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Abstract  
This chapter details a viewpoint in which apathy is described from its behavioural manifestations and 
its multidimensional mechanisms. We propose a model for the psychological mechanisms and neural 
bases of apathy. We provide evidence that apathy results from dysfunctions of prefrontal cortex-
basal ganglia system causing impairments of the key components of goal-directed behaviours: 1. 
motivation; 2. planning and execution; 3. auto-activation. We present clinical aspects of apathy with 
a critical analysis of its assessment, relying so far on subjective report. After describing current 
treatments and their limits, we show how an ecological approach may help to develop new 
therapeutic interventions. 
 
Keywords: apathy; goal-directed behaviour; executive functions; motivation; auto-activation deficit; 
self-initiation; prefrontal cortex; basal ganglia; striatum; behavioural signature; ecological context 
 
 
1. Definition of apathy 

 

Apathy is traditionally considered by clinicians as a syndrome due to an “absence of feeling, 

emotion, interest or concern” and it has long been defined as a “lack of motivation not attributable 

to diminished level of consciousness, cognitive impairment or emotional distress’’ (Marin, 1991). 

However, clinicians may find it difficult to use this definition in their practice because it requires a 

psychological subjective interpretation of the origin of the observed decrease of spontaneous 

activity reported by patients or their relatives. In accordance with the recent international consensus 

(Robert et al., 2018), we define apathy from the clinically observed status rather than from its 

presumed cause. Following the apathy diagnostic criteria of 2018, the main criterion characterizing 

apathy is: “A quantitative reduction of goal-directed activity either in behavioural, cognitive, 

emotional or social dimensions in comparison to the patient’s previous level of functioning in these 

areas.” This definition takes into account the evidenced multidimensional nature of apathy but from 

a strictly behaviourist point of view, we suggest to narrow the definition of apathy to the 

quantitative reduction of goal-directed behaviours (GDBs). Thus, we can distinguish the clinically 

observable behavioural aspect defining apathy from its underlying emotional and cognitive 

mechanisms. We consider the case of patients with “auto-activation” deficit (AAD) (Laplane and 

Dubois, 2001) as a good model for the description of apathy. In this severe form of the syndrome, 

despite the loss of self-driven behaviours, the ability to execute externally-driven behaviour is 

relatively spared and unwanted automatic behaviours (such as stereotypies or compulsions) can be 

observed. It is therefore necessary to precise that the reduction of GDBs in apathy typically regards 

self-generated voluntary and purposeful behaviours (Levy, 2012; Levy and Czernecki, 2006; Levy and 

Dubois, 2006).  

 



2. Mechanisms and neural bases of apathy 

 

2.1. Key components of goal-directed behaviours and mechanisms of apathy 

 

We propose that apathy is the observable clinical output resulting from different underlying 

mechanisms, more precisely from impairments in different functions in the process of elaboration of 

GDBs (Brown and Pluck, 2000; Levy, 2012). Several theoretical processes are indeed required to 

achieve a GDB. Imagine someone is entering a room that he/she has never seen before and in which 

he/she knows he/she will have to stay for a rather long period of time. This room has been equipped 

to offer opportunities to make oneself at home: there is a comfortable sofa, a table, chairs and after 

exploring a bit, one can find foods, drinks, games, magazines, books, etc… In this situation, he/she 

has many potential goals to reach (e.g., making a coffee, reading an article in a magazine, succeeding 

a Sudoku game…) but to do so, he/she has to: 1. evaluate the external context (physical 

contingencies, social constraints) as well as his/her own personal current desire according to his/her 

values, beliefs and internal homeostasic state (e.g., make the decision to make a coffee); 2. 

elaborate a plan of concrete actions and execute them to actually reach the chosen objective (e.g., 

program and execute the set of actions to make a coffee with the available material). Moreover, 

these two functions need to be coupled and added since they actually occur in parallel all along the 

process of goal achievement: at each moment of the plan of actions, the incentive towards the goal 

has to be updated and it has to remain strong enough to make one initiate each necessary action 

(e.g., if someone enters the room and provides with a warm cup of tea, then he/she may decide to 

abort the plan of actions to make a coffee because his/her motivation for coffee has decreased). 

Thus, we suggest that apathy, or reduction of GDBs, is the result of an impairment of one of these 

three broad psychological functions (which are not exclusive): 1. assessing the environmental 

context and tagging it with one’s own motivational value to define an objective to reach; 2. planning 

and execution of actions towards this objective ; 3. auto-activation of each action towards the 

objective according to its assessed motivational value (which may evolve). The different theoretical 

mechanisms of apathy corresponding to impairments of these broad functions are detailed 

hereafter. 

 

• Assessment of the context and attribution of a motivational value  

Apathy can firstly be due to an inability to attribute a correct value to stimuli according to their 

relative capacity to generate reward or to avoid punition in a given context. Indeed such a deficiency 



may lead to the reduction of GDBs by reducing the motivation to perform and maintain actions until 

their completion. We thus label this first mechanism of apathy: “loss of motivation”.  

 

• Planning and execution of goal-directed thoughts/actions  

Apathy can also occur in case of impaired executive functioning (i.e., the ability to organize programs 

of actions or thoughts in relation to internal goals) or self-regulation (i.e., self-corrective adjustments 

requiring feedback control to stay on track for the purpose being served), leading to concrete 

difficulties in reaching goals and thus reducing the capacity to show GDBs. In this case, apathy would 

be the consequence of a “purely” cognitive mechanism that we may name “cognitive inertia”. 

 

• Auto-activation of goal-directed thoughts/actions 

Finally, apathy may appear because of a failure to auto-activate the correct sequence of 

thoughts/actions towards proper goals. Several sub-mechanisms may theoretically support an 

impaired auto-activation. A first possibility is that due to a disconnection between the systems of 

motivational evaluation and executive functioning, incentives identified by the motivation system 

fail to trigger the initiation of proper thoughts or actions towards the objective (Schmidt et al., 

2015). We call this mechanism "invigoration deficit". A second sub-mechanism explaining auto-

activation deficit is that motivational evaluation, executive functioning and their coupling are all 

deficient because of a general failure to amplify the signals of interest for goal-directed 

thoughts/actions. This alternative possibility probably occurs in association with the subjective 

report of “empty mind”, an impression described by some patients that may correspond to a global 

significant decrease in all signal transmission potentially triggering the initiation of goal-directed 

thoughts/actions. A third theoretical sub-mechanism that we call "loss of focalisation" is related to 

difficulties to extract the relevant signals, corresponding to specific goal-directed thoughts/actions, 

from noise. Due to the loss of temporal and/or spatial focalisation of the relevant signal blended 

with non relevant ones, this mechanism leads to delayed or aborted initiation of goal-directed 

thoughts/actions. 

 

Clinical observations of patients with neurodegenerative diseases suggest that these different 

mechanisms may be somewhat dissociable (Massimo et al., 2015) although not necessarily exclusive. 

