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Non-demented Parkinson’s disease patients with apathy
show decreased grey matter volume in key executive
and reward-related nodes
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Abstract Apathy is a common but poorly understood neuro-
psychiatric disturbance in Parkinson’s disease (PD). In a re-
cent study using event-related brain potentials we demonstrat-
ed impaired reward processing and compromised
mesocortico-limbic pathways in PD patients with clinical
symptoms of apathy. Here we aimed to further investigate
the involvement of reward circuits in apathetic PD patients
by assessing potential differences in brain structure. Using
structural magnetic resonance imaging (MRI) and voxel-
basedmorphometry (VBM)we quantified greymatter volume
(GMV) in a sample of 18 non-demented and non-depressed
PD patients with apathy, and 18 matched non-apathetic

patients. Both groups were equivalent in terms of
sociodemographic characteristics, disease stage, cognitive
performance and L-Dopa equivalent daily dose. Apathetic pa-
tients showed significant GMV loss in cortical and subcortical
brain structures. Various clusters of cortical GMV decrease
were found in the parietal, lateral prefrontal cortex, and
orbitofrontal cortex (OFC). The second largest cluster of
GMV loss was located in the left nucleus accumbens
(NAcc), a subcortical structure that is a key node of the human
reward circuit. Isolated apathy in our sample is explained by
the combined GMV loss in regions involved in executive
functions, and cortical and subcortical structures of the
mesolimbic reward pathway. The correlations observed be-
tween apathy and cognition suggests apathy as a marker of
more widespread brain degeneration even in a sample of non-
demented PD patients.
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Introduction

Among the whole spectrum of behavioral disturbances found
in Parkinson’s disease (PD), apathy represents one of the most
commonly reported (Pedersen et al. 2010; Aarsland et al.
2009). Apathy is defined as a state of diminished goal-
directed behavior, reduced interest for pleasurable activities
and flattened affect. These disturbances cannot be attributed
to a decreased level of consciousness, cognitive impairment or
depression (Marin 1991; Levy and Dubois 2006;
Pagonabarraga et al. 2015). The prevalence of apathy in PD
ranges from 17 % to 70 %, having a profound impact on the
patient’s quality of life and increasing the burden of
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caregivers. Moreover, apathy severity has been associated
with executive dysfunction and with an increased risk for
the development of dementia. However, the executive deficits
associated with apathy do not fully explain the clinical corre-
lates and underlying mechanisms of apathy in PD.

Better understanding on the different brain circuits that
cause apathy in PDwould help to provide more adequate treat-
ment strategies for its management (Dujardin et al. 2007).
Signs and symptoms of apathy recorded from clinical obser-
vation have been structured into four subdomains involving: a)
executive dysfunction (decrease in cognitive interests); b) def-
icits in auto-activation (lack of self-initiated mental processes);
c) emotional distress (negative affect); and d) deficits in reward
processing (decreases response to positive reinforces).

These four subdomains have been associated with different
neural substrates. Executive dysfunction is thought to involve
the dorsolateral prefrontal cortex (DLPFC), the dorsal caudate
and putamen and the anterior cingulate cortex (ACC).
Alterations in this circuit would lead to decreased planning
and cognitive inertia (Levy and Dubois 2006). Impaired
auto-activation has been associated with deficits in the ventral
tegmental area, territories in the dorsomedial prefrontral cor-
tex (PFC) including the supplementary motor area and the
ACC. Alterations at this level would lead to a decrease in
self-initiated behavior. The emotional distress subdomain
has been related with hyperactivity in the subgenual cingulate
cortex, and hypometabolism of the PFC and dorsal ACC.
These alterations have been related to negative emotions of
depression such as sadness and hopelessness. Finally, deficits
in reward processing would involve the mesocortico-limbic
pathway that includes the ventral tegmental area, orbitofrontal
cortex, and nucleus accumbens (NAcc). The NAcc is a key
node of the reward circuit, with robust activation responses to
positive reinforcers (Riba et al. 2008).

The dysexecutive basis for apathy in PD has been clearly
explained by the massive disruption of the dorsal caudate
reciprocal thalamo-cortical projections to DLPFC. However,
it has been also shown that alterations in the mesocortico-
limbic pathway play an important role in the development of
apathy (Martinez-Horta et al. 2014). Decreased responsive-
ness at this level would underlie emotional flatness, decreased
emotional resonance, and decreased response to positive and
negative reinforcers, as can be clinically observed in apathetic
PD patients.

