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Background: Anhedonia constitutes a coherent construct, with neural correlates and negative
clinical impact, independent of depression. However, little is known about the neural correlates
of anhedonia in stroke patients. In this study, we investigated the association of post-stroke
anhedonia with salivary cortisol levels and stroke location and volume.

Patients and methods: A psychiatrist administered the Structured Clinical Interview for
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition to identify anhedonia
in 36 inpatients, without previous depression, consecutively admitted in a neurology clinic in
the first month after a first-ever ischemic stroke. Salivary cortisol levels were assessed in the
morning, evening, and after a dexamethasone suppression test. We used magnetic resonance
imaging and a semi-automated brain morphometry method to assess stroke location, and the
MRIcro program according to the Brodmann Map to calculate the lesion volume.

Results: Patients with anhedonia had significantly larger diurnal variation (P-value =0.017) and
higher morning levels of salivary cortisol (1,671.9£604.0 ng/dL versus 1,103.9+821.9 ng/dL;
P-value =0.022), and greater stroke lesions in the parahippocampal gyrus (Brodmann area 36)
compared to those without anhedonia (10.14 voxels; standard deviation +17.72 versus
0.86 voxels; standard deviation +4.64; P-value =0.027). The volume of lesion in the parahip-
pocampal gyrus (Brodmann area 36) was associated with diurnal variation of salivary cortisol
levels (rho=0.845; P-value =0.034) only in anhedonic patients.

Conclusion: Our findings suggest that anhedonia in stroke patients is associated with
the volume of stroke lesion in the parahippocampal gyrus and with dysfunction of the
hypothalamic—pituitary—adrenal axis.
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Introduction

Anhedonia has been considered a promising endophenotype of depression.! It is
one of the core symptoms of major depressive disorder (MDD),* one of the specific
symptoms of MDD melancholic subtype,>* and has been considered particularly
relevant for the diagnosis of MDD among the medically ill.** Additionally, anhedo-
nia has been associated with disability independently of sadness,’ poor health status
and cognitive symptoms,’ increased major adverse cardiac events,® lower treatment
response in general,” and specifically with serotonin selective reuptake inhibitors, '

suicidal ideation,!!

and increased mortality.®'? It has its own psychopathological
relevance, including the differentiation of anhedonic depression from depression with
demoralization'* and from adjustment disorder with depressive mood.'* In addition,
it has been related to blunting or to the global inability of reinforcement (ie, negative

and positive reinforcement) to alter behavior more than the presence of a diagnosis
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of depression.' Its unique importance has also been reported
in psychiatric disorders other than depression, including
obsessive compulsive disorder,'® eating disorders,'”!® social
anhedonia in schizophrenia,'**° and as a possible predictor
for stimulant misuse.?’ Anhedonia constitutes a coherent
construct, consistent with the new Research Domain Criteria
proposed by the National Institutes of Mental Health.?> The
Research Domain Criteria aim to identify neurobiological
mechanisms underlying clusters of psychiatric symptoms
or “domains” of mental function (eg, anhedonia and cogni-
tive deficits) across the traditional psychiatric diagnoses.?>?
Clinical data have indicated that post-stroke depression has
imprecise boundaries and better understanding of its psycho-
pathological profile is necessary.?* This approach enhances
the relevance of studies investigating the brain morphology
and endocrine correlates of anhedonia.”

Neurophysiologically, anhedonia has been associated
with reduced connectivity between pregenual anterior cingu-
late cortex and caudate nucleus, reduced neuronal activity in
ventromedial prefrontal cortex, amygdala/ventral striatum,
and reduced activity in the nucleus accumbens.?’” Anhedonia
has been associated with vascular depression?® and neuro-
anatomical alterations that have been related to anhedonia
include a greater volume of white matter hyperintensities,?
reduced caudate volume,*® deep white matter lesions, lacu-
nar infarcts in deep white matter, and cortical atrophy.’!
Regarding neurotransmitters, antidepressants acting on
noradrenaline and not only on serotonin neurotransmission
may be relevant to treat anhedonia.’> Neuro-endocrinologi-
cally, anhedonia has been related to a dysfunctional feedback
between the hypothalamic—pituitary—adrenal (HPA) axis and
specific brain regions.*

