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Abstract Apathy is a neurocognitive syndrome of
reduced goal-directed behaviour and is an important cause
of disability in neurodegenerative disorders. Frontal-sub-
cortical dysfunction is thought to be important in apathy,
but the contribution of individual brain regions to different
aspects of the apathy syndrome is poorly understood. We
aimed to test the hypotheses that apathy in two distinct
neurodegenerative disorders would be associated with
frontal lobe atrophy and that reduced initiative and emo-
tional blunting would be associated with distinct patterns of
atrophy in functionally relevant brain areas. Seventeen
patients with progressive supranuclear palsy (PSP) and 17
patients with Alzheimer’s disease (AD) underwent struc-
tural MRI scanning at 3 T to provide data for voxel based
morphometric analysis. Apathy was defined using Robert’s
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2009 diagnostic criteria and specific symptoms were
assessed with the Apathy Inventory. Patients with and
without apathy were matched for important demographic
and clinical characteristics. Apathy was associated with
atrophy of the ventromedial orbitofrontal cortex and left
insula in both AD and PSP. Reduced initiative was spe-
cifically associated with atrophy of the anterior cingulate
and ventrolateral orbitofrontal cortex whilst emotional
blunting was specifically associated with atrophy of the left
insula. These findings provide further support for the role
of medial frontal regions and insular cortex in apathy and
suggest that behavioural and emotional aspects of the
apathy syndrome may have distinct neuroanatomical bases.
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Introduction

Apathy is a neurocognitive syndrome of reduced goal-
directed behaviour [1]. It is common in many neurological
disorders, with rates of approximately 20-50 % in stroke,
50 % after traumatic brain injury, 30 % in Parkinson’s
disease (PD), and 50 % or more in Alzheimer’s disease
(AD), and progressive supranuclear palsy (PSP) [2]. Apa-
thy causes functional disability, is an important predictor of
care-giver distress and results in increased healthcare costs
[3, 4]. At present, apathy remains difficult to manage, with
limited evidence for the efficacy of proposed psychosocial
or pharmacological interventions [5]. Clinical definitions of
apathy draw a distinction between behavioural, cognitive
and emotional symptom domains, reflecting disruption of
distinct aspects of goal directed behaviour [6]. The
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behavioural aspect refers to reduced initiative, effort or
perseverance. The cognitive aspect refers to lack of inter-
est, while the emotional domain refers to reduced emo-
tional responsiveness to positive or negative events. Clues
to the possible substrate or the behavioural and emotional
aspects of apathy may be sought from the anatomical
correlates of volitional and emotional processing in healthy
individuals where different brain structures are implicated
in these processes [7, 8]. Functional imaging studies of
volitional, willed or self-initiated behaviour commonly
activate a frontal (or fronto—parietal) network including
areas of lateral prefrontal cortex, supplementary motor area
and medial frontal cortex [7, 9]. The perception, experience
and expression of emotion appear to be served by a
widespread network or set of networks involving cortical,
basal ganglia, cerebellar and limbic regions, typically dis-
sociable between the different types of basic emotion [8,
10]. The substrate of normal process associated with the
apathy cognitive domain (‘interest’) is less clearly defined
from previous imaging study in healthy individuals.

Consistent with the evidence from normal brain-
behaviour associations, current evidence implicates dis-
ruption of frontal-subcortical circuits in the pathophysiol-
ogy of apathy [11], although the contribution of specific
brain regions to individual apathy-related symptoms is
poorly understood. The few studies to use structural brain
imaging in clinical groups to explore the neuroanatomical
correlates of apathy report association with volume loss in
regions including the frontal pole, orbitofrontal cortex,
anterior cingulate cortex, and dorsolateral prefrontal cor-
tex, e.g., [12-19]. Results are not conclusive, however, as
some studies failed to adequately control for multiple
comparisons in the analysis [16, 17], to control for
important potential confounders such as dementia severity
[15, 18], or to ensure that apathy was sufficiently evident in
the sample to allow a robust and reliable assessment [14].
To date, there have been no reports of structural brain
imaging studies examining specific apathy related symp-
toms in patients with neurodegenerative disease.

