small-volume corrected for a 
predefined mask of our regions-of-interest. This mask consisted of apathy-related brain areas that 
were relevant for the current task (i.e. a conjunction between an apathy mask and the current task 
activation). For the apathy mask, a map was used including brain areas related to apathy in various 
disorders (Kos, Tol, Marsman, Knegtering, & Aleman, 2016). This map was multiplied with the bi-
narized map of the combined task-related activation for all contrasts (Supplementary Figure 2). The 
final mask consisted of Automated Anatomical Labeling (AAL) areas that contained the overlap-
ping areas (Supplementary Figure 3). Furthermore, all analyses were repeated for the whole brain in 
order to account for possible effects outside the ROI-mask (also p < .05 FWE cluster-level corrected 
with an initial threshold of p = .001). 

Apathy is thought to be closely related to depression and positive schizotypy. Indeed, there were 
high correlations between the AES and the BDI depression and SPQ positive scale in our sample 
(Table 1). Because of these considerable correlations between AES and the BDI depression and SPQ 
positive subscales, activation in any clusters of apathy-related activation was explored in more depth. 
Specifically, it was assessed whether the variance in these clusters was uniquely explained by AES-
scores, or whether any variance explained by the AES was also explained by the BDI depression or 
the SPQ positive score. For this purpose, the first eigenvariates of the activation in the apathy-relat-
ed clusters were extracted. These were entered into a stepwise linear regression analysis in which 
BDI depression, SPQ positive and AES were entered step-wise as independent variables, whereby the 
AES was entered last. To emphasize the exploratory nature of this analysis and in order to avoid the 
suggestion of circular analysis, only explained variances were reported. We did not test whether the 
beta-values were significantly different from zero, because this analysis was merely an exploration of 
the relationship between AES scores and brain activation that was found in the main analysis.

Results
Demographics
Six participants were excluded because of insufficient task performance (accuracy of < 50% in one 
of the conditions). Demographic and clinical variables of the remaining 34 participants can be found 
in Table 1. AES scores correlated positively with scores on the LARS action initiation scale, the BDI 
depression factor, and the positive and negative subscales and total score of the SPQ. No relationships 
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were found between AES scores and age, gender, or years of education. All participants reported oc-
casional use of alcohol, except for one participant who reported no use of alcohol. Five participants 
reported occasional drug use. However, neither alcohol use nor drug use was excessive or could be 
classified as substance abuse in any of the participants. Moreover, alcohol use during the 24 hours 
before scanning was minimal and not related to AES scores and only one participant used marijuana in 
the 24 hours before the scan.

Behavioral results
Regarding accuracy and reaction times, Mauchley’s test of sphericity revealed that the assumption of 
sphericity was not met (χ2(14) = 176.78, p < .001 and χ2(14) = 105.08, p < .001, respectively). There-
fore, the Greenhouse-Geisser correction was applied (ε = .56. and ε = .50, resp.). For both accuracy 
and reaction times there was no main effect of AES score (F(1, 32) = 1.31, p = .26 and F(1, 32) = .65, 
p = .43, respectively), nor an interaction effect of condition and AES score (F(2.81, 89.95) = .18, p = 
.90 and F(2.50, 79.88) = .75, p = .50, respectively). Because there was no main or interaction effect of 
apathy, the analysis was repeated without the AES score as covariate. These results showed an effect 
of condition on both accuracy (F(2.81, 92.71) = 69.09, p < .001) and reaction times (F(2.48, 81.79) 
= 65.63, p < .001). Subsequent post-hoc pairwise comparisons revealed that accuracy in target trials 
was lower than in standard and non-target trials. Accuracy in non-target shift trials was lower than in 
non-target maintain trials. Reaction times were faster during standard trials than during the other con-
ditions. During the non-target conditions, reaction times were faster during maintain trials compared to 
shift trials (Supplementary Figure 4). 
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Variables Possible range Mean (SD) Min/max τ AES-total p 

Age - 22.68 (2.23) 18/27 .002 .99 
N Male/female - 12/22 - .11 .48 
Education2 - 17.38 (2.00) 14/24 -.06 .66 
AES-S 18/72 

-4/4 
33.26 (5.55) 25/44 - - 

LARS-AI -4/4 
0/46 

-2.66 (1.33) -4/1.5 .53 <.001 
SPQ positive 0/46 7.62 (6.09) 0/23 .37 .004 
SPQ negative 0/43 7.50 (5.83) 0/22 .57 <.001 
SPQ disorganization 0/19 5.12 (4.26) 0/15 .29 .025 
BDI depression factor 0/33 3.26 (4.41) 0/19 .49 <.001 
PANAS positive 10/50 33.32 (7.13) 18/46 -.36 .005 
PANAS negative 10/50 14.24 (3.65) 10/25 .21 .098 
SCL-90 total 90/450 121.38 (25.60) 92/179 .46 <.001 
TEPS 18/108 81.56 (11.56) 55/102 -.46 <.001 
SHAPS 0/14 1.21 (2.76) 0/14 .33 .02 
Cigarettes3 - 1.39 (4.11) 0/20 -.23 .19 
Alcohol4 - 0.85 (2.27) 0/12 -.23 .19 
AES = Apathy Evaluation Scale; BDI = Beck Depression Inventory; LARS_AI = Lilly Apathy Rating Scale, Action 
Initiation subscale; PANAS = Positive and Negative Affect Schedule; SCL-90 = Symptom Checklist 90; SHAPS = Snaith-
Hamilton Pleasure Scale; SPQ = Schizotypal Personality Questionnaire; TEPS = Temporal Experience of Pleasure Scale.  
1 A higher number indicates higher severity, except for PANAS-pos and TEPS 
2 Years including primary school 
3 Number of cigarettes smoked in the 24 hours before scanning 
4 Units of alcohol consumed in the 24 hours before scanning 

Table 1. Demographic and clinical variables.
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fMRI results
Main effects of task
Behavioral shifting was associated with activation in the postcentral/precentral gyrus, extending to the 
supplementary motor area (SMA), inferior parietal lobule, and supramarginal gyrus and furthermore in 
the anterior cingulate cortex (ACC), extending to the orbital medial and medial superior frontal gyrus. 
Cognitive set-shifting elicited activation in the rolandic operculum and the calcarine sulcus, extending 
to the lingual gyrus. Salience decoupling was associated with activation in the ACC and middle cingu-
late cortex, extending to the medial superior frontal gyrus and SMA, and in the inferior parietal lobule, 
extending to the angular gyrus and the supramarginal gyrus (Supplementary Table 1 and Figure 2 A).

Apathy is related to reduced activation in cognitive control regions during set-shifting

Figure 2. Brain activation during the set shifting task. A) Overall task activation (N=34).  Green: main effects for behavioral 
shifting; blue: cognitive set-shifting; yellow: salience decoupling. Coordinates (MNI) of the upper panel: MNI x = -47, y = -24, 
z = 42, lower panel: x = -6, y = -83, z = 16. B) Areas related to apathy during cognitive set-shifting (N=34). Coordinates (MNI) 
of the upper panel: x = -8, y = 45, z = 43, lower panel: x = 23, y = -80, z = -28. For display purposes the data was resliced to a 
voxel size of .4mm. All clusters are reported at p = .05, FWE cluster corrected (initial threshold: p = .001).



Relationship with apathy
During cognitive set-shifting, higher apathy scores were associated with activation in the (medial) 
superior frontal gyrus (mSFG), extending to the middle frontal gyrus (Table 2). A comparable cluster, 
but more extended to the middle frontal gyrus, was found in the whole brain analysis. Furthermore, 
the whole brain analysis supplemented the findings with an activation cluster in the cerebellum 
(Crus II, extending to Crus I) (Table 2, Figure 2 B). Further exploration of the first eigenvariates of 
these clusters showed that a substantial part of their variance was uniquely explained by AES-scores 
(27.6% for the mSFG and 15.9% for the cerebellum), over and above the variance that was explained 
by BDI-depression and SPQ-positive scores (19.2% for the mSFG and 12.7% for the cerebellum). 
There were no significant associations between apathy and brain activation for the other contrasts 
(i.e. behavioral shifting and salience decoupling), both small volume corrected and whole brain. 

The fact that activation in the mSFG and cerebellum was not found in the main task effect of cog-
nitive set-shifting could be due to an attenuation of the overall signal in these areas caused by the 
participants with high levels of apathy. In order to confirm this and to exclude the possibility that ac-
tivation in these areas is not directly related to cognitive set-shifting, task effects were also assessed 
separately for participants with the lowest scores on the AES, based on a median split of the AES 
scores (Supplementary Table 2 and Supplementary Figure 5). This follow-up analysis confirmed the 
involvement of the medial superior frontal gyrus and cerebellum Crus I/II in cognitive set-shifting.

During the course of the current analysis, the study by Eklund et al. (2016) has shown that in some 
cases, the use of cluster inference may lead to inflated error rates. Furthermore, they showed that 
using non-parametric models to analyze fMRI data may prevent error rate inflation. Even though 
excessive inflation of error rates was not expected given the current design (using a cluster-form-
ing threshold of p = .001, uncorrected, combined with a jittered event-related design), these recent 
developments were taken into account. Specifically, in order to assess the robustness of the current 
results, all analyses were repeated using a nonparametric analysis (see Supplementary Material). 
Using the non-parametric approach, all task activation clusters remained significant at FWE < .05, 
cluster corrected, with a cluster-forming threshold of p = .001, uncorrected (see Supplementary 
Table 3 for the results). Regarding the regression analysis, the association between AES scores and 
the cluster in the (medial) superior frontal gyrus remained significant, while the relationship with the 
cluster in the cerebellum was now at trend-level (p = .053; Supplementary Table 4).

Discussion
In the current study, we investigated cognitive flexibility in relation to apathy using a set-shifting 
task. Notably, higher levels of apathy were related to less activation during cognitive set-shifting in 
the medial superior frontal gyrus (mSFG) and, to a somewhat lesser extent, the cerebellum (Crus I/
II). There was no relationship between apathy severity and brain activation during behavioral shifts 
and salience decoupling.

Medial superior frontal gyrus 
To our knowledge, the current finding of reduced activation in the mSFG during cognitive set-shift-
ing in relation to apathy is novel. This finding is in line with findings on the function of the mSFG 
and a relationship between the mSFG and apathy has previously been found in clinical samples using 
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other paradigms. Cognitive functions like working memory, planning, rule-finding, and set-shifting 
are imperative for carrying out goal-directed actions and impairments in one or multiple of these 
domains may lead to higher levels of apathy (Levy & Dubois, 2006). Even though lateral prefrontal 
areas are often thought to be involved in these functions, the mSFG, through interactions with these 
lateral prefrontal areas, has been implicated in various cognitive control processes as well (Cout-
lee & Huettel, 2012; Taren, Venkatraman, & Huettel, 2011). These include overcoming prepotent 
responses and preparations for successful shifts in response (Horga et al., 2011), but also control 
over and preference for response strategies (Venkatraman, Payne, Bettman, Luce, & Huettel, 2009; 
Venkatraman, Rosati, Taren, & Huettel, 2009), which are all important for cognitive set-shifting. In 
addition, the involvement of the mSFG in the occurrence of apathy is in line with previous findings 
on the neural correlates of apathy in clinical samples. A recent review by Kos et al. (2016)  conclud-
ed that numerous studies have provided evidence of associations between apathy and alterations in 
prefrontal areas, among which the mSFG, in patients with neurodegenerative diseases. Moreover, it 
has been found that in patients with schizophrenia, atrophy in the mSFG is related to reduced cogni-
tive flexibility as measured with the WCST (Bonilha et al., 2008). In addition to focal abnormalities 
in the mSFG, Alexopoulos et al. (2013) have shown that in patients with late-life depression, apathy 
is related to increased connectivity between the mSFG and the nucleus accumbens. Therefore, the 
current finding of a relationship between apathy and medial superior frontal activation during cog-
nitive set-shifting may support the idea of disturbances in cognitive control in people with apathy.

Cerebellum (Crus I/II)
Besides abnormalities in prefrontal activation, reduced activation in Crus I/II of the cerebellum was 
found in relation to apathy during cognitive set-shifting. When the analyses were repeated using a 
non-parametric analysis, this effect was reduced to trend-level. Whereas the cerebellum is classi-
cally thought to be involved in motion control, it has become apparent that cerebellar activation is 
also involved in executive functions (Koziol et al., 2014), in particular cerebellar Crus I/II (E, Chen, 
Ho, & Desmond, 2014; Niendam et al., 2012; Stoodley, 2012). Moreover, a study by Stoodley et al. 
(2012) has shown that Crus I and II are involved in cognitive rather than motor tasks. Crus I and II 
have been found to be a part of the executive control network during rest (Habas et al., 2009) and 
stronger connectivity between Crus I and II within a fronto-parietal resting state network has been 
found to predict better executive functioning in healthy people (Reineberg, Andrews-Hanna, Depue, 
Friedman, & Banich, 2015). Studies in non-human primates have shown Crus I and II projections 
from and to the dorsolateral prefrontal cortex, a key region for cognitive control (Buckner, 2013). 
Moreover, cerebellar Crus I and II dysfunctions have been found in patients with Parkinson’s dis-
ease and apathy (Robert et al., 2012; Skidmore et al., 2013). Furthermore, impairments in flexibility 
on attentional performance tasks and goal-directed daily-life tasks have been found in patients with 
vascular cerebellar lesions (Manes, Villamil, Ameriso, Roca, & Torralva, 2009). Together these re-
sults support a disturbance of the cerebellum Crus I and II during cognitive control as an underlying 
substrate for apathy. However, some caution is warranted, as this was only partially replicated using 
the non-parametric approach. 

Specificity of cognitive set-shifting
Although we hypothesized that shifts in cognitive set as well as in behavior and in salience decou-
pling were associated with apathy, abnormal neural activation functioning was only found during 
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cognitive set-shifting. This could be related to the specificity of the impairment. Shafritz et al. (2005) 
stated that a behavioral shift reflects either the alternation of ongoing behavior or the implementation 
of the appropriate response, while a cognitive set-shift reflects implementation of a new cognitive 
set. The current findings may therefore imply that apathy in a healthy sample is related to flexibly 
implementing a cognitive set rather than shifting behavior. Furthermore, based on our results we 
suggest that only brain activation during higher-order cognitive demanding tasks is related to apathy, 
whereas lower-level processes like behavioral shifting and salience decoupling are unaffected. That 
we only found an effect of apathy during cognitive set-shifting and not lower-level processes might 
also be related to the high levels of education and relatively well functioning of the participants. 
Lower-level cognitive control processes like salience decoupling and behavioral shifting may be dis-
rupted in apathy in lower educated or worse functioning populations. However, further investigation, 
using different paradigms and patient samples is warranted to explore these possibilities.

Strengths and limitations
The apathy-related reduction in prefrontal and cerebellar brain activation during cognitive set-shift-
ing supports the importance of cognitive flexibility as a substrate of reduced goal-directed behavior 
or apathy. Because the sample in the current study was psychiatrically and neurologically healthy 
and did not take any psychoactive medication, this effect seems independent of disease or medica-
tion status and may therefore be a more general apathy-related disturbance.

Several limitations of the current study should be taken into consideration. First, the high correla-
tions between apathy and other psychopathology measures may give rise to the question whether the 
found disturbances are in fact apathy-related or a more general effect of subclinical psychopathol-
ogy. However, the follow-up analysis showed that a considerable amount of variance was uniquely 
explained by apathy severity. This emphasizes the unique contribution of apathy levels to these 
findings. Secondly, there was no effect of apathy on behavioral measures during the task. However, 
this could be due to a lack of sensitivity of the behavioral measures that were employed, especially 
given the subtlety of the effect of apathy in a high-functioning healthy sample. Because the current 
task was specifically designed for use in an fMRI paradigm it was not optimized for the detection of 
subtle behavioral alterations.

Future research
Despite some subclinical symptoms, all participants in the current study were free of any lifetime 
neurological or psychiatric diagnoses and were all students in higher education. This could have re-
sulted in an extraordinarily high functioning sample and therefore may reduce generalizability to the 
general population. Replication of these results in more general, neurological, and psychiatric sam-
ples could build upon these results towards a more general cognitive and neural substrate of apathy. 
Moreover, investigating the substrate of apathy in different healthy and patient samples could reveal 
similarities and dissimilarities between different groups, and increase the understanding of apathy. 
Moreover, Levy and Dubois (2006) have proposed impairments in several cognitive, emotional/af-
fective and auto-activation mechanisms as possible substrates for apathy. The current study provides 
insight in the neural correlates of apathy during one particular cognitive control process. Several re-
cent studies have investigated possible neural substrates of apathy during planning (Liemburg et al., 
2015) and reward and effort processing (Bonnelle et al., 2015; Kirschner et al., 2015; Simon et al., 
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2015). Future studies may add to this by focusing on the neural correlates of apathy using different 
paradigms. Clearly, further research into the full range of possible cognitive and neural substrates of 
apathy, in both healthy and in patient samples, will promote the understanding of apathy. 

Conclusion
To conclude, apathy in healthy people was related to activation of the medial superior frontal gyrus 
and, somewhat less consistently, the cerebellum (Crus I/II) during cognitive set-shifting. However, 
apathy was not related to brain activation during behavioral shifting or salience decoupling. These 
results support the involvement of the neural substrates of cognitive control, especially cognitive 
set-shifting, in apathy.
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Supplementary Material
In order to assess the robustness of the fMRI results, all analyses were repeated using a nonpara-
metric analysis using SnPM13(http://warwick.ac.uk/snpm). For the main task effects, all first-level 
contrasts from the parametric analysis (i.e. behavioral shift: target>non-target, cognitive set-shift: 
target shift>target maintain, and salience decoupling: non-target shift>non-target maintain) were 
entered in separate one-sample t-tests. For the association between AES scores and brain activation, 
a regression analysis was used, with AES scores as the covariate of interest. Variance smoothing was 
set to 8mm FWHM kernel and 5000 permutations were computed. Significance was set to p<.05, 
FWE cluster-corrected, with a cluster-forming threshold of p=.001.

Supplementary Table 1. Overall task effects for all contrasts, using the parametric analysis.

Supplementary Table 1.Task effects for cognitive set-shifting in participants with low apathy scores, using a parametric analysis.

    Peak coordinates  
 Area k side x y z t p (FWE) 
Behavioral shift Post/precentral gyrus (BA 6) 1903 L -45 -22 59 7.08 <.001 
target > nontarget   L -30 -16 65 6.94  
   L -57 -25 47 5.76  
 Anterior cingulate cortex (BA 32) 317 R 3 47 11 6.06 <.001 

   R 3 53 -4 5.61  
   L -6 38 8 5.07  
 Postcentral gyrus (BA 2/3/40) 449 R 45 -28 44 5.88 <.001 

   R 51 -22 41 5.65  
   R 60 -13 35 4.40  
Cognitive set-shift Rolandic operculum/ insula (BA 13) 88 L -33 -28 20 4.69 .025 
target shift > target 
 

  L -45 -37 17 3.89  
maintain   L -45 -28 29 3.70  
 Calcarine sulcus (BA 17) 115 R 9 -94 -4 4.48 .008 

   L -6 -91 -1 4.39  
   R 9 -82 -1 3.94  
Salience decoupling Anterior/ middle cingulate gyrus (BA 

32) 
156 R 6 32 29 6.00 .002 

nontarget shift > 
nontarget maintain 

  R 3 23 41 4.7  
nontarget maintain   L -3 20 47 4.65  
 Inferior parietal lobule (BA 40) 176 L -57 -58 35 5.28 .001 

   L -54 -55 47 4.87  
   L -51 -49 23 3.74  
BA = Brodmann area; FEW = Family-wise error corrected, on cluster level; k = cluster extent (in voxels).  

 
  

   Peak coordinates   

 k side x y z t p (FWE) 
Cerebellum (Crus I/II) 201 R 18 -88 -31 5.43 <.001 

  R 33 -82 -43 5.22  
  R 30 -85 -34 4.98  
Medial superior frontal gyrus (BA 9) 149 R 6 56 41 4.53 0.017 

  L -12 41 29 4.23  
  L -3 56 32 4.13  
Lingual gyrus/calcarine sulcus (BA 18/17) 84 R 0 -82 -10 4.45 0.029 
   9 -94 -7 4.35  
BA = Brodmann area; FWE: Family-Wise Error corrected, on cluster level; k: cluster extent (in voxels). 
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Supplementary Table 3. Overall task effects for all contrasts, using a non-parametric analysis.

Supplementary Table 4. Areas of brain activation during cognitive set-shifting related to apathy, using a non-parametric analysis.

    Peak coordinates  
 Area k side x y z Pseudo-t p (FWE) 
Behavioral shift Post/precentral gyrus (BA 6) 2164 L -39 -19 65 7.62 <.001 
target > nontarget   L -48 -34 59 6.07  

   L -27 -43 71 6.06  

 Postcentral gyrus (BA 2/3/40) 656 R 42 -31 44 5.94 .004 

   R 51 -28 53 5.38  

   R 60 -19 44 4.74  

 Anterior cingulate cortex (BA 32) 417 R 0 44 8 5.45 .007 

   R 3 50 -4 5.21  

   R 0 62 8 4.60  
 Insula/ rolandic operculum (BA 

48) 
133 R 45 -1 2 4.97 .04 

   R 54 14 -7 3.80  
   R 60 5 2 3.64  
 Cerebellum 6 112 R 27 -52 -25 4.53 .049 
Cognitive set-shift Rolandic operculum/ insula (BA 

13) 
110 L -39 -28 17 5.17 .046 

target shift > target 
maintain 

Supplementary motor area (BA 6) 128 R 3 -1 71 5.00 .04 
maintain   L -6 -4 74 4.76  

   L -18 -7 74 4.33  

 Calcarine sulcus (BA 17) 172 R 9 -94 -4 4.40 .02 

   L -9 -91 -1 3.91  
   R 3 -76 -10 3.62  
Salience decoupling Anterior/ middle cingulate gyrus 

(BA 32) 
197 R 6 32 29 5.25 .02 

nontarget shift > 
nontarget maintain 

  R 0 20 47 4.81  
nontarget maintain Inferior parietal lobule (BA 40) 211 L -51 -55 50 4.92 .01 

   L -54 -58 35 4.74  

 Middle frontal /precentral gyrus 
(BA 6/9) 

126 L -48 8 47 4.26 .03 

   L -27 26 53 4.02  
   L -36 26 47 3.78  
BA = Brodmann area; FWE: Family-Wise Error corrected, on cluster level; k: cluster extent (in voxels). 

   Peak coordinates   

 k side x y z t p (FWE) 
Whole-brain analysis        
Medial superior frontal gyrus (BA 9) 218 L 0 56 41 5.93 .02 

  L -18 44 47 4.55  
  L -9 50 47 4.34  
Cerebellum (Crus I/II)* 101 R 27 -85 -31 4.37 .053 

  R 18 -85 -31 4.37  

  R 36 -79 -40 3.83  
BA = Brodmann area; FWE: Family-Wise Error corrected, on cluster level; k: cluster extent (in voxels). 
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Supplementary Figure 2. Maps used for formation of the mask used in the Region of Interest (ROI) analysis. A: Apathy mask from 

Kos et al. (2016); B: Binarized map of the task-related activation for all contrasts combined; C: Combined map after multiplication 

of A and B. Coordinates (MNI): z = [-56; -40; -24; -8; 8; 23; 39; 55; 71].

 Supplementary Figure 3. Mask used in the Region of 

Interest (ROI) analysis. Coordinates (MNI): z = [-56; 

-40; -24; -8; 8; 23; 39; 55; 71].

Supplementary Figure 1. Distribution of 

apathy scores at time of scanning, measured 

with the AES.
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Supplementary Figure 4. Behavioral results from the set-shifting task with A) mean accuracy per condition and B) mean 

reaction time per condition. Different letters indicate a significant difference, at p < .05, Bonferroni corrected.

Supplementary Figure 5. Main effects for cognitive set-shifting, in participants with low levels of apathy only (N=18). Coordinates 

(MNI) of the upper panel: x = -8, y = 45, z = 43, lower panel: x = 23, y = -80, z = -28. For display purposes the data was resliced to 

a voxel size of .4mm. All clusters are reported at p < .05, FWE cluster corrected (initial threshold: p = .001).
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Abstract
The aim of the present study was to investigate whether actigraphy (in which a person’s move-
ments are measured with a wrist-worn device) could yield an objective quantitative measure 
of apathy severity in schizophrenia patients. Quantity, variability, and initiation of motor be-
havior were studied in relation to apathy severity as measured with clinical measures, and in 
relation to neural correlates of self-initiated behavior using functional Magnetic Resonance 
Imaging (fMRI). All participants (N=42) suffered from clinical significant apathy and wore an 
actigraph for 48 continuous hours. For 22 of these patients, fMRI data was available. Results 
showed that quantity, variability and initiation of motor behavior were associated with some 
but not all clinical measures of apathy/negative symptoms (i.e. with the Scale for the Assess-
ment of Negative Symptoms and negative subscale of the Positive and Negative Syndrome 
Scale, but not with the Apathy Evaluation Scale). Motor behavior parameters were associated 
with brain activation during the self-initiative task in various brain regions including cingulate 
and parietal regions. The results were only observed during the condition wherein participants 
were asked to promptly reply to specific cues and not during the condition where more free-
dom in timing and selection of behavior was allowed. We conclude that actigraphy can be used 
to measure quantity as well as variability of motor behavior in patients with schizophrenia and 
apathy, and that it correlates with selective neural substrates of action selection and activation 
of motor programs. However, actigraphy may not capture higher-order motivational processes 
that contribute to apathy severity.

Keywords: avolition, negative symptoms, activity, accelerometer, amotivation 

Introduction
Apathy is a highly debilitating and frequently occurring behavioral characteristic, present in ap-
proximately half of the patients with schizophrenia (Barch & Dowd, 2010; Fervaha, Foussias, Agid, 
& Remington, 2015; Foussias et al., 2015; Kiang, Christensen, Remington, & Kapur, 2003; Konstan-
takopoulos et al., 2011; Mulin et al., 2011). It is characterized by a loss of motivation, interest, and 
impairment of goal-directed behaviors (Levy & Czernecki, 2006; Marin, 1991; Starkstein & Leentjens, 
2008). In schizophrenia, apathy is part of the cluster of negative symptoms which describes the ab-
sence or reduction of spontaneous behavior, clinically expressed in symptoms such as lack of initiative, 
affective flattening, and alogia (Kirkpatrick Brian B, 2014-4). Apathy is considered a core negative 
symptom and the strongest predictor of poor functional outcome, poor medication compliance, and 
high caregiver burden (Chase, 2011; Kiang et al., 2003; van Reekum, Stuss, & Ostrander, 2005). Not-
withstanding the importance of the construct, measuring apathy is still a challenge (Clarke et al., 2011). 