For example, some patients may initiate actions and be able to complete a plan of actions even 

though they show no motivation to perform these actions. Other patients who have impairments in 

executive abilities may initiate simple actions (on their own initiative) and show an intact capacity to 

associate an affective value to stimuli. Finally, some patients may be incapable of initiating the 



proper actions to reach goals according to their preserved motivational assessments even though 

their capacity to plan and execute actions is maintained.  

 

This last situation has been evidenced in a particular form of apathy termed “auto-activation 

deficit” (AAD) (or psychic self-activation deficit or athymhormia) (Laplane and Dubois, 2001). We 

consider AAD as the most severe form of apathy and as a clinical model to describe key features of 

this syndrome. AAD consists in a severe reduction in self-initiated actions contrasting with the 

sparing of externally-driven ones under strong solicitations and the presence of automatic 

stereotypic behaviour. Unconscious messages such as adaptive neurovegetative signals or those 

triggering automatic actions are present and lead to normal behavioral responses, but thoughts and 

actions requiring higher level of consciousness are not spontaneously performed (although the 

general cognitive efficiency seems to be intact). Schmidt et al. (2008) showed that this severe form 

of apathy is likely to result from a disconnexion between motivational and executive functions. In 

this study, participants had to complete two tasks: an externally-driven task in which they were 

instructed to produce different levels of force by squeezing a hand grip and a self-driven task in 

which they could win different incentive amounts of money (1, 10 or 50 euros) by squeezing the 

same hand grip. Through this behavioural paradigm, AAD patients firstly showed their capacity to 

execute external instructions: in the externally-driven task, they produced levels of force which were 

similar to those of healthy control participants. However, in the self-driven task, ADD patients did 

not react like healthy controls did: despite their preserved emotional reaction to monetary 

incentives (as evidenced by their skin conductance), they did not present a proportional increase of 

their force level according to the incentive. In other words, this study evidenced an inability to 

translate an expected reward into the appropriate behavioural activation in ADD patients.   

 

2.2. Neural bases 

 

Results of clinical studies localizing brain regions associated with apathy have provided a 

remarkably consistent pattern in spite of their hetereogeneity in terms of patient selection criteria, 

coexisting brain disorders and methodology of data acquisition and analysis. Indeed most 

neuropathological and neuroimaging investigations link apathy to abnormalities in specific regions of 

the frontal lobe and basal ganglia, thus supporting the idea that dysfunctions of prefrontal cortex-

basal ganglia system are responsible for the emergence of apathy in patients (Chase, 2011; Levy, 

2012).  

 



The strong connectivity between PFC and basal ganglia has been shown in the monkey 

(Middleton and Strick, 2002) and also in humans using MR diffusion tensor fiber tracking (Lehéricy et 

al., 2004). Prefrontal cortex (PFC) which represents nearly one third of human brain volume, can be 

divided anatomically and functionally into several subregions (Thiebaut de Schotten et al., 2016; 

Volle et al., 2008). Accordingly, as detailed in a review of studies on cortical-striatal pathways in 

primates (Haber, 2003), the PFC-basal ganglia system is composed of several relatively segregated 

anatomical and functional circuits. In particular, we assume the existence of three theoretical 

circuits that could be related to the three key components of GDB and therefore to the 

corresponding mechanisms of apathy (described in subsection 2.1): (i) the “orbital-ventral-mesial 

circuit” grossly linking the orbital and ventral-mesial PFC to the ventral regions of the basal ganglia; 

(ii) the “dorsolateral circuit” linking the dorsolateral PFC to the dorsal regions of the basal ganglia, 

and (iii) The “anterior cingulate-dorsal mesial circuit” linking the mesial wall of the PFC (mostly the 

dorsal anterior cingulate cortex and supplementary motor area) to basal ganglia portions located 

between the dorsal and ventral regions.  

 

The theoretical model of GDB key functions, with corresponding neural bases and 

mechanisms of apathy is summarized in Figure 1 (see below). 

 



 
 

• Assessment of the context and attribution of a motivational value  

 

We suggest that the brain system in charge of evaluating stimuli for GDB and underlying the 

“loss of motivation” mechanism of apathy belongs to the “limbic system”: it corresponds more 

precisely to its paleocortical division in charge of the implicit integration of affect, drives, and object 

associations (Mega et al., 1997). Among the three theoretical circuits of GDB, this is the orbital-

ventral-mesial circuit. Neuropathological, neurophysiological and neuroimaging studies provide 

arguments to justify this assumption. First, defaults in the valuation function have been observed in 

bvFTD patients with atrophy in ventral-mesial regions (Massimo et al., 2015) as well as in primates 

(humans and animals) with ventral-mesial focal lesions (Manohar and Husain, 2016; Schneider and 

Koenigs, 2017). Besides studies focusing on damages to the ventral striatum showed a significant 
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impact on the capacity to evaluate one’s emotional status (e.g., Calder et al., 2004). Neuronal 

activity recording in monkeys also demonstrated the important role of orbital-ventral-mesial PFC 

(Padoa-Schioppa, 2009; Schultz et al., 2000) and ventral striatum (Hollerman et al., 1998) in 

providing the contextual value of a reward. Finally, neuroimaging studies in humans support this 

same hypothesis of an involvement of orbital-ventral-mesial PFC in value-based decision-making 

(Elliott et al., 2003; Knutson et al., 2003; Rolls, 2000).  

 

We also assume that dopamine plays a major role in the evaluation function of GDB and thus in 

the “loss of motivation” form of apathy. Indeed, dopaminergic neurotransmission has multiple 

actions at each level of the reward pathway and although the role of dopamine in the reward 

process was classically associated with the ability to experience pleasure, more recent data insist on 

its motivational role (Bressan and Crippa, 2005). Dopamine signal is involved in reward-based 

learning processes and may in particular code the discrepancies between predicted and experienced 

reward (Tobler et al., 2003) as well as reward probability and uncertainty (Fiorillo et al., 2003). 

 

• Planning and execution of thoughts/actions 

 

We postulate that the impairments of executive function leading to the “cognitive inertia” 

mechanism of apathy are related to abnormalities in the dorsolateral prefrontal-basal ganglia circuit. 

All the experimental approaches including neurophysiological, neurobiological, neuroimaging, and 

computational studies support the hypothesis that the dorsolateral PFC is a central node for the 

basic executive functions of working memory, inhibitory control and cognitive flexibility (Miller and 

Cohen, 2001). Dorsolateral PFC indeed plays a global and flexible role in executive control, regardless 

of any distinctions in terms of processing or domain (Volle et al., 2008). Moreover cerebral activity in 

the dorsal striatum (head of the caudate nucleus) has been related to the performance on working 

memory and planning tasks in both primates (Levy et al., 1997) and humans (Owen et al., 1996).  