We used voxel-based morphometry (VBM) to study the
anatomical basis of apathy in patients with two contrasting
neurodegenerative disorders, AD and PSP, chosen as
exemplars of diseases in which apathy is common, but with
distinct distributions of brain pathology. The aims of the
study were two-fold. First, to identify any regions of vol-
ume change associated with the presence of syndromal
apathy common across AD and PSP, in addition to any
apathy-related regional change specific to the individual
disorders. Second, to identify any common and/or disease-
specific regions of volume change associated with specific
apathy related symptoms, independent of the presence or
absence of syndromal apathy. VBM is a whole-brain rather
than a region-of-interest approach, so we made no detailed

@ Springer

predictions beyond general expectations that apathetic
patients would show greater frontal lobe volume loss than
non-apathetic patients, regardless of primary diagnosis
(AD or PSP). In addition, we expected to show that
reduced behavioural initiative and emotional blunting
would be associated with distinct patterns of atrophy
related to the underlying substrate of the networks serving
normal function in these domains. The study did not con-
sider the pathological correlates of the ‘cognitive’ symp-
toms of apathy.

Methods
Sample

The study included 17 patients with PSP and 17 patients
with AD. Participants with moderate to severe depressive
symptoms (Geriatric Depression Scale score >7), a sig-
nificant neurological or psychiatric history (other than PSP/
AD) or current severe medical illnesses were excluded.
Patients with PSP were recruited via referrals from local
consultant neurologists. A full clinical history and exami-
nation was performed to ensure that all patients conformed
to NINDS-SPSP criteria for the diagnosis of possible or
probable PSP [20]. Both levels of diagnosis have been
shown to have high specificity in pathological validation
studies (>93 %) and revised labels ‘clinically probable’
and ‘clinically definite’ have been suggested to reflect this
low risk of false positive diagnosis [21, 22]. Patients with
AD were recruited from memory clinics at South London
and Maudsley NHS Trust and University Hospital Lewi-
sham NHS Trust. All patients conformed to NINCDS-
ADRDA criteria for probable Alzheimer’s disease [23].

The study was approved by King’s College Hospital
Research Ethics Committee and was therefore performed
with the ethical standards laid down in the 1964 Declara-
tion of Helsinki and its later amendments.

Clinical assessments and assessment of apathy

In addition to a clinical history and examination, standard
instruments were used to assess global cognitive function
(standardised Mini Mental State Examination (SMMSE);
[24]) and depressive symptoms (Geriatric Depression
Scale, 15 item version (GDS-15); [25]). For patients with
PSP, the severity of motor symptoms was assessed using
the Unified Parkinson’s Disease Rating Scale, Part 3
(UPDRS-III) [26].

There is currently no accepted “gold standard” for the
diagnosis or measurement of apathy and all existing rating
scales have significant limitations [27, 28]. In this study,
the presence or absence of apathy was defined using the
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diagnostic criteria suggested by Robert [29], recently val-
idated [30]. Unlike the original definition offered by Marin
[6] which requires the presence of symptoms in all three
domains, the Robert criteria require the presence of only
two. In the present study, patients displaying no symptoms,
or a symptom in a single domain were classed as ‘non-
apathetic’ for the between group comparisons. Diagnosis
was based on clinical interviews with the patient and
caregiver, including the Apathy Evaluation Scale (clinician
rated version) [31] and Neuropsychiatric Inventory [32]. In
addition, we used the Apathy Inventory, a structured
interview with the carer that provided separate clinician-
based assessments of the presence or absence of behav-
ioural and emotional aspects of apathy [33].

MRI Scanning

Data were acquired on a 3T HDx scanner (General Electric
Medical Systems, Wakashua, USA), equipped with an
8-channel receive coil. A T1 weighted, inversion recovery
prepared 3D spoiled grass gradient recalled scan was
acquired to allow volumetric and morphological analysis of
brain structures. This scan was acquired with an echo time
(TE) of 2.8 ms, a repetition time (TR) of 6.7 ms, a prep-
aration time (TI) of 450 ms and a flip angle 20 °. The
resulting images had an isotropic voxel size of 1.1 mm. 2D
T2-weighted and fluid attenuated inversion recovery
(FLAIR) scans were also performed in order to exclude the
presence of clinically relevant pathology.

Data analysis

VBM uses voxel-based statistical analysis of structural
MRI data to examine differences in the regional compo-
sition of brain tissue between groups of subjects.