There are a number of reliable and valid clinical instruments, mainly questionnaires, available 
to quantify core aspects of apathy, including a lack of initiative and reduction of motivation and 
goal-directed behavior (Clarke et al., 2011). However, in order to evaluate the presence of apathy, 
a certain degree of knowledge of the clinician or the informant into patients’ functioning, or insight 
of the patient in daily activities is required. This hampers the objectivity of the measurement. More-
over, the clinicians’ judgment of the severity of apathy of a certain patient is possibly influenced by 
the average level of apathy in their patient cohort, which could lead to underestimation of apathy in 
severely ill cohorts. Therefore, more objective measures of apathy are warranted (Clarke et al., 2011). 
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Since apathy has been associated with reduced initiative and goal-directed behavior, measuring 
physical activity in patients might inform on the presence or severity of apathy (Konig et al., 2014). 
By means of an accelerometer, activity levels can be measured objectively, reliably, and continuous-
ly in the patients’ everyday life (Bauldoff, Ryan-Wenger, & Diaz, 2007; Bracht et al., 2012; Dub-
bert, White, Grothe, O’Jile, & Kirchner, 2006; for review see Konig et al., 2014; Landry, Best, & 
Liu-Ambrose, 2015; Sadaka et al., 2014). The association between activity levels and schizophrenia 
related symptoms has been investigated in a limited number of studies (Bervoets et al., 2014; Docx, 
Sabbe, Provinciael, Merckx, & Morrens, 2013; Walther, Ramseyer, Horn, Strik, & Tschacher, 2014; 
Wichniak et al., 2011). Overall, associations have been found between reduced activity levels and 
increased negative symptomatology, but not between activity levels and positive symptoms, i.e. 
hallucinations and delusions, or general symptomatology.  Moreover, when subdomains of negative 
symptoms were studied, including the “avolition” factor (i.e. loss of initiation and goal-directed 
behavior and thus conceptually very close to apathy) and “emotional expressivity” factors, only the 
avolition factor of the Positive and Negative Syndrome Scale (PANSS) (Van den Oord et al., 2006) 
could predict activity levels (Docx et al., 2013). Nevertheless, the studies performed to date often 
included samples with low symptom severity, assessed motor behavior in a relatively short period 
of time, or based the avolition/apathy scores on a small selection of items coming from instruments 
that assess general symptom severity, such as the PANSS.

Previous neuroimaging studies suggest that reductions in motor behavior in schizophrenia are as-
sociated with alterations within a cerebral “motor loop”, which consists of cingulate motor areas, 
the pre-supplementary motor area (pSMA), SMA, primary motor cortex, thalamus, subthalamic 
nucleus, and striatum (Walther, 2015). In comparison to healthy individuals, motor behavior in 
patients with schizophrenia has been differentially associated with i) perfusion of, and structural 
connections with, the thalamus and (pre)motor areas, and ii) integrity of the white matter underneath 
these regions and within the posterior cingulum (Bracht et al., 2013; Walther, Federspiel, Horn, Ra-
zavi, Wiest, Dierks, Strik, & Muller, 2011a; Walther, Federspiel, Horn, Razavi, Wiest, Dierks, Strik, 
& Muller, 2011b). Notably, these brain regions have been linked to apathy occurring in patients 
with neurodegenerative disorders, acquired brain damage, and psychiatric disorders (Kos, van Tol, 
Marsman, Knegtering, & Aleman, 2016), suggesting disruptions in these regions may contribute to 
a lack of voluntary motor behavior. However, it is still unknown, whether reduced motor behavior as 
measured with actigraphy is also related to functional brain abnormalities during tasks that tap into 
the domain of self-initiated goal-directed behavior that is especially relevant for apathy. 

To our knowledge, the association between activity levels evaluated with actigraphically obtained 
parameters and i) severity of apathy and ii) the neural correlates of self-initiated behavior has never 
been studied before in schizophrenia patients. The aim of the present study was to investigate wheth-
er variations in motor behavior in patients with schizophrenia could be used as an additional and 
objective measure for apathy severity. Through actigraphy, variations in quantity, variability, and 
initiation of motor behavior were measured in patients with schizophrenia and clinically severe lev-
els of apathy. We hypothesized associations between actigraphically obtained motor behavior mea-
sures, i.e. low motor behavior, less variable motor behavior or low motor initiation and high severity 
scores on established behavioral instruments specifically designed to measure apathy. Furthermore, 
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we hypothesized relations between lower quantity, less variability, and lower motor initiation, and 
reduced activation of brain regions that are involved in the motor loop and self-initiated behavior 
during a self-initiative task (including the dorsolateral prefrontal cortex, insula, cingulate cortex, 
pre-SMA, SMA, inferior parietal, striatum, globus pallidus, thalamus, and cerebellar regions). 

Methods
Participants
For the purpose of this study, we included data from 42 participants that participated in an ongoing 
treatment trial aimed to improve apathy using neurostimulation (trialregister.nl: NTR3805). Patients 
were referred by their clinician and included in the treatment trial based on the presence of clinical 
apathy (≥ 27 on the apathy items of the Apathy Evaluation Scale, Morch-Johnsen et al., 2015).
 
The sample included inpatients and outpatients with a minimum age of 18, who were stable on 
antipsychotic medication for at least four weeks prior to inclusion and for whom sufficient baseline 
motor activity data (measured with an accelerometer) was available. All patients met the DSM-IV-
TR diagnostic criteria for schizophrenia or schizoaffective disorder, and were eligible to undergo 
MR-scanning and receive neurostimulative treatment (either rTMS, TCDS or sham). Patients were 
excluded if they had i) a lifetime diagnosis of neurological disorders, ii) a current diagnosis of alco-
hol or drug dependence, or iii) reduced visual or hearing capacities or insufficient Dutch language 
abilities that hampered reliable assessment. The baseline evaluations, prior to the start of the treat-
ment, were used (N=42). For a subset of the sample (those receiving rTMS), an fMRI scan was also 
available at baseline (N=22). Characteristics of the included sample are presented in Table 1 and the 
measures that were used are listed in Table 2. All patients gave informed consent to our study that 
was approved by the local medical ethical committee of the University Medical Center Groningen, 
and all procedures were carried out according to the declaration of Helsinki (World Medical Asso-
ciation Inc, 2009).

Medication
Effects of antipsychotic medication are largely mediated by blockade of dopamine D2-receptors, a 
neurotransmitter that is involved in brain circuits for motor functioning (Jones & Pilowsky, 2002). In 
order to include the effect of medication type and dosage as a covariate in the analyses, the dopamine 
D2-receptor occupancy for each participant was estimated. For this purpose, functions provided by 
Lako et al. (2013) were used. Haloperidol equivalents were calculated for antipsychotics for which 
these functions were not available (Kane, Leucht, Carpenter, Docherty, & Expert Consensus Panel 
for Optimizing Pharmacologic Treatment of Psychotic Disorders, 2003), based on which dopamine 
D2-receptor occupancy was estimated. In case patients were treated with multiple antipsychotics, 
D2-receptor occupancy was calculated first for the antipsychotic with the highest occupancy. Next, 
D2-receptor occupancy for the second antipsychotic was calculated on the remaining available re-
ceptors after exclusion of the receptors targeted by the first antipsychotic. The total D2-receptor 
occupancy was established by summation of the two values. 
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Questionnaires
The Mini International Neuropsychiatry Interview plus (MINI-plus) was used to confirm diagnosis 
of schizophrenia or schizoaffective disorder (Lecrubier et al., 1997). Apathy was assessed with the 
Apathy Evaluation Scale, clinician rated and informant rated ([AES-C, AES-I] Marin, Biedrzycki, 
& Firinciogullari, 1991), negative symptoms with the Scale for the Assessment of Negative Symptoms 
([SANS] Andreasen, 1984), and positive, negative and generalized psychopathology with the Positive 
and Negative Symptom Scale ([PANSS] Kay, Fiszbein, & Opler, 1987). In case of missing item-re-
sponses, which occurred scarcely (in total four items on the AES-I and one on the SANS were missing, 
which is equal to 0.13% of the data), a Hot Deck imputation was performed (Little & Rubin, 2002). 
In this procedure, missing responses were completed by values derived from other individuals with 
similar observed scores on that particular subscale or sum score of that questionnaire. 

Motor behavior
Participants wore an actigraph (ActiCal® Step, FG, FCC version, Respironics, Inc., Murrysville, PA) in 
their home environment for multiple days prior to neurostimulative treatment. The actigraph was issued 
during the pretreatment measurement, which was always during the week before the start of the treat-
ment. The actigraph was continuously worn around the wrist of the non-dominant hand. For the present 
analysis, data of two full weekend days were included in the analyses (48 hours). Weekend days were 
chosen as we expected that during weekends behavior is more self-initiated and less externally driven, 
e.g. by school, work, supervised daytime activities, or therapy (Docx et al., 2013; Walther et al., 2014). 
Activity counts and steps were recorded with a 1-minute time interval and the data was extracted by 
means of the ActiCal software (Respironics, Inc., USA) and in-house developed software. 

Variables Min Max  
 

Mean 
 

SD 

Gender, M/F1   32/9  
Diagnosis, SZ/SZ-A1 
Age, years 
Education, years2 
Education, level3 
Duration of illness, years 
AES1 

 
23 
10 
  3 
  1 
34 

 
55 
22 
  7 
32 
65 

32/9 
35.46 
15.66 
  5.22 
  9.95 
48.51 

 
  9.47  
  2.75 
    .91 
  7.18 
  6.37 

SANS-apa   9 20 15.07   2.49 
SANS-total 43 84 58.95   8.94 
PANSS-pos   7 23 13.50   4.85 
PANSS-neg 10 31 19.24   4.39 
PANSS-gen 

PANSS-total 
D equivalent dose, mg 

24 
43 
  0 

51 
95 
96.44 

35.56 
67.78  
65.66 

  8.02 
13.65 
23.80 

AES = Apathy Evaluation Scale (clinician rated); D = dopamine; PANSS = Positive and Negative Symptom Scale; PANSS-
pos = Positive subscale of the PANSS; PANSS-neg = Negative subscale of the PANSS; PANSS-gen = General subscale of 
the PANSS; SANS = Scale for the Assessment of Negative Symptoms; SANS-apa= Apathy subscale of the SANS; SANS-
total = Total score of the SANS; SZ = Schizophrenia; SZ-A = Schizoaffective disorder; 
1 Number 
2 Total years of education including primary school and excluding extra years 
3 According to Verhage (1964) 

 

Table 1. Demographic and clinical variables (N=41).
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Functional Magnetic Resonance Imaging
An adjusted version of the self-initiative task designed by Hoffstaedter et al. (2013) was used (previ-
ously described by Kos et al., in revision). The task consisted of three conditions: free, timed choice, 
and no choice. As the names of the conditions indicate, within the free condition behavior is primar-
ily self-initiated, while it is more fixed in the timed choice and no choice conditions. 

Free
In the free condition, participants had few restrictions and were allowed freedom in timing and 
selection of button presses. Participants were presented with a visual cue (hashes) that indicated 
the start of a time period (maximally 20 seconds) wherein they could respond. After a button press 
(left or right), the participants received feedback on which button was pressed by means of an arrow 
(presented for 3.5s). During feedback and the subsequent fixation cross period (500ms), participants 
were asked to look at the feedback arrow or fixation cross, not to press a button, and wait for the 
next trial. In case there was no button press within 20 seconds after presentation of the cue, the task 
continued to the next trial with a short remark that no response was provided. 

Timed choice 
The timed choice condition only offered freedom in choosing which button to press, while the tim-
ing was fixed. A cue (double arrow) was presented during which the left or right button, as chosen 
by the participant, had to be pressed as quickly as possible. The cue was visible for a fixed time 
period (3.5s) and did not immediately disappear after a button was pressed. Trials were separated by 
fixation crosses of which the duration was determined by the response times in the free condition, 
presented in a random order.

No choice
In the no choice condition, participants were requested to respond with a fixed button press at a 
fixed point in time. An arrow was presented pointing either to the left or the right side of the screen. 
Participants had to respond as quickly as possible by pressing the corresponding button. The arrow 
was visible for a fixed time period (3.5s). No feedback was provided and trials were separated by 
fixation crosses of which the duration was determined by the response times in the free condition, 
presented in a random order.

The task was divided into five blocks, and each block comprised alternations of the free, timed 
choice, and no choice conditions (Figure 1), each lasting 60s, with 15s fixation periods between 
sub-blocks. The free condition was always presented first, followed by either the timed choice or 
no choice condition (in a pseudo-randomized order). The reaction times of the free condition deter-
mined the duration of the fixation cross periods and therewith also the number of responses in the 
timed choice and no choice conditions of that particular block. This was done to assure comparability 
of motor responses between the conditions in a block (Hoffstaedter et al., 2013). Each block lasted 
for 210 seconds. Together with fixation periods in between blocks (8-9s) and at the start and end 
of the task (8-19s), the total task duration was 18-20 minutes. In accordance with Hoffstaedter et 
al. (2013), the task did not include a condition that separately manipulated the when (timing) com-
ponent. Prior to MR-scanning the participants practiced on a laptop and were asked not to provide 
rhythmic or routine responses.
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Measure Short description Instrument 
Activity-total Total number of activity counts (summed for the 20 most active 

hours) 
Actigraph 

Activity-variability The root of the mean squared successive difference (calculated over 
the 20 most active hours) 

Actigraph 

Step-initiation The number of times steps were taken after one minute of no steps 
(summed over the 20 most active hours) 

Actigraph 

 

AES-C Apathy Evaluation Scale, clinician rated Semi-structured Interview 

AES-C-apa Apathy subscale based on Faerden et al., (2008) (excl. items 3, 8, 11-
13, 15) 

Semi-structured interview 

AES-I Apathy Evaluation Scale, informant rated (filled in by a family 
member or clinician) 

Questionnaire 

PANSS-total Positive and Negative Symptom Scale  
Subscales: positive (PANSS-pos), negative (PANSS-neg), and 
general (PANSS-gen) 

Semi-structured interview 

PANSS-apa Apathy factor of the PANSS based on Liemburg et al., (Liemburg et 
al., 2013) (items N2, N4, G16) 

Semi-structured interview 

SANS-total Scale for the Assessment of Negative Symptoms 
Subscales: affective flattening (blunting), alogia, avolition-apathy, 
and anhedonia-asociality 

Interview 

 
Switch count The number of times a switch was made between pressing the left or 

the right button 
Self-Initiative task – 
behavioral response 

Proportion of left 
button presses 

The number of times the left button was pressed (percentage of the 
total amount of button presses) 

Self-Initiative task – 
behavioral response 

Free  Freedom in timing and selection of button presses Self-Initiative task – fMRI 
Timed choice Freedom in selection of button presses Self-Initiative task – fMRI 
No choice No freedom in timing and selection of button presses Self-Initiative task – fMRI 

Figure 1. The Self-Initiative task with the free, timed choice and no choice conditions. Figure is adapted from Hoffstaedter et 
al., 2013 and submitted by Kos et al., 2016.

Table 2. Description of all the measures that were used in the present study.
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Image acquisition
Our imaging data was acquired on a 3.0 Tesla Magnetic Resonance Imaging system (Philips Intera, 
Best, Netherlands), equipped with a 32-channel SENSE head coil. Anatomical images were obtained 
(TR/TE = 9000/3.5ms, flip angle of 8º, acquisition time 251s), and an Echo Planar Imaging sequence 
was used for functional scanning in descending order (TR/TE = 2000/30ms). Other scan parameters 
were: flip angle of 90º, 47 slices, FOV (rl, ap, fh) = 192 x 192 x 141mm, voxel size = 3 x 3 x 3mm, 
slice gap = 0mm. Three participants were scanned using a slightly different EPI-sequence (TR/TE = 
2000/22ms) with a flip angle of 80º, 39 slices, FOV (rl, ap, fh) = 224 x 136.5 x 224mm, voxel size = 
3.5 x 3.5 x 3.5mm, slice gap = 0mm. 

Data preparation 
Actigraph data and behavioral data from the self-initiative task were analyzed using Matlab 2013a (The 
Mathworks, Natick MA, USA) and IBM SPSS Statistics (Version 23). One person was considered an 
outlier due to excessive arm movement (with motor behavior measures more than three standard devi-
ations above the mean) and excluded from all analyses, leaving a total of 41 participants. 

Motor behavior data preparation
The actigraph continuously measured and stored movement information in activity counts and steps. 
The activity counts depend on the amplitude and frequency of the movement (i.e. electrical currents 
that vary in magnitude). For the current analyses, motor behavior was quantified as the total activity 
counts over the patients’ ten most active hours of each day, summed over two weekend days (Activ-
ity-total, i.e. 20 hours in total). Variability of motor behavior (Activity-variability) was calculated by 
taking the root of the Mean Squared Successive Difference of the activity counts ([MSSD] Jahng, 
Wood, & Trull, 2008). This measure takes variability as well as temporal dependency of time series 
into account and is suitable for longitudinal data (Fasmer et al., 2015). A behavior initiation index 
was also calculated based on the quantification of the number of times that steps were taken after a 
period of no steps (1 minute), called Step-initiation. We chose to use steps for this measure because 
we believed that steps taken after a period of no steps is a better representation of an undertaken 
activity in comparison with activity counts that quantify every bodily movement that is made. For 
example, if a person points towards another person it will be measured in counts, but not in steps, 
while walking to another person will also be measured in steps and better represents the initiation 
of an activity.

Functional magnetic resonance imaging data preparation
Self-Initiation task data preparation
Two separate measures for motor response variability on the self-initiative task were calculated, 
including the proportion of left button presses (in percentages), and the number of times a switch 
was made (switch count) between pressing the left or the right button. The latter measurement was 
calculated in binary fashion, counting 0 if the switch was the same as the previous switch, and 1 if it 
was different. Response counts were summed and divided by the total number of responses, whereby 
a higher number was indicative of higher variability. 

Self-Initiation imaging data preparation
Imaging data was analyzed using Statistical Parametric Mapping (SPM12; version 6470; http://
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www.fil.ion.ucl.ac.uk/spm/software/spm12/) in Matlab 2013a (The Mathworks, Natick MA, USA). 
Preprocessing steps comprised: manual reorientation of the images to AC/PC plain to assure proper 
alignment, correction for slice timing, realignment, co-registration to the mean functional image, 
normalization to the Montreal Neurological Institute (MNI) template, and smoothing with an 8 mm 
Full-Width Half-Maximum isotropic Gaussian Kernel. Due to excessive movement during scan-
ning, two participants were excluded, leaving a total subset of 20 participants that completed the 
MRI protocol. Movement was deemed excessive if participants moved their head more than 3 mm 
in the x, y, z direction, or if rotations were more than 1 degree in the pitch, roll, or yaw directions.  

Motor behavior data analyses
In order to evaluate whether apathy or other symptoms could explain variations in quantity, vari-
ability, and initiation of motor behavior, three separate stepwise linear regression analyses were 
performed. Activity-total, Activity-variability, and Step-initiation were entered into the models 
as dependent variables and the symptom measures, including AES-C, SANS-total, PANSS-pos, 
PANSS-neg, and PANSS-gen, were entered as predictors. In a subsequent step, age, Body Mass 
Index (BMI), and medication use were entered into the three separate regression models to evaluate 
if variations in motor behavior could be explained by these measures. 

Furthermore, Pearson’s r correlation coefficients (one-sided) were calculated to assess associations 
between motor behavior and psychological variables (AES-C, all three subscales of the PANSS, the 
apathy subscale of the SANS, and the total score of the SANS), and age, BMI, and medication use. 
If the data were non-normally distributed (as examined with the Shapiro-Wilk Test), nonparametric 
Kendall’s Tau correlation measures were applied. The significance level for all behavioral analyses 
was set at p < .05 (in case of a priori hypotheses about the directionality of the examined relationship, 
one-sided tests were performed). Correlation coefficients for associations between motor behavior and 
AES-I and other subscales of the SANS can be found in Supplementary Table 2.

Functional Magnetic Resonance Imaging data analyses
Self-Initiation task analyses
Multiple repeated measures analysis of variance (ANOVA) were performed, including response 
times from each condition of the Self-Initiative task (free, timed choice, and no choice) and response 
types (proportion of left responses and switch count) from two choice conditions (free and timed 
choice) as dependent variables. These were related to motor behavior (Activity-total, Activity-vari-
ability, and Step-initiation) and apathy as measured with the AES-C (resulting in 12 models in total). 
Because responses in the no choice condition were fixed, this condition was not included in the 
response type analysis.

Self-Initiation fMRI analyses
fMRI data was analyzed in the context of the General Linear Model. In accordance with Hoffstaed-
ter et al. (2013), the Self-Initiative task was modeled in an event-related manner for the conditions 
free, timed choice, and no choice. Cue presentation was used to define trial onsets and reaction 
times were used to define the duration of each event. Trials wherein no response was provided by 
the participant were modelled separately as regressors of no interest. Motion parameters and their 
first derivatives were included as regressors to correct for movement during scanning (12 motion 
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regressors in total). Contrasts representing the free, timed choice, and no choice conditions versus 
implicit baseline (i.e. the fixation crosses) were defined for each participant.

At second level, all contrasts were entered in a one-sample t-test to evaluate task-related activity 
versus low-level implicit baseline (i.e. fixation cross period). Additionally, separate mass univariate 
multiple regression models were applied with motor behavior quantity (Activity-total), variability 
(Activity-variability), and initiation (Step-initiation) as predictors. Effects of motor behavior were 
investigated on the free, timed choice, and no choice contrasts separately. To check for possible 
confounding effects, D2-receptor occupancy, BMI, and age were included as covariates in all second 
level models in a subsequent step.

Regression analyses were first performed including only Regions of Interest (ROI), and subsequent-
ly including the whole brain using a standard gray matter mask. For the ROI-restricted analyses, a 
ROI mask was composed based on task-related activity. Activity elicited in the free, timed choice, and 
no choice contrasts (observed at p < .005, uncorrected with a minimal cluster size of k = 10) were bi-
narized and summed into a single ROI mask (Supplementary Material 2 and Supplementary Figure 1). 
The ROI mask included the middle and inferior frontal gyrus, small regions within the superior frontal 
gyrus, operculum, insula, mid cingulate cortex, precentral and postcentral gyrus, supplementary motor 
area, inferior parietal lobe, supramarginal gyrus, (pre)cuneus, caudate, pallidum, thalamus, middle and 
inferior occipital regions, fusiform gyrus, and cerebellar lobules 6, 8 and the cerebellar crus.

In order to further explore task effects, additional separate regression analyses were performed in-
cluding clinical measures of apathy (AES-C) and negative symptoms (SANS-total and PANSS-neg). 
The threshold was set at p < .05 Family-Wise Error (FWE) corrected at the cluster level with an 
initial threshold of p = .001, uncorrected. For our regions of interest, the search area was restricted to 
the spatial extent of the composite mask. For regions outside our ROIs, a threshold of p < .05 FWE 
whole-brain correction at cluster-level was applied.

Results
Behavioral data
Activity counts and steps (summarized for the 10 most active hours of both days, i.e. 20 hours in 
total) are shown in Supplementary Table 1. For the stepwise linear regression model with Activ-
ity-total as dependent variable, one significant model was produced with SANS-total as the only 
significant predictor (b = -6787.47, t (36) = -2.5, p =.017), which explained 11.6% of the variance 
in activity levels (F(1,39) = 6.27, p = .02). For Step-initiation, one significant model was produced, 
also including SANS-total as the only predictor (b = -2.03, t (36)= -2.15, p = .04), explaining 8.3% 
of the variance (F(1,39) = 4.64, p = .04). The stepwise model with Activity-variability as the de-
pendent variable did not result in any significant models. Entering clinical variables (age, BMI, and 
D2-receptor occupancy) into the three models did not yield additional significant predictors (besides 
SANS-total). Of note, the AES-C was not shown in any of the models to be a significant predictor 
when SANS total was also included (Activity-total b = -.08, t (36) = -.48, p = .63; Step-initiation b 
= -.04, t (36) = -.23, p = .82).
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No significant simple correlations were found between Activity-total, Activity-variability, Step-initia-
tion and clinical apathy as measured with the AES-C (see Table 3 and Supplementary Figures 2 and 3). 
However, the association between the AES-C and Activity-total did approach significance (r = -.24, p 
= .06). Furthermore, there were significant correlations between Activity-total, Activity-variability and 
SANS-total and PANSS-neg, and between Step-initiation and SANS-total (see Table 3). 

Neuroimaging data
Behavioral responses Self-Initiative task
Mean response times, response variability, and switch count measures are presented per condition 
(free, choice, no choice) in Supplementary Table 3. Repeated measures ANOVA analyses with Ac-
tivity-total as a continuous predictor and condition as within-subject factor did not reveal signif-
icant main effects on response times, response variability, or switch count as measured with the 
self-initiative task (Supplementary Table 4). Significant interaction effects were found between Ac-
tivity-total and response variability and switch count (Supplementary Table 3). However, post-hoc 
(non-parametric) correlation analyses did not reveal any significant associations between the free 
and timed choice conditions and the motor behavior measurements.

Repeated measures ANOVA analyses with Activity-variability as continuous predictor did not reveal 
significant main effects on response times, response variability, or switch count as measured with 
the self-initiative task (Supplementary Table 4). Significant interaction effects were found between 
Activity-variability and response variability on switch count (Supplementary Table 3). However, 
post-hoc (non-parametric) correlation analyses did not reveal any significant associations between 
the free and timed choice conditions and the motor behavior measurements.

Repeated measures ANOVA analyses with Step-initiation as continuous predictor did reveal signifi-
cant main effects on response times on switch count (Supplementary Table 4): an increased number 
of motor initiations as measured with the actigraph was associated with lower response times and 
lower variability in button presses during the self-initiative task, irrespective of condition. There 

Variables Activity-total Activity-variability Step-initiation 
AES-C 
SANS-apa 

-.24 
-.11 

-.17 
.01 

-.19 
-.01 
-.33* 
-.24 
-.15 
-.12 
-.05   
-.02 
.07 

SANS-total 
PANSS-neg 
PANSS-pos1 
PANSS-gen1 
Age1 
BMI 
Medication (D2) 1 

-.37** 
-.35* 
-.01 
-.01 
-.13 
-.12 
.04 

-.27* 
-.28* 
-.05 
-.01 
-.18 
-.21 
.07 

*p < .05 (one-sided) ** p < .01 (one-sided) 
Activity-total = Total activity counts; Activity-variability = root of the Mean Squared Successive Difference, calculated on 
the activity counts; AES = Apathy Evaluation Scale; BMI = Body Mass Index; PANSS = Positive and Negative Symptom 
Scale; PANSS-pos = Positive subscale of the PANSS; PANSS-neg = Negative subscale of the PANSS; PANSS-gen = 
General subscale of the PANSS; SANS = Scale for the Assessment of Negative Symptoms; SANS-apa = Apathy / avolition 
subscale of the SANS; SANS-total = Total score of the SANS; Step-initiation measure calculated on steps. 
1 Kendall’s Tau correlations 

 

Table 3. Correlation coefficients between activity levels and clinical variables (N=41).
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were no significant interaction effects between Step-initiation and condition, for none of the motor 
behavior measures. 

Lastly, repeated measures ANOVA analyses including clinical apathy as a continuous predictor did 
not reveal significant main, nor interaction effects of apathy as measured with the AES-C and con-
dition, and behavioral responses of the self-initiative task (response times, response variability, and 
switch count) (Supplementary Table 4). 

Neural correlates Self-Initiative task
Overall task effects
All three conditions revealed large clusters of activation in expected brain regions (for all peak acti-
vations see Supplementary Table 5). In the free condition, activation was found in the supramarginal 
gyrus, inferior parietal lobe (IPL), postcentral gyrus, operculum and insula, midcingulate cortex, 
supplementary motor area (SMA), and a number of regions in the cerebellum. The timed choice 
condition involved similar regions, in addition to the dorsolateral prefrontal cortex, superior frontal 
cortex but also subcortical regions including the putamen and thalamus. Lastly, the no choice con-
dition involved the IPL, precentral and postcentral gyrus, supramarginal gyrus, precuneus, insula, 
operculum, and cerebellar regions.

Associations with motor behavior
The free and timed choice conditions did not reveal any significant associations between brain acti-
vation and any of the motor behavior measurements, neither in the ROI-restricted analyses nor when 
analyses were performed on the whole brain level. Adding D2-receptor occupancy, BMI, and age to 
the models as covariates did not change the results.