 

• Auto-activation of thoughts/actions 

 

Evidence suggests that a third circuit (i.e., the “anterior cingulate-dorsal mesial” circuit) may be 

in charge of triggering the self-initiation of thoughts/actions towards goals through 

motivation/execution coupling. We assume that damages within this circuit could represent the 

pathophysiological basis for the apathy mechanism of “invigoration deficit”. Both lesion reports and 

neuroimaging studies focusing on mesial PFC in humans are in agreement with this assumption. For 



instance, extensive bilateral lesions of the mesial PFC following stroke have been associated with a 

clinical state called “akinetic mutism” in which patients do not speak or move on their own initiative 

even though they are still able to speak and to feel motivation for speaking (Nagaratnam et al., 

2004). Besides, studies using PET (Jenkins et al., 2000) and fMRI (Wiese et al., 2004) compared 

cerebral activity during self-initiated vs externally triggered movements and observed a significantly 

enhanced activity in mesial frontal cortex (in particular, supplementary motor area and anterior 

cingulate cortex) for self-driven motor actions requiring motivation-execution coupling. We also 

know that basal ganglia are involved in motivation / execution coupling, thanks to the observations 

made in patients with auto-activation deficit due to bilateral basal ganglia lesions (Schmidt et al., 

2008). We lack clinical evidence proving that the intermediary part of basal ganglia (between ventral 

and dorsal parts) is specifically responsible for motivation-execution coupling. However we argue 

that this anatomical position with interdigitated connections from both motivational and executive 

systems can have a functional importance: it may indeed facilitate the communication and thus 

coupling between the two circuits.  

 

More generally, the auto-activation of adaptive GDBs through motivation, execution and 

coupling systems relies on the performance of the three PFC-basal ganglia loops. Any problem in the 

transmission of relevant signals between basal ganglia and PFC may thus impact all of the three 

systems allowing the self-generation of GDBs. We suggest that the specific architecture of basal 

ganglia (combining the succession of distinct parallel anatomical circuits and a gradient of 

concentration of fibers increasing from striatum to thalamus) may contribute to select, amplify and 

transmit to PFC the relevant signal, allowing to activate thoughts/actions towards goals. Moreover, 

several studies in primates (Tremblay, Filion and Bédart, 1989; Kimura et al., 2003) confirm the role 

of striatum within cortico-basal ganglia loops for the selection of goal-specific neuronal activation. In 

case of focal and bilateral damage within basal ganglia such as seen in the auto-activation deficit, 

this centralized system of signal selection and amplification may thus fail to transfer proper goal-

directed thought/action signals to PFC, potentially leading to “empty mind” (i.e., a major decrease in 

the signal to noise ratio in the PFC).  

 

As suggested by Tremblay, Filion and Bédart (1989), striatal dopamine depletion observed in 

Parkinson’s disease (PD) can also lead to problems in the process of signal transmission between 

basal ganglia and PFC thus impacting the auto-activation of GDBs. Spatial and temporal focalisation 

of signals going through the striatum is indeed impaired in monkeys rendered parkinsonian, which 

may be the neural substrate of the “loss of focalisation” mechanism. Besides, several neuroimaging 



studies support that apathy in patients with PD appears as a result of a dysfunction of dopaminergic 

transmission in the PFC-basal ganglia system. For instance, a PET study (Thobois et al., 2010) using 

an antagonist of dopamine D2 and D3 receptor has demonstrated differences in dopaminergic 

binding and transmission through the comparison of patients with PD with and without apathy. In 

patients with apathy (compared to those without apathy), the antagonist binding potential was 

increased in several regions of the PFC-basal ganglia system, implying either a reactive increase in 

dopamine receptor expression or a reduced endogenous synaptic dopamine, or both. Observations 

after the introduction of methylphenidate (which inhibits the recapture of dopamine) provided 

evidence of a reduced capacity for endogenous dopamine release in patients with apathy: indeed 

there was a smaller decrease in the antagonist binding potential in patients with apathy compared 

to those without apathy. Another PET study in patients with PD (Remy et al., 2005) used a ligand 

with affinity for both dopamine and noradrenaline transporters and showed that the severity of 

apathy was inversely correlated with the ligand binding potential in the ventral striatum. This study 

therefore suggests a reduced dopamine and/or noradrenaline binding capacity within ventral 

striatum in apathetic PD patients. Even though primary dopaminergic deficit is an important cause of 

apathy in PD (Le Heron et al., 2018), other neurotransmission systems may be involved in the 

emergence of apathy: other monoaminergic pathways such as noradrenergic (Remy et al., 2005) and 

serotoninergic (Barber et al., 2018) systems but also cholinergic, glutamatergic, and GABAergic 

systems (Chase, 2011).  

 

 

3. Clinical aspects of apathy 

 

3.1. Assessment 

 

In current clinical practice, apathy is assessed either through validated questionnaires. These 

assessment tools are either multi-item scales focused on apathy or instruments quantifying broader 

concepts and containing a subscale or a single item related to apathy. With three available versions 

(clinician, informant, and self-rated), the Apathy Evaluation Scale (AES, 18 items) is the most used 

instrument for the evaluation of apathy (Marin, 1991). The Starkstein Apathy Scale (SAS) is another 

commonly used instrument resembling the 18-item AES, with 14 items scored by the patient’s 

relative or caregiver (Starkstein et al., 1992). The Apathy Inventory (AI) is a reliable tool for assessing 

the emotional, behavioural and cognitive dimensions of the apathy syndrome, and also the subject’s 

awareness of these symptoms (Robert et al., 2002). The Lille Apathy Rating Scale (LARS) also yields 



subscores for different domains of apathy (cognitive, behavioural, affective, self awareness) through 

a relatively lengthy (33 items) semi-structured patient interview (Sockeel, 2006). The 24-item 

Dimensional Apathy Scale (DAS) is another scale developed more recently for the assessment of 3 

dimensions of apathy: Executive, Emotional and Behavioural/Cognitive Initiation (Radakovic and 

Abrahams, 2014). Aside from these scales specifically dedicated to apathy, other broader 

instruments such as the Frontal Systems Behaviour Scale (FrSBe) or the Neuropsychiatric Inventory 

(NPI) can be used for its assessment. The 46-item FrSBe is intended to measure the behavioural 

effects of frontal brain damage and includes a 14-item subscale measuring apathy (Stout et al., 

2003). The NPI is a structured interview which is very often used to evaluate behavioural dysfunction 

including apathy in patients with dementia (Cummings et al., 1994).  

 

All these clinical scales, however, present one major drawback for the precise evaluation of 

apathy syndrome: they are only subjective measures relying on questions about patient’s internal 

state of mind, thoughts and past activities. These evaluations are therefore biased by the specific 

perspective of the reporter (patient, caregiver or clinician) and more objective methods should be 

used as complements to make the assessment of apathy more accurate  (Levy, 2012). 