Pre-processing

Pre-processing was performed using statistical parametric
mapping software (SPM5, Wellcome Department of
Imaging Neuroscience, University College London). SPM5
uses a generative model to combine normalization and
segmentation into a single step (‘unified segmentation’),
which also corrects for image intensity non-uniformity
[34]. This approach greatly reduces the need for study-
specific templates (even for disease groups), because the
priors used are matched much more closely to the input
image [34]. Modulation was then performed (by multi-
plying each voxel value by a scaling factor representing its
change in size due to normalization) in order to be able to
examine regional differences in the volume of tissues rather
than differences in ‘tissue concentration’. Spatial smooth-
ing was performed in order to reduce noise and allow for

the effect of small residual mis-registrations. The extent of
smoothing is an important determinant of the power of the
analysis to detect clusters of different sizes [35]. When
parametric approaches to statistical analysis are used,
smoothing is also required to satisfy the requirements of
Gaussian field theory, and smoothing kernels of approxi-
mately 8 mm full width half maximum (FWHM) are
standard. Non-parametric statistical analysis (as used in the
current study) is less reliant on extensive smoothing, so we
used a smoothing kernel of 5 mm FWHM with the aim of
finding a balance between power and precision of spatial
localisation.

Statistical inference

Because structural brain changes usually extend over a
number of contiguous voxels, test statistics incorporating
spatial information such as 3D cluster mass (the sum of
suprathreshold voxel statistics) may be more powerful
than test statistics informed only by data at a single voxel
[36]. However, as cluster mass is not normally distributed
this requires a non-parametric approach to analysis. For
this study, permutation testing was used for statistical
inference implemented in the BAMM package (brain
activation and morphological mapping, a joint develop-
ment of the Brain Mapping Unit, Department of Psychi-
atry, University of Cambridge and the Institute of
Psychiatry, King’s College London; http:/www.bmu.psy
chiatry.cam.ac.uk/BAMM/index.html).

Between-group differences in grey matter volume were
first estimated by fitting an analysis of covariance
(ANCOVA) model at each intracerebral voxel in standard
space. This uses the equation:

T=a0 4+ alV +a2X2 = ---anXn + e

where T'is a vector denoting the image value (tissue volume)
at a given voxel for each individual in the cohort, V is the
independent variable vector (representing group member-
ship), e models random variation, and the X1-n are vectors
representing covariates of no interest. The first stage of
analysis used a relatively lenient p value (<0.05) to detect
voxels putatively demonstrating differences between the
groups. In the second stage, spatial clusters of such voxels
were identified and the ‘mass’ of each cluster (the sum of
suprathreshold voxel statistics it comprises) was tested for
statistical significance. At the cluster level, setting an a priori
p value gives little indication of the level of false positive
control achieved, as the total number of clusters to which the
test will be applied is not known in advance. Using a non-
parametric approach, however, the number of clusters
expected by chance alone can be directly calculated from the
null distribution. Therefore, the number of clusters expected
by chance alone was calculated for a range of p values, and
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for each analysis, the statistical threshold for significance
was set such that the number of false positive clusters
expected by chance alone would be less than one. In order to
identify regionally specific changes in grey matter volume
not confounded by global atrophy, total grey matter volume
was included as a covariate in the analyses. Montreal Neu-
rological Institute coordinates were transformed to Talairach
coordinates for the purposes of cluster identification using
the mni2tal algorithm (http://imaging.mrc-cbu.cam.ac.uk/
imaging/MniTalairach). The Talairach Client was used as an
automated approach to generating anatomical labels from
Talairach coordinates [37].

Results
Subject characteristics

Apathy was diagnosed in 17 patients (50 % of the total
sample), eight with PSP (47.1 %) and nine with AD
(52.9 %). The remaining 17 patients did not meet criteria
for a diagnosis of apathy. The demographic and clinical
characteristics of patients with and without apathy in each
patient group are shown in Table 1. The patients within
each disease group were compared statistically using
independent samples #-test for continuous variables and
Chi square test for categorical variables. In both disease
groups, there was no significant difference between apa-
thetic and non-apathetic patients with respect to any of the
demographic and clinical characteristics assessed.

VBM analysis contrasting patients
with and without apathy

A 2 x 2 factorial design was used to examine differences
in grey matter volume in patients with and without apathy
(factor 1 = disease (AD/PSP), factor 2 = apathy (present/

absent), covariate = total grey matter volume). Factor 2
and the interaction term were the effects of interest: in the
absence of a significant interaction between the two factors,
a significant main effect would indicate clusters of volume
change associated with apathy across the two diseases.