Brain activation during the no choice condition was associated with Activity-total and Activity-vari-
ability (Figure 2 and Supplementary Table 6 for all peak activations). Activity-total as well as Ac-
tivity-variability were associated with higher activation in the supramarginal gyrus and adjacent 
superior and middle temporal gyri. Furthermore, higher activation was found in the inferior occipital 
regions, including the calcarine gyrus (only in Activity-total analyses), lingual and fusiform gyri, 
and superior cerebellar regions, including parts of the cerebellar vermis (4, 5, and 6) and crus I. 
Activity-total and Activity-variability were also associated with higher activation in mid cingulate 
regions. Whole brain analyses revealed one additional cluster in the left precuneus, for both Activi-
ty-total and Activity-variability measures. 

Including covariates in the analyses of the no choice condition primarily changed the results in the 
Activity-variability analyses, leaving only a significant cluster of higher activation in the supramar-
ginal gyrus and adjacent superior temporal gyrus. Furthermore, after inclusion of covariates the as-
sociations of both Activity-total and Activity-variability and activation in the mid cingulate regions 
were only observed in the whole brain analyses; meaning that the location of activation did not occur 
in our ROI, but outside this mask. 

Associations with clinical measures
The AES-C was not related to brain activation during any of the conditions of the self-initiative task. 
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103Negative relations were observed between the SANS, PANSS-neg and brain activation during the 
timed choice condition in the cerebellar lobules (for SANS: lobules 8, 9; for PANSS-neg: lobule 8 
and vermis 8 and 9). Including covariates (D2-receptor occupancy, BMI, and age) or extending the 
search area did not change these results. 

Furthermore, negative relations between SANS scores and activation of the fusiform and lingual 
gyrus during the no choice condition were observed, but only after inclusion of the covariates. 
When the search area was extended to the whole brain (and including covariates), the superior and 
mid temporal regions, calcarine gyrus, and cerebellar regions (lobule 9 and crus II) were addition-
ally found to be significantly lower activated in relation to higher scores on the SANS (Figure 2). 
Finally, higher PANSS-neg scores were related to lower activation of the insula and inferior frontal 
operculum during the no choice condition. Extending the search area to the whole brain additionally 
yielded lower activation in the calcarine and lingual gyri (Figure 2). Including covariates in the 
whole brain analyses revealed similar clusters, however with additional lower activation in precen-
tral and postcentral gyri.

Comparison of clusters that were observed in the analyses with motor behavior measures and clin-
ical measures showed that the clusters in the occipital and cerebellar regions were not overlapping. 
Furthermore, the mid cingulate cortex was selectively activated in the analyses of motor behavior 
measures, while the frontal inferior operculum was only found in analyses including clinical measures. 

Discussion
The current study aimed to investigate the relationship between physical measures, i.e. quantity, 
variability, and initiation of motor behavior with clinical measures of apathy and brain activation 
during action initiation. These physical measures were obtained using actigraphy and studied in re-

Figure 2. Brain activation during the no choice condition in relation to motor behavior (upper panel) and clinical measures 
(lower panel). Upper panel: red = Activity-total, green = Activity-variability. Lower panel: red = SANS-total, green = PANSS-
neg. Coordinates (MNI) of the upper panel: x = 4.5, y = 0.0, z = 33.5, lower panel: x = 5.5, y = -73.5, z = 4.0. All clusters are 
reported at p = .05, FWE cluster corrected (initial threshold: p = .001), using a gray matter mask.



lation to apathy severity measured as a psychological construct, i.e. with clinical interviews. Further-
more, we investigated whether motor behavior (as measured with actigraphy) was associated with 
the neural underpinnings of a critical component of apathy, i.e. self-initiation, obtained using fMRI. 
In our sample of patients with schizophrenia, quantity of motor behavior was low compared to pre-
viously published data describing motor behavior in healthy people (Berlin, Storti, & Brach, 2006). 
However, the results showed few statistically significant correlations between the motor measures 
obtained with actigraphy, clinical measures of apathy severity, and neural activation patterns, indi-
cating that each measure reveals a unique portion of information in relation to apathy. Nevertheless, 
our results demonstrated a relationship between quantity, variability, and initiation of motor behavior 
and the broader negative symptom cluster. Furthermore, negative symptom severity was related to 
lower activation of temporal, occipital, and cerebellar regions during more restricted motor assign-
ments (no choice and timed choice conditions), but not during conditions that required self-initiated 
motor behavior. Thus, although apathy as measured with the AES was not associated with motor 
behavior and neural activation, higher negative symptoms (incorporating apathy) measured with the 
SANS and PANSS did show significant associations with reduced and less variable motor behavior 
and reduced neural activation in restricted motor assignments. 

Clinically measured symptom severity and reduced motor behavior
At first glance, the results of the present study indicate that reduced motor behavior is not related 
to apathy severity as measured with the AES. Besides this finding being counterintuitive, avail-
able literature (although scarce) in this field did report relations between higher apathy scores and 
constructs related to apathy, and reduced motor behavior (Bervoets et al., 2014; Docx et al., 2013; 
Goldfine et al., 2016; Valembois et al., 2015). These studies also used actigraphy, and included 
schizophrenia as well as other patient populations. Moreover, the associations between clinical ap-
athy measures and motor behavior measures in the present study approached significance (p values 
between .06 and .08). Therefore, it is warranted to further discuss other possible explanations for our 
results. One important aspect that may contribute to the lack of associations is that we only included 
patients that were selected for high levels of apathy. Indeed, although our apathy measure was nor-
mally distributed, all included patients scored high on severity of apathy. Thus, there was a relatively 
narrow spread of scores (i.e. restriction of range) which may have contributed to our relatively low 
correlations. Important to mention is that even though the correlations between apathy and motor be-
havior measures were low (between .17 and .24), they were higher compared to correlations between 
motor behavior and general symptom severity or positive symptom scores (which were between .01 
and .15). Furthermore, associations between negative symptoms and reduced motor behavior were 
significant. This could be explained by the comprehensive nature of the SANS, yielding a larger 
spread in negative symptom variability because it comprises more items regarding reduced goal-di-
rected behavior and experimental phenomena that may contribute to apathy (e.g. anhedonia). Taken 
together, we suggest that reductions of motor behavior as measured with actigraphy could be char-
acteristic of patients with apathy, but in a sample of patients with high levels of apathy as measured 
with the AES, actigraphy may not be able measure apathy severity.

Neural correlates of self-initiation and motor behavior
In the present literature, apathy is often studied as a unidimensional concept. However, most defini-
tions of apathy, including the international consensus criteria, describe apathy in three separate sub-
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domains. These include an emotional, cognitive, and auto-activation/behavioral subdomain (Levy & 
Dubois, 2006; Robert et al., 2009; Stuss, van Reekum, & Murphy, 2000). The fMRI task used mea-
sured self-initiation, which is one of the aspects of the auto-activation subdomain of apathy. Levy 
& Dubois (2006) described symptoms belonging to this subdomain as difficulties in self-activation 
of thoughts and motor programs of planned actions. It is suggested to be one of the most severe 
forms of apathy (Levy & Dubois, 2006). Our fMRI task provided conditions in which participants 
could freely execute finger movement behavior as well as conditions in which behavior was more 
restricted, thereby varying the levels of self-initiation of motor programs. We found selective as-
sociations between reduced motor behavior in daily life and increased brain activation in restricted 
assignments, i.e. at the lowest level of self-initiation. Lower quantity and lower variability in motor 
behavior were associated with higher activation in mid cingulate, temporo-parietal, mid temporal, 
occipital, and a selection of cerebellar regions. These regions have previously been associated with 
spatial cognition, action execution, action inhibition, and attentional processing (e.g. Bzdok et al., 
2013; Corbetta & Shulman, 2002; Krall et al., 2015; Smith et al., 2009). Furthermore, temporo-pari-
etal and anterior and mid cingulate regions have previously been associated with apathy and self-ini-
tiation (Hoffstaedter et al., 2013; Jahanshahi et al., 1995; Kalis, Mojzisch, Schweizer, & Kaiser, 
2008). Because these associations were only found in more strict conditions of the self-initiative 
task, it could be argued that motor behavior as measured with the actigraph does not reflect motiva-
tional aspects of intentional behavior, but perhaps represents other phases of intentional behavior. 
More specifically, in order to accomplish a goal or execute motivated behavior, anticipation and pre-
diction of the action is required, furthermore, action selection, action programming, and eventually 
action execution (Hommel, 2016). The associations between motor behavior as measured with the 
actigraph and brain activation in the no choice condition, may suggest that we selectively measured 
action programming and execution. 

Furthermore, while no neural activation was found in relation to the clinical apathy measure, higher 
severity of negative symptoms was, again only in the restricted assignments, associated with lower 
activation of superior and mid temporal regions, precentral and postcentral regions, inferior fron-
tal operculum, occipital, and cerebellar regions. Involvement of these regions particularly in these 
stricter conditions may perhaps be explained as the need for a quick and correct response, compared 
to the freer condition wherein performance could not be incorrect. Negative symptoms might incor-
porate more general aspects of working memory and planning, compared to apathy, which might 
explain why associations were found with negative symptom severity only and particularly in the 
stricter conditions.

An alternative explanation for our lack of associations between motor behavior in the freer com-
pared to the more restricted conditions is that our included sample may not suffer from auto-acti-
vation deficits but perhaps from emotional or cognitive deficits related to apathy (which are not 
measured in the self-initiative task). Although we cannot verify this possibility, previous studies 
have shown that patients with schizophrenia and higher apathy often show reduced reward sensitiv-
ity and effort computational deficits (Park et al., 2015; Simon et al., 2010; Waltz et al., 2013), which 
are components related to emotional apathy. In our opinion, these separate apathy related constructs 
deserve investigation in future studies.
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Separate measures and separate apathy domains
In the current study, different measures of apathy have been used and compared. The questionnaires 
we used have been applied in numerous other studies, and have been considered reliable and valid 
for various populations (for an overview, see Clarke et al., 2011). However, we cannot regard these 
apathy questionnaires as the “gold standard”. The use of questionnaires requires minimal amount of 
knowledge of the raters and patients into their symptoms and inevitably some degree of subjectiv-
ity is involved. In our sample, we found moderate correlations between various questionnaires all 
pertaining to measure the same constructs, either apathy or negative symptoms (e.g. AES, SANS, 
PANSS-neg, PANSS-apa, correlations were around .5, see Supplementary Table 7), which is indic-
ative of the variability in these more frequently used measurements. In contrast to questionnaires, 
actigraphy offers the opportunity to objectively measure behavior in the natural environment for 
longer periods of time. Although there were no significant associations with clinical ratings of apa-
thy, it may be possible that actigraphy is suitable to discriminate regarding the presence of apathy, 
but not apathy severity. However, this suggestion could not be examined in the present sample as 
no patients without or with lower apathy were included. Of note, actigraphy also has its drawbacks, 
because it possibly selectively captures specific routine or reactive components of behavior, neglect-
ing emotional or cognitive subdomains of apathy. In conclusion, the different measurements that we 
used could quantify different components of apathy, and may therefore supplement one another but 
certainly more research is needed to clarify this further.

Strengths, limitations & future research 
The present study is one of the few to evaluate apathy by means of actigraphy in patients with 
schizophrenia and is, to our knowledge, the only study that solely included patients with clinically 
relevant apathy. Participants wore an actigraph continuously over multiple days (day and night) in 
the natural environment, which allows for an objective measurement over longer periods of time and 
therefore provides a unique source of information. However, because actigraphical measurements 
are performed in daily life without supervision, we do not have information on what type of behavior 
occurred. It could be possible that a person is involved in an activity, such as reading, writing, making a 
puzzle or talking to someone, without the actigraph registering it because the person is physically min-
imally active. In other words, although the actigraph captures much of the activity that is performed, it 
may not register non-motor goal-directed behavior. Moreover, from the data that is recorded, it cannot 
be determined if it is routine, externally driven or self-initiated and goal-directed. Therefore, for future 
research it could be of interest to include information on what type of behavior a person is doing at a 
certain time point (for example by means of interviewer administration or ecological momentary as-
sessments, Gaudiano, Moitra, Ellenberg, & Armey, 2015; Velligan et al., 2016).

A limitation of the current study concerns the included population. For the purpose of this study we 
evaluated motor behavior in a sample that was selected for neurostimulative treatment of apathy. 
This population suffered from apathy symptoms at a clinical level, which means that there was not 
much variability in symptom severity, which might influence our correlation strength with motor 
behavior. Future studies may consider including patients with schizophrenia with varying levels of 
apathy, but also healthy participants in order to evaluate if variations in quantity, variability, and ini-
tiation of motor behavior are specific to apathy severity or to the diagnostic class of schizophrenia. 
However, our included sample can also be seen as a strength of the current study because it is unique 
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compared to previous studies. Often, other studies on apathy include patients with lower levels of 
apathy that cannot be regarded as clinically relevant. 

Furthermore, for the present study we used a paradigm that was designed to measure self-initiation. 
The task consisted of conditions with varying levels of freedom in timing and selection of simple 
motor behavior. However, it could be argued that it is paradoxical to provide participants with an as-
signment to act voluntarily. It is also difficult to evaluate if all participants were acting freely, or per-
haps were preparing their response, inhibiting a response to assure variation in their reaction times 
and response options, or if the timing of their response was influenced by a desire to be finished as 
quickly as possible (even though the participant knew the speed of the response did not influence the 
total time spend in the MR-scanner). Additionally, other fMRI tasks may measure equally important 
aspects of putative neural mechanisms, e.g. reward and mental flexibility, and should be considered 
for future studies. 

Lastly, it is well known that antipsychotic drugs have an effect on motor behavior. However, our 
analyses did not show a correlation between motor behavior and medication use, which is in line 
with a previous study using actigraphy in schizophrenia patients (Docx et al., 2013). Still, it is pos-
sible that (secondary) motor disturbances caused by medication dosage cannot be picked up by the 
actigraph or cannot be distinguished from (primary) motor disturbances related to schizophrenia. It 
is also possible that medication effects were too similar over all patients to find a relationship with 
motor behavior. For future studies, it would be of interest to investigate if motor disturbances related 
to medication use can be separately objectified and compared to motor behavior related to increased 
symptom severity.

Conclusion
Actigraphy can provide valuable quantitative information about motor activity in a natural setting. 
Moreover, it was associated with negative symptomatology and selective aspects of the neural basis 
of action selection and activation of motor programs. However, our results suggest that in a sample 
with high apathy severity, actigraphy may be less suitable for detailed characterization of severity 
of apathy. It may be possible that motor behavior as measured with actigraphy is primarily related 
to motor programming and execution, in contrast to self-initiation or higher order motivational as-
pects. Future research including patient groups with a larger variability in symptom severity, more 
information on apathy subdomains, and using additional ecological momentary assessments during 
actigraphical recordings is warranted. 
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Variables Min Max Mean SD 
Activity-total 
Activity-variability 
Step_total 
Step-initiation 

15208 
90.88 
2324 
99 

658147 
1203.34 
29585 
351 

317909.39 
665.15 
14655 
216.66 

164205.48 
240.33 
7008 
55.84 

Activity-total = Total activity counts; Activity-variability = root of the Mean Squared Successive Difference, calculated on 
the activity counts; Step_total = Total steps; Step-initiation measure calculated on steps. 

Variables Activity-total Activity-variability Step-initiation 
AES-I1 -.17 -.26  -.26 

-.31* 
-.14 
-.10 
-.09 

SANS-aff -.31* -.29 
SANS-anh 
SANS-alo 
PANSS-apa 

-.28 
 .03 
-.30 

-.25 
 .12 
-.25 

Activity-total = Total activity counts; Activity-variability = root of the Mean Squared Successive Difference, calculated on 
the activity counts; AES = Apathy Evaluation Scale; PANSS-apa = apathy factor of the PANSS based on Liemburg et al. 
2013 (items N2, N4, G16); SANS = Scale for the Assessment of Negative Symptoms; SANS-aff = Affective flattening / 
blunting subscale of the SANS; SANS-anh = Anhedonia / asociality subscale of the SANS; SANS-alo = Alogia subscale 
of the SANS; Step-initiation measure calculated on steps. 
1 Calculated for N=36 due to missing data 
*p < .05 (two-sided) 

Responses per condition Mean  
(N=20) 

SD τ with AES 

Free 
 
 
 
Timed Choice 
 
 
 
No choice 

Response times1 
Left button presses2 
Variability3  
 
Response times1 
Left button presses2 
Variability3 
 
Response times1 
Accuracy4 

  1.59 
53.95 
60.89 
 
    .48 
57.60 
50.51 
 
    .49 
96.96 

  1.46 
12.35 
18.47 
 
   .17 
14.54 
19.07 
 
    .13 
  4.27 

-.05 
 .27 
 .09 
 
 .04 
 .01 
 .07 
 
-.07 
-.06 

1 mean RT in s ± Standard Deviation 
2 proportion of left button presses in percentages ± Standard Deviation 
3 variability of response types in percentages ± Standard Deviation 
4 accuracy of response in percentages ± Standard Deviation    

 

Supplementary Table 1. Actigraph data on activity counts and steps, summed over two 10-hour windows recorded during two 
weekend days (N=41).

Supplementary Table 2. Correlation coefficients between activity levels and clinical variables (N=41).

Supplementary Table 3. Response times and response types per condition, and associations with apathy (as measured with the AES).
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Source  F  Df p-value  
 

Response times 
 

Main Activity-total 
˟Activity-total 
Main Activity-variability 
˟Activity-variability 
Main Step-initiation 
˟Step-initiation 
Main apathy  
˟Apathy 

  1.07 
  1.87 
  1.02 
    .62 
  6.41 
  2.31 
    .14 
    .13 

1, 18.06 
1, 18.06 
1, 18.06 
1, 18.06 
1, 18.06 
1, 18.06 
1, 18.06 
1, 18.06 

  .36 
  .19 
  .33 
  .44 
  .02* 
  .15 
  .71 
  .72 

     
Response variability 
 

Main Activity-total 
˟Activity-total 
Main Activity-variability 
˟Activity-variability 
Main Step-initiation 
˟Step-initiation 
Main apathy 
˟Apathy 

  1.23 
  8.46 
  1.19 
  5.50 
  1.85 
    .76 
    .81 
    3.37 

1, 18 
1, 18 
1, 18 
1, 18 
1, 18 
1, 18 
1, 18 
1, 18 

  .28 
  .01* 
  .29 
  .03* 
  .19 
  .40 
  .38 
  .08 
 

Switch count 
 

Main Activity-total 
˟Activity-total 
Main Activity-variability 
˟Activity-variability 
Main Step-initiation 
˟Step-initiation 
Main apathy 
˟Apathy 

  3.97 
23.62 
  5.53 
19.42 
  6.06 
  3.40 
    .001 
    .39 

1, 18 
1, 18 
1, 18 
1, 18 
1, 18 
1, 18 
1, 18 
1, 18 

  .06 
>.01* 
  .03 
>.01* 
  .02* 
  .08 
  .97 
  .54 

Apathy as measured by means of the Apathy Evaluation Scale, Clinical rated. 
˟ Interaction effects 
* p < .05 

 

Main task 
effect  
(N=20) 

Region (AAL) BA Cluster 
size 
(voxels) 

Side T-
value 

p-value  
(FWE) 

MNI Coordinates 

      x       y       z 

Free 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Timed Choice 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Supramarginal gyrus 
Supramarginal gyrus 
Inferior parietal lobule 
  
Insula 
Inferior frontal Operculum 
-  
 
Inferior parietal lobule 
  
Vermis 
Cerebellum (lobule 6) 
Cerebellum (lobule 4, 5) 
  
Supplementary motor area 
Mid cingulate cortex 
Supplementary motor area 
 
Inferior frontal operculum 
Insula 
Insula 
 
Primary somatosensory cortex 
Primary somatosensory cortex 
Primary somatosensory cortex 
 
Supramarginal gyrus 
Primary somatosensory cortex 
Supramarginal gyrus 
 
Inferior frontal operculum 
Insula 
Insula 
 
Cerebellum (lobule 6) 
Cerebellum (lobule 4, 5) 
Cerebellar Crus 1 
 
Fusiform gyrus 
Middle occipital gyrus 
Fusiform gyrus 
 
Cerebellum (lobule 8) 
Cerebellum (lobule 8) 
Cerebellum (lobule 7) 
 
Middle occipital gyrus 
Middle occipital gyrus 
 
Supplementary motor area 
Mid cingulate cortex 
Superior frontal gyrus 
 
Middle frontal gyrus 
Middle frontal gyrus  
Middle frontal gyrus 
 
 
Cerebellum (lobule 8) 
Cerebellum (lobule 7) 

40 
40 
40 
 
  0 
44 
- 
 
3 
 
0 
0 
0 
 
6 
24 
6 
 
44 
0 
0 
 
2 
3 
3 
 
40 
3 
40 
 
44 
0 
0 
 
0 
0 
0 
 
19 
19 
18 
 
0 
0 
0 
 
18 
18 
 
32 
32 
6 
 
44 
46 
46 
 
0 
0 
0 

183 
 
 
 
149 
 
 
 
73 
 
169 
 
 
 
64 
 
 
 
436 
 
 
 
1070 
 
 
 
613 
 
 
 
423 
 
 
 
1103 
 
 
 
666 
 
 
 
67 
 
 
 
141 
 
 
486 
 
 
 
148 
 
 
 
63 
 
 

R 
R 
R 
 
R 
R 
- 
 
L 
 
R 
R 
R 
 
R 
R 
R 
 
R 
R 
R 
 
L 
L 
L 
 
R 
R 
R 
 
L 
L 
L 
 
R 
R 
R 
 
R 
R 
R 
 
R 
R 
R 
 
L 
L 
 
L 
R 
R 
 
R 
R 
R 
 
 
L 
L 

6.54 
4.35 
4.26 
 
5.20 
5.09 
5 
 
4.75 
 
4.51 
4.49 
4.39 
 
4.43 
4.43 
3.95 
 
8.54 
6.27 
5.71 
 
8.35 
7.17 
6.82 
 
7.47 
6.58 
6.19 
 
7.47 
6.58 
6.19 
 
7.20 
7.05 
6.16 
 
6.96 
6.90 
5.93 
 
6.62 
5.68 
4.48 
 
6.56 
5.31 
 
6.38 
5.30 
4.87 
 
5.86 
5.03 
4.90 
 
5.82 
4.60 
4.48 

<.001 
 
 
 
.001 
 
 
 
.022 
 
<.001 
 
 
 
.035 
 
 
 
<.001 
 
 
 
<.001 
 
 
 
<.001 
 
 
 
<.001 
 
 
 
<.001 
 
 
 
<.001 
 
 
 
.04 
 
 
 
.001 
 
 
<.001 
 
 
 
.001 
 
 
 
.049 
 
 

66 
48 
57 

 
42 
54 
51 

 
-57 

 
0 

30 
12 

 
12 

9 
3 

 
51 
36 
33 

 
-54 
-45 
-57 

 
54 
54 
63 

 
-51 
-39 
-48 

 
24 
15 
15 

 
-27 
-36 
-24 

 
21 
27 

9 
 

-21 
-18 

 
-3 
6 

21 
 

39 
33 
33 

 
-18 
-36 
-12 

-37 
-37 
-46 

 
14 
14 
11 

 
-25 

 
-58 
-58 
-46 

 
2 
5 

-1 
 

11 
5 

14 
 

-34 
-25 
-25 

 
-34 
-19 
-40 

 
8 
8 

11 
 

-70 
-52 
-85 

 
-70 
-76 
-76 

 
-61 
-61 
-73 

 
-91 
-94 

 
11 
23 

5 
 

23 
35 
44 

 
-73 
-61 
-73 

29 
35 
47 

 
-1 
5 

-4 
 

47 
 

-10 
-31 
-19 

 
68 
44 
59 

 
14 
5 
5 

 
53 
38 
47 

 
47 
38 
26 

 
11 
-4 
-7 

 
-16 
-16 
-19 

 
-4 
-1 

-10 
 

-55 
-49 
-46 

 
17 
5 

 
47 
38 
65 

 
38 
23 
26 

 
-55 
-49 
-46 

Supplementary Table 4. Repeated measures ANOVA with Activity-total, Activity-variability, Step-initiation, and apathy

Can actigraphy yield valuable information on apathy in patients with schizophrenia? 
Associations with clinical measures and neuroimaging of action initiation

Supplementary Table 5. Peak activations of during the free, timed choice, and no choice conditions of the Self-Initiative task.