Of note, increased cortisol levels have been consistently
associated with melancholic depression, an MDD subtype
where anhedonia is a cardinal marker.3* Clinically, increased
cortisol levels have been associated with poor outcomes,
increased severity, increased risk for depression,*® poor
response to treatment,*®” and higher relapse of depres-
sive episodes.**3* % Neuroanatomical correlates of cortisol
that have been reported include reduced hippocampal
volume,* deficits in hippocampus-related neuropsychologi-
cal functions including verbal and visuospatial memory,*
and dysfunctional hippocampal response to cortisol in
depressed women.* Additionally, depressed patients who are
dexamethasone/CRH non-suppressors (a marker of HPA dys-
function) showed metabolic changes in the medial prefrontal
cortex (mPFC) and in the hippocampal/parahippocampal
brain regions after treatment with antidepressants.* Recently,

the diurnal slope of salivary cortisol has been negatively
associated with resting neural activity in the mPFC, hip-
pocampus and parahippocampal gyrus in healthy volunteers;
in contrast, anhedonic subjects failed to present an association
of salivary cortisol with mPFC activity.* It should be noted
that distorted daily cortisol rhythms may lead to diverse
effects on emotional functions depending upon the cellular
pathway or part of the network it is disturbing.* Such effect
is influenced by individual regional differences in the sensi-
tivity of the brain determined by differential local epigenetic
events.” In aggregate, these data support the association
between anhedonia, HPA dysfunction, and abnormal func-
tion in specific brain areas involved in emotional regulation
(eg, mPFC and hippocampus/parahippocampal area).

In stroke patients, anhedonia has been associated with
increased levels of depression at hospital discharge,* and cog-
nitive deficits*’ including executive dysfunction.*® In contrast
with depressive and anxiety symptoms, anhedonia in post-
stroke patients has been related to aging and not to a previous
history of mood disorders or to the functional status (Barthel
Index), supporting its particular brain correlates.* In rats,
anhedonia induced by ischemic stroke has been associated
with decreased protein expression of 5-hydroxytryptamine 1A
receptors and messenger ribonucleic acid levels in the dentate
hippocampal gyrus.>® These changes could be associated with
decreased neurogenesis and were reversed by citalopram.>®!
Notwithstanding the abovementioned relevance of anhedonia,
itis not known whether its neuroendocrine correlates in stroke
patients match the pattern described in MDD.

In post-stroke depression, hypercortisolemia has been
associated with lesions in frontal brain areas®>’ and with
poor clinical outcome of stroke.’>%%® Post-stroke hyper-
cortisolemia was a predictor of later depression in some**
but not all studies.” A recent literature review reported that
elevated post-stroke cortisol levels have been associated with
dependency, morbidity, and mortality.*’ Early studies were
conflicting regarding stroke location and depression.®® ¢
However, a possible explanation for these discrepancies
is that depression in acute and inpatients is related to left
side lesions, and depression occurring later than 3 months
after stroke and in community patients is related to right
side lesions.® Recent studies have attributed the occur-
rence of depression to disruption of prefrontal subcorti-
cal circuits by the stroke lesion.**® Recently, post-stroke
major depression episode (MDE) has also been associated
with stroke lesions in the limbic—cortical—striato—pallido—
thalamic*%¢7 circuit including the mPFC, cingulate cortex,
hippocampal/parahippocampal region, and amygdala.®®
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Based on these findings and those relating anhedonia with
neuroendocrine and neural dysfunction®® we hypothesized
that anhedonia in stroke patients would be associated with
cortisol levels and with lesions in mPFC and areas in the
hippocampal/parahippocampal region. Therefore, the goal
of this study was to investigate the association of anhedonia
with salivary cortisol levels and with stroke lesion in the
mPFC and hippocampus/parahippocampal areas.