 

3.2. Prevalence, morbidity and functional consequences  

 

Apathy is a pervasive neuropsychiatric symptom of most neurocognitive, neurodegenerative, 

and psychiatric disorders (Robert et al., 2018). It may also be a consequence of normal ageing and 

therefore not necessarily arises from a pathological status (Brodaty et al., 2010). Regarding 

neurological conditions, dementia is the most common source of clinically significant apathy 

although this syndrome is probably still underestimated in dementias with anosognosia. In 

association with dementia, apathy is generally quite persistent and difficult to treat (Brodaty and 

Burns, 2012). Apathy is recognised as one of the most prevalent neuropsychiatric symptoms in 

various neurodegenerative diseases (Pagonabarraga et al., 2015). At early stage of Alzheimer 

Disease (AD), apathy is present in only 20-25% of patients but about 80% of them develop apathy in 

the course of the disease (Starkstein et al., 2006). Apathy is also a core feature of Lewy-bodies 

disease: it is observed in nearly 60% of these patients (Borroni et al., 2008). The prevalence of 

apathy is even higher in neurodegenerative diseases mostly involving prefrontal cortex and basal 

ganglia (Pagonabarraga et al., 2015): it is present in 60–90% of patients with progressive 

supranuclear palsy, 75–95% of patients with frontotemporal dementia, and 55–90% of patients with 

Huntington’s disease. In PD, apathy can be hard to disentangle from motor dysfunction but globally 



its reported frequency ranges from 15 to 70% (Pagonabarraga et al., 2015). Aside from 

neurodegenerative diseases, apathy can also appear in other conditions with neurogical impacts 

such as stroke, cerebral small vessel disease (CSVD), human immunodeficiency virus infection (HIV) 

or traumatic brain injury (Le Heron et al., 2018; Levy, 2012). Regarding psychiatric conditions, apathy 

is often observed in schizophrenia with negative signs and in adults with attention deficit-

hyperactivity disorders (Levy, 2012). Moreover, apathy is not a clinical criterion of depression but 

can be one of the clinical expressions of a depressed state (Marin et al., 1994), which sometimes 

implies major diagnostic challenges. In demented individuals, a significant relationship between 

apathy and depression has been observed in those with the greatest cognitive deficits, but apathy in 

the absence of depression is not infrequent and indeed, in most neurological diseases apathy is not 

the consequence of depression (Chase, 2011; Levy, 2012). 

	

Although few studies have addressed directly the issue of the course of apathy in the natural 

history of a given disease, it has been found to worsen during the time course of most 

neurodegenerative diseases. Longitudinal studies showed that apathy scores increased as the 

disease evolves in particular in PD (Funkiewiez et al., 2004), Lewy body disease (Borroni et al., 2008) 

and AD (Aalten et al., 2005). More generally within neurological conditions, apathy is considered as a 

major source of morbidity predicting bad prognosis (Levy, 2012). For instance in dementia of AD, 

apathy is associated with earlier institutionalisation, higher risk of developing parkinsonism and 

faster cognitive decline. Besides several studies demonstrated its negative impact on the quality of 

life of both patients and their caregivers (Hurt et al., 2008). Apathy is indeed associated with a higher 

level of global functional impairment and loss of autonomy in activities of daily living (Lechowski et 

al., 2009; Wadsworth et al., 2012). Considering the globally high prevalence of apathy and the extent 

of its debilitating consequences, it is of high importance to progress in its treatment. 

 

3.3 Treatments  

 

3.2.1. Pharmacological treatments 

 

Because apathy reflects dysfunction of PFC-basal ganglia circuits relying on specific 

neurotransmitters pathways, pharmacotherapeutic interventions targeting these pathways should 

help to reduce apathetic behaviour. Pharmacological treatments which are most often administered 

to patients with apathy include: acetylcholinesterase inhibitors, dopaminergic agents, 

antidepressants, antipsychotics and psychostimulants (Berman et al., 2012; Chase, 2011; Harrison et 

al., 2016; Pagonabarraga et al., 2015). Pharmacological treatments of apathy have been mostly 



tested for AD and PD. In AD, apathy seems to slightly benefit from cholinesterase inhibitors such as 

donepezil, rivastigmine, and galantamine (Rodda et al., 2009). However, a recent review on 

pharmacological treatments of apathy in dementia (Harrison et al., 2016) indicates that previously 

reported benefits of cholinesterase inhibitors failed to be replicated. In PD, treatment of coexisting 

apathy with dopaminergic drugs (including methylphenidate) has reportedly been successful 

(Pagonabarraga et al., 2015). Recent evidence (Harrison et al., 2016) tend to show that 

antidepressants globally have mixed results on apathy with positive effects only for agomelatine. 

Antipsychotics are only useful in combination with nonpharmacological interventions while 

psychostimulants do not seem to be effective.  

 

Altogether, results mostly support the use of cholinesterase inhibitors and dopaminergic drugs. 

One possible approach suggests that apathy treatment strategy should be adapted according to its 

underlying mechanism and neural substrate: in this view, cholinesterase inhibitors shoud be 

preferred to treat executive function deficiencies whereas dopaminergic drugs could be used in case 

of motivational assessment trouble or auto-activation deficit (Pagonabarraga et al., 2015). 

Nonetheless, most studies on pharmaceutical treatments of apathy did not specifically focus on 

apathy as primary outcome and were designed to assess effects on other parameters, which 

complicates the interpretation of positive effects (Chase, 2011; Harrison et al., 2016). Besides, no 

study has ever dissected outcomes for the different underlying mechanisms of apathy (Harrison et 

al., 2016). Improved experimental designs and analyses on distinct apathy forms are therefore 

required in order to better assess the effect of apathy pharmacological treatments. 

 

3.2.2. Non-pharmacological treatments 

 

Non-pharmacological treatments are mostly studied in dementia-related apathy. These 

interventions are based on very diverse theories and disciplines but interestingly, four studies 

assessing the impact of music therapy (alone or combined with other intervention elements) in 

institutionalized patients with dementia demonstrated a significant decrease in apathy (Ferrero-

Arias et al., 2011; Fischer-Terworth and Probst, 2011; Raglio et al., 2010, 2008). Although 

interventions were not identical for the four studies, they all included music therapy for at least 10 

sessions of a minimum of 30 minutes. The underlying mechanism explaining this effect of music 

therapy still has to be investigated. A review on non-pharmacological treatments of dementia-

related apathy (Goris et al., 2016) concludes that among all sorts of interventions, music therapy is 

the one supported by the strongest evidence. More generally, this review suggests that positive 



sources of interest and intellectual stimulation shoud be incorporated into care to target apathy. 

However, like for the evaluation of pharmacological interventions, the authors underline the lack of 

focus on apathy as the primary outcome of interventions as well as the need to adapt non-

pharmacologic interventions to the aetiologic mechanism of apathy.  

 

4. Perspectives for novel strategies of apathy assessment and therapy  

 

Limitations of current assessment methods of apathy open the way towards the development of 

new tools to evaluate this syndrome more precisely and objectively. Improving the characterization 

of the behavioural signature of apathy is the first step to complete in order to further develop 

therapeutic strategies targeting this syndrome. Making the clinical diagnosis of apathy more reliable 

is indeed crucial to be sure to administer the adapted treatment. Moreover identifying the accurate 

behavioural expression (both qualitatively and quantitatively) of different pathophysiological 

mechanisms of apathy would be very helpful for the development of new personalized treatments.  