Main task 
effect  
(N=20) 

Region (AAL) BA Cluster 
size 
(voxels) 

Side T-
value 

p-value  
(FWE) 

MNI Coordinates 

      x       y       z 

Free 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Timed Choice 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Supramarginal gyrus 
Supramarginal gyrus 
Inferior parietal lobule 
  
Insula 
Inferior frontal Operculum 
-  
 
Inferior parietal lobule 
  
Vermis 
Cerebellum (lobule 6) 
Cerebellum (lobule 4, 5) 
  
Supplementary motor area 
Mid cingulate cortex 
Supplementary motor area 
 
Inferior frontal operculum 
Insula 
Insula 
 
Primary somatosensory cortex 
Primary somatosensory cortex 
Primary somatosensory cortex 
 
Supramarginal gyrus 
Primary somatosensory cortex 
Supramarginal gyrus 
 
Inferior frontal operculum 
Insula 
Insula 
 
Cerebellum (lobule 6) 
Cerebellum (lobule 4, 5) 
Cerebellar Crus 1 
 
Fusiform gyrus 
Middle occipital gyrus 
Fusiform gyrus 
 
Cerebellum (lobule 8) 
Cerebellum (lobule 8) 
Cerebellum (lobule 7) 
 
Middle occipital gyrus 
Middle occipital gyrus 
 
Supplementary motor area 
Mid cingulate cortex 
Superior frontal gyrus 
 
Middle frontal gyrus 
Middle frontal gyrus  
Middle frontal gyrus 
 
 
Cerebellum (lobule 8) 
Cerebellum (lobule 7) 

40 
40 
40 
 
  0 
44 
- 
 
3 
 
0 
0 
0 
 
6 
24 
6 
 
44 
0 
0 
 
2 
3 
3 
 
40 
3 
40 
 
44 
0 
0 
 
0 
0 
0 
 
19 
19 
18 
 
0 
0 
0 
 
18 
18 
 
32 
32 
6 
 
44 
46 
46 
 
0 
0 
0 

183 
 
 
 
149 
 
 
 
73 
 
169 
 
 
 
64 
 
 
 
436 
 
 
 
1070 
 
 
 
613 
 
 
 
423 
 
 
 
1103 
 
 
 
666 
 
 
 
67 
 
 
 
141 
 
 
486 
 
 
 
148 
 
 
 
63 
 
 

R 
R 
R 
 
R 
R 
- 
 
L 
 
R 
R 
R 
 
R 
R 
R 
 
R 
R 
R 
 
L 
L 
L 
 
R 
R 
R 
 
L 
L 
L 
 
R 
R 
R 
 
R 
R 
R 
 
R 
R 
R 
 
L 
L 
 
L 
R 
R 
 
R 
R 
R 
 
 
L 
L 

6.54 
4.35 
4.26 
 
5.20 
5.09 
5 
 
4.75 
 
4.51 
4.49 
4.39 
 
4.43 
4.43 
3.95 
 
8.54 
6.27 
5.71 
 
8.35 
7.17 
6.82 
 
7.47 
6.58 
6.19 
 
7.47 
6.58 
6.19 
 
7.20 
7.05 
6.16 
 
6.96 
6.90 
5.93 
 
6.62 
5.68 
4.48 
 
6.56 
5.31 
 
6.38 
5.30 
4.87 
 
5.86 
5.03 
4.90 
 
5.82 
4.60 
4.48 

<.001 
 
 
 
.001 
 
 
 
.022 
 
<.001 
 
 
 
.035 
 
 
 
<.001 
 
 
 
<.001 
 
 
 
<.001 
 
 
 
<.001 
 
 
 
<.001 
 
 
 
<.001 
 
 
 
.04 
 
 
 
.001 
 
 
<.001 
 
 
 
.001 
 
 
 
.049 
 
 

66 
48 
57 

 
42 
54 
51 

 
-57 

 
0 

30 
12 

 
12 

9 
3 

 
51 
36 
33 

 
-54 
-45 
-57 

 
54 
54 
63 

 
-51 
-39 
-48 

 
24 
15 
15 

 
-27 
-36 
-24 

 
21 
27 

9 
 

-21 
-18 

 
-3 
6 

21 
 

39 
33 
33 

 
-18 
-36 
-12 

-37 
-37 
-46 

 
14 
14 
11 

 
-25 

 
-58 
-58 
-46 

 
2 
5 

-1 
 

11 
5 

14 
 

-34 
-25 
-25 

 
-34 
-19 
-40 

 
8 
8 

11 
 

-70 
-52 
-85 

 
-70 
-76 
-76 

 
-61 
-61 
-73 

 
-91 
-94 

 
11 
23 

5 
 

23 
35 
44 

 
-73 
-61 
-73 

29 
35 
47 

 
-1 
5 

-4 
 

47 
 

-10 
-31 
-19 

 
68 
44 
59 

 
14 
5 
5 

 
53 
38 
47 

 
47 
38 
26 

 
11 
-4 
-7 

 
-16 
-16 
-19 

 
-4 
-1 

-10 
 

-55 
-49 
-46 

 
17 
5 

 
47 
38 
65 

 
38 
23 
26 

 
-55 
-49 
-46 

Main task 
effect  
(N=20) 

Region (AAL) BA Cluster 
size 
(voxels) 

Side T-
value 

p-value  
(FWE) 

MNI Coordinates 

      x       y       z 

Free 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Timed Choice 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Supramarginal gyrus 
Supramarginal gyrus 
Inferior parietal lobule 
  
Insula 
Inferior frontal Operculum 
-  
 
Inferior parietal lobule 
  
Vermis 
Cerebellum (lobule 6) 
Cerebellum (lobule 4, 5) 
  
Supplementary motor area 
Mid cingulate cortex 
Supplementary motor area 
 
Inferior frontal operculum 
Insula 
Insula 
 
Primary somatosensory cortex 
Primary somatosensory cortex 
Primary somatosensory cortex 
 
Supramarginal gyrus 
Primary somatosensory cortex 
Supramarginal gyrus 
 
Inferior frontal operculum 
Insula 
Insula 
 
Cerebellum (lobule 6) 
Cerebellum (lobule 4, 5) 
Cerebellar Crus 1 
 
Fusiform gyrus 
Middle occipital gyrus 
Fusiform gyrus 
 
Cerebellum (lobule 8) 
Cerebellum (lobule 8) 
Cerebellum (lobule 7) 
 
Middle occipital gyrus 
Middle occipital gyrus 
 
Supplementary motor area 
Mid cingulate cortex 
Superior frontal gyrus 
 
Middle frontal gyrus 
Middle frontal gyrus  
Middle frontal gyrus 
 
 
Cerebellum (lobule 8) 
Cerebellum (lobule 7) 

40 
40 
40 
 
  0 
44 
- 
 
3 
 
0 
0 
0 
 
6 
24 
6 
 
44 
0 
0 
 
2 
3 
3 
 
40 
3 
40 
 
44 
0 
0 
 
0 
0 
0 
 
19 
19 
18 
 
0 
0 
0 
 
18 
18 
 
32 
32 
6 
 
44 
46 
46 
 
0 
0 
0 

183 
 
 
 
149 
 
 
 
73 
 
169 
 
 
 
64 
 
 
 
436 
 
 
 
1070 
 
 
 
613 
 
 
 
423 
 
 
 
1103 
 
 
 
666 
 
 
 
67 
 
 
 
141 
 
 
486 
 
 
 
148 
 
 
 
63 
 
 

R 
R 
R 
 
R 
R 
- 
 
L 
 
R 
R 
R 
 
R 
R 
R 
 
R 
R 
R 
 
L 
L 
L 
 
R 
R 
R 
 
L 
L 
L 
 
R 
R 
R 
 
R 
R 
R 
 
R 
R 
R 
 
L 
L 
 
L 
R 
R 
 
R 
R 
R 
 
 
L 
L 

6.54 
4.35 
4.26 
 
5.20 
5.09 
5 
 
4.75 
 
4.51 
4.49 
4.39 
 
4.43 
4.43 
3.95 
 
8.54 
6.27 
5.71 
 
8.35 
7.17 
6.82 
 
7.47 
6.58 
6.19 
 
7.47 
6.58 
6.19 
 
7.20 
7.05 
6.16 
 
6.96 
6.90 
5.93 
 
6.62 
5.68 
4.48 
 
6.56 
5.31 
 
6.38 
5.30 
4.87 
 
5.86 
5.03 
4.90 
 
5.82 
4.60 
4.48 

<.001 
 
 
 
.001 
 
 
 
.022 
 
<.001 
 
 
 
.035 
 
 
 
<.001 
 
 
 
<.001 
 
 
 
<.001 
 
 
 
<.001 
 
 
 
<.001 
 
 
 
<.001 
 
 
 
.04 
 
 
 
.001 
 
 
<.001 
 
 
 
.001 
 
 
 
.049 
 
 

66 
48 
57 

 
42 
54 
51 

 
-57 

 
0 

30 
12 

 
12 

9 
3 

 
51 
36 
33 

 
-54 
-45 
-57 

 
54 
54 
63 

 
-51 
-39 
-48 

 
24 
15 
15 

 
-27 
-36 
-24 

 
21 
27 

9 
 

-21 
-18 

 
-3 
6 

21 
 

39 
33 
33 

 
-18 
-36 
-12 

-37 
-37 
-46 

 
14 
14 
11 

 
-25 

 
-58 
-58 
-46 

 
2 
5 

-1 
 

11 
5 

14 
 

-34 
-25 
-25 

 
-34 
-19 
-40 

 
8 
8 

11 
 

-70 
-52 
-85 

 
-70 
-76 
-76 

 
-61 
-61 
-73 

 
-91 
-94 

 
11 
23 

5 
 

23 
35 
44 

 
-73 
-61 
-73 

29 
35 
47 

 
-1 
5 

-4 
 

47 
 

-10 
-31 
-19 

 
68 
44 
59 

 
14 
5 
5 

 
53 
38 
47 

 
47 
38 
26 

 
11 
-4 
-7 

 
-16 
-16 
-19 

 
-4 
-1 

-10 
 

-55 
-49 
-46 

 
17 
5 

 
47 
38 
65 

 
38 
23 
26 

 
-55 
-49 
-46 

 
 
 
 
 
No Choice 
 
 

 
Inferior frontal gyrus 
Middle frontal gyrus  
Middle frontal gyrus 
 
Cerebellum (lobule 6)  
Cerebellum (lobule 4, 5) 
Supplementary motor area  
 
Inferior parietal lobule 
Precentral gyrus 
Inferior parietal lobule 
  
Rolandic operculum  
  
Insula  
Insula  
  
Middle occipital gyrus  
Middle occipital gyrus  
  
Middle occipital gyrus  
Inferior occipital gyrus  
  
Supplementary motor area 
Supplementary motor area 
Supplementary motor area 
  
Postcentral gyrus 
Postcentral gyrus  
Inferior parietal lobule 

 
46 
46 
46 
 
0 
0 
19 
 
40 
4 
3 
 
0 
 
0 
0 
 
18 
18 
 
19 
19 
 
6 
6 
6 
 
3 
0 
40 

 
139 
 
 
 
740 
 
 
 
839 
 
 
 
70 
 
127 
 
 
82 
 
 
156 
 
 
143 
 
 
 
220 

 
L 
L 
L 
 
R 
R 
L 
 
L 
L 
L 
 
R 
 
L 
L 
 
L 
L 
 
L 
L 
 
L 
R 
R 
 
R 
R 
R 

 
5.04 
5.01 
4.81 
 
7.67 
7.42 
5.60 
 
7.21 
7.19 
6.73 
 
6.2 
 
6.11 
5.79 
 
5.98 
4.26 
 
5.87 
5.38 
 
5.65 
4.62 
4.53 
 
4.88 
4.63 
4.58 

 
.001 
 
 
 
<.001 
 
 
 
<.001 
 
 
 
.043 
 
.004 
 
 
.025 
 
 
.001 
 
 
.002 
 
 
 
<.001 
 

 
-39 
-27 
-39 

 
24 
18 
51 

 
-36 
-42 
-54 

 
42 

 
-42 
-36 

 
-21 
-18 

 
-45 
-39 

 
-6 
9 
9 
 

54 
60 
36 

 
38 
50 
53 

 
-49 
-49 
-73 

 
-37 
-16 
-25 

 
-1 

 
2 

-1 
 

-91 
-94 

 
-73 
-76 

 
5 

-16 
-7 

 
-19 
-16 
-40 

 
26 
26 
-4 

 
-25 
-19 

-4 
 

47 
56 
50 

 
11 

 
5 

11 
 

14 
5 

 
-1 
-7 

 
50 
68 
71 

 
41 
20 
47 

AAL= Automated Anatomic Labeling; BA = Brodmann area; FWE = Family-Wise Error corrected, on cluster level; MNI 
= Montreal Neurological Institute. 
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 (N=20) Region (AAL) BA Cluster 
size 
(voxels) 

Side T-value p-value  
(FWE) 

MNI Coordinates 

x           y           z 

Activity- 
Total 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Activity- 
Variability 
 
 
 
 
 
 
 
 
 
 
 
 
PANSS-neg 
 
 

Lingual gyrus 
Calcarine gyrus 
Vermis (6) 
Vermis (4, 5) 
Cerebellar crus I 
Vermis (4, 5) 
 
Supramarginal gyrus 
Superior temporal gyrus 
 
Lingual gyrus 
Lingual gyrus 
 
- 
Mid cingulate cortex  
Mid cingulate cortex 
 
Fusiform gyrus 
Fusiform gyrus 
Fusiform gyrus 
Fusiform gyrus 
 
 
Middle temporal gyrus 
Superior temporal gyrus 
 
Lingual gyrus 
 
Lingual gyrus 
Vermis (6) 
Cerebellar crus I 
Lingual gyrus 
 
Mid cingulate cortex  
Mid cingulate cortex  
Mid cingulate cortex 
 
Insula 
Frontal inferior operculum 
Insula 

18 
17 
17 
- 
18 
- 
 
40 
48 
 
17 
18 
 
- 
24 
24 
 
19 
19 
19 
19 
 
 
21 
48 
 
18 
 
18 
17 
18 
17 
 
24 
- 
24 
 
48 
48 
48 

89 
 
 
 
 
 
 
86 
 
 
46 
 
 
45 
 
 
 
58 
 
 
 
 
 
80 
 
 
44 
 
48 
 
 
 
 
52 
 
 
 
82 
 

R 
L 
- 
- 
R 
- 
 
R 
R 
 
L 
L 
 
- 
R 
L 
 
L 
L 
L 
L 
 
 
R 
R 
 
L 
 
R 
- 
R 
R 
 
R 
L 
R 
 
R 
R 
R 

7.25 
6.38 
6.13 
5.76 
5.65 
5.27 
 
6.85 
6.51 
 
6.84 
6.76 
 
5.11 
4.32 
4.07 
 
4.77 
4.62 
4.42 
4.24 
 
 
7.02 
5.66 
 
6.63 
 
6.03 
5.51 
5.20 
4.94 
 
4.43 
4.36 
4.21 
 
5.83 
4.41 
4.37 

.004 
 
 
 
 
 
 
.005 
 
 
.041 
 
 
.043 
 
 
 
.021 
 
 
 
 
 
.007 
 
 
.047 
 
.038 
 
 
 
 
.03 
 
 
 
.002 

12 
6 
3 
0 

15 
-3 

 
60 
63 

 
-6 

-15 
 

-3 
3 
0 
 

-39 
-27 
-30 
-45 

 
 

60 
63 

 
-15 

 
12 
6 

15 
3 
 

3 
-3 
6 
 

42 
48 
49 

-91 
-76 
-73 
-46 
-85 
-61 

 
-46 
-40 

 
-85 
-88 

 
-1 
8 
5 
 

-79 
-79 
-73 
-67 

 
 

-46 
-40 

 
-88 

 
-91 
-76 
-85 
-85 

 
20 
-1 
11 

 
5 

14 
8 

-7 
-13 
-10 
-1 

-16 
-1 

 
32 
23 

 
-13 
-10 

 
32 
32 
35 

 
-13 
-10 
-13 
-19 

 
 

35 
23 

 
-13 

 
-7 

-13 
-16 
-13 

 
32 
32 
32 

 
8 
8 

-4 
AAL= Automated Anatomic Labeling; BA = Brodmann area; FWE = Family-Wise Error corrected, on cluster level; MNI 
= Montreal Neurological Institute; PANSS-neg = Negative subscale of the Positive and Negative Symptom Scale.  

 

 
 
 
 
 
No Choice 
 
 

 
Inferior frontal gyrus 
Middle frontal gyrus  
Middle frontal gyrus 
 
Cerebellum (lobule 6)  
Cerebellum (lobule 4, 5) 
Supplementary motor area  
 
Inferior parietal lobule 
Precentral gyrus 
Inferior parietal lobule 
  
Rolandic operculum  
  
Insula  
Insula  
  
Middle occipital gyrus  
Middle occipital gyrus  
  
Middle occipital gyrus  
Inferior occipital gyrus  
  
Supplementary motor area 
Supplementary motor area 
Supplementary motor area 
  
Postcentral gyrus 
Postcentral gyrus  
Inferior parietal lobule 

 
46 
46 
46 
 
0 
0 
19 
 
40 
4 
3 
 
0 
 
0 
0 
 
18 
18 
 
19 
19 
 
6 
6 
6 
 
3 
0 
40 

 
139 
 
 
 
740 
 
 
 
839 
 
 
 
70 
 
127 
 
 
82 
 
 
156 
 
 
143 
 
 
 
220 

 
L 
L 
L 
 
R 
R 
L 
 
L 
L 
L 
 
R 
 
L 
L 
 
L 
L 
 
L 
L 
 
L 
R 
R 
 
R 
R 
R 

 
5.04 
5.01 
4.81 
 
7.67 
7.42 
5.60 
 
7.21 
7.19 
6.73 
 
6.2 
 
6.11 
5.79 
 
5.98 
4.26 
 
5.87 
5.38 
 
5.65 
4.62 
4.53 
 
4.88 
4.63 
4.58 

 
.001 
 
 
 
<.001 
 
 
 
<.001 
 
 
 
.043 
 
.004 
 
 
.025 
 
 
.001 
 
 
.002 
 
 
 
<.001 
 

 
-39 
-27 
-39 

 
24 
18 
51 

 
-36 
-42 
-54 

 
42 

 
-42 
-36 

 
-21 
-18 

 
-45 
-39 

 
-6 
9 
9 

 
54 
60 
36 

 
38 
50 
53 

 
-49 
-49 
-73 

 
-37 
-16 
-25 

 
-1 

 
2 

-1 
 

-91 
-94 

 
-73 
-76 

 
5 

-16 
-7 

 
-19 
-16 
-40 

 
26 
26 
-4 

 
-25 
-19 
-4 

 
47 
56 
50 

 
11 

 
5 

11 
 

14 
5 

 
-1 
-7 

 
50 
68 
71 

 
41 
20 
47 

AAL= Automated Anatomic Labeling; BA = Brodmann area; FWE = Family-Wise Error corrected, on cluster level; MNI 
= Montreal Neurological Institute. 

 

Supplementary Table 6. Peak activations of the no choice condition of the self-initiative task in relation to motor behavior and 
clinical measures (ROI-analyses, not including covariates).



 AES-C AES-I AES-apa SANS-apa SANS-total PANSS-neg 
AES-C       
AES-I1 57.**      
AES-C-apa 92.** .6**     
SANS-apa 41.** .22 .43**    
SANS-total 49.** .18 .46** .15   
PANSS-neg 49.** .41* .48** .14 69.**  
PANSS-apa 56.** .34* .56** .3* .51** .69** 
*p < .05 ** p < .01 (one-sided) 
AES = Apathy Evaluation Scale; AES-C = AES clinician rated; AES-I = AES informant rated; AES-apa = apathy subscale 
of the AES-C based on Faerden et al. (2008) (excl. items 3, 8, 11-13, 15); SANS = Scale for the Assessment of Negative 
Symptoms; SANS-apa = apathy subscale of the SANS; PANSS = Positive and Negative Symptom Scale; PANSS-apa = 
apathy factor of the PANSS based on Liemburg et al. (Liemburg et al., 2013) (items N2, N4, G16); PANSS-neg = Negative 
subscale of the PANSS. 
1 Calculated for N=36 due to missing data 

 

Supplementary Table 7. Correlations amongst separate questionnaires.

Supplementary Figure 1. 
The Region of Interest (ROI) mask that
is used in the ROI analyses. 

Supplementary Figure 2. 
Histogram of the distribution of apathy 
scores (as measured with the AES) for N=41.
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Supplementary Figure 3. 
Scatterplot of Apathy scores (as measured with 
the AES) and AC-total summed for the 10 most 
active hours of the two weekend days for N=41.

Supplementary Figure 4. 
Brain activation during the self-initiative task. 
Red = condition free, Green = condition Timed 
choice, Blue = condition No choice. Coordinates 
(MNI): x = 6.5, y = -30.5, z = 43. All clusters are 
reported at p = .05, FWE cluster corrected (initial 
threshold: p = .001).

Can actigraphy yield valuable information on apathy in patients with schizophrenia? 
Associations with clinical measures and neuroimaging of action initiation
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Chapter 6

Abstract
The use of repetitive Transcranial Magnetic Stimulation (rTMS) as a treatment option for 
patients with schizophrenia has gained interest. However, large inter-individual differences 
in response to treatment have been observed, suggesting that patient-specific characteristics 
play a role in treatment efficacy. Reliable predictors of treatment efficacy in patients with 
schizophrenia have not yet been established. The objective of the study was to evaluate wheth-
er morphological factors, including scalp-to-cortex distance (SCD) and gray matter density 
(GMD) of the stimulated brain region would predict response to rTMS treatment in patients 
with schizophrenia suffering from auditory verbal hallucinations (AVH) or persistent negative 
symptoms. For this purpose, five clinical trials were combined, resulting in a dataset of 68 pa-
tients with schizophrenia and related psychotic disorders. All patients underwent rTMS treat-
ment and Magnetic Resonance Imaging. Correlation coefficient calculations and hierarchical 
linear regression models were applied to investigate the relationship between treatment effi-
cacy and SCD and GMD of the stimulated brain region (either the temporo-parietal junction 
[TPJ] or dorsolateral prefrontal cortex [DLPFC]). The results showed that shorter SCD and 
lower GMD of the TPJ was associated with greater AVH improvement after rTMS treatment. 
However, no relationship was observed between GMD and SCD of the DLPFC and negative 
symptom improvement. When the data was pooled for the AVH and negative symptom trials, 
all associations were non-significant. It could be concluded that SCD and GMD are possible 
predictors of treatment success, especially for trials targeting the TPJ aimed at alleviating 
AVH. When proved to be robust, such information can ultimately guide patient selection or 
adjustments in stimulation parameters for rTMS treatment. 

Keywords: rTMS, schizophrenia, treatment prediction, scalp-to-cortex distance, gray matter density

Introduction
Over the last decade, the use of repetitive Transcranial Magnetic Stimulation (rTMS) for the treat-
ment of symptoms of schizophrenia has gained interest. This non-invasive technique makes use of a 
TMS coil placed on the scalp, producing a rapidly changing magnetic field which induces an electri-
cal current in the underlying cortex (Barker, Jalinous, & Freeston, 1985). Depending on the applied 
frequency, it is possible to depolarize (Chen et al., 1997; Wassermann, Wedegaertner, Ziemann, 
George, & Chen, 1998) or hyperpolarize neurons (Cohen et al., 1999; Peinemann et al., 2004). In pa-
tients with persistent auditory verbal hallucinations (AVH), the temporo-parietal junction (TPJ) area 
has shown elevated levels of activation (Jardri, Pouchet, Pins, & Thomas, 2011). Hence, by targeting 
the TPJ area with low frequency rTMS, AVH could theoretically be reduced (Hoffman et al., 1999). 
Indeed, meta-analyses have shown efficacy of this paradigm as compared to double blind matched 
placebo treatment (Slotema, Aleman, Daskalakis, & Sommer, 2012). Negative symptoms on the 
other hand, have been related to lower involvement of the dorsolateral prefrontal cortex (Potkin et 
al., 2002; Wolkin et al., 1992). With the use of high frequency rTMS over the dorsolateral prefrontal 
cortex, activation in this region is expected to increase, which may yield in a reduction of nega-
tive symptoms (DLPFC, Dlabac-de Lange, Knegtering, & Aleman, 2010; Shi, Yu, Cheung, Shum, 
& Chan, 2014). Overall, however, results from studies that investigated the efficacy of rTMS for 
negative symptoms in schizophrenia are inconclusive (Cole, Green Bernacki, Helmer, Pinninti, & 
O’reardon, 2015; for meta-analyses see Dlabac-de Lange et al., 2010; Freitas, Fregni, & Pascual-Le-
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one, 2009; Fusar-Poli et al., 2015; Y. Zhang et al., 2013). Also within studies, large inter-individual 
differences in response to rTMS treatment have been observed (Bais et al., 2014), which may be 
the result of variability in patient-specific characteristics. It is therefore of relevance to identify the 
factors that are associated with response to rTMS treatment. In this context, demographical and 
clinical factors have been suggested to affect treatment success, but possibly also morphological and 
neurophysiological factors are involved (Silverstein et al., 2015). Identifying biomarkers predictive 
of response to treatment in the schizophrenia population would be useful in selecting patients for 
treatment or to adjust treatment parameters on individual characteristics. 

In patients with depression, greater scalp-to-cortex distance has been associated with lower anti-de-
pressive effects of rTMS (Kozel et al., 2000; Mosimann et al., 2002; Nahas et al., 2001). Given the 
decay of the induced electrical field with distance, greater scalp-to-cortex distance is likely to be 
associated with less electromagnetic stimulation of cortical tissue, i.e. reduced likelihood of a depo-
larizing effect on neurons (Bohning, 2000). Furthermore, gray matter density and cortical thickness 
levels of the stimulated area may modulate effects of rTMS, as they have been associated with cortical 
excitability in healthy individuals (Conde et al., 2012; List et al., 2013). In patients with schizophre-
nia, factors related to rTMS response are however less well established compared to patients with 
depressive disorders. Only one study published in 2015 was identified, by Nathou et al. (2015), which 
demonstrated that beneficial treatment effects of rTMS for patients with schizophrenia and AVH were 
predicted by lower scalp-to-cortex distance and higher gray matter density of the stimulated area. 
Nathou et al. (2015) suggest that greater atrophy of the TPJ can increase scalp-to-cortex distance, 
possibly reducing treatment effects of rTMS. In patients with schizophrenia, reductions of gray matter 
volumes have also been observed in frontal regions (Gur et al., 2000; van Haren et al., 2011), which 
are possibly related to negative symptoms (Benoit, Bodnar, Malla, Joober, & Lepage, 2012). Like the 
TPJ area, frontal regions seem to decrease in volume over time (van Haren et al., 2011). However, to 
our knowledge the relationship between gray matter density and scalp-to-cortex distance in patients 
with negative symptoms who received prefrontal rTMS has not yet been studied. 

When investigating possible associations between morphological factors of the stimulated regions 
and treatment response, it is also important to take the morphological factors of the primary motor 
cortex into account. rTMS stimulation intensity is typically determined at the level of the primary 
motor cortex, yet, the gray matter of this region may not be similarly affected as in temporal and 
prefrontal regions (Chan et al., 2009; van Haren et al., 2011). It is thus conceivable that the level of 
excitability of the stimulated regions does not accord with that of the primary motor cortex, and that 
the strength of stimulation is therefore suboptimal. The inconclusive results on this matter warrant 
further study. 

The aim of the present study was to investigate whether scalp-to-cortex distance and gray matter 
density are associated with response to rTMS treatment in patients with schizophrenia. These mor-
phological factors were determined in a final composite treatment sample consisting of 68 individ-
ual patients, pooled from previously published rTMS trials. A subsample of patients received rTMS 
for the treatment of AVH on the left TPJ, bilateral TPJ, or a region of maximal hallucinatory activa-
tion as determined with fMRI (in the left or right temporal or parietal cortex). Another subsample 
of patients was treated with rTMS of the bilateral DLPFC targeted at reducing persistent negative 
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symptoms. We aimed to associate the degree of treatment response with the measures of gray matter 
density and scalp-to-cortex distance of the stimulated regions, as well as the primary motor cortex. 
Following Nathou et al. (2015), we hypothesized that a better treatment response is predicted by 
greater gray matter density and smaller scalp-to-cortex distance of the stimulated regions.

Methods
Participants
For the purpose of this study, data was available for 79 participants from five separate clinical trials, 
three of which were performed by the University Medical Center Utrecht (de Weijer et al., 2014; 
Koops et al., 2016, registered at clinicaltrials.gov, number NCT01512290; Slotema et al., 2011, 
registered at the Dutch Trial Register, number NTR2012) and two by the University Medical Center 
Groningen (Bais et al., 2014; Dlabac-de Lange et al., 2015, registered in the Dutch trial register, trial 
numbers NTR1813 and NTR1261, respectively). All trials investigated the effects of rTMS; four for 
the alleviation of auditory verbal hallucinations (Bais et al., 2014; de Weijer et al., 2014; Koops et 
al., 2016; Slotema et al., 2011), and one for negative symptoms (Dlabac-de Lange et al., 2015). In 
addition, these patients underwent an MRI-scan. Only patients that received real rTMS (compared 
to sham) were selected for the current study. Eight patients participated in multiple treatment trials. 
For these participants, data was included of the first trial they participated in, which was the trial by 
Slotema et al. (2011) in all cases, resulting in sample of 71 included participants that were considered 
for analyses. Study and rTMS stimulation parameters are specified in Tables 1 and 2. Demographical 
characteristics of the included patients are presented in Table 3.

Patients with a diagnosis of schizophrenia (Bais et al., 2014; de Weijer et al., 2014; Dlabac-de Lange 
et al., 2015; Koops et al., 2016; Slotema et al., 2011), schizophreniform disorder (Koops et al., 
2016), schizoaffective disorder (Bais et al., 2014; de Weijer et al., 2014; Dlabac-de Lange et al., 
2015; Koops et al., 2016; Slotema et al., 2011), or psychosis not otherwise specified (de Weijer et al., 
2014; Koops et al., 2016; Slotema et al., 2011) were forwarded by their clinicians for participation. 
Diagnosis was confirmed by a trained interviewer, using the Schedules for Clinical Assessment in 
Neuropsychiatry ([SCAN] World Health Organization, 1999; Dlabac-de Lange et al., 2015) or Diag-
nostic and Statistical Manual of Mental Disorders, fourth edition ([DSM-IV] American Psychiatric 
Association, 1994; Bais et al., 2014; Slotema et al., 2011), or in context of clinical care as usual by a 
trained psychiatrist (de Weijer et al., 2014; Koops et al., 2016). Both inpatients and outpatients were 
included. All patients were over 18 years old and presented medication resistant, frequent AVH (Bais 
et al., 2014; Koops et al., 2016; Slotema et al., 2011), or persistent negative symptoms (minimum 
score of 15 on the negative symptoms subscale of the Positive and Negative Syndrome Scale, Kay, 
Fiszbein, & Opler, 1987; Dlabac-de Lange et al., 2015). Prior to inclusion, patients were stable on 
medication. During participation, medication had to remain unchanged until the last measurement. 
Patients were excluded in case of TMS or MRI contra-indications, presence of neurological or se-
vere behavioral disorders, and previous (within the last six months) or current substance dependency 
(excluding nicotine dependency). 