Material and methods

Patients
We screened 326 male and female inpatients, 18 years of
age or older, consecutively admitted to the neurology unit
of a university hospital with a diagnosis of ischemic stroke
between August 2002 and May 2008. Details of the protocol
have been previously described.®®* In short, the diagnosis
of stroke was made by a neurologist in accordance with the
World Health Organization criteria’ and confirmed by mag-
netic resonance imaging (MRI). At screening we interviewed
patients using the modules for mood episodes, psychotic
symptoms, and substance use disorders of the Structured Clin-
ical Interview Patient Version axis [ (SCID-I/P) for Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition
(DSM-1V) to investigate past and current mood disorders.”
A psychiatrist performed the interview with the patient and
a family member/caregiver. A neurologist assessed the daily
living activities using the Barthel Index,’? and the stroke
severity using the National Institutes of Health Stroke Scale
(NIHSS).” The Barthel Index scores range from 0 (completely
dependent) to 100 (completely independent).” The NIHSS is
a graded neurological examination assessing consciousness,
eye movements, visual fields, motor and sensory impairments,
ataxia, speech, cognition, and inattention and its scores range
from 0 to 42 (more severe).” Both, NIHSS and Barthel Index
Brazilian versions have been validated.”

We excluded 253 patients for the following criteria:
a) previous history of stroke, infratentorial stroke, greater
than 3 weeks interval between stroke occurrence and screen-
ing interview, or hemorrhagic transformation of stroke
(n=89); b) drug/alcohol dependence, psychoses, delirium,
history of MDE, current MDE with pre-stroke onset, dysthy-
mia, or bipolar disorder (n=54); c) aphasia that impeded the
interview (n=37); d) neurological diseases or severe clinical
condition that impeded the interview (n=22); ¢) problems dur-
ing the MRI acquisition (n=19); f) other reasons (n=32).6%¢
Of 73 eligible patients, five declined to participate and for
32 we lacked proper cortisol samples, leaving 36 patients
for the current analysis.

The 36 patients were evaluated on average within
11.9 days after stroke (standard deviation [SD] £4.7; range
5-22 days). Patients were free from corticoids, oral con-
traceptives, and antidepressants. Patients with MDD were
only those whose depression had started after the stroke. All
patients with MDD were oriented and referred to treatment
after the evaluation.

The institutional review board of the Clinics Hospital of
the University of Sdo Paulo, School of Medicine, approved
the study protocol. Written informed consent was obtained
from all participating patients after explanation about the
procedures and study.

Anhedonia assessment

Anhedonia, defined as diminished interest or pleasure in
response to stimuli previously perceived as rewarding dur-
ing the premorbid state, was diagnosed by a psychiatrist
administering the SCID-I/P for DSM-1V." The psychiatrist
was blinded for the cortisol and radiological results.

Cortisol measures

Cortisol samples were collected with the supervision of a
member of the nursing team or by one of the researchers. Sali-
vary samples (1 mL) were collected in a plastic tube by direct
spitting during a 15 minutes period at 9 am and 11 pm. After
collecting basal morning and evening samples, 1 mg of dex-
amethasone was administered orally at 11 pm. The next morn-
ing at 9 am, we collected a salivary sample to investigate the
inhibitory effect of the dexamethasone. Salivary samples were
stored at 4°C and analyses were performed at the neuroen-
docrine laboratory of the University of Sao Paulo, Ribeirdo
Preto School of Medicine. After centrifugation at 2,000 rpm,
the supernatants were stored at —20°C until assayed. Sali-
vary cortisol measurements were performed by a previously
described radioimmunoassay method on 25 puL samples of
saliva without previous extraction or chromatography. This
method previously demonstrated a good correlation (=50.95)
with plasma free cortisol levels determined by equilibrium
dialysis.” The assay sensitivity was 60 ng/dL.”> The mean
intra-assay coefficient of variation was 5.5%. All samples
obtained from each subject were analyzed in duplicate in the
same assay. The technicians performing cortisol assays were
blind to the clinical characteristics of the patients.