In line with reward processing deficits, in a recent study
using event-related brain potentials we demonstrated reduced
sensitivity to monetary incentives in early-stage PD patients
with apathy (Martinez-Horta et al. 2014). The study compared
cognitively-preserved and non-depressed PD patients with
clinical symptoms of apathy with matched non-apathetic PD
patients. The study showed significant decreases in the ampli-
tude of the feedback-related negativity or FRN, a neurophys-
iological correlate of incentive processing. These results

strongly supported a compromised mesocortico-limbic path-
way as a key process in the pathogenesis of apathy in PD.

In the present study, we aimed to investigate the presence
of structural brain abnormalities in PD patients who have de-
veloped clinically relevant symptoms of apathy. Using mag-
netic resonance imaging (MRI) and voxel-based morphome-
try (VBM) we compared brain structure between two groups
of matched PD patients with isolated apathy. According to
standard criteria, all participants were classified as non-
demented and non-depressed and only differed with regard
to the presence or absence of apathy.

Methods

Patient recruitment

Thirty-six PD patients with isolated apathy were prospectively
included in the study. The sample was recruited from outpa-
tients regularly visiting the Movement Disorders Unit at Sant
Pau Hospital The diagnosis of PDwas established according to
the Queens Square Brain Bank criteria (Daniel and Lees 1993).

The diagnosis of apathy was established by using a semi-
structured clinical interview based on the standard diagnostic
criteria for apathy (P. Robert et al. 2009). An initial screening
for the presence of clinically relevant symptoms of apathy was
conducted using item 4 of the UPDRS part I (Goetz et al.
2008). The item is scored on a five-point scale ranging from
0 to 4, with higher scores indicating more severe symptoms of
apathy. A score of 2/3 was chosen as an adequate value to
initially identify potential study participants, avoiding the in-
clusion of patients with extreme symptomatology associated
with the minimal score of 1 or the maximum score of 4. The
score of 2/3 has adequate sensitivity and specificity (Leentjens
et al. 2008) and a recent study confirmed it value for detecting
apathy in PD (Weintraut et al. 2016). The semi-structured
interview was given to screened patients, and only those ful-
filling the diagnostic criteria for apathy were included in the
study (sees supplementary material).

Exclusion criteria were patients presenting clinically mean-
ingful depression and/or anxiety, as assessed by a score ≥ 11
on the depression and/or anxiety items of the Hospital Anxiety
and Depression Scale (HADS) (Mumford 1991). More com-
prehensive assessment for depressive symptoms was done
through the administration of a semi-structured clinical inter-
view based on the standard DSM-IV-R diagnostic criteria for
depression and dystimia. Presence of motor fluctuations in
response to L-dopa, or medium-to-advanced PD according
to Hoehn and Yahr stages (H&Y > 2) (Hoehn and Yahr
1967) also constituted exclusion criteria. Patients with demen-
tia were also excluded, as assessed by a score < 24 on the
Mini-Mental State Examination (MMSE) (Folstein et al.
1975), and a score < 123 on the Dementia Rating Scale
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(DRS) (Llebaria et al. 2008), which constitutes a level 1 rec-
ommended instrument from the Movement Disorders Society
Task Force for the screening of dementia in PD (PDD) (Litvan
et al. 2011; Dubois et al. 2007; Emre et al. 2007). Patients with
focal abnormalities in neuroimaging studies, alterations in
blood tests, non-compensated systemic disease (i.e., diabetes,
hypertension) and patients taking psychopharmacological
medications were also excluded.

Each patient, with his or her caregiver if appropriate, was
interviewed regarding disease onset and medication history,
including type of motor response to L-dopa. All study partic-
ipants were taking L-dopa and dopaminergic agonists (DA).
Current medications and dosages were calculated for L-dopa
daily dose, DA equivalent L-dopa daily dose and total L-dopa
daily dose (LED) (Tomlinson et al. 2010). Participants were
required to have received stable doses of dopaminergic drugs
for the last 12 weeks and to show a stable response to medi-
cations. Motor status and disease stage were assessed by ex-
perienced neurologists in movement disorders (JP & JK)
using the Unified Parkinson’s Disease Rating Scale (UPDRS).

Potential differences between groups in demographic, clin-
ical, cognitive and behavioral characteristics were analyzed
with independent two-tailed t-tests for continuous variables,
Mann-Whitney test for ordinal data, and the χ2 test for cate-
gorical variables. Associations between the demographic,
clinical and cognitive variables were analyzed with
Pearson’s correlations. Significance was set at p < 0.05.