All patients provided oral and written consent after full explanation of the study. All studies were 
approved by an authorized local medical ethical committee, and in accordance with the latest version 
of the declaration of Helsinki (General Assembly of the World Medical Association, 2014).
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Trial Center Diagno-

sis 

Diagnostic 

tool 

Symptom 

treatment 

Placebo Total N Included  

N 

Medication 

stability 

Primary 

outcome  

11 Mono SZ 

SA 

DSM-IV AVH Placebo 

coil 

16 (L-TPJ) 

15 (B-TPJ) 

16 (P-TPJ) 

21  

(10 L-TPJ) 

> 4 weeks PANSS & 

AHRS 

22 Mono SZ 

SA 

SP 

PNOS 

DSM-IV AVH Placebo 

coil 

28 (L-TPJ) 

32 (P-TPJ) 

8 > 2 weeks AHRS & 

PSYRATS 

33 Multi SZ 

SA 

PNOS 

DSM-IV AVH Tilted 

coil 

17 (fMRI-

guided)  

17 (L-TPJ) 

15 (P-TPJ) 

16 (L-TPJ) > 4 weeks AHRS 

44 Mono SZ 

SA 

PNOS 

In context 

of clinical 

care  

AVH No 

placebo 

18 (fMRI-

guided) 

9 > 4 weeks AHRS 

55 Multi SZ 

SA 

SCAN Negative 

symptoms 

Tilted 

coil 

16 (B-

DLPFC) 

16 (P-

DLPFC) 

14 > 6 weeks SANS 

AHRS = Auditory Hallucination Rating Scale; AVH = Auditory Verbal Hallucinations; B-DLPFC = Stimulation of the bilateral 

dorsolateral prefrontal cortex; B-TPJ = Stimulation of the bilateral temporo-parietal junction; DSM-IV= Diagnostic and Statistical 

Manual of Mental Disorders, fourth edition; fMRI-guided = stimulated on location of maximal activation measured with functional 

Magnetic Resonance Imaging; L-TPJ = Stimulation of the left temporo-parietal junction; N = number of participants; P-DLPFC = 

Placebo stimulation of the bilateral dorsolateral prefrontal cortex; P-TPJ = Placebo stimulation of the left temporo-parietal junction; 

PANSS = Positive and Negative Syndrome Scale; PNOS = Psychosis Not Otherwise Specified; PSYRATS = Psychotic Symptom Rating 

Scale; SA = Schizoaffective disorder; SANS = Scale for the Assessment of Negative Symptoms; SCAN = Schedules for Clinical 

Assessment in Neuropsychiatry; SP = Schizophreniform; SZ = Schizophrenia.  
1 Bais et al. 2014 
2 Koops et al. 2016 
3 Slotema et al. 2011 
4 De Weijer et al. 2014 
5 Dlabac-de Lange et al. 2015 

Table 1. Study parameters of the included studies.

Trial Location Frequency MT% N 

sessions 

N days N 

pulses 

Method for 

localization 

Coil Brand 

TMS-

machine 

11 TPJ (L, B) 1 Hz 90% 12 6 

consecutive 

week days 

14400 10-20 EEG 70 mm 

figure-of-

eight coil 

Magstim 

22 TPJ (L) 50 Hz 80%* 10 5 

consecutive 

week days 

9000 10-20 EEG 70 mm 

figure-of-

eight coil 

Magstim 

33 TPJ (L)  

fMRI-

guided 

1 Hz 90% 15 15 

consecutive 

week days 

18000 10-20 EEG & 

Neuronavigation  

70 mm 

figure-of-

eight coil 

Magstim 

44 fMRI-

guided 

1 Hz 

13x20 Hz 

50s ITI 

90% 

80% 

8 5 

consecutive 

work days 

then 3 weeks 

once a week 

9600 

20800 

Neuronavigation 70 mm 

figure-of-

eight coil 

Magstim 

55 DLPFC (B) 10x10 Hz 

50s ITI 

90% 30 15 

consecutive 

week days 

60000 10-20 EEG 75 mm 

figure-of-

eight coil 

Medtronic 

*Max 51% of stimulator output; %MT = percentage of motor threshold used for stimulation; B = bilateral; DLPFC = Dorsolateral Prefrontal 

Cortex; fMRI-guided = stimulated on location of maximal activation measured with functional Magnetic Resonance Imaging L = left; TPJ = 

Temporo-Parietal Junction.  

1 Bais et al. 2014 
2 Koops et al. 2016 
3 Slotema et al. 2011 
4 De Weijer et al. 2014 
5 Dlabac-de Lange et al. 2015 

 

Table 2. Stimulation parameters of the included studies.



Treatment protocols of the five included trials (see also Table 2)

Auditory verbal hallucinations trial 1 (Bais et al., 2014), n=21
Patients received two rTMS sessions per day (one in the morning and one in the afternoon), for six 
consecutive working days. A Magstim Rapid System (Magstim Company Ltd, Whitland, Wales) 
with a 70-mm figure-of-eight coil was used for the administration of the TMS pulses to the TPJ. 
Stimulation was provided to the left (N=16) or bilateral TPJ (N=15). The stimulation site was deter-
mined using the 10-20 International System; in the middle of the T3 and P3 electrode positions for 
left stimulation and in the middle of T4 and P4 for right stimulation. A template was used to position 
the center of the coil over the marked area. All participants received twelve 1 Hz rTMS stimulation 
sessions of 20 minutes per session, with 10 minutes left and 10 minutes right stimulation in the 
bilateral condition, with a total of 14.400 pulses during the treatment course. The stimulation was 
set at 90% of the individually determined motor threshold. The motor threshold was defined as the 
minimum required intensity to provoke a visible movement in the dominant hand in five out of 10 
magnetic pulses that were administered at the primary motor cortex (Schutter & van Honk, 2006). 
Motor threshold data was available for 31 participants, and MR-data for 21 participants (of which 10 
received active stimulation on the left TPJ, and 11 on the bilateral TPJ).

Auditory verbal hallucinations trial 2 (Koops et al., 2016), n=8
Patients received 10 continuous theta burst stimulation sessions (based on Huang, Edwards, Rounis, 
Bhatia, & Rothwell, 2005). Treatment sessions were provided on five consecutive days, twice a day. 
Sessions were composed of 60-s stimulation trains of three pulses at 50 Hz, repeated every 200 ms, 
resulting in a 9000-pulses treatment course. Stimulation was targeted at the left TPJ, using the 10-20 In-
ternational System (i.e. midway T3 and P3 electrode positions). A Magstim Rapid 2 (Magstim Compa-
ny, Whitland, Wales) with a 70-mm figure-of-eight coil was used for rTMS treatment. Stimulation was 
provided at 80% of the individually determined motor threshold, according to the procedure described 
by Schutter & van Honk (2006). Of note, stimulation was maximally provided at 51% of the maximum 
stimulator output, resulting in three patients that received stimulation at 64-78% of the individual mo-
tor threshold (instead of stimulation at 80%). Motor threshold data was available for seven participants 
and MR-data for eight participants that received active rTMS treatment.

Auditory verbal hallucinations trial 3 (Slotema et al., 2011), n=17
On 15 consecutive working days, a treatment session of 1 Hz, for 20 minutes was provided, resulting 
in 18000 pulses over the entire treatment course. A Magstim Rapid 2 (Magstim Company, Whit-
land, Wales) with a 70-mm figure-of-eight coil was used for rTMS treatment. Participants received 

Variables Total  
(N=68) 

AVH 
(N=54) 

Neg 
(N=14) 

Age1 (mean, SD) 36.28 (11.53) 35.26 (11.45) 34.89 (11.48) 
Gender, M/F (M%) 

Diagnosis, SZ/SZ-A/P-NOS 
%∆ (mean, SD)  

43/25 (63.24) 
60/4/4 
-.1 (.24) 

31/23 (57.41) 
47/3/4 
-.1 (.24) 

12/2 (85.71) 
13/1/0 
-.12 (.22) 

AVH = including AVH trials 1-4, Neg = including negative symptom trial 5; %∆ = Ratio score of the primary outcome 
measure; M: male; F: female; SZ = schizophrenia; SZ-A = schizoaffective disorder; P-NOS: psychosis not otherwise 
specified. 
1 In years 

Table 3. Demographical and clinical characteristics of the included participants.
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stimulation targeting the area of maximal hallucinatory activation, determined during functional 
MR-scanning (N=17), or at the left temporo-parietal junction, determined using the 10-20 Interna-
tional System; in the middle of the T3 and P3 electrode positions (N=17). Stimulation was provided 
at 90% of the individually determined motor threshold (Schutter & van Honk, 2006). Data was 
available for 17 participants that received active stimulation on the TPJ (as determined using the 
10-20 International System). Data on the individually determined region of maximal hallucinatory 
activation were not available for the present study. Motor threshold data was available for 16 partic-
ipants that received active stimulation of the TPJ.

Auditory verbal hallucinations trial 4 (de Weijer et al., 2014), n=10
Treatment was provided for five consecutive workdays, followed by one treatment session per 
week, for three weeks, resulting in eight sessions in total. Patients were randomized into either 
a 1 Hz treatment arm, or 20 Hz treatment arm. Within the first arm, patients received 20 minutes 
of stimulation at 1 Hz (9600 pulses), at 90% of the motor threshold (Schutter & van Honk, 2006). 
Patients in the second arm received 13 trains of 20 Hz, with an inter-train interval of 50 s (20800 
pulses), at 80% of the motor threshold (Schutter & van Honk, 2006). Both groups received treatment 
with a 70-mm figure-of-eight coil at the brain region of individual hallucination-related activation 
measured using fMRI (all were located in the left or right temporal or parietal cortex). A template 
was used in order to provide treatment at the exact location. The study was not placebo-controlled. 
MR-data was available for 18 participants that received active rTMS treatment, however data of 
eight participants were not included, as they already participated in trial 3 by Slotema et al. (Slotema 
et al., 2011). Motor threshold data was not available.

Negative symptom trial (Dlabac-De Lange et al., 2015), n=15
Stimulation was provided in two sessions daily for 15 consecutive workdays. A Medtronic MagPro 
X100 stimulator (Medtronic, USA) with a 75-mm figure-of-eight coil was used for the administra-
tion of rTMS pulses to the bilateral dorsolateral prefrontal cortex (DLPFC). In the morning session, 
the left DLPFC was stimulated, and in the afternoon the right DLPFC. The site of stimulation corre-
sponded with F3 and F4 electrodes of the 10-20 International System and the coil was placed using 
a template. All participants received 30 stimulation sessions of 20 minutes at 10 Hz, consisting of 
20 trains of 10 s, with an inter-train interval of 50 s, adding up to 60.000 pulses per treatment course. 
Stimulation was provided at 90% of the individually determined motor threshold (Schutter & van 
Honk, 2006). Motor threshold data was available for 13 participants, and MR-data was available for 
15 participants that received active rTMS treatment. 

Clinical measures (see also Table 1)

Clinical assessments were performed at baseline, directly after rTMS treatment, and at one month 
follow-up (Bais et al., 2014; de Weijer et al., 2014; Dlabac-de Lange et al., 2015; Koops et al., 2016; 
Slotema et al., 2011), two months follow-up (Slotema et al., 2011), and three months follow-up 
(Bais et al., 2014; Dlabac-de Lange et al., 2015; Slotema et al., 2011). Primary outcome measures 
were the Auditory Hallucination Rating Scale ([AHRS] Hoffman et al., 2003)(Bais et al., 2014; 
de Weijer et al., 2014; Koops et al., 2016; Slotema et al., 2011), the Positive and Negative Syn-
drome Scale ([PANSS]  Kay et al., 1987)(Bais et al., 2014; Dlabac-de Lange et al., 2015), Psychotic 
Symptom Rating Scale ([PSYRATS], Haddock, McCarron, Tarrier, & Faragher, 1999)(Koops et 

Predicting response to rTMS treatment in patients with schizophrenia from brain morphology



al., 2016), and the Scale for the Assessment of Negative Symptoms ([SANS],  Andreasen, 1984)
(Dlabac-de Lange et al., 2015). The AHRS is a 7-item questionnaire that is frequently used to assess 
the severity of auditory hallucinations; the PANSS includes a 7-item positive, 7-item negative, and 
a 16-item general symptom subscale; the PSYRATS quantifies the severity of delusions (6 items) 
and auditory hallucinations (11 items); and lastly, the SANS is a 26-item rating instrument for the 
assessment of negative symptoms. 

Image acquisition
Participants from the AVH trial of Bais et al. (2014) and the negative symptom trial of Dlabac-de 
Lange et al. (2015) were scanned in the same center, using a Philips Intera 3 Tesla MRI scan-
ner (Best, the Netherlands) equipped with an 8-channel SENSE head coil. A three-dimensional T1 
weighted anatomical image was obtained with the following parameters for the AVH trial and the 
negative symptom trial respectively: TR/TE = 25.00/4.6 ms; 9.00/3.5 ms, flip angle = 30/8 degrees, 
160/170 slices; FOV (ap, fh, rl) = 256 × 160 × 204 / 232 x 170 x 256; slice thickness = 1 mm (no 
gap); voxel size: 1 × 1 × 1 mm. The participants from the AVH trials of Koops et al. (2016), Slotema 
et al. (2011) and De Weijer et al. (2014) were scanned in another center, using a Philips Achieva 3 
Tesla Clinical Scanner, equipped with an 8-channel SENSE head coil (Best, the Netherlands). An-
atomical images were obtained with the following parameters: TR/TE = 9.96/4.6 ms, flip angle = 8 
degrees, 160 slices; FOV (ap, fh, rl) = 224 x 160 x 168, slice thickness = 1 mm (no gap), voxel size 
= .875 x .875 x 1. Two participants from the AVH trial of Koops et al. (2016) were scanned with a 
slightly different sequence: TR/TE = 10.03/4.6 ms, flip angle = 8 degrees, 200 slices; FOV (ap, fh, 
rl) = 240 x 240 x 160; slice thickness = 0.8 mm (no gap); voxel size: 0.75 x 0.75 x 0.75 mm.

Preprocessing of anatomical images
Before calculation of the scalp-to-cortex distance and gray matter density, we performed visual 
inspection of the anatomical images to check for possible artefacts. Further, image origins were 
manually set to the center point of the anterior commissure. Preprocessing steps included spatial 
normalization to Montreal Neurological Institute (MNI) space and segmentation of the images to 
identify gray matter, white matter, cerebrospinal fluid, skull, soft tissue outside the brain, and air or 
other non-brain related data. Imaging data for one participant from the AVH trial of De Weijer et al. 
(2014), and one participant from the negative symptoms trial of Dlabac-de Lange et al. (2015) were 
excluded due to excessive head movement. One additional participant from the AVH trial of Slotema 
et al. (2011) was excluded due to failed segmentation, leaving 68 participants for the analysis. 

Scalp-to-cortex distance
The scalp-to-cortex distance (SCD) was calculated using the point of stimulation (for treatment and 
for determination of the motor threshold) on the scalp and the underlying gray matter at its nearest 
point. For the studies that used the 10-20 system for determination of the point of stimulation, we 
calculated the corresponding MNI coordinates. Using BrainStorm (Tadel, Baillet, Mosher, Pantazis, 
& Leahy, 2011), MNI coordinates for F3, F4, CP5 (point in between T3 and P3), CP6 (point in be-
tween T4 and P4), and C3 (primary motor cortex) were determined. First, around each stimulation 
point a sphere with a 5-mm radius was drawn using the Marsbar toolbox of the Statistical Para-
metric Mapping (SPM8; http://www.fil.ion.ucl.ac.uk/spm/software/spm8/) software (Brett, Anton, 
Valabregue, & Poline, 2002), in MATLAB 2013a (The Mathworks, Natick MA, USA). Second, this 
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sphere in MNI space was transformed for each participant into native space using SPM12 (version 
6470; http://www.fil.ion.ucl.ac.uk/spm/software/spm12/) and in-house developed software. Third, 
this sphere in each individual anatomical image was dilated until the point where it reached gray 
matter, yielding the radius of the final (smallest) dilated sphere for determination of the absolute 
SCD in mm (Figure 1). 

For patients in which neuro-navigation was applied, the target coordinates in native space were used 
as the center point of a 5-mm sphere. Because the stimulation coordinates were not located on the 
surface of the cortex, the point of stimulation on the scalp (in native space) was determined in a first 
step. A contour was drawn of the scalp, and the 5-mm sphere was dilated until it reached the contour. 
The coordinates of this point were used to complete the same procedure as described in the previous 
paragraph, including a dilation of a 5-mm sphere on the scalp until it reached the gray matter at its 
nearest point. In case of three participants, the initial dilation process failed, due to an artefact in the 
image of the scalp contour. This was corrected manually by minor editing of the segmented gray 
matter channel. For all participants, the spheres were visually checked by two authors (CK, LB).

Figure 1.  The left panel presents a dilated sphere on the F3 location of an individual participant. The distance between the 
center point of the sphere and the underlying gray matter was used as a measure for SCD of the stimulated F3 location. The 
middle and right panels present the gray matter region-of-interest of an individual participant that was used for calculation of 
the GMD of F3.
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Gray matter density
Gray matter density (GMD) was calculated for the region directly underneath the point of transcra-
nial stimulation, for the treatment location as well as for the primary motor cortex. For this purpose, 
a binary sphere with a 5-mm radius was placed on the gray matter with its center at the point where the 
gray matter was closest to the point of stimulation on the scalp (as determined with the dilated sphere 
for scalp-to-cortex calculation, see Figure 1). This was done for each patient. These native ROIs were 
multiplied with the segmented gray matter of each participant using ImCalc in SPM12. Next, the av-
erage amount of gray matter per voxel within each sphere was calculated (GMD divided by the total 
number of voxels in the sphere) for each participant using in-house developed software. For all partic-
ipants, the spheres on the gray matter were visually checked by two authors (CK, LB).

Total brain volume
For each person, the total brain volume (TBV) was calculated as the summation of total gray and 
white matter. 

Statistical analysis 
Data was analyzed using IBM SPSS Statistics (Version 23). In accordance with Nathou et al. (2015), 
we calculated ratio scores for the primary outcome measures of each study to evaluate treatment 
effects. Ratio scores were calculated for immediate treatment effects (∆= (Post – Pre) / Pre) using the 
primary outcome measures of each rTMS trial (see Table 4). Kendall’s Tau correlation coefficients 
were calculated for associations between ratio scores and SCD and GMD of the stimulated regions 
and TBV. For participants who received bilateral stimulation, the average SCD and GMD of the 
bilateral TPJ or DLPFC was calculated and used in further analyses. 

For the main analysis, stepwise linear regression analyses using the hierarchical method were per-
formed to evaluate possible predictors for rTMS treatment effects over all trials. The model included 
the ratio scores as dependent variable and the anatomical measures, SCD and GMD as independent 
variables in the first step. Furthermore, to control for differences in brain volume and age effects, 
TBV and age were included in the analysis in the second step. These stepwise regression analyses 
were repeated separately for studies targeting AVH and negative symptom dimensions; thus, one 
model including the ratio scores from all four AVH trials, and one model including the ratio scores 
from the trial on negative symptoms. Furthermore, analyses were repeated once more including only 
AVH trials that used the international 10-20 system to target the TPJ, while individual fMRI-guided 
rTMS was left out. The latter two analyses were executed in order to evaluate the effects for studies 
that targeted the same anatomical region (DLPFC vs. TPJ) and used the same method for localization 
(international 10-20 system). 

An additional stepwise linear regression analysis was performed to evaluate if the motor threshold 
could be predicted by anatomical characteristics of the primary motor cortex. The model included 
the motor threshold as the dependent variable and SCD and GMD as independent variables in the 
first step. Furthermore, TBV and age were included in the analysis in the second step. 

Finally, to compare the depth and density of the stimulated region and primary motor cortex, and to 
evaluate if these were related to each other, the SCD and GMD of the treatment locations and prima-
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ry motor cortex were compared using a paired Student’s t-test. In addition, Kendall’s Tau correlation 
coefficients were calculated for associations between SCD and GMD of the treatment locations and 
primary motor cortex. The significance level for was set at p < .05 for all analyses. The reported 
p-values are two-tailed, except for the Kendall’s Tau correlation coefficients that were one-tailed 
(because of a priori hypotheses).

Results
Target region 
Ratio scores for treatment efficacy, SCD, and GMD measures are presented per trial in Table 4 
and Figure 2. Correlation coefficients for associations between these morphological measures and 
treatment efficacy can be found in Table 5. When the data was pooled for the AVH and negative 
symptom trials, all associations were non-significant. The hierarchical stepwise regression models 
on the pooled data also did not yield statistical significant predictors of treatment efficacy.

When the analyses were repeated for the AVH and negative symptom trials separately, SCD of the 
stimulated region was significantly associated with treatment efficacy in the AVH sample (r = .17, p 
= .046). The stepwise regression model again did not yield significant predictors of treatment effica-
cy, although the model including SCD of the stimulated region as a predictor of treatment efficacy 
in AVH trials was significant at trend level (b = .03, t (49) = 1.82, p = .08). The analyses were again 
repeated, now only including trials that determined locus of stimulation based on the international 
10/20 system, thus excluding the fMRI-guided study (excluding de Weijer et al., 2014, leaving 
N=45). Simple correlation analyses revealed statistically significant correlations between treatment 
efficacy and SCD (r = .22, p = .02) as well as GMD (r = .17, p = .05). Furthermore, the hierarchical 
stepwise regression analyses revealed SCD as a significant predictor of treatment efficacy (b = .056, 
t (40) = 2.12, p = .04). The model including SCD and GMD was trend wise significant, explaining 
11.2 % of the variance (F(2,42) = 2.65, p = .08). The analyses including only the negative symptom 
trial did not demonstrate statistical significant correlations or predictors of treatment efficacy.

Trial %∆ 
 
(m, SD)   

SCD  
Target  
(m, SD)   

SCD  
Motor 
(m, SD)   

GMD Target 
 
(m, SD)   

GMD Motor 
 
(m, SD)   

TBV 
 
(m, SD)   

11 -.04  
(.22) 

13.71  
(1.42) 

16.90  
(1.64) 

.00088  
(.00003) 

.00064  
(.00013) 

1169.44  
(130.59) 

22 
 
33 
 
44 
 
55 

-.10  
(.22) 
-.15  
(.3) 
-.12  
(.21) 
-.12  
(.22) 

13.25  
(1.39) 
13.13  
(1.5) 
16.22  
(2.22) 
17.86  
(.93) 

15.88  
(.64) 
16.81  
(2.51) 
17.11  
(.78) 
16.57  
(1.09) 

.00056  
(.00015) 
.00064  
(.00003) 
.0006  
(.00007) 
.00072  
(.00006) 

.00049  
(.00014) 
.00053  
(.00006) 
.00056  
(.00006) 
.00067  
(.00008) 

1139.49  
(123.37) 
1156.46  
(155.91) 
1129.24  
(67.91) 
1206.28  
(134.12) 

%∆ = Ratio score of the primary outcome measure; GMD = Gray matter density (ml/voxel); M = mean, SCD = Scalp-to-
cortex distance (mm), SD = Standard deviation. 
1 Bais et al. 2014 
2 Koops et al. 2016 
3 Slotema et al. 2011 
4 De Weijer et al. 2014 
5 Dlabac-de Lange et al. 2015 

 

Table 4. Anatomical characteristics of the included participants.
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Figure 2. 
Boxplot of the ratio scores (delta) representing treatment efficacy, presented per study

Table 5. Non-parametric correlation coefficients for associations between morphological measures and treatment efficacy. The 
morphological measures are presented for the total group (total), separately for the four AVH treatment trials (AVH), three AVH 
treatment trials using the 10-20 EEG method for localization (AVH_10_20), and negative symptom treatment trial (neg).

 Kendall’s Tau  
with %∆ 

p-value 

SCDtotal 
SCDAVH 
SCDAVH_10_20 
SCDneg 
 
GMDtotal 
GMDAVH 
GMDAVH_10_20 
GMDneg 
 
TBVtotal 
TBVAVH 

TBVAVH_10_20 
TBVneg 

.1 

.17 

.22 
-.15 
 
.11 
.12 
.17 
-.06 
 
.03 
.06 
.05 
-.14 
 

.14 

.05* 

.02* 

.23 
 
.1 
.11 
.05* 
39 
 
.37 
.26 
.33 
.24 

GMD = Gray matter density; SCD = Scalp-to-cortex 
distance; TBV= Total brain volume. 
*p < .05 (one-sided) 
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Primary motor cortex
Data on the motor threshold were available for 54 patients in total. The stepwise linear regression 
models demonstrated that the motor threshold could not be predicted by SCD or GMD of the pri-
mary motor cortex. SCD of the stimulated region correlated significantly with SCD of the primary 
motor cortex (r = .31, p = .001). This was also the case for GMD of both regions (r = .36, p<0.001). 
Furthermore, SCD of the stimulated region was significantly shorter (t(67) = -6.86, p<0.001) than 
SCD of the motor cortex. GMD of the stimulated region was significantly higher than GMD of the 
motor cortex (t(67) = 8.38, p<0.001).

Discussion
The primary aim of the present study was to investigate possible morphological predictors of rTMS 
treatment efficacy. For this purpose, data from multiple clinical trials aimed at alleviation of AVH 
and negative symptoms in patients with schizophrenia were combined. All AVH trials used inhibi-
tory rTMS to reduce neural activity within the temporo-parietal region, while the negative symptom 
trial targeted the DLPFC with excitatory rTMS. First, it was evaluated whether morphological pre-
dictors (specifically scalp-to-cortex distance and gray matter density) could be established for rTMS 
treatment efficacy in general, therefore data from all treatment trials was combined in that analysis. 
Subsequently, it was investigated whether the predictive value of the morphological variables could 
be dependent on location of stimulation (in relation to targeted symptomatology). Within these fol-
low-up analyses, associations between treatment efficacy and morphological characteristics were 
separately tested for patients that received rTMS over different locations (the DLPFC and the TPJ, 
also excluding fMRI-guided rTMS because stimulation was provided on other temporal or parietal 
regions). Our results demonstrate that a shorter distance between the point of stimulation at the scalp 
and the underlying temporo-parietal cortex was associated with greater treatment efficacy in patients 
treated for AVH. This relationship became stronger when the participants that received fMRI-guided 
rTMS were left out from the analyses. No such relationship was found for treatment efficacy in trials 
aimed at improving negative symptoms. Furthermore, the density of the stimulated gray matter was 
associated with treatment efficacy in patients treated for AVH, but not for negative symptoms. Our 
results are in accordance with a previous study on morphological predictors in rTMS treatment effi-
cacy for AVH in patients with schizophrenia (Nathou et al., 2015), in which shorter scalp-to-cortex 
distance (SCD) and greater gray matter density (GMD) were reported to predict treatment efficacy. 