MRI protocol, stroke location and volume
All MRIs were acquired on a 1.5-Tesla system (GE-Horizon
LX; General Electric Healthcare, WI, USA), using a specific
previously described imaging protocol.®® Lesion location
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and volume quantification were determined using a semi-
automated method. Initially, spoiled gradient recalled acqui-
sition in steady state and axial fluid attenuated inversion
recovery (FLAIR) acquisitions were both normalized to the
Montreal Neurological Institute template.” We used linear
transformation with 12 degrees of freedom and 15 nonlinear
interactions implemented in Statistical Parametric Mapping
(SPMS5, Wellcome Trust for Neuroimaging, London, http://
www.fil.ion.ucl.ac.uk/spm/), and based on coordinates

referenced in the Talairach and Tornoux Atlas.”” During
this process, all images were sampled to 2.3%2.3%2.6 mm.
Lesion tracing was performed by a trained psychiatrist (LT),
blinded for neurological and cortisol data, using a mouse
device to trace the ischemic lesion and analyzing all slices
of each FLAIR image using the MRIcro Software (http://
www.sph.sc.edu/comd/rorden/mricro.html). All lesions’

tracings from all patients were reviewed by a neuroradiolo-
gist, blinded for clinical data and psychiatric diagnoses. The
regions of interest were then analyzed automatically using
the Brodmann Cytoarchitectonic Atlas placed in the same
spaces,” in order to count the number of voxels within each
Brodmann area (BA). The total lesion volume was obtained
by multiplying the number of voxels by voxel size in nor-
malized images.

Statistical analysis
Anhedonia was analyzed as a categorical variable (yes/no)
according to the specific item on the SCID-I/P for DSM-1V."!
Salivary cortisol levels were analyzed as a continuous variable
and by comparing tertiles, as it has been done previously.*
Patients in the highest tertile of cortisol levels were compared
to those in the lower two tertiles combined. Patients with cor-
tisol levels below the detection limit of the assay (ie, below
60 ng/dL) were assigned to the inferior tertile. The cut-off for
the upper tertile of morning salivary cortisol levels (increased
level) was >1.515 ng/dL and for the evening salivary cortisol
levels was >575 ng/dL; the cut-off for the upper tertile of
morning salivary cortisol levels after dexamethasone supres-
sion test was >600 ng/dL. Lesion volume was obtained by
determining the voxel-based lesion morphometry in each BA
of interest. Lesion volumes were expressed as mean number
of voxels and SD (FLAIR voxel size 2.3x2.3%2.6 mm). The
a priori defined brain areas for investigation were the mPFC
and the BAs 28, 34, 35, and 36 from the hippocampus/
parahippocampal region. We estimated the mPFC area by
summing the BAs 10, 11, 12, 13, 14, 24, 25, 32, and 47 as
previously done.®

Statistical analyses were performed using the Statistical
Package for the Social Sciences, version 14 (SPSS Inc.,

Chicago, IL, USA). Chi-square tests or Fisher’s exact tests
were used for categorical data. If not otherwise specified,
Student’s ¢-tests were used for continuous variables; alterna-
tively, the non-parametric Mann—Whitney U-test was used
when data did not follow normal distribution according to
the Kolmogorov—Smirnov test. The Wilcoxon Signed Rank
test was used to compare morning cortisol levels (9 am)
with evening cortisol levels (11 pm). We used Spearman
correlations to investigate the relationship between diurnal
reduction (from morning to evening) in cortisol levels with
stroke volumes in the a priori determined brain areas (mPFC
and hippocampus/parahippocampal areas), separately in
patients with and without anhedonia, in accordance to
previous report.’3 Results are presented as frequencies or
mean + SD. All statistical tests were two-tailed and alpha
was set at 5%.

Results

We identified anhedonia in seven (19.4%) patients and it
was significantly associated with new onset post-stroke
MDE (Table 1). Salivary cortisol levels were significantly
higher in the morning compared to the evening in both
anhedonic and non-anhedonic patients (Table 1). Patients
with anhedonia had significantly higher mean morning
salivary cortisol levels than non-anhedonic patients (Table 1
and Figure 1). Consistent with this, 71.4% of the anhedonic
patients had morning salivary cortisol levels in the upper
tertile, a rate significantly higher than in non-anhedonic
patients (24.1%) (Table 1).