The contrast examining the main effect of the presence
or absence of apathy is presented in Fig. 1. At a statistical
threshold of p < 0.003 (at which less than one false posi-
tive cluster is expected) apathy was associated with
reduced frontomedial grey matter volume in a cluster
encompassing the anterior cingulate, and another around
the left insula. The sagittal view shows the extent of the
clusters on the medical cortical surface with significant
apathy associated volume loss in the anterior cingulate
including the subgenual region. At a more lenient statistical
threshold of p < 0.01, an additional cluster was seen in the
right insula (not shown in Fig. 1), although at this p value
one or more clusters might be expected by chance alone,
and this result should interpreted with caution. In addition,
patients with apathy showed increased grey matter volume
relative to those without apathy in the cerebellum and left
lingual gyrus. There was no interaction between disease
and apathy, suggesting the absence of significant disease-
related variation between AD and PSP in apathy-related
change.

VBM analyses contrasting patients with specific
apathy-related symptoms

Additional analyses were performed to explore whether
specific apathy-related symptoms may be associated with
distinct patterns of change in grey matter volume.

Reduced behavioural initiative

Independent of overall apathy classification, patients were
divided into sub-groups based on the presence or absence

Table 1 Clinical and demographic characteristics of apathetic and non-apathetic patient groups

PSP AD

Apathy (n = 8) No apathy (n = 9) p value Apathy (n = 9) No apathy (n = 8) p value
Age 71.6 (6.6) 70.3 (5.5) 0.667 73.9 (6.5) 75.1 (4.6) 0.660
Gender (F:M) 3:5 5:4 0.457 4:5 4:4 0.819
Education (years) 104 (1.1) 12.0 (4.1) 0.297 12.3 (3.5) 11.0 2.1) 0.362
Handedness (R:L) 8:0 8:1 0.331 7:2 7:1 0.600
Disease duration (years) 5.2 (3.8) 4.2 (4.0) 0.599 3.1 (1.3) 3.1 (1.4) 0917
sMMSE 26.4 (1.8) 27.2 (3.0) 0.500 23.6 (1.9) 22.6 (2.1) 0.354
GDS-15 5.0 (2.1) 4.4 (1.8) 0.570 3.0(24) 3.1 (2.3) 0.832
UPDRS-III 31.9 (8.6) 35.5 (1) 0.236 0.8 (1.1) 0.7 (1.1) 0.907

Values are means (SD) or proportions

p values refer to differences between apathetic and non-apathetic patients within each primary diagnostic group (PSP or AD)
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Fig. 1 Differences in regional
grey matter volume between
patients with and without apathy
(three representative axial slices
plus sagittal view). Red clusters
indicate reduced volume in
apathetic patients. Blue clusters
indicate increased volume in
apathetic patients. Statistical
threshold = p < 0.003 (less
than one false positive cluster
expected). The table gives
precise locations of all
significant clusters. See text for
detailed description of
anatomical locations

Extent Talairach Coordinates Location Side Brodmann Area
(voxels)
X y z
Increased volume in apathetic patients
3107 3 -64 -19 Cerebellum R
1068 221 -73 -6 Lingual gyrus L 18
Reduced volume in apathetic patients
438 4 41 -7 Cingulate gyrus R 32
559 -40 0 5 Insula L 13

of reduced initiative. Patients with scores of 0 on the
Apathy Inventory ‘Behaviour’ domain were classified as
having normal initiative and those scoring >4 were defined
as having reduced initiative (no patients scored between
one and three). Reduced initiative was observed in 11
patients with PSP and 13 with AD. A 2 x 2 factorial
design was used to examine differences in grey matter
volume in patients with and without reduced initiative. The
contrast examining the main effect of the presence or
absence of reduced initiative is presented in Fig. 2 (sta-
tistical threshold p < 0.003; less than one false positive
cluster expected by chance alone).

Patients with reduced initiative showed reduced grey
matter volume centred in the medial frontal gyrus. The
sagittal view identifies this as a region around the paraol-
factory sulcus including the subgenual cingulate gyrus and
gyrus rectus with a small cluster in the medial olfactory
gyrus. Reduced initiative was also associated with
increased grey matter volume in the right lingual gyrus and

left cuneus. There was no significant interaction between
reduced initiative and disease diagnosis suggesting similar
patterns in both AD and PSP.