In the rTMS trials for AVH that were included in present study, the majority of the participants re-
ceived stimulation of the temporo-parietal region. A large body of evidence has shown smaller gray 
matter volumes of this region in patients with schizophrenia (Chan et al., 2009), and particularly 
of this region in association with positive symptom severity including AVH (Honea, Crow, Pass-
ingham, & Mackay, 2005; Modinos et al., 2013). For studies investigating structural differences in 
relation to negative symptoms, results are more inconclusive and do not always indicate the DLPFC 
as an area of reduced gray matter volume (Honea et al., 2005; Koutsouleris et al., 2008; Ozdemir et 
al., 2012; T. Zhang, Koutsouleris, Meisenzahl, & Davatzikos, 2015). Reduced gray matter volumes 
of the temporo-parietal region in patients with schizophrenia may supposedly result in a larger area 
between the scalp and the cortex filled with cerebrospinal fluid (CSF). Due to the fact that the con-
ductivity of CSF is much greater than that of brain tissue, the induced electrical current may spread 
more easily if there is more CSF, therefore losing its focality and strength. Consequently, the chance 
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to reach the underlying cortex will decrease (Bijsterbosch, Barker, Lee, & Woodruff, 2012). Overall, 
these findings might explain why SCD was predictive of treatment efficacy in AVH trials, while it 
was not in the negative symptom trial. Furthermore, the predictive value of SCD on AVH improve-
ment increased after only including subjects that were stimulated on the TPJ as determined with the 
international 10-20 system. It may be that the coordinates as determined with fMRI were generally 
not as superficially located as the 10-20 EEG location. As the effective depth of stimulation may not 
be more than 1-2 cm into the cortex (Roth, Flashman, & McAllister, 2007), the magnetic pulses may 
have lost much of their strength before reaching the fMRI-guided target areas. 
 
As a result of previously reported gray matter reductions in patients with schizophrenia (Chan et al., 
2009), the thickness of the cortical layer and its density may also be reduced. Both cortical thickness 
and density have been associated with cortical excitability in healthy subjects (Conde et al., 2012; 
List et al., 2013). Conceivably, reductions in gray matter may negatively influence its excitability 
and the efficacy of rTMS. Indeed, a significant positive correlation between GMD and treatment 
efficacy in the sample of patients that received rTMS on the TPJ (EEG location) demonstrates the 
importance of GMD. However, this association was not present in the AVH sample when the fM-
RI-guided participants were included, nor in the total sample. Hence, our findings on GMD were less 
pronounced than the findings reported by Nathou et al. (2015). This could possibly be ascribed to 
differences in methodologies: Nathou et al. (2015) measured GMD of the superior temporal sulcus, 
which was located less superficial than the region we measured (directly underneath the coil). We 
chose superficial regions for GMD calculation as it can be assumed that the superficial gray matter 
may benefit most from rTMS effects. Uniformity in the applied methodology may increase the 
chance of finding similar results on GMD. In addition, there were differences in stimulation param-
eters, duration, and differences in efficacy of the applied treatment protocols compared to Nathou et 
al. (2015). However, we can only speculate if these differences contribute to the lack of associations 
that we found.

In addition to the SCD and GMD measurements of the stimulated regions, these morphological 
measures were also investigated for the primary motor cortex. Interestingly, although GMD and 
SCD of the stimulated region and the primary motor cortex were positively correlated, GMD of the 
stimulated region was significantly higher and SCD was significantly lower compared to the motor 
region. This is in line with a study by Stokes et al. (2005), in which scalp-to-cortex distances were 
compared between several brain regions that are frequent targets for rTMS. The authors reported 
larger distances for the motor cortex than for the superior temporal gyrus and middle temporal gyrus 
(Stokes et al., 2005). It is thus conceivable that the stimulation intensity for the TPJ area as deter-
mined with the motor threshold procedure is sufficiently high.

One of the key strengths of this study was that the total number of included patients was relatively 
high, as compared to the study by Nathou et al. (2015) (who included 15 subjects). Although these 
patients were combined from multiple treatment trials, treatment efficacy did not significantly differ 
amongst the included studies, the data from the different trials were analyzed using a uniform pro-
cedure, and analyses were repeated for trials targeting different anatomical locations (trials targeting 
the TPJ and DLPFC), and using different localization methods (the international 10/20 system ver-
sus individually fMRI guided rTMS). However, a note of caution is in place since we combined trials 
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that used various methodologies of neurostimulation. Studies were not consistent in the applied 
rTMS paradigm nor in the duration of treatment. Due to small sample sizes of the individual AVH 
studies, follow-up analyses in this context were not performed. Furthermore, the group size in the 
negative symptom trial was small and lack of power may be causative for the absence of a predic-
tive value of SCD and GMD in this group. Hence, the role of possible morphological predictors for 
rTMS treatment efficacy for negative symptoms requires further investigation in larger samples and 
preferably in more homogeneous samples with respect to rTMS treatment protocols. Furthermore, 
it would be of interest for future research to investigate other possible morphological predictors that 
could be of influence on the efficacy of neurostimulation, including baseline patterns of cerebral 
blood flow (for review see Silverstein et al., 2015; Weiduschat & Dubin, 2013), and the level of ac-
tivation of the underlying brain networks during stimulation (Andrews, Hoy, Enticott, Daskalakis, & 
Fitzgerald, 2011; Antal, Terney, Poreisz, & Paulus, 2007; Fregni et al., 2006; Kimbrell et al., 1999; 
Kujirai, Kujirai, Sinkjaer, & Rothwell, 2006; Micoulaud-Franchi et al., 2013). 

To conclude, SCD and GMD of the TPJ are associated with rTMS treatment efficacy in trials aimed 
to reduce severe AVH, even though treatment efficacy in the included samples was relatively low. 
Our data suggests that rTMS protocols need to be individually adjusted or new treatment protocols 
need to be developed in order to assure that the rTMS pulses reach the cortex in sufficient strength 
and number. Furthermore, if future studies confirm the predictive value of SCD for efficacy of 
rTMS over the temporo-parietal region and find additional associations with other morphological, 
demographical, and clinical predictors, this will clearly be of clinical significance as it can aid ap-
proaches that are individually tailored to each patient.
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Chapter 7

The aim of this dissertation
The aim of this dissertation was to investigate the neural basis of apathy. Since Marin (1990) described 
apathy as a separate, classifiable, and clinically relevant condition, apathy has been of increasing inter-
est to researchers from different disciplines. A considerable literature has grown concerning its preva-
lence, etiology, and clinical relevance in diverse patient populations. Despite this increment in studies, 
available treatment strategies for apathy are still limited. Increasing knowledge of the neural and neu-
rocognitive underpinnings of apathy may eventually guide or aid treatment strategies. 

Existing definitions of apathy acknowledge a multidimensional structure, including emotional, cog-
nitive, and auto-activation/behavioral components (Levy & Dubois, 2006; Marin, 1990; Robert et 
al., 2009; Stuss, van Reekum, & Murphy, 2000). However, the existing literature on the neural un-
derpinnings of apathy rarely distinguishes these or related components or focusses on their separate 
neural substrates. This dissertation aimed to complement the literature by investigating auto-acti-
vation (i.e. self-initiation) as well as cognitive aspects of apathy (i.e. cognitive flexibility) together 
with their neural correlates. For this purpose, functional Magnetic Resonance Imaging was used in 
healthy as well as schizophrenia populations. 

Furthermore, currently, neurostimulative treatment is under investigation as a possible additive strat-
egy for alleviation of apathy symptoms. To understand variability in treatment response after neu-
rostimulation, this dissertation aimed to provide insight into associations between morphological 
factors of the brain and efficacy in reducing schizophrenia-related symptoms.

Summary
In this dissertation, the neural basis of apathy was investigated and discussed in various populations. 
In order to advance the understanding of potential shared or unique neural underpinnings of apathy 
within separate patient groups, we performed a systematic review, which was presented in Chapter 
2. The purpose of this review was to provide an extensive overview of the available neuroimaging 
literature on apathy. Therefore, we included studies with patients suffering from neurodegenerative 
disorders, acquired brain injury, or psychiatric disorders, with apathy as an important dimension 
in their symptomatology. The included studies used diverse neuroimaging methods. Although we 
included patients from different diagnostic groups, the definitions of apathy that were provided were 
often comparable, incorporating reduced motivation and reduced goal-directed behavior. Our find-
ings suggest that, across different pathological conditions, apathy is associated with abnormalities 
in frontal and striatal brain regions. Furthermore, the anterior cingulate cortex and inferior parietal 
cortex appeared to be consistently associated with apathy. In particular, the role of the parietal cortex 
was not emphasized in earlier neuroanatomical models of apathy. 

In Chapter 3 and Chapter 4 we studied apathy and its neural basis in a healthy sample with mini-
mal to near-clinically relevant levels of apathy. In Chapter 3, the behavioral and neural correlates 
of initiation of actions were studied in relation to apathy severity. Auto-activation or self-initiation 
is a critical component of goal-directed behavior (Levy & Dubois, 2006). By means of functional 
Magnetic Resonance Imaging (fMRI) during the performance of a task with varying levels of free-
dom in deciding on timing and selection of actions, we studied activation of involved brain regions 
along dimensions of self-reported apathy. Increasing levels of freedom during the task performed in 
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the fMRI scanner were robustly related to stronger recruitment of fronto-parietal brain areas. How-
ever, no relation between brain activation and apathy severity was observed. Therefore, our results 
suggest that neural correlates of auto-activation and self-initiation as operationalized in the task we 
used, do not explain varying levels of apathy in the normal population. 

The cognitive dimension of apathy refers to cognitive functions that are needed to pursue goal-di-
rected behavior, including executive functions such as planning, rule-finding, and flexible shifting 
between behaviors (set-shifting) (Levy, 2012). In Chapter 4, one of these critical components un-
derlying goal-directed behavior was studied in healthy participants, namely cognitive flexibility, i.e. 
set-shifting. This was studied by means of an fMRI task that tapped into behavioral shifting, cogni-
tive set-shifting, and sensitivity for salience. Results showed that higher apathy in this population 
was related to lower activation of medial superior prefrontal and cerebellar regions (crus I/II) during 
rule switching, i.e. cognitive set-shifting. Other aspects of the task, i.e. responding to a different 
stimulus type or decoupling of salient stimuli, did not yield differences in brain activation. These 
findings indicate that healthy participants with higher apathy may show an altered neural basis for 
cognitive control compared to healthy participants with lower apathy. 

In Chapter 5 apathy was investigated by evaluating associations between distinct measures for 
apathy, including clinical, behavioral, and neural measures. To our knowledge, these different mea-
surement types have never been combined in a single study investigating apathy. Clinical mea-
sures included interviews and questionnaires, behavioral measures included quantity, variability, 
and initiation of motor behavior as measured with actigraphy, and lastly, neural measures were 
obtained using fMRI during self-initiation. The use of actigraphy could provide a more objective 
and continuous measure of apathy in the home environment of the patient. Results from this study 
showed that reduced and less variable motor behavior was associated with “negative symptoms” in 
general, but not with apathy severity specifically (Chapter 5). Negative symptoms are a constella-
tion of symptoms, including apathy but also encompassing alogia, affective flattening, asociality, 
and anhedonia. In patients with higher levels of negative symptoms, motor behavior was shown to 
be reduced and less variable. Furthermore, motor behavior parameters as well as negative symp-
toms were associated with brain activation during the self-initiative task in various brain regions 
including cingulate and parietal regions. Overall, these results indicate that actigraphy can provide 
valuable quantitative information about motor activity in a natural setting, which might however be 
less suitable for detailed characterization of severity of apathy but instead related to the occurrence 
of negative symptoms in general. 

In order to find possible treatment options for apathy, our research group is currently studying 
the efficacy and working mechanisms of two neurostimulation techniques, namely Transcranial 
Direct Current Stimulation (TDCS) and repetitive Transcranial Magnetic Stimulation (rTMS) in a 
multicenter, randomized controlled trial. Both techniques target the dorsolateral prefrontal cortex 
to relieve apathy symptoms. In order to gain insight into the possible morphological predictors of 
neurostimulation treatment efficacy, we studied associations between the distance from the scalp 
to the cortex, the density of the gray matter region that was stimulated, and treatment response in 
Chapter 6. For this purpose, multiple recently completed clinical treatment trials using rTMS as 
main intervention (that were executed at our center and at the University Medical Center Utrecht) 
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were combined. In accordance with earlier findings of another research group (Nathou, Simon, Doll-
fus, & Etard, 2015), we observed an association between greater scalp-to-cortex distance and lower 
gray matter density and reduced treatment efficacy, albeit only for treatment of auditory verbal hal-
lucinations with rTMS targeted at the temporo-parietal junction. Within the single included trial that 
was designed to alleviate negative symptoms, scalp-to-cortex distance and gray matter density of the 
stimulated region were not associated with treatment efficacy. These results suggest that variability 
in treatment effects might be caused variability in morphological characteristics like scalp-to-cortex 
distance and gray matter density, but further research is necessary.

Neuroanatomical models for apathy
Over the past decades, various neuroimaging studies investigated the neural basis of apathy. Re-
views on the available literature on apathy in neurodegenerative disorders (e.g. Benoit & Robert, 
2011; Stella et al., 2014; Theleritis, Politis, Siarkos, & Lyketsos, 2014), acquired brain damage 
(Jorge, Starkstein, & Robinson, 2010), neuropsychiatric disorders (Chase, 2011), and HIV (McIn-
tosh, Rosselli, Uddin, & Antoni, 2015) report abnormalities within the fronto-striatal network in 
relation to apathy. The systematic review presented in Chapter 2 confirms abnormalities in relation 
to apathy within the fronto-striatal network across diagnostic categories. Moreover, the inferior pa-
rietal cortex was also found to be consistently associated with apathy in various patient populations. 
To our knowledge, this region has not been included in neuroanatomical models of apathy. However, 
the inferior parietal cortex has previously been related to movement intention, movement aware-
ness, executive functioning, planning actions, regulation of actions, and self-initiated movements 
(Desmurget & Sirigu, 2009; Desmurget & Sirigu, 2012; Hoffstaedter, Grefkes, Zilles, & Eickhoff, 
2013; Jenkins, Jahanshahi, Jueptner, Passingham, & Brooks, 2000; Westerholz, Schack, & Koester, 
2014). Although we demonstrated consistency in regions related to apathy, there was also variance 
in involved brain regions across separate patient populations, with more lateral frontal involvement 
in neurodegenerative disorders and more medial (cortical midline) involvement in psychiatric dis-
orders. This may suggest that different routes towards apathy are possible, or that specific types of 
lesions might lead to specific types of apathy, a suggestion that is in line with previous hypotheses 
(Levy & Dubois, 2006). However, these differences may also be caused in part by methodological 
variations between diagnostic categories. 

The definition and classification of apathy that was proposed by Marin in the early 1990’s, as well as 
successive conceptualizations of apathy, described apathy as a multidimensional construct, includ-
ing emotional, cognitive, and behavioral/auto-activation subdomains (Levy & Dubois, 2006; Marin, 
1990; Robert et al., 2009; Stuss et al., 2000). Levy & Dubois (2006) hypothesized that abnormalities 
within distinct fronto-striatal circuits could be causal to specific apathetic subtypes. Although the 
multidimensional definition of apathy is recognized in the current literature, these separate subdo-
mains and possible separate neural correlates of apathy have only been studied to a minimal extent. 
Within this dissertation, particular aspects of these separate subdomains have been studied, including 
self-initiation as a component of auto-activation, and set-shifting as a cognitive correlate of apathy. 

Apathy as an auto-activation disorder?
The most severe form of apathy has been proposed to be caused by deficits in auto-activation, which 
can result in complete unresponsive patients with ‘empty minds’ after acquired brain injury (Levy 
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& Dubois, 2006). These symptoms have been reported after focal lesions to one or more regions 
within the basal ganglia (Adam, Baulac, Hauw, Laplane, & Duyckaerts, 2008; Fukuoka et al., 2012; 
Laplane, Baulac, Widlocher, & Dubois, 1984) and thalamus (Engelborghs, Marien, Pickut, Ver-
straeten, & De Deyn, 2000). Similar cases have been described after lesions to the dorso-medial re-
gions of the frontal cortex, premotor medial regions, and dorsal anterior cingulate regions. Although 
primarily severe cases of apathy have been described in relation to auto-activation deficits, it is still 
unknown whether difficulties with motor initiation and thought initiation also exist in less severe 
forms of apathy (i.e. in apathetic but not completely unresponsive patients). In Chapter 3, brain ac-
tivation during self-initiated actions was measured in healthy individuals with varying levels of apa-
thy, as well as in patients with schizophrenia and clinical apathy in Chapter 5. In the latter chapter, 
motor behavior was also assessed in daily life using actigraphy. Quantity, variability, and initiation 
of motor behavior were measured and possible associations with apathy severity were investigated. 
Results from both studies (with healthy participants and patients with schizophrenia) confirm great-
er fronto-parietal involvement with higher levels of self-initiation. In contrast, associations with 
apathy severity in this context were not demonstrated, not in the healthy sample, nor in the sample 
including schizophrenia patients. Furthermore, quantity, variability, and initiation of motor behavior 
in patients with schizophrenia (as investigated in Chapter 5), did not correlate with apathy severity. 
Based on these results, we concluded that self-initiation deficits were unlikely to be the underlying 
mechanism for apathy in these patients with schizophrenia (despite the presence of apathy at clini-
cal levels). However, caution is needed, because there might be other explanations possible for our 
findings. It could be, for example, that correlations between motor behavior measures and apathy 
severity were low because the included sample only reported high levels of apathy. At present, our 
research group is working on a follow-up study whereby activity levels will be measured in patients 
with schizophrenia with a wider range in apathy scores (i.e., also low scores). Within this follow-up 
study, additional healthy participants will be included to evaluate whether reduced motor behavior 
might be characteristic of the schizophrenia population in general, or specifically to patients with 
apathy. Overall, based on this dissertation it can be concluded that apathy in the normal population 
and in the schizophrenia population was not associated with auto-activation deficits as evaluated 
within our study design, but in order to firmly establish this, further research is necessary. 

Apathy as a disorder of cognitive functioning?
The cognitive dimension of apathy is hypothesized to be related to impairments in cognitive func-
tions that are needed to execute a plan of action (Levy & Dubois, 2006). According to this notion, 
apathy may in part result from the inability to plan or execute an action. This might be due to impair-
ments in executive functions, including (amongst others) working memory functions and planning, 
and impairments in cognitive flexibility, i.e. set-shifting (Levy & Dubois, 2006). In order to perform 
successful goal-directed actions in a constantly changing environment, flexible shifting between 
behaviors and mind sets is essential. While at the same time it is important to inhibit inappropriate 
or competing behaviors and ignore distractions in order to maintain current behavior (Jurado & 
Rosselli, 2007). Reduced flexibility could result in a state of perseveration, while too flexible shift-
ing might hamper goal-directed behavior due to increased distractibility (Liu & Xu, 2016). A large 
portion of the lateral regions of the prefrontal cortex, including dorsolateral, ventrolateral and fron-
topolar regions, are involved in executive functioning (for reviews see Tanji & Hoshi, 2008; Tekin 
& Cummings, 2002). Areas involving the dorsal prefrontal cortex and dorsal caudate are strongly 
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interconnected, and these regions particularly contribute to executive functioning as demonstrated 
in various patient studies and electrophysiological studies (for a short overview see Levy & Du-
bois, 2006). Lesions in either of these dorsal regions have been associated with deficits in cognitive 
strategies that can be causal to apathy, i.e. cognitive apathy, due to difficulties in establishing new 
patterns of behavior (Levy & Dubois, 2006). In Chapter 4, the neural correlates of a critical compo-
nent of cognitive apathy, i.e. cognitive flexibility, were studied. Within the healthy sample that was 
included, higher apathy severity was associated with reduced activation in medial superior prefrontal 
and cerebellar regions (crus I/II). The medial prefrontal regions have previously been implicated in 
cognitive control functions as well, through their strong interconnections with the lateral prefrontal 
regions (Coutlee & Huettel, 2012; Taren, Venkatraman, & Huettel, 2011). Furthermore, particularly 
crus I and II from the cerebellum have been implicated in executive functions (Habas et al., 2009; 
Reineberg, Andrews-Hanna, Depue, Friedman, & Banich, 2015). Another study performed in our re-
search group, investigated higher order cognitive functioning in patients with schizophrenia (Liem-
burg et al., 2015). Higher levels of apathy were associated with abnormally increased activation 
in parietal regions (inferior parietal lobe, precuneus, paracentral lobule), middle temporal regions, 
and the thalamus during planning (Liemburg et al., 2015). Taking these results together, it can be 
suggested besides previously described dorsolateral and dorsal caudal regions, also medial frontal 
and selective cerebellar regions are involved in dysfunctional cognitive processes underlying apathy.

Apathy as a disorder in emotional processing?
Emotional components of apathy, which were not systematically studied in this dissertation, can 
be described as deficits in coupling of emotions to behavior (Levy & Dubois, 2006). Due to these 
deficits, a person is not motivated to execute behavior and not able to evaluate the pleasurable conse-
quences of their behavior, which could lead to reductions in goal-directed behavior (Levy & Dubois, 
2006). In other words, the experience of anticipatory pleasure is critical in pursuing goal-directed be-
havior, besides the fact that the action is enjoyed and rewarding when it is performed (consummatory 
pleasure). The ability to experience anticipatory pleasure may be reduced as part of the pathogenesis 
of apathy, while consummatory pleasure appears to be intact. This has been demonstrated in clinical 
(Waltz et al., 2009) as well as in healthy samples (Gard, Gard, Kring, & John, 2006), including the 
healthy sample that was studied in Chapter 3 and Chapter 4.

According to Levy & Dubois (2006), the prefrontal regions are strongly connected to the limbic re-
gions of the basal ganglia, including the ventral striatum and ventral pallidum, and sensory cortices. 
These regions provide the prefrontal cortex with the necessary emotional information that is needed 
to guide forthcoming and ongoing behavior (Levy & Dubois, 2006). It has been suggested that le-
sions in the orbito-medial prefrontal cortex may result in apathy, particularly emotional apathy (Levy 
& Dubois, 2006). Studies that investigate emotional components of apathy by means of reward and 
effort related paradigms using fMRI, indeed report fronto-striatal alterations in patients and healthy 
individuals with higher apathy (e.g. Mucci et al., 2015; Park et al., 2015; Waltz et al., 2009; Waltz 
et al., 2010; Waltz et al., 2013). These findings were confirmed in the literature review described in 
Chapter 2. The neural substrates of the emotional subdomain of apathy were however not investi-
gated in this dissertation, although our research group is working on the analyses of an effort-reward 
paradigm that was included in the studies with healthy participants with varying levels of apathy. 
Nevertheless, results from the set-shifting task, which was described in Chapter 3, did not indicate 

Chapter 7



137

behavioral or neural abnormalities in salience decoupling (which is also related to emotional com-
ponents of apathy) in a normal population with varying levels of apathy.

General discussion
Taken together, the findings presented in this dissertation strengthen the idea that apathy is associated 
with alterations in fronto-striatal circuits. Apathy severity was however not related to self-initiation or 
auto-activation deficits: not at a behavioral nor at a neural level, not in the normal population, nor in a 
population of patients with schizophrenia. However, there were indications for alterations in the neural 
basis of cognitive control in association with higher apathy levels. The presented findings thus tentatively 
strengthen the idea that apathy is not a unidimensional concept, though this deserves further investigation. 

In order to guide future research and situate current findings, a framework for pathways towards apa-
thy is proposed in Figure 1. This figure is largely based on previous suggestions (Aleman, 2014; Levy 
& Dubois, 2006; Stuss et al., 2000) and describes the involvement of neuropsychological functions, 
as well as neuroanatomical correlates of possible underlying processes that underlie apathy, including 
emotional, cognitive, and auto-activation/behavioral components. The model illustrates that particular 
neuropsychological functions are more strongly related to specific components of apathy, but it is 
important to bear in mind that these functions are not exclusively related to that particular subdomain. 
Furthermore, the included anatomical representations provide a general view of the most important re-
gions involved in the neuropsychological processes that are related to apathy. These include a (ventral) 
fronto-striatal network in relation to emotional processes, a dorso-medial-striatal network in relation to 
cognitive processes, and striatal and inferior parietal regions in auto-activation processes.

Methodological considerations
Sample characteristics
The studies included in this dissertation included participants with varying levels of apathy from 
the normal population, and participants with high levels of apathy from a population of schizophre-
nia patients. On the one hand, inclusion of a clinical, high severity sample can be regarded as an 
accomplishment because people with high levels of apathy are not easy to motivate for participation 
in research. Furthermore, it stands out from a considerable amount of studies on apathy that did not 
include participants with clinical levels of apathy. On the other hand, inclusion of a high severity sam-
ple compromises the ability to draw general conclusions on the effect of presence of clinical relevant 
apathy. In Chapter 5, the associations between apathy severity and quantity, variety, and initiation of 
motor behavior were studied. Because we only included patients with high apathy levels, we can only 
state that motor behavior measures cannot predict apathy severity in this clinical, high apathy group. 
These findings may not be generalizable to all patients with schizophrenia, and may underestimate the 
relationships between data from actigraphy and clinical measures of apathy and negative symptoms 
in schizophrenia. For this reason, it would be interesting to evaluate if motor behavior in this partic-
ular (high severity) group is distinct from other patients with schizophrenia, including those without 
apathy, or with lower levels of apathy. Furthermore, as becomes apparent from Chapter 2, apathy is a 
frequently occurring symptom in a wider variety of disorders. Therefore, our conclusions are limited 
towards the included populations, and further studies are needed to explore the generalizability of 
our findings. Still the findings from Chapter 2 may be useful in detecting brain areas and networks, 
involved in the initiation of goal-directed behavior or areas of dysfunction in other disorders.

Summary & General Discussion



Figure 1. A schematic representation of possible underlying neuropsychological functions and neuroanatomical correlates of 
apathy-related processes. This model is based upon previous research supplemented with findings described in this dissertation. 
The neuropsychological functions mentioned in the orange balloons primarily (but not exclusively), relate to emotional processes 
that possibly underlie apathy, the pink balloons to cognitive processes, and the green balloons to the auto-activation dimension 
of apathy. Relationships amongst neuropsychological functions are complex and often reciprocal of nature and in order not to 
simplify, relationships are not included in this figure.

Measuring apathy with questionnaires and interviews
Based on the systematic review that was described in Chapter 2, we have learned that quantification 
of apathy in separate patient populations is done using widely varying questionnaires or interviews. 
Within the studies described in this dissertation, clinical measures were used to quantify apathy, 
including the Apathy Evaluation Scale (AES), the Lille Apathy Rating Scale (LARS), the Scale for 
the Assessment of Negative Symptoms (SANS), and the Positive and Negative Syndrome Scale 
(PANSS). Although the underlying constructs of the majority of the available clinical measures are 
largely in accordance with the international consensus criteria for a diagnosis of apathy (Robert et 
al., 2009), there is no generally accepted “Gold standard” apathy instrument. The variance in usage 
of different questionnaires in different fields of research inevitably compromises the comparability 
of apathy prevalence and severity amongst patient populations. Moreover, in Chapter 5 multiple 
measures were used within the same population to quantify apathy, or the related but somewhat 
broader concept of negative symptoms, and although most of these measures correlated significantly 
with each other, correlation coefficients were perhaps not as high as one would expect. 

There are various possible reasons why the instruments, although all aimed at measuring apathy or 
negative symptoms, show these moderate correlations amongst each other. First, apathy question-
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naires differ in their length and extent to which apathy-related problems are questioned and rated. 
Sometimes the instrument only includes an apathy subscale (as with the SANS) or a selection of 
items based upon factor analysis (as with the PANSS). Furthermore, for some questionnaires infor-
mation from informants is mandatory (PANSS), while for other instruments information coming 
from informants is optional (AES, SANS). 