Anhedonic patients experienced a larger diurnal decrease
in cortisol levels compared to non-anhedonic patients
(P-value =0.017, Mann—Whitney U-test).

Anhedonic patients had larger stroke lesion volumes
in the parahippocampal gyrus (BA 36) compared to non-
anhedonic patients (Table 1; Figure 2). We found no other
differences between anhedonic and non-anhedonic patients
regarding stroke lesion volumes in the other a priori deter-
mined brain areas.

Stroke lesion volumes in the parahippocampal gyrus
(BA 36) were correlated with a larger diurnal decrease of
salivary cortisol levels (rho=0.845; P-value =0.034) among
anhedonic patients but not among the non-anhedonic ones
(rho=0.045; P-value =0.834). No other BAs showed correla-
tion with diurnal variation of salivary cortisol levels.

Discussion

We found that patients experiencing anhedonia within the
first month after a first ever ischemic stroke had higher levels
of morning salivary cortisol and larger diurnal decrement of
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Table | Demographic characteristics, cortisol levels, stroke location and lesion volumes in anhedonic and non-anhedonic post-stroke

patients
Qualitative variables Anhedonic (N=7) Non-anhedonic (N=29) P-value
N (%) N (%)
Female 3 (42.9%) 12 (41.4%) 0.943*
Major depressive disorder 3 (42.9%) 0 (0.0%) 0.005*
Left hemisphere location 6 (85.7%) 15 (51.7%) 0.200*
Cortisol by tertile
Morning
Low/intermediate 2 (28.6%) 22 (75.9%) 0.029*
High 5 (71.4%) 7 (24.1%)
Evening
Lowl/intermediate 4 (66.7%) 16 (66.7%) 1.00%*
High 2 (33.3%) 8 (33.3%)
DST
<600 ng/dL 2 (50%) 17 (70.8%) 0.574*
>600 ng/dL 2 (50%) 7 (29.2%)
Continuous variables Mean (£ SD) Mean (£ SD)
Age 49 (15.6) 52.1 (15.4) 0.640
Cortisol (ng/dL)
Morning 1,671.86 (603.98) 1,103.93 (821.97) 0.022%
Evening 356 (360.46) 584.23 (717.58) 0.195%
Barthel Index 88.57 (30.23) 98.70 (3.82) 0.848%
NIHSS 3.42 (3.55) 1.68 (1.64) 0.114%
Hippocampal/parahippocampal areast
BA 28 0.14 (0.38) 0.34 (1.88) 0.291%
BA 34 5.57 (9.55) 10.52 (30.16) 0.623*
BA 35 0 0 0
BA 36 10.14 (17.72) 0.86 (4.64) 0.027%
mPFCH 166 (287.79) 108.69 (257.51) 0.365%
Total stroke volumef 3,826.29 (5,170.66) 2,867.07 (3,567) 0.368%

Notes: *Fisher’s exact test. “Mann—Whitney U-test. TMeasured in voxels. 'mPFC size was estimated by the sum of the BA areas 10, 11, 12, 13, 14, 24, 25, 32, and 47.
Abbreviations: NIHSS, National Institutes of Health Stroke Scale; SD, standard deviation; mPFC, medial prefrontal cortex; BA, Brodmann area; DST, dexamethasone

suppression test.
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Figure | Boxplot illustrating the morning and evening levels of salivary cortisol in
anhedonic and non-anhedonic post-stroke patients.

Note °= outlier (values |.5 X Interquartile range beyond the upper quartile limit or
beyond the lower quartile limit); * = extreme outlier (value 3.0 X Interquartile range
beyond the upper quartile limit).

salivary cortisol levels than those without anhedonia. Such
findings support the existence of specific neuroendocrine
correlates of anhedonia, now demonstrated for the first time
for post-stroke anhedonia. The association of high morning
cortisol levels and anhedonia has been previously reported
in other populations, including melancholic depression,
a subtype of depression in which anhedonia is a cardinal
symptom,** and in preschool-aged children with maternal
history of melancholic depression and anhedonic traits.* The
normal reaction to stress elicits cortisol release.” However,
increased stress has been reported to increase glucocorticoid
signaling® and precipitate neuronal degeneration in the
hippocampus,®! further contributing to a dysfunctional stress
response. The neural damage caused by the stroke may lead to
a dysfunction in the stress response system by disrupting the
limbic connectivity and/or deregulating the negative feedback
exerted by cortisol secretion. Such dysfunction may explain
the association between anhedonia, elevated cortisol levels,
and stroke lesion location.
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Figure 2 MRI of two illustrative patients, one with anhedonia and one without anhedonia.