 

4.1. Towards an improved assessment of apathy  

 

One of the main limitation of traditional clinical scales used to assess apathy is their lack of 

objectivity. Current information and communication technologies (ICTs) can be used for the 

development of objective assessments of apathy (König et al., 2014). The 2018 international 

consensus group of experts has indeed acknowledged that new ICTs could provide clinicians with 

valuable additional information in terms of assessment, and therefore more accurate diagnosis of 

apathy (Robert et al., 2018).  

 

ICTs include computerized reaction time in behavioral tasks such as the Iowa Gambling Task 

which assesses decision-making depending upon cost-benefit ratio. Performance on this task has 

already been related to apathy and could thus contribute to the objective measurement of this 

syndrome (Njomboro et al., 2012). The Philadelphia Apathy Computerized Test, developed 

specifically for the evaluation of three assumed key components of GDB (i.e., motivation, planning 

and initiation), is another potential source of objective apathy assessment (Massimo et al., 2015). 

Techniques of indirect measures based on voice analysis, video analysis, serious games, and robots, 

are also currently being developed and could have interesting applications for apathy evaluation. 

 



Although these methods allow an observer-independent evaluation, they are employed only in 

research settings and the measures they provide are not necessarily representative of behavior 

under natural context. The majority of clinical assessment is still carried out under these laboratory-

like conditions due to the difficulties in capturing precise human behaviours while performing varied 

tasks in natural, uncontrolled and non-standardized settings. However several limitations are 

inherent to this type of evaluation: in particular, 1. the problem of test awareness which may bias 

subject’s behavior, 2. the lack of ecological validity which limits the transfer of measures to more 

general settings and 3. the impossibility to obtain continuous or frequent measures for monitoring 

purpose (Korman et al., 2016). An “ecological” approach to apathy assessment would offer a way to 

overcome these limitations. A key facilitating factor in the feasibility of applying such an approach is 

the rapid surge over the past decade in sensing and monitoring devices that enable the direct and 

accurate capture of real-world functioning. 

 

To date, only actigraphy which uses a sensor measuring acceleration on three orthogonal 

directions of space, has been proposed as an observer-independent evaluation of apathy 

representative of patient’s behavior in everyday life. Actigraphy indeed allows to indirectly quantify 

the reduction of GDBs through the monitoring of motor activity and rest-activity rythms. Two studies 

of ambulatory actigraphy in patients with AD (AD) showed that patients’ apathy scores on 

neuropsychiatric assessment scales correlated negatively with mean motor activity measured by the 

actigraph (David et al., 2012, 2010). Mulin et al. (2011) used ambulatory actigraphy to assess sleep-

wake patterns in AD patients. They observed that these patterns were also related to apathy scores 

on traditional clinical scales. In particular, among all AD patients, those with apathy had significantly 

lower daytime mean motor activity, higher wake time after sleep onset, and higher total time in bed 

during the night than those without apathy. Still using ambulatory actigraphy in AD patients, Zeitzer 

et al. (2013) showed a higher decline in early afternoon motor activity along with an earlier wake 

and bed time in those with apathy compared to those without apathy. Another study (Valembois et 

al., 2015) confirmed different activity patterns between dementia patients with and without apathy : 

those with apathy had a significantly lower level of motor activity between 9 am and 12 am and also 

between 6 pm and 9 pm. Only one study (Merrilees et al., 2013) using actigraphy has followed 

patients for a 2 week period but no study has ever investigated a true long-term period of 

actigraphic monitoring in patients with apathy. Merrilees and colleagues’ study also presents 

another originality: it assesses the level of motor activity in patient-caregiver dyads instead of 

patients only. Results of this research suggest a link between apathetic patients’ and their 



caregiver’s level of motor activity that should be further investigated through more actigraphic 

studies in patient-caregiver couples.  

 

An important limitation of actigraphic studies until now is that, while they provide an objective 

measure of motor activity through the use of scoring algorithms, details on the nature of the 

associated behaviours still can not be infered. For example, moments of high activity can be related 

to a goal-directed behaviour but they may be due to psychomotor agitation as well. Conversely, 

patients may engage in a purposeful activity which is sedentary, such as talking on the telephone or 

working on a computer. It is thus necessary to examine additional data along with the analysis of 

actigraphic records to get further information on the functional consequences of apathy.  

 

4.2. ECOCAPTURE program towards a new therapeutic approach for apathy 

 

Our team (FRONTlab) at the Brain and Spine Institute in Paris has initiated a program of research 

called “ECOCAPTURE” to improve the characterization and assessment of apathy using multi-modal 

behavioral measures under ecological conditions. The main objective of ECOCAPTURE is thus to 

provide a precise behavioral signature of apathy with useful applications for clinicians. By means of a 

behavioral sensing system, the protocol tracks each participant’s behavior when performing a 

multiple-phase scenario reproducing a brief real-life situation (45 minutes). The scenario starts with 

a self-guided phase which consists in discovering a new environment (presented as a waiting room), 

followed by an externally-guided phase in which the participant has to fill out a questionnaire. We 

can thus test participant’s capacity to generate GDBs under different conditions. The behavioral 

sensing system comprises 6 cameras, a 3D-accelerometer and eye-tracking glasses (Batrancourt et 

al., 2019).  First results of this protocol allowed to show that exploration deficits may be one of the 

behavioral markers of apathy in patients with the behavioral variant of fronto-temporal dementia 

(bvFTD). In the context of facing a new environment, bvFTD patients are indeed characterized by 

more inactivity and delayed exploration compared to healthy controls. The final goal of 

ECOCAPTURE is to facilitate further development of therapeutic strategies targeting apathy. In a 

near future, we hope to be able to propose efficient personalized interventions implemented within 

patients’ everyday life.  

 

5. General conclusion 

 



To conclude, defining apathy as the reduction of GDBs is a starting point to move ahead in the 

understanding of its pathophysiology and to make progress in its assessment and treatment. In 

particular, we suggest the existence of three key components underlying GDBs (contextual 

motivational assessment, planning and execution, auto-activation) with corresponding underlying 

mechanisms of apathy. Each mechanism is associated with specific neural bases involving three 

relatively segregated PFC-basal ganglia circuits and dopaminergic pathways. We finally propose a 

new rational to optimize personalized treatment for apathy. This approach relies on the precise 

measure of the behavioural signature of apathy under ecological context.  

 
 
Acknowledgement 
 

We gratefully acknowledge the following financial supports of ECOCAPTURE: the program 

Investissements d’avenir ANR-10-IAIHU-06; the foundation Fondation pour la recherche médicale, 

FRM DEQ20150331725, frm.org; the ENEDIS company, enedis.fr. and the malakoff médéric humanis 

company, malakoffmederic.com. We are also very thankful to all the participants and their families 

for contributing to the pursuit of research on apathy. 