Moreover, the continuing discussion on the conceptualization and definition of apathy induces vari-
ability in the behavioral characteristics that are questioned. For example, more recently developed 
scales such as the Brief Negative Symptom Scale ([BNSS] Kirkpatrick et al., 2011), the Clinical As-
sessment Interview for Negative Symptoms ([CAINS] Forbes et al., 2010), and the Self-evaluation 
of Negative Symptoms ([SNS] Dollfus, Mach, & Morello, 2016) incorporate subjective experiences 
and desires while other scales such as the Scale for the Assessment of Negative Symptoms ([SANS] 
Andreasen, 1984) rely more on the clinicians judgement or observed behavior. The vast majority 
of instruments consider apathy as a unidimensional concept and do not allow for subdivisions into 
emotional, cognitive, and auto-activation/behavioral subdomains of apathy. Only in a small num-
ber of instruments a substructure of apathy is recognized, including the Lille Apathy Rating Scale 
(LARS), and the Dimensional Apathy Scale (DAS, Radakovic & Abrahams, 2014). For our research 
questions, it would have been informative to have included the DAS as well. By means of this 
scale, specific cognitive or behavioral aspects of apathy could have been investigated in relation to 
set-shifting and self-initiative, for example. However, this scale was not available yet for the studies 
that were described in this dissertation. 

Because apathy and depression are related concepts with overlapping symptoms, it was important 
for our studies to include depression scales in addition to scales for the evaluation of apathy and neg-
ative symptoms. For the studies on apathy in healthy samples, described in Chapter 3 and Chapter 
4, the Beck Depression Inventory ([BDI] Beck, Ward, Mendelson, Mock, & Erbaugh, 1961) was 
used to measure depression severity. Importantly, the BDI allows for the evaluation of ‘core de-
pression symptoms’, excluding mood-motivation items and somatic concerns (Shafer, 2006). For 
the study that is described in Chapter 5, whereby patients with schizophrenia were included, the 
Calgary Depression Scale for Schizophrenia patients was used ([CDSS] Addington, Addington, 
& Schissel, 1990). The CDSS was specifically developed to demarcate depression from negative 
symptoms and was therefore most suitable to include (Lako et al., 2012). Furthermore, in order to be 
able to evaluate the neural correlates underlying apathy independently of depression, the analyses in 
Chapters 3, 4, and 5 were performed with the inclusion of covariates, among which was depression. 
Thus, we could exclude depression levels as a rival explanation for our apathy-related findings.   

Clinical instruments for measuring apathy, negative symptoms, and depression, require a certain 
insight of the clinician into the patients’ functioning or insight of the patient into its own function-
ing compared to persons from the normal population. During the treatment trials that are being 
performed by our group, we so far noticed that some of the clinicians have difficulties with quan-
tification of apathy or negative symptoms, especially in outpatients. Part of the patients that were 
included with high apathy and high negative symptoms, were initially not qualified as such by their 
clinicians. Confronted with ratings of the formal rating scales, clinicians often acknowledge their 
bias. The underestimation of symptom severity by clinicians may be explained by clinician’s judge-
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ments that are inevitably biased by the main patient group they work with and the limited informa-
tion they have on daily functioning. For example, although patients exert less goal-directed behavior 
in comparison to healthy individuals, their levels of activity might be rather well in comparison to 
other patients with more severe symptomatology. In order to circumvent problems in reliably rating 
apathy or negative symptoms, and provide an additional objective measurement of apathy, the use 
of actigraphy has been introduced. Actigraphy is a promising measurement type that has also been 
investigated in Chapter 5 of this dissertation. 

Measuring apathy with actigraphy
By means of actigraphy, motor behavior can be measured in the natural, home environment of a 
patient, for longer periods of time (hours, days, weeks, or even months). Quantity of motor behavior, 
as measured with an actigraph, has previously been associated with the presence of apathy in elderly 
patients with dementia (Valembois et al., 2015), patients with post-stroke apathy (Goldfine et al., 
2016), and in patients with schizophrenia (Docx, Sabbe, Provinciael, Merckx, & Morrens, 2013). In 
Chapter 5 we did not find statistically significant associations between quantity of motor behavior, 
variability of motor behavior, or initiation of behavior as measured with the actigraph and apathy 
severity as measured with clinical instruments like the AES. We can speculate on underlying reasons 
for these low correlations. It might for example be the case that the actigraph does not only measure 
goal-directed behavior, but also routine and reactive behavior, which might compromise the apathy 
measurement. In order to evaluate this possibility in future studies, it would be interesting to include 
experience sampling methods together with actigraphy. Alternatively, it could be possible that the 
actigraph only measures the quantity of goal-directed behavior, while clinical instruments incorpo-
rate broader aspects of behavior, including more cognitive and emotional processes. 

Measuring neural correlates of apathy-related constructs with fMRI
A possible tool for the evaluation of neural correlates of apathy-related constructs includes fMRI. In 
Chapter 3, Chapter 4, and Chapter 5 fMRI is used to measure brain activation during a self-initia-
tion task and cognitive set-shifting task. These tasks tap into separate components possibly involved 
in apathy and thus may further provide insight into its possible multidimensional structure and un-
derlying neural mechanisms. This type of neuroimaging research offers a wide variety of possible 
task paradigms that can be used in measuring the emotional, cognitive, and behavioral underpin-
nings of apathy. This is a great advantage, but also inherently compromises comparability amongst 
studies because a large amount of studies use unique task designs. Moreover, tasks that can be used 
in an MR-scanner have their own methodological and practical considerations. In general, tasks 
are limited in their set-up, because only a limited amount of response possibilities can be allowed, 
persons need to lie very still, assignments need to be clear and concise, and confounding factors 
need to be minimized (such as noise, sound, and smell). However, in doing this, the task inevitably 
moves further away from real life performance and experiences. One can also imagine that assigning 
a person to act freely during the self-initiation task that was used in Chapter 3, might turn out to be 
paradoxical in such a restricted task and environment. However, the different conditions of the task 
described in Chapter 3 did allow for more or less freedom in initiation of behavior, although within 
a limited range. Nevertheless, we acknowledge that the design is not optimal and the development of 
better research paradigms to evaluate self-initiation of behavior is of importance. 
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A general limitation of the usage of fMRI, is that a fair number of potential participants decide not 
to participate as they are anxious to go into an MR-scanner. This might have influenced our results and 
might have caused a selection bias in our included sample. A final consideration that should be kept 
in mind when interpreting the results of this dissertation, is that although initiation of behavior and 
cognitive flexibility are of importance to goal-directed behavior, they are only pieces of the puzzle in 
the understanding of possible involved mechanisms. To date, neuroimaging but also behavioral studies 
have not been able to consistently demonstrate unique factors contributing to separate apathy domains. 
Therefore, before further conclusions can be drawn, our neuroimaging findings regarding apathy-re-
lated constructs need to be replicated. Eventually, evidence for the existence of these dimensions will 
become stronger if specific neural circuits for each of them can be identified. 

Clinical implications and consequences for future studies
Apathy is a problem that can be easily missed by clinicians. Inherent to the condition, patients 
suffering from apathy often seem to lack apparent distress, only infrequently seek help, or fail to 
mention apathy as a problem when meeting with their clinician (Massimo, Evans, & Grossman, 
2014). One of the reasons for these challenges in recognizing apathy is that the clinicians’ tools are 
not always sufficient for these purposes. As was suggested in a previous paragraph; the actigraph 
may be an alternative and objective measure for quantification of goal-directed behavior. In clinical 
practice, the actigraph could for example be used to compare patients amongst each other or over a 
treatment course. However, based upon our study in patients with schizophrenia that wore the acti-
graph (described in Chapter 5), we can suggest to only use it as an indicator of clinically relevant 
apathy presence (and negative symptomatology), instead of a measure of apathy severity. 

In many cases where apathy is recognized, treatment options fall short and apathy remains under-
treated (Chase, 2011). Future studies should determine whether clinicians could benefit from a more 
detailed exploration of the sub processes that might induce a reduction in goal-directed behavior. 
Based upon a literature review and a proposed pathophysiological model of goal-directed behav-
ior, Massimo and coworkers (2014) encourage a more detailed exploration of disrupted goal-directed 
processes in order to implement appropriate and individualized treatment. The authors suggest that in 
case apathy emerges from planning difficulties, apathy might best be relieved through assistance in 
restructuring complex activities into simpler components. If apathy is related to emotional deficits, it 
is suggested to enhance rewarding aspects of behavior or the environment (Massimo et al., 2014). Be-
havior could be rewarded by means of rewarding nutrition or verbal feedback for example (Merrilees, 
Klapper, Murphy, Lomen-Hoerth, & Miller, 2010). To enhance the rewarding potential of the environ-
ment adequate lighting could be used (onto a specific object or within a room), usage of familiar faces, 
or orientation interventions (Ishii, Weintraub, & Mervis, 2009). 

In patient selection for neurostimulative treatments, variations in symptom severity on the suggested 
subdimensions of apathy have also not been taken into account. It could be possible that by means 
of neurostimulation only a selective neural network and selective subdomain of negative symptoms 
or apathy-related component is targeted. Information on separate apathy domains were however 
not taken into account at time of development of the rTMS treatment trials that were described in 
Chapter 6, but it might be of interest to include in future research.

Summary & General DiscussionSummary & General Discussion



Future perspectives and concluding remarks 
Apathy is a common and clinically relevant behavioral abnormality that occurs in a variety of psy-
chiatric and neurological conditions. Across patient populations, apathy has been associated with 
lower quality of life, lower medication compliance, higher family and caregiver burden, and more 
problems in daily functioning, which underlines its clinical importance. With this dissertation, we 
aimed to provide insight into the neural basis of apathy, but also a selection of neurocognitive pro-
cesses involved in goal-directed behavior. The results of this dissertation can be used to further 
evaluate apathy, as it is recommended to more extensively explore the putatively underlying dimen-
sions of apathy (possibly through alternative measurement tools). Such research should focus on 
differential neural networks involved in apathy, in addition to associations (and predictive values) 
regarding clinical variables such as disease severity and duration. Finally, in order to facilitate re-
search into treatment efficacy, it is imperative to evaluate apathy to a more detailed extent and design 
interventions specifically targeting the individual needs of a person suffering from apathy. Such 
efforts will eventually improve patients’ quality of life: a most rewarding outcome for researchers 
and clinicians alike.

Chapter 7



143

Summary & General Discussion



List of abbreviations
AAL  Autonomic Atlas Labeling
AC-PC  Anterior Commissure-Posterior Commissure
ACC  Anterior Cingulate Cortex
AD   Alzheimer’s Disease
AES  Apathy Evaluation Scale
AI   Apathy Inventory
ALS  Amyotrophic Lateral Sclerosis
AN(C)OVA  Analyses Of (Co)Variance
AS   Apathy Scale
AVH  Auditory Verbal Hallucinations
BA   Brodmann Area
BDI  Beck Depression Inventory
BMI  Body Mass Index
BNSS  Brief Negative Symptom Scale
BPRS  Brief Psychiatric Rating Scale
CAINS  Clinical Assessment Interview for Negative Symptoms
CBF  Cerebral Blood Flow
CDSS  Calgary Depression Scale for Schizophrenia
CSF  Cerebrospinal Fluid
CT   Computed Tomography
DAIR  Dementia Apathy Interview and Rating
DAS  Dimensional Apathy Scale
DAT  Dopamine Transporter
DLPFC  Dorsolateral Prefrontal Cortex
DTI  Diffusion Tensor Imaging
e.g.   exempli gratia (for example)
EEG  Electroencephalography
ERP  Event-Related Potential
FA   Fractional Anisotropy
fALFF  Fractional Amplitude of Low Frequency Fluctuations
FD   Functional Displacement
FDG  Fluorodeoxyglucose
FOV  Field of View
FTD  Frontal Temporal Degeneration
FEW  Family Wise Error
FrSBe  Frontal System Behavioral scale
GMD  Gray Matter Density
GLM  General Linear Model
i.e.   id est (that is)
IPL   Inferior Parietal Lobule
ISI   Interstimulus Interval
LARS  Lille Apathy Rating Scale
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LBD  Lewy Body Disease
LPP  Late Positive Potential
MCI  Mild Cognitive Impairment
MCC  Mid Cingulate Cortex
MDD  Major Depressive Disorder
MINI  Mini International Neuropsychiatry Interview
MNI  Montreal Neurological Institute
(s/f)MRI  Structural/functional Magnetic Resonance Imaging
MS   Multiple Sclerosis
mSFG  (medial) Superior Frontal Gyrus
MSSD  Mean Squared Successive Difference
NIRS  Near-infrared Spectroscopy
NPI  Neuropsychiatric Inventory
OFC  Orbitofrontal Cortex
PANAS  Positive and Negative Affect Schedule
PANSS  Positive and Negative Syndrome Scale
PD   Parkinson’s Disease
PET  Positron Emission Tomography
PFC  Prefrontal Cortex
PiB  Pittsburgh Compound-B
PPC  Posterior Parietal Cortex
PSA  Post-stroke Apathy
PSP  Progressive Supranuclear Palsy
R/VOI  Region/Volume of Interest
rTMS  repetitive Transcranial Magnetic Stimulation
SANS  Scale for the Assessment of Negative Symptoms
SCD  Scalp-to-Cortex Distance
SCL-90  Symptom Checklist
SHAPS  Snaith-Hamilton Pleasure Scale
SMA  Supplementary Motor Area
SNS  Self-evaluation of Negative Symptoms
SPECT  Single Photon Emission Computed Tomography
SPM  Statistical Parametric Mapping
SPQ  Schizotypal Personality Questionnaire
TBV  Total Brain Volume
TDCS  Transcranial Direct Current Stimulation
TEPS  Temporal Experience of Pleasure Scale
TE   Echo Time
TPJ  Temporo-Parietal Junction
TR   Repetition Time
VBM  Voxel Based Morphometry
VLPFC  Ventrolateral Prefrontal Cortex
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Apathie kan omschreven worden als een gedragskenmerk waarbij er sprake is van een verlies van 
motivatie en initiatief, en gevoelens van lusteloosheid. Het opstarten en volhouden van activiteiten 
is lastig voor mensen met apathie, waardoor minder activiteiten ondernomen worden, met name 
wanneer deze vanuit jezelf moeten komen. Ongetwijfeld voelt iedereen zich weleens ‘apathisch’: je 
bent hangerig en niet vooruit te branden, bijvoorbeeld na een avondje stappen, bij een verkoudheid, 
slaapgebrek of na de griep. Soms kunnen deze apathische klachten echter ook langer voortduren, van 
maanden tot jaren, en kan het zelfs het ondernemen van eenvoudige alledaagse activiteiten ernstig 
bemoeilijken, zoals blijkt uit het onderstaande citaat. 

Ik ben 36 jaar, ben 1.85 meter lang en ik weeg 115 kg. Ik drink veel cola en eet ongezond (magne-
tron, frituur enz.). […] Ik zit al een jaar zonder werk en heb veel ruzie thuis omdat ik denk dat ze 
me niet begrijpen. […] Vroeger was ik erg vrolijk, was mijn kamer brandschoon en had ik erg veel 
hobby’s (lezen, muziek luisteren, tv kijken, autorijden, zwemmen, enz.). Nu kost het al te veel moeite 
om mijn tanden te poetsen of drinken in te schenken. Mijn kamer is een chaos. Ik ga liever op de 
bank liggen. En dan val ik in slaap terwijl de tv aan staat en eten op het vuur staat. Mijn huiswerk 
was vroeger een week te vroeg al af. Nu schuif ik alles door, zelfs de simpele dingen. […] Vroeger 
vond ik alles leuk maar nu schuif ik alles voor me uit. Zelfs muziek luisteren heb ik geen zin meer 
in. Ik voel me net alsof ik om kan vallen. Ik ga laat slapen, puur omdat ik de bank niet af kan komen 
en omdat ik ertegenop zie om de tafel op te ruimen. Zelfs met de hond wandelen, heb ik vaak geen 
zin in. Wat is er met mij aan de hand? […] (Naar https://www.startpagina.nl/v/persoon-gezondheid/
lichamelijke-klachten, 2011).

Het citaat hierboven laat ook zien dat apathische klachten voor iemand behoorlijk ingrijpend kunnen 
zijn. Apathie is dan ook vaak geassocieerd met een verminderde kwaliteit van leven, weinig sociale 
contacten, moeite hebben met leren of werken en een verminderde algehele gezondheid. Daarnaast 
kan het voor mantelzorgers ook lastig en frustrerend zijn om met iemand om te gaan met apathie. Bij 
het zoeken naar een behandeling blijken mensen met apathie moeilijk te motiveren om een behan-
deling te starten of vol te houden, iets wat in de medische wereld vaak verminderde therapietrouw 
wordt genoemd. 

Helaas komt apathie relatief vaak voor. Zowel in de gezonde populatie kunnen mensen last hebben 
van apathie, als in bepaalde patiëntgroepen, zoals bij mensen met de ziekte van Alzheimer, Parkin-
son, ALS, MS, HIV, niet-aangeboren hersenletsel (na een ongeluk of hersenbloeding bijvoorbeeld) 
en bij mensen met psychische aandoeningen zoals schizofrenie en depressie. In de gezonde populatie 
komt apathie (tot op zekere hoogte) voor bij ongeveer 24%, terwijl dit zelfs 60% kan zijn bij mensen 
met de ziekte van Alzheimer, of 50% bij mensen met schizofrenie. Ondanks het frequente voor-
komen en de ernst van de klachten is er tot op heden nog geen toereikende behandeling beschikbaar. 
Het doel van dit proefschrift is om bij te dragen aan een beter begrip van apathie, waarbij de nadruk 
ligt op het in kaart brengen van mogelijk onderliggende neurale correlaten. Om dit te onderzoeken is 
gebruik gemaakt van nieuw, maar ook reeds bestaand beeldvormend onderzoek van de hersenen. Er 
is daarbij gekeken naar het volume en activiteitsniveau van hersengebieden in relatie tot de aan- of 
afwezigheid van apathie, of de ernst van apathie. Informatie van bestaand beeldvormend onderzoek 
is vergaard vanuit studies met patiënten met hersenziekten, zoals neurodegeneratieve stoornissen 
(bijvoorbeeld de ziekte van Alzheimer), mensen met niet-aangeboren hersenletsel en mensen met 
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psychische problemen. Het nieuwe onderzoek dat is uitgevoerd door onze onderzoeksgroep en dat 
beschreven is in dit proefschrift richtte zich met name op apathie bij een gezonde vrijwilligerspop-
ulatie en bij mensen met een ernstige kwetsbaarheid voor psychosen die voldeden aan onderzoek-
criteria voor schizofrenie. Schizofrenie is een complexe psychische aandoening met een veelheid 
aan symptomen. Enerzijds kunnen mensen periodes hebben waarin ze verward zijn, hallucinaties 
en wanen ervaren (positieve symptomen) en het contact met de realiteit (gedeeltelijk) verliezen. 
Men spreekt dan van een psychose. Tijdens zulke periodes (vaak van enkele dagen tot weken soms 
ook maanden of jaren durend) horen ze levensechte stemmen of geluiden die er in werkelijkheid 
niet zijn, of zien ze dingen die er niet zijn. Er ontstaan ook vaak voor de buitenwereld moeilijk te 
begrijpen overtuigingen (wanen) zoals het idee dat diegene wordt achtervolgt of afgeluisterd. Bij 
schizofrenie horen echter ook periodes, die vaak jaren kunnen duren, waarin iemand apathisch is. 
Mensen hebben dan vaak moeite om hun oude hobby’s, opleiding of werk weer op te pakken, mis-
sen sociale contacten, hebben een vlakker gevoelsleven en ervaren weinig energie of zin om dingen 
te ondernemen (dit zijn negatieve symptomen). Apathie bij schizofrenie lijkt een van de meest be-
langrijke negatieve symptomen en is daarbij ook de sterkste voorspeller van minder goed functio-
neren op meerdere vlakken in het leven, zoals werk, sociale contacten en zelfzorg. Dit proefschrift 
draagt bij aan een beter begrip van mogelijke onderliggende neurale mechanismen van apathie en 
is waardevol in het richting geven aan vervolgonderzoek en de ontwikkeling van behandelmogeli-
jkheden voor apathie. 

Is apathie hetzelfde als depressie?
Hoewel een deel van de symptomen van apathie en depressie op elkaar kunnen lijken is apathie is 
niet hetzelfde als depressie. Bij beide klachten blijven mensen vaker binnen, doen minder en heb-
ben minder sociale contacten. Een duidelijk verschil is echter dat mensen met een depressie vaak 
ook verdrietig en neerslachtig zijn, terwijl mensen met apathie meer gelaten zijn. Mensen met een 
depressie hebben bijvoorbeeld ook meer moeite om te genieten van plezierige activiteiten, terwijl 
het bij mensen met apathie juist schort in de voorpret en niet zozeer aan de plezierbeleving op het 
moment zelf. 

Apathie in drie dimensies: emotioneel, cognitief en auto-activatie 
In wetenschappelijke definities wordt apathie doorgaans omschreven als een concept dat uit meer-
dere dimensies bestaat. Zo kan apathie gerelateerd zijn aan emotionele verstoringen, een verstoring 
van specifieke cognitieve processen en/of aan gedragsmatige of auto-activatie problemen. Wanneer 
iemand moeite heeft met het koppelen van een bepaalde emotionele waarde aan een activiteit zal dit 
ertoe kunnen leiden dat activiteiten niet of in mindere mate ondernomen worden, men spreekt dan 
wel van emotionele apathie. Dit lees je ook terug in het citaat; deze persoon interesseert zich niet 
meer voor activiteiten die hij/zij eerder wel leuk vond om te doen met als gevolg dat geen van deze 
activiteiten nog ondernomen wordt. Apathie kan ook ontstaan doordat iemand niet goed meer acti-
viteiten kan plannen, overzien en uitvoeren, dat wordt cognitieve apathie genoemd. Dit kan bijvo-
orbeeld te maken hebben met problemen in het kortetermijngeheugen, doordat iemand niet flexibel 
kan switchen tussen ideeën of gedragingen of door aandachtsproblemen bijvoorbeeld. Bij apathie 
door auto-activatie problemen heeft iemand moeite met denken (het hoofd kan leeg zijn) en moeite 
met het doen, ofwel het starten van een motorische beweging om de activiteit in gang te zetten. On-
danks dat deze vorm van apathie wordt gezien als een van de meest ernstige vormen met vaak een 
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zeer laag activiteitenniveau, zou iemand toch in staat zijn doelgericht gedrag uit te voeren bij stimu-
latie van buitenaf. In eerder gepubliceerde wetenschappelijke literatuur wordt gesuggereerd dat elke 
vorm van apathie een aparte onderliggende veranderde werking in de hersenen (neuraal correlaat) 
heeft (Levy & Dubois, 2006). Hierbij zou emotionele apathie te maken hebben met verstoringen in 
de dieper gelegen hersenkernen als ook met de binnenste (mediale) delen van de voorste (frontale) 
hersenkwabben. Cognitieve apathie zou volgens de theorie van Levy en Dubois vooral samenhangen 
met verstoringen in de dorsale (aan de achterkant gelegen) delen van de frontale hersenkwabben. 
Daarnaast zou auto-activatie apathie geassocieerd zijn met specifieke veranderingen het function-
eren van bepaalde dieper gelegen hersenkernen, zoals de nucleus caudatus en globus pallidus. Deze 
laatste vorm van apathie hangt ook samen met verstoringen in de achterste, in het midden geleden 
delen van de voorste hersenkwabben (dorsomediale frontale delen) als ook met een structuur die 
middenin de hersenen ligt; de cingulaire cortex (zie figuur 1). Het zou kunnen dat bepaalde vormen 
van apathie vaker voorkomen bij specifieke patiëntgroepen, in een bepaald stadium van een ziekte of 
alleen bij een bepaalde ziekte-ernst bijvoorbeeld. Naar de neurale correlaten en het voorkomen van 
deze verschillende typen apathie is echter nog maar weinig onderzoek gedaan. 

Figuur 1. Schematische weergave van een mediaal en lateraal aanzicht van het brein, aangepast naar een figuur eerder gepubli-
ceerd door A. E. de Vos (2016). Lateraal aanzicht: IFG = Inferieure Frontale Gyrus; IPL = Inferieure Pariëtale Lob (kwab); MFG 
= Mediale Frontale Gyrus; SFG = Superieure Frontale Gyrus. Mediaal aanzicht: ACC = Anterieure cingulaire cortex; dMPFC = 
Dorsale Mediale Prefrontal Cortex; PCC = Posterieure Cingulaire Cortex; vMPFC = Ventrale Mediale Prefrontal Cortex.

De neurale correlaten van apathie
In hoofdstuk 2 van dit proefschrift hebben we een overzicht gegeven van reeds bestaande weten-
schappelijke literatuur over de neurale basis van apathie. Het doel van dit hoofdstuk is om zo alom-
vattend mogelijk in kaart te brengen welke hersengebieden betrokken kunnen zijn bij apathie en of 
dit verschillend is voor verschillende populaties. Zo hebben we gekeken naar apathie bij mensen 
met een neurodegeneratieve aandoening (aandoeningen waarbij met het ouder worden zenuwcellen 
afsterven, zoals bij de ziekte van Alzheimer), mensen met niet-aangeboren hersenletsel en mensen 
met een psychische aandoening (zoals depressie of schizofrenie). We hebben 99 studies geselecteerd 
die hierover informatie gaven en de resultaten van die studies samengenomen. Uit onze resultaten 



165

blijkt dat apathie consistent (dus over meerdere patiëntpopulaties) samenhangt met veranderingen in 
de voorste (frontale) en dieper gelegen (striatale) hersendelen. Deze hersengebieden zijn doorgaans 
belangrijk voor vaardigheden zoals het plannen en coördineren van gedrag (cognitieve en executi-
eve vaardigheden) en voor de verwerking van emotionele informatie. Daarnaast is ook het voorste 
gedeelte van de cingulaire cortex betrokken bij apathie. Dit gebied is in eerder onderzoek betrokken 
gebleken bij motivationele en beloningsaspecten van gedrag. Een gebied dat niet eerder is genoemd 
in apathie-gerelateerde hersenmodellen, is het onderste (inferieure) gedeelte van de slaapkwabben 
van de hersenen (de pariëtale cortex). Dit hersengebied ligt ter hoogte van de bovenkant van het oor 
en lijkt belangrijk voor het willen bewegen en het bewustzijn van beweging. 

Bij verschillende ziektes lijken deels overeenkomstige hersengebieden betrokken te zijn bij het 
optreden van apathie. We hebben echter ook vastgesteld dat er ziekte(populatie)-specifieke ver-
storingen zijn in relatie tot apathie. Bij neurodegeneratieve aandoeningen zijn vooral gebieden in de 
rechterhersenhelft betrokken bij apathie, waaronder de frontale hersendelen vlak achter de oogkas 
(orbitaal) en aan de boven en buitenkant (dorsaal), als ook de temporale hersendelen vlak achter het 
oor. Apathie bij niet-aangeboren hersenletsel is vaker geassocieerd met abnormaliteiten in de orbit-
ale, binnenste (mediale) en bovenste (superieure) gebieden van de linker frontaalkwab. Bij mensen 
met een psychische aandoening is apathie vooral geassocieerd met verstoringen in de mediale fron-
tale hersendelen in beide hersenhelften (bilateraal). 