MRI acquisition

T1-weighted images were acquired on a Phillips 3 TAchieva
in sagittal orientation (TR = 7.4 and TE = 3.4, matrix size
=228 mm × 218 mm; flip angle =9°, FOV = 250x250x180,
slice thickness = 1.1 mm, 300 slices, acquisition time = 4′55″,
voxel size =0.98 × 0.98 × 0.6).

MRI data processing and statistics

Gray matter volume (GMV) analysis from T1-weighted im-
ages was carried out using voxel-based morphometry (VBM)
analysis in SPM8. The preprocessing steps were as follows.

First, unified segmentation was applied to the structural
T1-weighted images of each subject. During this segmenta-
tion step, affine regularization was performed applying the
values for the ICBM space template for European brains.
The resulting tissue probability maps (GM maps) were then
normalized to a standard stereotactic space using the corre-
spondingDARTEL transformations to achieve spatial normal-
ization into Montreal Neurological Institute (MNI) space. All
normalized GM images were further analyzed to identify re-
gional differences in GMV (using Bmodulation^ to compen-
sate for the effect of spatial normalization). Finally, the nor-
malized and modulated images were smoothed using an

isotropic spatial filter (FHWN =8 mm) to reduce residual
inter-individual variability.

The individual smoothed GMV images were entered into a
voxel-wise second-level two-sample t-test between the apa-
thetic and non-apathetic PD patient groups. Individual values
of total intracranial volume (TIV) were extracted and included
as a nuisance variable to correct for global differences in TIV
and, since no one of the recorded clinical variables exhibited
significant differences between groups, age and sex were in-
cluded as covariates of no interest. Results showing p < 0.005
(uncorrected) (Lieberman and Cunningham 2009) and a min-
imum extent of 50 voxels were considered significant. For the
clusters showing significant gray matter differences, a small-
volume correction (SVC) was applied (Worsley et al. 1996).
Specifically, results were small volume corrected for family-
wise error (FWE p < 0.05) within a sphere of 15 mm of
diameter around peak coordinates extracted from independent
studies (van der Vegt et al. 2013; Reijnders et al. 2010).

GMV at the regions of interest (ROIs) extracted from the
clusters obtained in the former voxel-wise analysis were com-
puted from build-in SPM8 functions to perform further regres-
sion analysis with other clinical variables of interest.

Results

Socio-demographic and clinical matching

As shown in Table 1, groups were carefully matched for
all clinical and socio-demographic variables. Only the
presence of symptoms of apathy differentiated the two
groups. Data in the table are expressed as means ± stan-
dard deviation (SD) for the continuous variables, as per-
centage for the categorical variables and as mean range
for the ordinal variables.

As indicated in the table, the sample was clinically charac-
terized by individuals in the early to middle stages of the
disease (disease duration 7.5 ± 5.1 years; H&Y stage
1.8 ± 0.4). In both groups, total MMSE and DRS scores
ranged above the proposed cut-off score for dementia. To
address the presence of subtle signs of cognitive impairment,
we applied the accepted MDS criteria for mild cognitive im-
pairment associated to PD (PD-MCI). (Litvan et al. 2011)
Thus, using the suggested cut-off score of total DRS
score < 138, up to 64 % of patients accomplished criteria for
PD-MCI. Based on these criteria, prevalence of PD-MCI was
up to 77 % in the apathy group and 50 % in the non-apathy
group. These percentages resulted in a non-significant trend of
increased prevalence of PD-MCI on the apathy group
(χ2 = 3.1; p = 0.083). This result is consistent with previous
findings supporting more impaired cognitive performance in
apathetic PD patients (Pluck and Brown 2002; Martinez-
Horta et al. 2013; Santangelo et al. 2015).
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Focusing on specific subdomains of the DRS, a slight
significant decrease was found for conceptualization in
the apathy group (p = .04), but no significant differences
were found on memory, attention, initiation/perseveration
or construction.

No relevant signs of anxiety or depression were evidenced
on the HADS scores and subsequent clinical interviews.

Voxel-based morphometry and statistical results

As seen in Fig. 1, between group comparisons of the
VBM analysis showed a significant reduction of GMV
in a set of cortical and subcortical brain regions in the
apathetic patient group.