 
References 
 
Aalten, P., de Vugt, M.E., Jaspers, N., Jolles, J., Verhey, F.R., 2005. The course of neuropsychiatric 
symptoms in dementia. Part II: relationships among behavioural sub-syndromes and the influence of 
clinical variables. Int. J. Geriatr. Psychiatry 20, 531–536. 

Barber, T.R., Griffanti, L., Muhammed, K., Drew, D.S., Bradley, K.M., McGowan, D.R., Crabbe, M., Lo, 
C., Mackay, C.E., Husain, M., 2018. Apathy in rapid eye movement sleep behaviour disorder is 
associated with serotonin depletion in the dorsal raphe nucleus. Brain 141, 2848–2854. 

Batrancourt, B.M., Lecouturier, K., Ferrand-Verdejo, J., Guillemot, V., Azuar, C., Bendetowicz, D., 
Migliaccio, R., Rametti-Lacroux, A., Dubois, B., Levy, R., 2019. Exploration deficits under ecological 
conditions as a marker of apathy in frontotemporal dementia. Front. Neurol. 10, 941. 

Berman, K., Brodaty, H., Withall, A., Seeher, K., 2012. Pharmacologic Treatment of Apathy in 
Dementia. Am. J. Geriatr. Psychiatry 20, 104–122. https://doi.org/10.1097/JGP.0b013e31822001a6 

Borroni, B., Agosti, C., Padovani, A., 2008. Behavioral and psychological symptoms in dementia with 
Lewy-bodies (DLB): frequency and relationship with disease severity and motor impairment. Arch. 
Gerontol. Geriatr. 46, 101–106. 

Bressan, R.A., Crippa, J.A., 2005. The role of dopamine in reward and pleasure behaviour – review of 
data from preclinical research. Acta Psychiatr. Scand. 111, 14–21. https://doi.org/10.1111/j.1600-
0447.2005.00540.x 



Brodaty, H., Altendorf, A., Withall, A., Sachdev, P., 2010. Do people become more apathetic as they 
grow older? A longitudinal study in healthy individuals. Int. Psychogeriatr. 22, 426–436. 

Brodaty, H., Burns, K., 2012. Nonpharmacological Management of Apathy in Dementia: A Systematic 
Review. Am. J. Geriatr. Psychiatry 20, 549–564. https://doi.org/10.1097/JGP.0b013e31822be242 

Calder, A.J., Keane, J., Lawrence, A.D., Manes, F., 2004. Impaired recognition of anger following 
damage to the ventral striatum. Brain 127, 1958–1969. 

Chase, T.N., 2011. Apathy in Neuropsychiatric Disease: Diagnosis, Pathophysiology, and Treatment. 
Neurotox. Res. 19, 266–278. https://doi.org/10.1007/s12640-010-9196-9 

Cummings, J.L., Mega, M., Gray, K., Rosenberg-Thompson, S., Carusi, D.A., Gornbein, J., 1994. The 
Neuropsychiatric Inventory: comprehensive assessment of psychopathology in dementia. Neurology 
44, 2308–2308. 

David, R., Mulin, E., Friedman, L., Le Duff, F., Cygankiewicz, E., Deschaux, O., Garcia, R., Yesavage, 
J.A., Robert, P.H., Zeitzer, J.M., 2012. Decreased Daytime Motor Activity Associated With Apathy in 
Alzheimer Disease: An Actigraphic Study. Am. J. Geriatr. Psychiatry 20, 806–814. 
https://doi.org/10.1097/JGP.0b013e31823038af 

David, R., Rivet, A., Robert, P.H., Mailland, V., Friedman, L., Zeitzer, J.M., Yesavage, J., 2010. 
Ambulatory actigraphy correlates with apathy in mild Alzheimer’s disease. Dementia 9, 509–516. 
https://doi.org/10.1177/1471301210381678 

Elliott, R., Newman, J.L., Longe, O.A., Deakin, J.W., 2003. Differential response patterns in the 
striatum and orbitofrontal cortex to financial reward in humans: a parametric functional magnetic 
resonance imaging study. J. Neurosci. 23, 303–307. 

Ferrero-Arias, J., Goñi-Imízcoz, M., Gonzalez-Bernal, J., Lara-Ortega, F., da Silva-González, Á., Díez-
Lopez, M., 2011. The efficacy of nonpharmacological treatment for dementia-related apathy. 
Alzheimer Dis. Assoc. Disord. 25, 213–219. 

Tremblay, L., Filion, M., Bédart, P.J., 1989. Responses of pallidal neurons to striatal stimulation in 
monkeys with MPTP-induced parkinsonism. Brain Res. 498, 17–33. 

Fiorillo, C.D., Tobler, P.N., Schultz, W., 2003. Discrete coding of reward probability and uncertainty 
by dopamine neurons. Science 299, 1898–1902. 

Fischer-Terworth, C., Probst, P., 2011. Evaluation of a TEACCH-and music therapy-based 
psychological intervention in mild to moderate dementia. GeroPsych. 

Funkiewiez, A., Ardouin, C., Caputo, E., Krack, P., Fraix, V., Klinger, H., Chabardes, S., Foote, K., 
Benabid, A.-L., Pollak, P., 2004. Long term effects of bilateral subthalamic nucleus stimulation on 
cognitive function, mood, and behaviour in Parkinson’s disease. J. Neurol. Neurosurg. Psychiatry 75, 
834–839. 

Goris, E.D., Ansel, K.N., Schutte, D.L., 2016. Quantitative systematic review of the effects of non-
pharmacological interventions on reducing apathy in persons with dementia. J. Adv. Nurs. 72, 2612–



2628. https://doi.org/10.1111/jan.13026 

Haber, S.N., 2003. The primate basal ganglia: parallel and integrative networks. J. Chem. Neuroanat. 
26, 317–330. https://doi.org/10.1016/j.jchemneu.2003.10.003 

Harrison, F., Aerts, L., Brodaty, H., 2016. Apathy in Dementia: Systematic Review of Recent Evidence 
on Pharmacological Treatments. Curr. Psychiatry Rep. 18, 103. https://doi.org/10.1007/s11920-016-
0737-7 

Hollerman, J.R., Tremblay, L., Schultz, W., 1998. Influence of reward expectation on behavior-related 
neuronal activity in primate striatum. J. Neurophysiol. 80, 947–963. 

Hurt, C., Bhattacharyya, S., Burns, A., Camus, V., Liperoti, R., Marriott, A., Nobili, F., Robert, P., 
Tsolaki, M., Vellas, B., 2008. Patient and caregiver perspectives of quality of life in dementia. 
Dement. Geriatr. Cogn. Disord. 26, 138–146. 

Jenkins, I.H., Jahanshahi, M., Jueptner, M., Passingham, R.E., Brooks, D.J., 2000. Self-initiated versus 
externally triggered movements: II. The effect of movement predictability on regional cerebral blood 
flow. Brain 123, 1216–1228. 