Emotional blunting

Patients were divided into sub-groups with and without
emotional blunting on the basis of their scores on the
Apathy Inventory ‘Emotion’ domain. Patients with scores
of 0 were classified as having normal emotional responses
and those scoring >4 were defined as showing emotional
blunting (no patients scored between one and three). Seven
with PSP had emotional blunting and five with AD. A
2 x 2 factorial design was used to examine differences in
grey matter volume in patients with and without emotional
blunting.

The contrast examining the main effect of the presence
or absence of emotional blunting is presented in Fig. 3
(statistical threshold p < 0.003, less than one false positive
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Fig. 2 Differences in regional
grey matter volume between
patients with and without
reduced initiative (three
representative axial slices plus
sagittal view). Red clusters
indicate reduced volume in
patients with reduced initiative.
Blue clusters indicate increased
volume in patients with reduced
initiative. Statistical

threshold = p < 0.003 (less
than one false positive cluster
expected). The table gives
precise locations of all
significant clusters. See text for
detailed description of
anatomical locations

Extent

(voxels)

Talairach coordinates

Location Side Brodmann Area

X y

Increased volume in patients with reduced initiative

365 14 -87
367 -8 -74

3 Lingual gyrus R 17
7 Cuneus L 23

Reduced volume in patients with reduced initiative

399 4 38

-13 Medial frontal gyrus R 11

cluster expected by chance alone). Emotional blunting was
associated with reduced grey matter volume in the left
insula and increased grey matter volume in the cerebellum,
right middle occipital gyrus and left cuneus. There was no
significant interaction between disease and emotional
blunting in any of these regions, although a significant
interaction was observed in the left parahippocampal gyrus.
A plot of data from this region showed reduced volume
among patients with emotional blunting in the AD group,
but not in the PSP group.

Discussion
Apathy is associated with reduced grey matter volume
in the anterior cingulate, ventromedial orbitofrontal

cortex and insula cortex

Across both patient groups, we showed that apathy was
associated with reduced grey matter volume in two main
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regions: a medial frontal area involving anterior cingulate
gyrus, ventromedial orbitofrontal cortex and the left insula.
The finding of ventromedial orbitofrontal atrophy is
broadly consistent with previous structural imaging studies
of apathy [12-15, 18, 19] although there is some variability
in precise regions from study to study. One rigorous study
in AD showed a relationship between apathy and atrophy
in a similar region (anterior cingulate cortex and left
medial frontal cortex [12]), while another study of 111 AD
patients demonstrated associations between apathy and
cortical thinning in left caudal anterior cingulate and lateral
orbitofrontal and ventrolateral prefrontal cortex [19]. A
large study involving six disorder groups found apathy
related volume reductions in the ventromedial superior
frontal cortex and anterior cingulate cortex [14]. In that
study, volume changes were restricted to patient with
fronto-temporal dementia/semantic dementia and not
observed in patients with AD, PSP or other dementia
subtypes. However, apathy was absent in the large majority
of these latter patients and mild in the remainder, reducing
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Fig. 3 Differences in regional
grey matter volume between
patients with and without
emotional blunting (three
representative axial slices plus
coronal view). Red clusters
indicate reduced volume in
patients with emotional
blunting. Blue clusters indicate
increased volume in patients
with emotional blunting.
Statistical

threshold = p < 0.003 (less
than one false positive cluster
expected). The table gives
precise locations of all
significant clusters. See text for
detailed description of
anatomical locations

Extent Talairach coordinates Location Side Brodmann
(voxels) Area
X y Z

Increased volume in patients with emotional blunting

1286 1 -63 -19 Cerebellum R

889 24 -84 11 Middle occipital gyrus R 19

946 -11 =77 10 Cuneus L 17
Reduced volume in patients with emotional blunting

273 -41 -14 11 Insula L 13

the ability to identify significant apathy-related volume
changes. A recent relevant study using sulcal-based mor-
phometry showed a relationship between orbitofrontal
cortical morphology and apathy in CADASIL (cerebral
autosomal dominant arteriopathy with subcortical infarcts
and leukoencephalopathy) [38].