Cortical GMV decreases were found in the left inferior
parietal lobule (BA 40, SVC p = 0.002 FWE), left supe-
rior parietal gyrus (BA 7), left orbitofrontal cortex (BA
47), right postcentral gyrus (BA 3), right inferior frontal
gyrus (BA 44, SVC p = 0.033 FWE) and right supple-
mentary motor area (Table 2).

The only subcortical structure that showed statistically sig-
nificant differences between groups was the left nucleus

accumbens (NAcc, SVC p = 0.041 FWE), in the ventral part
of the striatum (Fig. 2). Using less stringent criteria (p < 0.01,
uncorrected) GMV decreases were found bilaterally (see
supplementary data).

GMV at the identified ROIs showed a significant cor-
relation with clinical variables. Decreased GMV in the
NAcc significantly correlated with global cognitive per-
formance as measured by the DRS total score (r = .831;
p < .001). Focusing on the different DRS sub-scores, this
relation appeared exclusively associated with performance
on the memory domain (r = .388; p = .01). At the emo-
tional level, a negative correlation between the left inferi-
or orbital prefrontal cortex and depression HADS scores
(r = −.523; p = .003) was found. At the cognitive level,
significant correlations were found between GMV reduc-
tion in the right inferior frontal gyrus with lower DRS
total score (r = .513; p = 0.001), and lower conceptuali-
zation (r = .371; p = .02), memory (r = .417; p = .01) and
initiation/perseveration (r = .331; p = .04) item scores.
Decreased GMV in the left superior parietal gyrus corre-
lated also with lower score in the initiation/perseveration
item of the DRS (r = .436; p = .008).

Table 1 Clinical and sociodemographic data

Non-Apathy Group Apathy Group p

n 18 18

Gender (f/m)a 10/8 10/8 χ2 = .631

Age (years) 64.8 ± 10.6 68.8 ± 10.1 .262

Education (years) 8.3 ± 3.6 10.5 ± 5 .150

Disease duration (years) 7.5 ± 5.1 5.1 ± 3 .080

MMSEb 28.2 ± 2.1 28.5 ± 1.6 .632

DRSc 134.2 ± 5.1 136.3 ± 5.5 .232

HADS-Ad 8.1 ± 4.2 8.7 ± 4 .718

HADS-De 4.8 ± 2.7 5.8 ± 3 .346

UPDRS Apathy scoref 0 2.5 ± .5 < .000

H&Y stageg 1.8 ± .4 1.8 ± .3 .391

UPDRS IIIh 18.3 ± 6.3 20.8 ± 8 .326

L-dopa daily dose 375.8 ± 319 362.8 ± 339 .906

DA equivalent dosei 190 ± 216 169 ± 218 .773

Total LEDj 565.8 ± 386 531.8 ± 397 .941

aGender represented as number of females (f) and males (m)
bMini mental state examination
c Dementia rating scale
d Hospital anxiety and depression scale – Anxiety score
e Hospital anxiety and depression scale – Depression score
f Item 4 unified Parkinson’s disease rating scale
g Hoehn and yahr stage
hUnified Parkinson’s disease rating scale total motor score
i Dopamine agonists L-dopa equivalent daily dose
j Total L-dopa daily equivalent dose. Data presented as mean ± SD
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Discussion

In the present study, we searched for structural brain abnor-
malities in PD patients with clinical manifestations of isolated
apathy. Based on previous data indicating deficits in reward
processing in this population, we postulated that structural
compromise will extend from territories linked to executive
functions to structures within the mesocortico-limbic reward
circuit. In keeping with this hypothesis, apathetic patients
showed significant areas of GMV loss in subcortical and cor-
tical brain regions. Significant clusters of GMV loss were
located in the left NAcc and left inferior orbital PFC, both
key nodes of the human reward circuit (Riba et al. 2008).
Analysis on cortical findings showed spatially distributed
clusters of grey matter decrease over the parietal and frontal
lobes, involving functionally related areas that participate on
action preparation/initiation, manipulation of information, as
well as high-order integration of emotional stimuli.