Kimura, M., Matsumoto, N., Okahashi, K., Ueda, Y., Satoh, T., Minamimoto, T., Sakamoto, M., 
Yamada, H., 2003. Goal-directed, serial and synchronous activation of neurons in the primate 
striatum. Neuroreport 14, 799–802. 

Knutson, B., Fong, G.W., Bennett, S.M., Adams, C.M., Hommer, D., 2003. A region of mesial 
prefrontal cortex tracks monetarily rewarding outcomes: characterization with rapid event-related 
fMRI. Neuroimage 18, 263–272. 

König, A., Aalten, P., Verhey, F., Bensadoun, G., Petit, P.-D., Robert, P., David, R., 2014. A review of 
current information and communication technologies: can they be used to assess apathy?: Current 
and new methods for the assessment of apathy. Int. J. Geriatr. Psychiatry 29, 345–358. 
https://doi.org/10.1002/gps.4017 

Korman, M., Weiss, P.L., Kizony, R., 2016. Living Labs: overview of ecological approaches for health 
promotion and rehabilitation. Disabil. Rehabil. 38, 613–619. 
https://doi.org/10.3109/09638288.2015.1059494 

Laplane, D., Dubois, B., 2001. Auto-activation deficit: a basal ganglia related syndrome. Mov. Disord. 
16, 810–814. 

Le Heron, C., Apps., M.A.J., Husain, M., 2018. The anatomy of apathy: A neurocognitive framework 
for amotivated behaviour. Neuropsychologia 118, 54–67. 
https://doi.org/10.1016/j.neuropsychologia.2017.07.003 

Lechowski, L., Benoit, M., Chassagne, P., Vedel, I., Tortrat, D., Teillet, L., Vellas, B., 2009. Persistent 
apathy in Alzheimer’s disease as an independent factor of rapid functional decline: the REAL 
longitudinal cohort study. Int. J. Geriatr. Psychiatry J. Psychiatry Late Life Allied Sci. 24, 341–346. 

Lehéricy, S., Ducros, M., Van De Moortele, P.-F., Francois, C., Thivard, L., Poupon, C., Swindale, N., 



Ugurbil, K., Kim, D.-S., 2004. Diffusion tensor fiber tracking shows distinct corticostriatal circuits in 
humans. Ann. Neurol. 55, 522–529. 

Levy, R., 2012. Apathy: A pathology of goal-directed behaviour. A new concept of the clinic and 
pathophysiology of apathy. Rev. Neurol. (Paris) 168, 585–597. 
https://doi.org/10.1016/j.neurol.2012.05.003 

Levy, R., Czernecki, V., 2006. Apathy and the basal ganglia. J. Neurol. 253, vii54–vii61. 

Levy, R., Dubois, B., 2006. Apathy and the Functional Anatomy of the Prefrontal Cortex–Basal 
Ganglia Circuits. Cereb. Cortex 16, 916–928. https://doi.org/10.1093/cercor/bhj043 

Levy, R., Friedman, H.R., Davachi, L., Goldman-Rakic, P.S., 1997. Differential activation of the caudate 
nucleus in primates performing spatial and nonspatial working memory tasks. J. Neurosci. 17, 3870–
3882. 

Manohar, S.G., Husain, M., 2016. Human ventromedial prefrontal lesions alter incentivisation by 
reward. cortex 76, 104–120. 

Marin, R.S., 1991. Apathy: a neuropsychiatric syndrome. J. Neuropsychiatry Clin. Neurosci. 

Marin, R.S., Firinciogullari, S., Biedrzycki, R.C., 1994. Group differences in the relationship between 
apathy and depression. J. Nerv. Ment. Dis. 

Massimo, L., Powers, J.P., Evans, L.K., McMillan, C.T., Rascovsky, K., Eslinger, P., Ersek, M., Irwin, D.J., 
Grossman, M., 2015. Apathy in Frontotemporal Degeneration: Neuroanatomical Evidence of 
Impaired Goal-directed Behavior. Front. Hum. Neurosci. 9. 
https://doi.org/10.3389/fnhum.2015.00611 

Mega, M.S., Cummings, J.L., Salloway, S., Malloy, P., 1997. The limbic system: An anatomic, 
phylogenetic, and clinical perspective. J. Neuropsychiatry Clin. Neurosci. 9, 315–330. 
https://doi.org/10.1176/jnp.9.3.315 

Merrilees, J., Dowling, G.A., Hubbard, E., Mastick, J., Ketelle, R., Miller, B.L., 2013. Characterization of 
Apathy in Persons With Frontotemporal Dementia and the Impact on Family Caregivers: Alzheimer 
Dis. Assoc. Disord. 27, 62–67. https://doi.org/10.1097/WAD.0b013e3182471c54 

Middleton, F.A., Strick, P.L., 2002. Basal-ganglia ‘projections’ to the prefrontal cortex of the primate. 
Cereb. Cortex 12, 926–935. 

Miller, E.K., Cohen, J.D., 2001. An integrative theory of prefrontal cortex function. Annu. Rev. 
Neurosci. 24, 167–202. 

Mulin, E., Zeitzer, J.M., Friedman, L., Le Duff, F., Yesavage, J., Robert, P.H., David, R., 2011. 
Relationship between Apathy and Sleep Disturbance in Mild and Moderate Alzheimer’s Disease: An 
Actigraphic Study. J. Alzheimers Dis. 25, 85–91. https://doi.org/10.3233/JAD-2011-101701 

Nagaratnam, N., Nagaratnam, K., Ng, K., Diu, P., 2004. Akinetic mutism following stroke. J. Clin. 
Neurosci. 11, 25–30. 



Njomboro, P., Deb, S., Humphreys, G.W., 2012. Apathy symptoms modulate motivational decision 
making on the Iowa gambling task. Behav. Brain Funct. 8, 63. 

Owen, A.M., Doyon, J., Petrides, M., Evans, A.C., 1996. Planning and spatial working memory: a 
positron emission tomography study in humans. Eur. J. Neurosci. 8, 353–364. 

Padoa-Schioppa, C., 2009. Range-Adapting Representation of Economic Value in the Orbitofrontal 
Cortex. J. Neurosci. 29, 14004–14014. https://doi.org/10.1523/JNEUROSCI.3751-09.2009 

Pagonabarraga, J., Kulisevsky, J., Strafella, A.P., Krack, P., 2015. Apathy in Parkinson’s disease: clinical 
features, neural substrates, diagnosis, and treatment. Lancet Neurol. 14, 518–531. 
https://doi.org/10.1016/S1474-4422(15)00019-8 

Radakovic, R., Abrahams, S., 2014. Developing a new apathy measurement scale: Dimensional 
Apathy Scale. Psychiatry Res. 219, 658–663. 