Notes: Yellow line delineates the BA 36. Red Line delineates the ischemic lesion. (A) and (B) MRI acquisitions from a 46 year old male patient with post-stroke major
depressive episode, but without anhedonia and no lesion in BA 36. (A) MRI axial flair acquisition shown left BA 36 (stroke lesion is not visible in this level of acquisition).
(B) MRI axial acquisition in another level showing the stroke lesion in the right hemisphere; the total volume of the stroke lesion was 6,273 voxels. (C) MRI axial flair
acquisition from a 22 year old male patient with post-stroke anhedonia and major depressive episode showing stroke lesion in BA 36 of the left hemisphere; the total volume

of the stroke lesion was 2,032 voxels.
Abbreviations: MRI, magnetic resonance imaging; BA, Brodmann area.

We found that anhedonic patients had an increased
volume of stroke lesion in the parahippocampal gyrus (BA
36), an area previously implicated in the abnormal brain
connectivity in major depression by neuro functional® and
genetic® studies. The role of the parahippocampal gyrus in
the neural circuitry of anhedonia has previously been sup-
ported by studies in bipolar disorder®* and schizophrenia.®
Previous studies also implicate other brain areas in the
pathophysiology of anhedonia. In animal models, anhedo-
nia has been related to aberrant hippocampus activity and
metabolism,* while low hippocampus volume in melan-
cholic patients, in which anhedonia is a central feature, has
been associated with slower recovery after antidepressant
treatment.’” In addition, a catecholamine-depleting diet

was reported to induce anhedonia and decreased glucose
utilization in the right accumbens.®” From our patients
with anhedonia, 85.7% (n=6) had stroke lesion in the left
side compared with 51.7% (n=15) from the non-anhedonic
ones. Although not significant, such results encourage the
investigation of the relationship between left side location
and anhedonia, as it has been found for depression in acute
post-stroke patients.®

Anhedonic patients, in contrast to those without anhedonia,
showed a positive correlation between size of stroke lesion in
the parahippocampal gyrus (BA 36) and a larger decrement of
the diurnal salivary cortisol levels. Although studies focusing
on the relationship of glucocorticoid receptors’ function and
parahippocampal gyrus are needed, elevated glucocorticoid
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levels have been associated with parahippocampal blood
flow reduction.®® Hence, it is possible that stroke lesion in the
parahippocampal gyrus could impair glucocorticoid receptors’
function leading to an increased morning cortisol level as a
compensatory mechanism,® and consequently a larger decre-
ment of the diurnal levels. Anhedonia could be related to an
increased vulnerability to disrupt the modulation of the HPA
axis feedback via lesions in the parahippocampal gyrus. Putnam
et al reported that health subjects with anhedonia have a dys-
functional feedback between the mPFC and the neuroendocrine
HPA axis.*® Using dense-array resting electroencephalography,
they found a negative correlation between diurnal salivary corti-
sol slope and current density in the hippocampal/parahippocam-
pal region for both subjects with and without anhedonia.’* In
addition, they found a correlation of diurnal cortisol slope with
current density in the mPFC in subjects without anhedonia,
but not in subjects with anhedonia. Accordingly, patients with
previous vulnerability to anhedonia would have a dysfunctional
feedback between mPFC and neuroendocrine regulation. Con-
sequently, it is possible that in anhedonic subjects the HPA axis
would depend on feedback from other brain areas, including the
hippocampal/parahippocampal region. Thus, stroke lesions in
the parahippocampal gyrus (BA 36) in patients with anhedonia
would disrupt the feedback of this region to the neuroendocrine
HPA axis. Supporting this hypothesis, in our sample, the cor-
relation of salivary cortisol diurnal decrease with the size of
lesion in the parahippocampal gyrus (BA 36) was found only
in anhedonic patients. Complementary to this, the absence of
correlation between size of lesion in parahippocampal gyrus
(BA 36) and the decrease in diurnal salivary cortisol levels in
patients without anhedonia may suggest that these patients
could have the brain HPA axis feedback maintained by the
modulation of other brain regions in particular the mPFC as
suggested by previous studies.** In conclusion, our findings
indicate that subjects with post-stroke anhedonia may have
a dysfunctional feedback between parahippocampal gyrus
(BA 36) and the HPA axis.