Based on these findings, apathy in PD is associated with
combined atrophy of fronto-parietal areas involved in execu-
tive functions, and regions of the human reward circuit. Initial

research considered apathy in PD as a specific manifestation
of the executive function caused by dopaminergic depletion of
lateral prefrontal areas (Pluck and Brown 2002; Levy and
Dubois 2006; Santangelo et al. 2015; Levy and Czernecki
2006). Apathy in PD has been consistently associated with
the progressive executive dysfunction caused by decreased
activation of lateral prefrontal and posterior parietal areas
(Isella et al. 2002). In accordance, apathy in PD has been
merely explained as secondary to functional deficits associat-
ed with nigrostriatal and mesocortical dopamine depletion in
the putamen and caudate nucleus, respectively. (Santangelo
et al. 2015; Pluck and Brown 2002; Martinez-Horta et al.
2013). However, when apathy in PD has been explored with
more extensive neuropsychological batteries, it has also been
observed to be associated with impairment in tasks involving
reward or emotional processing (Martinez-Horta et al. 2013;
Martinez-Corral et al. 2010). In agreement with this hypothe-
sis, in recent study using event-related brain potentials we
demonstrated reduced sensitivity to monetary incentives in
apathetic PD patients. The study measured the amplitude of
the feedback-related negativity (FRN) while participants

Fig. 1 Regions showing a reduction of gray matter volume in apathetic patients with respect to the non-apathetic group. There were no regions showing
significant increase in gray matter volume

Table 2 Brain regions showing a significant reduction of grey-matter volume when comparing apathy vs. non-apathy groups

Brain area Cluster size Lateralization BA MNI (x, y, z) Maximum t P Value FWE

Inferior parietal lobule 535 L 40 -57 -37 24 4.28 < 0.005 p = 0.002

Post-central gyrus 200 R 3 36–27 52 4.27 < 0.005 -

Pars opercularis 171 R 44 50 12 5 3.47 < 0.005 p = 0.033

Nucleus accumbens 412 L - -11 15–11 3.39 < 0.005 p = 0.041

Supplementary motor area 51 R 6 9 6 54 3.07 < 0.005 -

Inferior orbital PFC 93 L 47 -20 8–20 2.90 < 0.005 -

Superior parietal gyrus 91 L 7 -20 -70 42 2.85 < 0.005 -

BA Brodmann area, MNI Coordinates in montreal neurological institute stereotactic space. (p value <0.005; k = 50. FEW p value <0.05)
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performed a lottery task. This wave, with generators in the
ventral striatum and other limbic regions, was found to be
significantly decreased in the apathetic subgroup (Martinez-
Horta et al. 2014).

Our current anatomical findings give additional support to
the notion of impaired reward processing in PD patients who
develop apathy, and underline the existence of a more com-
plex related circuitry which subserves motivational, cognitive
and behavioral functions. The NAcc and the OFC are key
structures within the mesolimbic reward pathway. In contrast
with the nigrostriatal pathway, this circuit had been previously
considered to remain relatively spared in early and middle PD
stages (Rowe et al. 2008; Gotham et al. 1988, 1986). In
contrast, the decreases in grey matter found here in both
the NAcc and the OFC support its compromise in patients
who develop apathy, even in the early stages of the dis-
ease. The left-sided lateralized pattern we found is consis-
tent with the eminent unilateral-to-bilateral course of PD
pathology. In fact, using less strict p-value (p < 0.01) a
significant decrease can be bilaterally seen showing that
right NAcc is not free of more severe degeneration in
apathetic PD patients (see supplementary data).

These results are in line with recent neuroimaging studies
using various assessment techniques. In one study using
resting-state fMRI, Baggio and colleagues found an associa-
tion between apathy and altered functional connectivity be-
tween the limbic regions of the PFC and the striatum
(Baggio et al. 2015). However, this study did not properly
control the effect of depression in the studied sample. In an-
other study using shape analysis, the authors found atrophy of
the NAcc in association with more severe apathetic symptoms
in PD. However, part of the studied sample did not accomplish
criteria for apathy, and this relationship was found only in
relation to symptom severity (Carriere et al. 2014). Different

PET studies have also given evidence on the decreased
mesocortico-limbic dopaminergic activity present in apathetic
PD patients. By using [11C]-Raclopride, [11C]-RTI-32 and
[18]-FDG decreased dopamine release capacity has been ob-
served in the mesolimbic circuit, as well as reduced binding
and metabolism in the ventral striatum (Thobois et al. 2010;
Remy et al. 2005; G. H. Robert et al. 2014). Our results extend
and support the existence of structural abnormalities in the
NAcc in non-demented PD patients from the early and middle
stages of the disease.