Raglio, A., Bellelli, G., Traficante, D., Gianotti, M., Ubezio, M.C., Gentile, S., Villani, D., Trabucchi, M., 
2010. Efficacy of music therapy treatment based on cycles of sessions: a randomised controlled trial. 
Aging Ment. Health 14, 900–904. 

Raglio, A., Bellelli, G., Traficante, D., Gianotti, M., Ubezio, M.C., Villani, D., Trabucchi, M., 2008. 
Efficacy of music therapy in the treatment of behavioral and psychiatric symptoms of dementia. 
Alzheimer Dis. Assoc. Disord. 22, 158–162. 

Remy, P., Doder, M., Lees, A., Turjanski, N., Brooks, D., 2005. Depression in Parkinson’s disease: loss 
of dopamine and noradrenaline innervation in the limbic system. Brain 128, 1314–1322. 

Robert, P., Lanctôt, K.L., Agüera-Ortiz, L., Aalten, P., Bremond, F., Defrancesco, M., Hanon, C., David, 
R., Dubois, B., Dujardin, K., Husain, M., König, A., Levy, R., Mantua, V., Meulien, D., Miller, D., 
Moebius, H.J., Rasmussen, J., Robert, G., Ruthirakuhan, M., Stella, F., Yesavage, J., Zeghari, R., 
Manera, V., 2018. Is it time to revise the diagnostic criteria for apathy in brain disorders? The 2018 
international consensus group. Eur. Psychiatry 54, 71–76. 
https://doi.org/10.1016/j.eurpsy.2018.07.008 

Robert, P.H., Clairet, S., Benoit, M., Koutaich, J., Bertogliati, C., Tible, O., Caci, H., Borg, M., Brocker, 
P., Bedoucha, P., 2002. The Apathy Inventory: assessment of apathy and awareness in Alzheimer’s 
disease, Parkinson’s disease and mild cognitive impairment. Int. J. Geriatr. Psychiatry 17, 1099–1105. 
https://doi.org/10.1002/gps.755 

Rodda, J., Morgan, S., Walker, Z., 2009. Are cholinesterase inhibitors effective in the management of 
the behavioral and psychological symptoms of dementia in Alzheimer’s disease? A systematic review 
of randomized, placebo-controlled trials of donepezil, rivastigmine and galantamine. Int. 
Psychogeriatr. 21, 813–824. 

Rolls, E.T., 2000. The orbitofrontal cortex and reward. Cereb. Cortex 10, 284–294. 

Schmidt, L., d’Arc, B.F., Lafargue, G., Galanaud, D., Czernecki, V., Grabli, D., Schüpbach, M., 
Hartmann, A., Lévy, R., Dubois, B., Pessiglione, M., 2008. Disconnecting force from money: effects of 
basal ganglia damage on incentive motivation. Brain 131, 1303–1310. 



https://doi.org/10.1093/brain/awn045 

Schneider, B., Koenigs, M., 2017. Human lesion studies of ventromedial prefrontal cortex. 
Neuropsychologia 107, 84–93. https://doi.org/10.1016/j.neuropsychologia.2017.09.035 

Schultz, W., Tremblay, L., Hollerman, J.R., 2000. Reward processing in primate orbitofrontal cortex 
and basal ganglia. Cereb. Cortex 10, 272–283. 

Sockeel, P., 2006. The Lille apathy rating scale (LARS), a new instrument for detecting and 
quantifying apathy: validation in Parkinson’s disease. J. Neurol. Neurosurg. Psychiatry 77, 579–584. 
https://doi.org/10.1136/jnnp.2005.075929 

Starkstein, S.E., Jorge, R., Mizrahi, R., Robinson, R.G., 2006. A prospective longitudinal study of 
apathy in Alzheimer’s disease. J. Neurol. Neurosurg. Psychiatry 77, 8–11. 

Starkstein, S.E., Mayberg, H.S., Preziosi, T., Andrezejewski, P., Leiguarda, R., Robinson, R.G., 1992. 
Reliability, validity, and clinical correlates of apathy in Parkinson’s disease. J Neuropsychiatry Clin 
Neurosci 4, 134–139. 

Stout, J.C., Wyman, M.F., Johnson, S.A., Peavy, G.M., Salmon, D.P., 2003. Frontal behavioral 
syndromes and functional status in probable Alzheimer disease. Am. J. Geriatr. Psychiatry. 

Thiebaut de Schotten, M., Urbanski, M., Batrancourt, B., Levy, R., Dubois, B., Cerliani, L., Volle, E., 
2016. Rostro-caudal Architecture of the Frontal Lobes in Humans. Cereb. Cortex. 
https://doi.org/10.1093/cercor/bhw215 

Thobois, S., Ardouin, C., Lhommée, E., Klinger, H., Lagrange, C., Xie, J., Fraix, V., Coelho Braga, M.C., 
Hassani, R., Kistner, A., 2010. Non-motor dopamine withdrawal syndrome after surgery for 
Parkinson’s disease: predictors and underlying mesolimbic denervation. Brain 133, 1111–1127. 

Tobler, P.N., Dickinson, A., Schultz, W., 2003. Coding of predicted reward omission by dopamine 
neurons in a conditioned inhibition paradigm. J. Neurosci. 23, 10402–10410. 

Valembois, L., Oasi, C., Pariel, S., Jarzebowski, W., Lafuente-Lafuente, C., Belmin, J., 2015. Wrist 
actigraphy: A simple way to record motor activity in elderly patients with dementia and apathy or 
aberrant motor behavior. J. Nutr. Health Aging 19, 759–764. https://doi.org/10.1007/s12603-015-
0530-z 

Volle, E., Kinkingnéhun, S., Pochon, J.-B., Mondon, K., Thiebaut de Schotten, M., Seassau, M., Duffau, 
H., Samson, Y., Dubois, B., Levy, R., 2008. The functional architecture of the left posterior and lateral 
prefrontal cortex in humans. Cereb. Cortex 18, 2460–2469. 

Wadsworth, L.P., Lorius, N., Donovan, N.J., Locascio, J.J., Rentz, D.M., Johnson, K.A., Sperling, R.A., 
Marshall, G.A., 2012. Neuropsychiatric symptoms and global functional impairment along the 
Alzheimer’s continuum. Dement. Geriatr. Cogn. Disord. 34, 96–111. 

Wiese, H., Stude, P., Nebel, K., de Greiff, A., Forsting, M., Diener, H.C., Keidel, M., 2004. Movement 
preparation in self-initiated versus externally triggered movements: an event-related fMRI-study. 
Neurosci. Lett. 371, 220–225. 



Zeitzer, J.M., David, R., Friedman, L., Mulin, E., Garcia, R., Wang, J., Yesavage, J.A., Robert, P.H., 
Shannon, W., 2013. Phenotyping Apathy in Individuals With Alzheimer Disease Using Functional 
Principal Component Analysis. Am. J. Geriatr. Psychiatry 21, 391–397. 
https://doi.org/10.1016/j.jagp.2012.12.012 

 
 