Deze resultaten laten zien dat er verschillende wegen naar Rome leiden; verschillende verstoringen 
in het brein kunnen leiden tot apathie. Anderzijds lijkt er ook wel sprake van een duidelijke snelweg 
naar Rome; de fronto-striatale afwijkingen worden heel consistent gevonden in relatie tot apathie, bij 
verschillende patiëntpopulaties. Hierbij moet wel de kanttekening worden gemaakt dat fronto-striatale 
afwijkingen niet persé leiden tot apathie, deze kunnen ook onderliggend zijn aan andere (niet apathieg-
erelateerde) verstoringen in het gedrag. Daarnaast zou het kunnen zijn dat verschillende verstoringen 
leiden tot verschillende vormen van apathie, zoals benoemd in de vorige paragraaf. Echter, omdat 
maar weinig studies specifieke apathie-gerelateerde processen hebben onderzocht, kan daar op basis 
van de informatie in hoofdstuk 2 nog geen uitspraak over worden gedaan.

Apathie: op zoek naar de puzzelstukjes
De meest gangbare en meest gebruikte methode om apathie in kaart te brengen is middels ge-
standaardiseerde vragenlijsten en (semigestructureerde) interviews. In dit proefschrift hebben we 
gebruik gemaakt van dit type instrument en hebben we daarnaast ook gekeken of hersenactiviteit 
in bepaalde gebieden in het brein samenhangt met de ernst van de apathie. Hersenactiviteit hebben 
we gemeten middels MRI-scans. MRI staat voor Magnetic Resonance Imaging. Dit is een veilige 
beeldvormende techniek waarbij gebruik wordt gemaakt van een sterk magneetveld en wisselende 
radiogolven die invloed hebben op de oriëntatie van protonen, dat zijn onderdeeltjes van de wa-
terstofatomen van waaruit ons lichaam (o.a.) is opgebouwd. Doordat verschillende typen weefsel 
(zoals bloed, bot, hersenvocht en hersenweefsel) verschillen in de hoeveelheid waterstof, kan op 
basis van metingen met de MRI-scanner afgeleid worden waar zich welk type weefsel bevindt en 
kan een duidelijk 3-dimensionaal plaatje van de schedel en de hersenen gemaakt kan worden. Naast 
het weergeven van hersenstructuren is het ook mogelijk om middels een MRI-scanner hersenac-
tiviteit in kaart te brengen. In dit geval spreekt men van functionele MRI, ook wel fMRI. Omdat de 
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magnetische kenmerken verschillend zijn voor zuurstofrijk en zuurstofarm bloed, is het mogelijk om 
een inschatting te maken van welke hersengebieden actief zijn. Er wordt namelijk vanuit gegaan dat als 
een hersengebied actiever is, er meer zuurstofrijkbloed nodig is. Bij een fMRI-scan wordt vaak gebruik 
gemaakt van een computertaak die onderzoeksdeelnemers in de scanner moeten doen en die gericht 
is op het uitlokken van bepaalde vaardigheden en daaraan gekoppelde hersenactiviteit. Hierdoor kan 
inzichtelijk worden welke hersengebieden betrokken zijn bij specifieke cognitieve processen. 

In hoofdstuk 3 van dit proefschrift is gebruikt gemaakt van fMRI. Omdat zelfinitiatie een essen-
tiële stap is in het uitvoeren van doelgericht gedrag wilden wij graag weten of de mate van apathie 
samenhing met een verschil in hersenactiviteit tijdens deze taak. Tijdens een zogenaamde ‘zelfini-
tiatief-taak’ in de MRI-scanner werden onderzoeksdeelnemers opdrachten gegeven die verschilden 
in de mate waarin eigen initiatief mogelijk was. Hierbij kon tijdens de meest vrije opdracht gekozen 
worden op wat voor knop gedrukt werd en wanneer, terwijl in de meest strenge conditie aangegeven 
werd welke concrete handeling uitgevoerd moest worden. Voor deze studie is een groot aantal stu-
denten geworven en uiteindelijk zijn degenen met de laagste en hoogste mate van apathie geselect-
eerd voor het MRI-onderzoek. De resultaten van deze studie laten zien dat een hogere mate van 
vrijheid in zelfinitiatie gerelateerd is aan een sterkere activatie in frontale en pariëtale hersendelen, 
maar er zijn hierbij geen associaties gevonden met de mate van apathie. Dit wijst erop dat de ap-
athie-ernst in een anderszins gezonde populatie niet samenhangt met problemen in het starten van 
motorisch gedrag. Mogelijk dat hier dus geen verstoringen zijn in de auto-activatie component van 
apathie, maar dat emotionele of cognitieve processen een belangrijkere rol spelen. 

In hoofdstuk 4 van dit proefschrift is gekeken naar de cognitieve component van apathie in dezelfde 
groep gezonde studenten, met verschillen in mate van apathie. Hiervoor is een computertaak gebrui-
kt die een beroep deed op cognitieve flexibiliteit. Om doelgericht gedrag uit te voeren in een steeds 
wisselende omgeving is het belangrijk dat er een goede balans is tussen het switchen en vasthouden 
van aandacht (set-shifting); te snel switchen leidt ertoe dat je het overzicht verliest en geen van de 
gestarte activiteiten afmaakt, terwijl een te starre houding ertoe kan leiden dat je vastloopt. Door 
middel van een set-shifting taak is onderzocht hoe flexibel deze groep is in het aanpassen van gedrag 
en of deze vaardigheden en bijbehorende hersenactiviteit geassocieerd zijn met de mate van apathie. 
Het bleek dat iedereen (met veel of weinig apathie) even goed presteerde op de taak, maar dat er 
toch verschillen waren in de mate van activiteit in de mediale en superieure frontale hersendelen en 
in de kleine hersenen (aan de onderkant van het brein), gerelateerd aan de mate van apathie. Dit zou 
kunnen betekenen dat de hersenfuncties (neurale correlaten) onderliggend aan cognitieve controle 
gedeeltelijk anders zijn, afhankelijk van de mate van gerapporteerde apathie. In dit proefschrift zijn 
de emotionele componenten van apathie niet onderzocht, maar binnen onze onderzoeksgroep wordt 
hier wel aan gewerkt.

Apathie en beweging
In het citaat dat aan het begin van dit hoofdstuk gegeven is komt naar voren dat de persoon last heeft 
van apathie en daardoor zijn eerdere hobby’s niet meer beoefent, niet meer met de hond wandelt, 
maar juist vaak op de bank ligt. Bij deze casus lijkt het dus aannemelijk dat de mate van beweging 
behoorlijk is afgenomen en mogelijk samenhangt met de ernst van de apathie. In het onderzoek 
dat in hoofdstuk 5 is beschreven, is geprobeerd om apathie op verschillende manieren in kaart te 
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brengen, waaronder door het meten van hoeveel iemand beweegt op een dag. We hebben mensen 
gevraagd om dag en nacht voor meerdere opeenvolgende dagen een activiteitsmeter te dragen om de 
pols. Deze meter registreert elke beweging die iemand maakte: lopen, fietsen, maar ook het drinken 
van een kopje koffie bijvoorbeeld. Daarnaast hebben we apathie gemeten met behulp van vragenli-
jsten en interviews en hebben we de hersenactiviteit gemeten tijdens het nemen van initiatief (met 
dezelfde computertaak die is gebruikt in hoofdstuk 3). Al deze metingen zijn gedaan in een groep 
mensen met schizofrenie die geselecteerd waren op een hoge mate van apathie waarvoor ze een 
(experimentele, neurostimulatieve) behandeling wilden ondergaan. 

Het gebruik van de activiteitsmeter als instrument voor apathie zou een mooie aanvulling kunnen 
zijn op reeds bestaande maten zoals interviews en vragenlijsten. De meting wordt namelijk gedaan 
in de thuisomgeving in plaats van in het laboratorium of in de spreekkamer van de behandelaar. 
Daarnaast is het mogelijk een objectievere maat omdat de meting onafhankelijk is van interviewers 
of het geheugen van de betrokkene. Er is dus een kleinere kans is op een meetfouten (bias) door 
o.a. ervaring, persoonlijke voorkeur of informatietekort. De resultaten van de studie in hoofdstuk 5 
laten zien dat verminderde beweging en minder variatie in beweging inderdaad samenhangt met een 
hogere ernst van negatieve symptomen. Daarnaast zijn de bewegingsmaten en de negatieve symp-
tomen ook geassocieerd met de mate van hersenactiviteit in verschillende gebieden, waaronder de 
cingulaire cortex en pariëtale cortex. Er zijn echter geen statistisch significante relaties gevonden 
tussen de mate van beweging, hersenactiviteit tijdens zelfinitiatie en apathie. Met andere woorden, 
apathie is niet specifieker gerelateerd aan activiteitsniveaus dan algemene negatieve symptomen. 
Het zou kunnen dat we deze specifieke relaties niet vonden omdat de hele groep ernstige apathie had 
en er dus weinig spreiding was in de data, maar het kan ook zijn dat de activiteitsmeter niet geschikt 
is om de ernst van apathie te meten. Een activiteitsmeter zou dan bijvoorbeeld alleen gebruikt kun-
nen worden als indicatie voor wel of geen aanwezigheid van apathie. Om hier duidelijkere uitsprak-
en over te kunnen doen is het noodzakelijk om meer onderzoek te doen waarbij bijvoorbeeld ook 
mensen deelnemen met een mindere mate van apathie of waarbij onderzoeksdeelnemers ook zelf 
in kaart brengen wat ze doen op een dag. Dit laatste zou nog helpen om een onderscheid te maken 
tussen de mate van doelgericht gedrag en de mate van routine-gedrag, een onderscheid wat niet te 
maken valt op basis van de gegevens die een activiteitsmeter verschaft. 

Behandeling van apathie
Klachten van apathie kunnen gemakkelijk door clinici over het hoofd gezien worden. Inherent aan 
het probleem, zijn mensen met apathie niet snel geneigd om hulp te zoeken, of om deze klachten 
te bespreken met zijn of haar behandelaar. Helaas zijn er ook weinig behandelmogelijkheden voor 
apathie. Soms wordt geprobeerd de klachten te verlichten met medicatie, maar resultaten van deze 
studies zijn niet eenduidig en tot nu toe vaak teleurstellend. Recentelijk is gesuggereerd dat het 
goed is om een zo individueel mogelijke aanpak te hanteren waarbij klachten van apathie verder 
uitgeplozen moeten worden en oplossingen specifiek gericht zijn op de belangrijkste symptom-
en, bijvoorbeeld het al dan niet aanwezig zijn van emotionele, cognitieve of auto-activatie apathie 
(Massimo et al., 2014).

Een andere behandelmethode die momenteel onderzocht wordt binnen onze onderzoeksgroep in 
een grote placebogecontroleerde studie is neurostimulatie. Het gaat hier om repetitieve Transcra-
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niale Magnetische Stimulatie (rTMS) en Transcraniale Direct-Current Stimulatie (TDCS). Bij deze 
methoden worden bepaalde hersengebieden van buitenaf op een veilige manier gestimuleerd. Bij 
rTMS gebeurt dit door middel van magnetische pulsen en bij TDCS door een zwakke elektrische 
stroom. Beide zorgen ervoor dat de hersencellen (neuronen) in het onderliggend hersengebied (in dit 
geval de buitenkant van de voorste hersendelen) gaan vuren of dat de kans op vuren wordt verhoogd. 
Bij deze methode wordt verondersteld dat het verhogen van de hersenactivatie ertoe bijdraagt dat 
de apathische klachten worden verlicht doordat mensen iets gemakkelijker een activiteit kunnen 
starten en volhouden. Je zou deze behandeling als een soort van startmotor kunnen zien waarbij het 
mensen iets gemakkelijker wordt gemaakt doelgericht gedrag te ondernemen. De werkzaamheid 
van deze neurostimulatieve methoden voor de behandeling van apathie of negatieve symptomen bij 
mensen met schizofrenie is echter nog niet vastgesteld. Eerdere onderzoeken laten wisselende, maar 
overwegend gunstige, resultaten zien voor het gebruik van rTMS bij het verminderen van negatieve 
symptomen bij mensen met een vatbaarheid voor psychosen. Ook binnen onze onderzoeksgroep 
zagen we (bij een reeds afgeronde studie) een gunstig effect van rTMS, met echter een groot verschil 
in effectiviteit tussen verschillende onderzoeksdeelnemers. Mogelijk dat klinische kenmerken, zoals 
ziekteduur, medicatiegebruik, en ziekte-ernst een rol spelen, maar wellicht ook de structuur van 
het brein. In hoofdstuk 6 van dit proefschrift hebben we onderzocht of de afstand van de schedel 
tot de hersenen (cortex) en de dichtheid van de hersenen voorspellend zijn voor de effectiviteit van 
rTMS-behandelingen. Hiervoor is een aantal onderzoeken (vanuit de academische ziekenhuizen in 
Groningen en Utrecht) samengenomen waarin de werkzaamheid van rTMS werd onderzocht voor de 
behandeling van symptomen passend bij schizofrenie. Uit de resultaten blijkt dat een grotere afstand 
tussen de schedel en het brein samenhangt met een lagere effectiviteit van de rTMS-behandeling. 
Voor een gedeelte van de geïncludeerde onderzoeken bleek ook dat de dichtheid van de hersenen 
samenhangt met het behandelsucces. Deze resultaten laten zien dat het van belang kan zijn om een 
behandeling aan te passen op individuele karakteristieken van een patiënt om een zo optimaal mo-
gelijk behandelresultaat te kunnen behalen. 

Conclusie
In dit proefschrift hebben we laten zien dat apathie samenhangt met een ander volume en ander ac-
tiviteitsniveau in met name de frontale en striatale hersengebieden, maar ook in de pariëtale cortex. 
Daarnaast bleken de neurale correlaten van specifieke componenten van apathie, zoals zelfinitiatie 
en cognitieve controle respectievelijk niet en wel aangedaan in de onderzochte populaties. Hiermee 
sluit de in dit proefschrift verworven kennis aan bij de suggestie dat apathie een multidimensionaal 
concept zou kunnen zijn met differentiële onderliggende neurale netwerken. Mogelijk is apathie 
in de gezonde populatie ook wel kwalitatief verschillend van ernstigere apathie in patiëntgroepen. 
Onvermijdelijk blijven nog belangrijke vragen onbeantwoord omdat in dit proefschrift slechts een 
beperkt aantal processen is onderzocht in een beperkt aantal onderzoeksgroepen. De resultaten van 
dit proefschrift kunnen echter wel worden gebruikt voor vervolgonderzoek, waarbij wordt geadvi-
seerd de neurale basis van emotionele en cognitieve componenten van apathie nader te onderzoeken, 
in diverse populaties, en hierin tevens klinische factoren als ziekteduur en ziekte-ernst mee te nemen 
en daarnaast te evalueren of individueel toegespitste behandelingen effectief blijken in het vermin-
deren van apathie. 
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Dankwoord
Acknowledgements

Is het echt gelukt? Het proefschrift is klaar?! Ondanks dat een promotie-
traject doorgaans vrij vanzelfsprekend (alhoewel niet zonder obstakels) uit-
mondt in een proefschrift met bijbehorende verdediging, lijkt het vanaf de 
start iets magisch wat ikzelf nooit had kunnen bereiken. Ik wil deze plek in 
mijn proefschrift dan ook graag gebruiken om iedereen die hieraan heeft 
bijgedragen te bedanken. 

Allereerst wil ik graag mijn promotor en copromotoren bedanken. André, vier jaar geleden polste ik 
bij jou of je (na het binnenhalen van een grote subsidie) op zoek was naar promovendi en dat heeft 
destijds op vrij korte termijn geresulteerd in een aanstelling binnen het “Apathie-team”. Vanaf het 
begin was het een eer om met je samen te mogen werken en heb ik je leren kennen als een toegan-
kelijke, betrokken en vriendelijke professor. Regelmatig vond ik op mijn bureau de meest recente 
artikelen, boeken of proefschriften gerelateerd aan mijn onderzoeksveld. Bij de opzet van het onder-
zoek hebben we samen keuzes gemaakt voor de mee te nemen onderzoeks-armen (waarbij we beide 
enthousiast waren en steeds meer behandelmogelijkheden toevoegden) en dat heb ik bijzonder ge-
waardeerd. Daarnaast behoorden cursussen van Harvard, congressen en nog meer congressen altijd 
tot de mogelijkheden en daar heb ik dan ook dankbaar gebruik van gemaakt. 

Rikus, je bent een clinicus in hart en nieren die binnen het onderzoeksproject, maar ook zeker 
binnen mijn persoonlijke traject onmisbaar was. Ik heb altijd erg genoten van onze werkafspraken 
in allerhande koffietentjes die het centrum van Groningen rijk is. We hebben volgens mij nagenoeg 
nooit een afspraak binnen de tijd weten te houden, mede doordat het bediscussiëren van de relatie 
tussen wetenschappelijke resultaten en de klinische relevantie daarvan onuitputtelijk was. Je hebt 
altijd je waardering uitgesproken voor onze actieve zoektocht naar deelnemers en het proberen te 
enthousiasmeren van andere clinici wat voor het Apathie-team een hart onder de riem was. 

Marie-José, wat was ik blij dat ik een aantal maanden na de start van mijn promotietraject ook jou 
mocht rekenen tot een van mijn copromotoren en collega binnen het Apathie-team. Vanaf het begin 
af aan wist ik dat jouw kennis en enthousiasme een ware verrijking zouden zijn. Onze gezamenlijke 
uitstapjes door het hele land met TDCS-koffer in de hand waren altijd erg gezellig en hierdoor hebben 
we elkaar in korte tijd goed leren kennen. Later in mijn traject heb ik je hulp en ondersteuning bij de 
MRI-analyses en het schrijven van de artikelen als essentieel ervaren. Daarnaast heb je altijd het belang 
en de relevantie van de wetenschappelijke uitkomsten voor ogen gehad terwijl ik misschien de boel 
al bijna naar de spreekwoordelijke prullenbak had verwezen. Naast je hoogstaande wetenschappelijke 
inbreng kan ik altijd erg genieten van je platte en droge humor, een heerlijke combinatie!

Tevens bedank ik graag de leden van de leescommissie, prof. dr. Pijnenborg, prof. dr. Dollfus en 
prof. dr. Scherder voor het kritisch lezen en beoordelen van mijn proefschrift. 
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Zonder de medewerking van alle deelnemers aan de Apathiestudie en TRENSS had dit proefschrift 
nooit geschreven kunnen worden. Mijn dank gaat uit naar allen die zich hebben ingezet voor de 
wetenschap en daarvoor de MRI-scanner hebben getrotseerd, als ook de deelnemers die we de neu-
rostimulatieve behandelingen hebben mogen aanbieden. 

Lieve paranimfen Nicky en Michelle, ik ben heel erg blij dat ik op het moment-suprême, de verde-
diging, jullie aan mijn zijde heb. 

Nicky, Nichols! Mijn apathie-buddy vanaf het begin. Wij als gebrilde-“tweeling” zaten volgens 
mij altijd behoorlijk op de dezelfde lijn en ik ben heel erg blij dat we zowel tijdens de opzet van 
het onderzoek, als tijdens de verwerking van de eerste resultaten zo nauw en goed hebben kunnen 
samenwerken. Het is heerlijk om samen te sparren, te klagen, samen super blij of juist heel laconiek 
te zijn over wat er nú weer aan de hand is. Je bent altijd te porren voor een pilsie (het was eerst even 
schrikken, je weet toch ;)) of vertier anderszins, wat een pret!

Michelle, of beter Chellie, mijn andere tweelingzus. Ik ben heel erg blij dat wij, samen met Jorien, 
tijdens mijn eerste jaren op het NIC roomies waren. Het voelde als een warm bad waar ik in terecht 
kwam, waarbij we bovenal alle drie hard werkten, maar ook konden ouwehoeren en we veel gela-
chen hebben. Het was natuurlijk helemaal waanzinnig dat je na je promotie op het NIC bleef en we 
nu zelfs op hetzelfde onderzoeksproject werken. Jouw hilarische uitspraken, gezelligheid, liefde 
voor (baby)dieren, wijntjes, biertjes, knabbels, hoogstaande diners en reizen werken aanstekelijk en 
hopelijk mag ik jou nog heel lang tot een van mijn matties rekenen. 

Lieve Jorien, Annerieke en Heleen, ook jullie waren de afgelopen jaren mijn kamergenootjes en 
betere had ik mij niet kunnen wensen. Jorien, ik was gelijk al onder de indruk van jouw kennis, 
vaardigheden, doorzettingsvermogen en ijzersterke discipline, een ware inspiratie. Volgens mij zit 
je nu helemaal op je plek bij de Hanze en ik heb bewondering voor hoe jij je carrière uitstippelt. 
Annerieke en Heleen, na de promoties van Michelle en Jorien kwam ik bij jullie terecht en het was 
bijzonder om te zien hoe hard jullie beide hebben gewerkt om jullie promotietraject en proefschrift 
tot een goed einde te brengen, alweer zulke goede voorbeelden voor mij! Beide waren jullie heel 
vastberaden en doelbewust, maar hadden daarnaast altijd tijd om elkaar en mij te ondersteunen waar
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nodig. Bovendien waren er de noodzakelijke kopjes (lekkere) koffie en thee om de stress wat van 
ons af te kletsen, maar om ook gelijk de maatschappelijke relevantie van al die wetenschappelijke 
bevindingen te bediscussiëren. Heleen, ik heb heel veel bewondering voor jou punctualiteit en ge-
drevenheid op het werk en jouw onmetelijke sportiviteit en leuke, creatieve ideeën daarbuiten. Anne-
rieke, je bent echt een hele grote lieverd, je oprechte interesse in mensen om je heen, je gezelligheid, 
creativiteit en foute (woord)grapjes zijn fantastisch. 

Dan natuurlijk de APA’s: Leonie A & B, Esther, Edith, Brani, Marc, Gerda en Sahar. Het is fan-
tastisch om in zo’n leuk en actief team samen te werken waarin iedereen zijn eigen specialiteit heeft. 
Lex, het was heerlijk om samen te prutsen aan alle apparaten en het land te trotseren met vrachtwa-
gens, tandartsstoelen, spoelen, schroevendraaiers en wat niet al. Je was voor mij een voorbeeld op 
dit technische gebied, maar ook zeker bij alle praatjes op locatie. Uiteraard gaat ook mijn dank uit 
naar alle stagiaires die zo hard hebben gewerkt op het Apathieproject: Onno, Anique, Lydia, Mieke, 
Rosalie, Janette, Elyne, Juliette, Anne, Sharon, Sasja, Ashley en Bart. 

Mijn dank en waardering gaat ook uit naar alle andere collega’s van het NIC die het werk en de con-
gresbezoekjes onvergetelijk leuk hebben gemaakt: Aaltsje, Annemarie, Barbara, Berry, Daouia, 
Jelle, Eline, Elise, Emi, Frans, Gert, Hans, Hui, Jassy, Linda, Liwen, Luca, Manon, meiden van 
de kattenkamer, Nina, Nynke, Peng-Fei, Rozemarijn, Ruud, Sjoerd, Sander, Shankar en Tania. 
Hanneke ik wil jou graag nog in het bijzonder noemen. We zijn tegelijk begonnen, hadden een 
aantal doelen voor ogen (Hawaii, duh) en zagen gaandeweg beiden in dat ons project nooooooiiit af 
zou zijn na vier jaar (bummers). Je hebt behoorlijk wat obstakels overwonnen en ik heb veel bewon-
dering voor jou relativerings- en doorzettingsvermogen. Onze gezellige koffiemomentjes waren on-
misbaar en jouw droge, beeldende humor is de beste in zijn soort. Jelmer, Helmet, jouw intelligentie 
en diepgaand speurwerk doen soms vergeten dat er maar een beperkte tijd beschikbaar is voor een 
promotietraject en ik heb veel bewondering voor jou eigenwijze houding hierin. Maaike, ik vond 
het supergezellig dat we naast onze gato-relatie ook collega’s waren die tijdens lunches en sportieve 
activiteiten alle hindernissen van ons traject konden bespreken.

JB, als ik wensen had voor bepaalde analyses vertaalde jij deze in een mum-van-tijd tot prachtige 
scripts die ik zonder jouw hulp nooit had kunnen begrijpen en gebruiken. Ik heb onze samenwerking 
en jouw geduld altijd als erg plezierig ervaren. Daarnaast bedank ik ook graag Remco, Hedwig, 
Anita, Judith, en Betty voor de ondersteuning de afgelopen jaren. 
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Het opzetten en uitvoeren van een grote multi-center behandelstudie gaat niet zonder enthousiaste 
collega’s binnen GGZ-instellingen. Ondanks dat mijn proefschrift nog niet de resultaten van de RCT 
naar neurostimulatieve behandelmethoden voor apathie bevat bedank ik wel graag eenieder die aan de 
Apathiestudie meewerkt vanuit Dimence, GGZ Drenthe, GGZ Friesland, Lentis (locaties Delfzijl, 
Drachten, Groningen, Stadskanaal, Zuidlaren), Mediant, het UCP en het RGOC. In het bijzonder 
Aaltsje Malda, Amrita Mahabir, Anita Wessels, Anneke Zijlstra, Annet Wilpstra, Bert Visscher, 
Bertil Bakker, Boudien van der Pol, Daisy van der Werff, Erna van ‘t Hag, Henri Rutten, Herman 
Anema, Inez Oosterholt, Iris Sommer, Johan Arends, Harald Schneider, Lex Wunderink, Marco 
Ruijsink, Marieke Pijnenborg, Nienke Ridder, Nynke Boonstra, Rene Bierling, Richard Brugge-
man, Saskia Noordman, Teatske Hof en Wim Veling.

Enkele jaren heb ik deel uit mogen maken van de BCN PhD council. Barbara, Dennis, Enja, Isadora, 
Heleen, Florian, Kashmiri, Shankar en Stefan, maar ook zeker Diana en Evelyn, bedankt voor de 
prettige samenwerking.

Ellen, dankzij jouw creativiteit en enthousiasme is dit proefschrift prachtig vormgegeven. Ik vond het 
ontzettend leuk en inspirerend om hierover met jou te brainstormen en hierdoor mijn onderzoeksresul-
taten eens in een heel ander licht te zien. 

Het trotseren van een promotietraject gaat niet zonder familie en goede vrienden. Bedankt voor jullie 
luisterend oor, maar nog veel meer voor alle liefde en gezelligheid. Weet hoe blij ik met jullie ben ☺ 
Gooische meisjes Loes, Shay, Debbie, Ellen, Lesley en Boukje; Goldies Rosanne, Marjolein en 
Senta; Psychos Jorrit, Jasper en Daniëlle; S.C. “De gekneugten” Boike, Marieke, Yme, Jarinke, 
Hester, Marjolein en Folkert. Daarnaast natuurlijk Hannah, Elena, Filize, Marieke, Attie, Nadieh, 
Tom en Alex. Dirk en Aaltje, jullie bedankt voor jullie oprechte interesse.

Paps & mams, Fleur & Chris, jullie zijn me zeer dierbaar en jullie onvoorwaardelijke steun en ver-
trouwen in mij en mijn kunnen is erg belangrijk voor me. Heel erg bedankt voor al jullie hulp, liefde, de 
gezellige bezoekjes hier in Groningen en alle mooie gezamenlijke belevenissen.

Lieve Gaaijo, lieve knuffel. Het is bijzonder om jou iedere dag bij me te mogen hebben. Ik kijk er altijd 
naar uit om onze belevenissen van alledag te delen en waardeer jouw verfrissende en creatieve kijk op 
dingen. Je hebt altijd vertrouwen in mij en dat geeft een hoop energie en zelfvertrouwen wat ook zo be-
langrijk is geweest bij het voltooien van dit proefschrift. Ik weet dat we samen nog de meest bijzondere 
tijd tegemoet gaan, samen met onze kleine. Love you.
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