A consistent line of research has investigated the correlates
of apathy in stroke patients. Apathy has a wide array of defi-
nitions and conceptualizations usually including diminished
interest and motivation among other symptoms.” The item
of the SCID-I/P we have used to assess anhedonia includes
two aspects: decrease in motivation and/or reduction in expe-
rienced pleasure. Consequently, the symptom “decrease in
motivation/interest” included in the definition of anhedonia
that we have used, overlaps with some definitions of apathy.
Stroke lesions of patients with apathetic depression often did
not overlap with lesion of patients with affective depression;*!

reinforcing that apathy has a distinct pathophysiology and
should not be considered only as a symptom of depression.
A recent review concluded that it was not possible to identify
a specific stroke lesion location for apathy.*® Actually, post-
stroke apathy has been associated with fronto subcortical,’”
pontine,” brainstem and bilateral striatum infarcts.”! The use
of diverse definitions of apathy, capturing its distinct aspects
may in part explain the diversity of results regarding its stroke
location. Similarly, the motivational and consummatory (hedo-
nic response) components of anhedonia have been reported
to relay on separate neural systems.? Thus, assessing specific
components of apathy and anhedonia is necessary to address
their neural correlates.

Some limitations of our study should be considered. We
did not assess the plasma corticotrophin hormone levels.
Corticotrophin hormone assessment and several cortisol
measurements could give a more detailed and reliable
appraisal of HPA function.** The cross-sectional design of
our study restricts conclusions about direction of causality
in the association between increased cortisol levels and
anhedonia. Although the neuroanatomical areas of inter-
est were determined a priori and literature data support the
relationship of the parahippocampal gyrus with anhedonia in
non-stroke subjects®® and its deactivation has been reported
in paradigms eliciting the reward circuit,” we did not correct
for multiple comparisons. We did not find an association of
anhedonia with the mPFC?® and other brain areas previously
reported to be involved in the neural basis of anhedonia such
as the anterior cingulate cortex and nucleus accumbens.?”
Similarly to apathy, as commented above, fatigue is common
after stroke. Defined as a feeling of lack of energy, weariness,
and aversion to effort,” assessing fatigue in addition to apathy
could give a more specific and integrated view of anhedonia.
Finally, our sample is relatively young and because of the
inclusion and exclusion criteria, patients with more severe
stroke have been excluded. Hence, considering the existence
of multiple comparisons, the small sample size and small
power, our results are better understood as preliminary.
Future confirmatory studies with greater sample size allow-
ing the performance of multivariate analysis investigating
the influence of total stroke volume, left side location, stroke
severity, restriction of daily living activities, the presence of
old patients, and more severe stroke cases are warranted.

Conclusion

In conclusion, our data suggest the existence of a relationship
between anhedonia with stroke size in the parahippocampal
gyrus (area BA 36), with increased morning salivary cortisol
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levels and increased diurnal cortisol decrement in stroke
patients. Our findings contribute to the understanding of post-
stroke anhedonia as a result of disruption of neural circuits
caused by the stroke lesion and by dysfunctional neuroen-
docrine feedback of HPA axis associated with that lesion;
suggesting that increased morning levels and a larger decre-
ment of diurnal salivary cortisol levels may be a biomarker
of anhedonia in stroke patients. Considering the small sample
size and absence of correction for multiple comparisons,
future studies are necessary to confirm our findings.
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