In addition to the NAcc, we found GMV decreases in cor-
tical brain areas. Atrophy in these regions may account for
manifestations pertaining to other symptomatology domains
than reward processing. Grey matter loss was found in the
premotor cortex, including the SMA, and the pars opercularis
of the inferior frontal gyrus (BA44). This cluster included
regions around the insular cortex, the DLPFC and the pars
triangularis (BA45). These last two areas connect with the
middle (BA46) and the orbital (BA47) frontal areas. The al-
teration of the premotor cortex in our apathetic patients could
be linked to the disruption of self-initiated behavior and thus
to deficits in the auto-activation domain. These deficits would
be further supported by cortical atrophy around the insula and
related frontal structures. GMV decreases at this level would
be consistent with difficulties in the executive integration of
plans of action.

Cortical regions connected with the limbic system also
showed loss of GMV. Within the medial prefrontal cortex,
isolated apathy was associated with decreased GMV in the
OFC. The OFC is part of the mesocortico-limbic reward cir-
cuit, playing a critical role in incentive processing and higher
order integration of emotion (Timbie and Barbas 2015).
Abnormalities in the OFC have been associated not only to
apathy, but also to depression, anxiety, and social cognition

Fig. 2 Inverse correlation between cortical and subcortical GMV loss and cognitive performance
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(Jenkins et al. 2014; Drevets 2007; Milad and Rauch 2007;
Levy and Dubois 2006). The correlation observed between
volume loss in the OFC and depression HADS scores could
be interpreted as a marker of the emotional distress that may
coexist even in apathetic patients without clinical criteria for
depression(Pagonabarraga et al. 2015). On the contrary, it
could be also the consequence that many items in commonly
used scales for depression (including the HADS), are actually
measuring decreased motivated behaviors. Since patients in
our sample were free of clinically relevant depression, OFC
atrophy –in conjunction with decreased volume in the NAcc–
may indicate that not only loss of GMV in lateral aspects of
the prefrontal cortex lead to apathy, but that the concurrent
disruption of cortical and subcortical regions within the
mesocortico-limbic reward are crucial for the clinical manifes-
tation of decreased goal-directed behaviors.

Additional clusters of grey matter reduction were found in
the inferior frontal gyrus and in the parietal lobes. These two
structures have been associated with the cognitive aspects of
apathy in PD (Pagonabarraga et al. 2015). Atrophy of these
regions may account for previous evidence indicating a pat-
tern of worse cognitive performance in apathetic patients
(Martinez-Horta et al. 2013; Pluck and Brown 2002). These
deficits were seen mainly in tasks involving frontal executive
capacities, but also in others that rely on adequate parietal
function (Martinez-Horta et al. 2013). Importantly, impair-
ment in these tasks has been associated with more accelerated
cognitive decline (Williams-Gray et al. 2009; Aarsland et al.
2011). This raises the question of a possible link between
more severe global cognitive dysfunction and apathy. In PD
various authors have shown that apathy may herald dementia
(Williams-Gray et al. 2009; P. Robert et al. 2009), and grey
matter atrophy and cortical thinning in posterior cortical re-
gions have been associated with an increased risk of develop-
ing dementia (Aarsland et al. 2011; Bohnen et al. 2007;
Bohnen et al. 2006). In the present study, the correlations
observed between the NAcc and several cortical regions with
global cognitive deterioration involving not only executive
functions, suggests that the presence of apathy is a marker of
more extensive cortical and subcortical degeneration even in a
sample of non-demented patients.

Taken together, the present neuroimaging findings indicate
the presence of structural abnormalities in PD patients with
apathy. These abnormalities were observed in subcortical and
cortical brain regions in a carefully selective sample of non-
demented PD patients with isolated apathy in the early to mid-
stages of the disease. GMV decreases in the NAcc demon-
strate atrophy of a core structure of the mesocortico-limbic
circuit and support a compromise of the reward circuit in this
population. Areas of GMV decrease in the parietal lobe, as
well as in the lateral andmedial aspects of the prefrontal cortex
fit well with the cognitive, auto-activation and emotional
symptoms also present in apathy. Finally, the significant

relation between structural changes and specific cognitive as-
pects links apathy to cognitive deterioration.

Given the highly specific characteristics of the patient sub-
population studied here, the present findings should be general-
ized with caution. Apathetic PD patients are only a subgroup of
the broad range of PD patients usually encountered in the clin-
ical practice. Also, symptom manifestations may evolve differ-
ently in the various domains that constitute apathy in the course
of PD. Thus, the degree of compromise of the neural circuits
discussed here may vary in the different stages of the disease.
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