Associations between apathy and volume change in the
insula cortex are less consistently reported [16] and so the
present finding result represents a novel finding in need of
further replication. Nevertheless, it is consistent with a
known role of the insula in emotional processing [8] as
well as reports of insula activation during volitional
behaviour tasks in healthy volunteers [39]. A recent PET
study reported apathy-related reductions in cerebral
metabolism in patients with PD in many of the prefrontal
regions described already but including the right insula
[40]. The relatively increased grey matter volume in the
cerebellum and left lingual gyrus observed in patients with
apathy is more difficult to explain in relation to previously

published data. However, using total grey matter volume as
a covariate in the analysis will tend to sensitise the analysis
to detecting areas of volume increase (or relative preser-
vation) in parallel to areas of volume loss and this can lead
to false positive findings. Consequently, the finding of
increased volume should be interpreted with caution.

The apathetic and non-apathetic patients in each disease
group were well matched with respect to age, gender and
disease duration. In addition, there were no differences
between these sub-groups with respect to depressive
symptoms or global cognitive impairment. The observed
absence of significant differences in apathy-related volume
changes between the two dementia subtypes supports the
hypothesis that apathy, where present, reflects involvement
of a common anatomical substrate regardless of the pri-
mary disease process. Clinically, variations in the preva-
lence and severity of apathy, both between and within
diseases, may provide a useful indicator of the degree of
cingulate, medial frontal and insula cortex involvement
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when they do not form hallmark pathological features of
the disease. For example, in PSP, such pathology is not
uniformly seen but can be found in a significant proportion
of patients [41, 42] particularly those with Richardson
Syndrome variant of PSP [43].

Across disease groups, patients with reduced initiative
also showed reduced grey matter volume in the subgenual
anterior cingulate cortex and left ventromedial prefrontal
cortex (gyrus rectus), while there was no association with
insula volume. In contrast, patients with emotional blunting
showed reduced grey matter volume around the left insula
but not in the cingulate or prefrontal cortex. These findings
support a distinction between these two apathy-related
symptoms and suggest that they may have distinct neuro-
biological bases.

Possible roles of the identified regions in relation
to apathy

The precise role(s) that the insula cortex might play in
apathy is currently unclear. The emotional component of
apathy describes a broad clinical construct and includes
both a lack of inward emotional experience and a reduced
expression of emotion through verbal and non-verbal
communication. The methods used to assess emotional
blunting in the present study do not allow the separation of
these components of emotional processing as they may
relate to apathy. However, the involvement of the insula
cortex may go beyond the simple experience and/or
expression of emotion. This region appears to have a wide
range of functions, being implicated in the perceptions of
emotions, particularly disgust [10], the experience of pain
[44] and emotional expression through language [45]. It is
also thought to have higher-level integrative functions
linking sensory and particularly salient interoceptive sig-
nals with motivational state and emotional experience [46].
More widely still, such integration may play a key role in
the metacognitive process of self-awareness and body
agency (awareness of initiating and controlling one’s own
actions).

Similarly, fronto—medial structures including the ante-
rior cingulate and ventromedial prefrontal cortex have been
ascribed a range of function from relatively specific to high
level and integrative. They have been implicated in a net-
work controlling attention to action, memory for action and
action initiation [9]. Such an action system again may
contribute to (and be necessary for) the ability to self-
reflect on internal state, emotions and the incentive value of
goals, and so drive behaviour. The ventromedial prefrontal
area also has an important role in learning and decision
making [47].The somatic marker hypothesis ascribes a key
role to the area in the learning of associations between
behaviours and bio-regulatory states including somatic
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signals and emotions in complex situations. This is seen as
critical for learning the salience of those states and in
making decisions about how to act [47].

Such accounts for both insula and medial frontal regions
may provide a framework of the metacognitive processes
that contribute to apathy beyond the individual cognitive,
behavioural and emotional domains. They may also help to
explain observations such as the association between apa-
thy and impaired insight and self-awareness [48, 49].

In summary, across two distinct neurodegenerative dis-
orders and using well matched sub-groups of patients, this
study supports the importance of medial frontal regions and
suggests the involvement of the insula in apathy, with
behavioural and emotional apathy symptoms having dis-
tinct anatomical bases. However, it may be simplistic to
assume that apathy is nothing more than the sum of
impairment of independent symptoms. The regions impli-
cated point to the importance of impairment in high level
integrative functions in which emotion and other salient
internal states are integrated in the control of goal-directed
cognition and behaviour, where the medial frontal cortex
and insula playing distinct but complementary roles. More
widely, metacognitive constructs such as self-reflection and
self-awareness may provide a useful framework to inves-
tigate apathy beyond its simple clinical phenomenology,
and even suggest novel approaches to management.
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