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Abstract: Apathy, common in neurological disorders, is defined as disinterest and loss of motivation,
with a reduction in self-initiated activity. Research in diseased populations has shown that apathy is
associated with variations in the volume of brain regions such as the anterior cingulate and the frontal
lobes. The goal of this study was to determine the neural signatures of apathy in people with penetrat-
ing traumatic brain injuries (pTBIs), as to our knowledge, these have not been studied in this sample.
We studied 176 male Vietnam War veterans with pTBIs using voxel-based lesion-symptom mapping
(VLSM) and apathy scores from the UCLA Neuropsychiatric Inventory (NPI), a structured inventory
of symptoms completed by a caregiver. Our results revealed that increased apathy symptoms were
associated with brain damage in limbic and cortical areas of the left hemisphere including the anterior
cingulate, inferior, middle, and superior frontal regions, insula, and supplementary motor area. Our
results are consistent with the literature, and extend them to people with focal pTBI. Apathy is a sig-
nificant symptom since it can reduce participation of the patient in family and other social interactions,
and diminish affective decision-making. Hum Brain Mapp 35:943–953, 2014. VC 2013 Wiley Periodicals, Inc.
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INTRODUCTION

Apathy is a behavioral symptom defined as disinterest
and loss of motivation; it is a reduction in self-initiated
activity [Marin, 1990]. It has been reported in 46% of peo-
ple with traumatic brain injury (TBI) [Andersson et al.,
1999]. TBI patients with a functional recovery status score
of 3 (severe disability) on the Glasgow Outcome Scale
[GOS; Jennett and Bond, 1975] had four times the risk of
developing apathetic behaviors than TBI patients with
less severe GOS scores [Ciurli et al., 2011]. Apathy can be
distinguished from depression [Aalten et al., 2008; Kirsch-
Darrow et al., 2011; Levy et al., 1998; Mortby et al., 2011]
and can lead to caregiver distress, since it increases
dependence on the caregiver [Greene et al., 1982; Kaufer
et al., 1998; Landes et al., 2001]. The signs of fatigue can
overlap with those of apathy [Pardini et al., 2010].

We used the Neuropsychiatric Inventory [NPI, Cum-
mings et al., 1994], a structured, caregiver-based interview,
to measure signs of apathy. The NPI is a validated instru-
ment [Corrigan et al., 1990; Levin et al., 1987], and as those
with TBI frequently lack insight into their difficulties, a
caregiver-based interview may present a more accurate
picture of this area of dysfunction [Dujardin et al., 2008;
Levin et al., 1987; Robert et al., 2002; Starkstein et al.,
2001].

It has been postulated that apathy results from the
disruption of connections between the anterior cingulate
cortex (ACC) and other cortical and subcortical regions
[Migneco et al., 2001]. The ACC and orbitofrontal cortex
(OFC) receive input from the basolateral amygdala and
nucleus accumbens, areas involved in setting reward val-
ues. These areas then feed into an ascending pathway to
the dorsolateral prefrontal cortex, which selects and
executes behavioral responses. When ACC or OFC are
damaged, this circuit is disrupted, resulting in impaired
decision-making and response initiation, i.e., apathy [Gui-
marães et al., 2008; Tunnard et al., 2010].

Many methods have been used to identify brain regions
where damage is associated with apathy. In Alzheimer’s
disease (AD), single photon emission computed tomogra-
phy (SPECT), positron emission tomography (PET), post-
mortem, proton density imaging, fractional anisotropy
(FA), and voxel-based morphometry (VBM) studies have
found apathy predominantly associated with the ACC and
the frontal lobes [Apostolova et al., 2007; Benoit et al.,
2002; Bruen et al., 2008; Craig et al., 1996; Kim et al., 2011;
Lanctôt et al., 2007; Marshall et al., 2006; Marshall et al.,
2007; Migneco et al., 2001; Starkstein et al., 2009]. VBM
studies of patients with other types of dementia or Parkin-
son’s disease (PD) found relationships between apathy
and gray matter atrophy in these same areas [Massimo
et al., 2009; Reijnders et al., 2010; Rosen et al., 2005; Zam-
boni et al., 2008], and a diffusion tensor imaging study of
amyotrophic lateral sclerosis (ALS) patients found that FA
and apathy change scores were negatively correlated in
the ACC [Woolley et al., 2011]. In addition to the many

studies of apathy in neurodegenerative disease, there have
also been a few studies in stroke. A case study by Laplane
et al. [1981] found docility and indifference in a patient af-
ter damage to ACC and prefrontal cortex (PFC). Another
study of stroke also found that apathy was associated with
damage to ACC [Kumral et al., 2002]. Manes et al. [1999]
found that stroke damage in the insula resulted in a sub-
jective lack of energy with anergia and tiredness.

In summary, reduction of function of the ACC and the
frontal lobes has been associated with apathy in many
studies using a variety of methods in populations with
AD and other forms of dementia, ALS, or stroke. In this
study, we used voxel-based lesion-symptom mapping
(VLSM) to determine where pTBI lesions are associated
with apathy. VLSM computes a t-value comparing behav-
ioral scores in those with damage to a voxel and those
without damage to that voxel. It performs a whole-brain,
voxel-by-voxel analysis, rather than attempting to catego-
rize patients based on lesion location.

MATERIAL AND METHODS

Subjects

Veterans were drawn from Phase III of the W.F. Cave-
ness Vietnam Head Injury Study registry (VHIS), a longi-
tudinal study of brain injured veterans, mainly with focal
penetrating injuries, and uninjured combat veterans [Ray-
mont et al., 2011]. Phase III (2003–2006) was conducted at
the National Naval Medical Center in Bethesda, MD. The
veteran population offers a number of methodological
advantages including its large sample size, relative uni-
formity, and access to preinjury data for comparison with
postinjury performance.

One hundred seventy-six brain-injured (TBI group) and
52 uninjured (control group) male combat veterans for
whom CT and NPI data were available were included in
this sample. There were no significant differences in age,
years of education, and preinjury IQ between the TBI and
control groups (see Table I). In Phase II of the VHIS (1981–
1984), 56% of the TBI group were working compared with
82% of the control group [Schwab et al., 1993], and equal
percentages of the TBI and control groups were living
with their wives (74%). All participants gave their written
informed consent, which followed the Code of Ethics of
the World Medical Association (Declaration of Helsinki).
All study procedures were approved by Institutional
Review Boards at the National Naval Medical Center and
the National Institute of Neurological Disorders and
Stroke.

Computed Tomography (CT) Scans and

Lesion Identification

As many of the TBI veterans had metal fragments in
their heads, we performed CT scans rather than MRIs.
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Axial CT scans were acquired without contrast in helical
mode on a GE LightSpeed Plus CT scanner. Images were
reconstructed with an in-plane voxel size of 0.4 � 0.4 mm,
an overlapping slice thickness of 2.5 mm, and a 1 mm slice
interval. Lesion location was determined from CT images
by manual tracing on each slice using the Analysis of
Brain Lesions (ABLe) software implemented in MEDx
v3.44 (Medical Numerics) [Makale et al., 2002; Solomon
et al., 2007]. Lesion volume was calculated by summing
the traced areas and multiplying by slice thickness. The
tracing was performed by an experienced physician (VR)
on the de-identified scans, and reviewed by an experi-
enced observer (JG) who was blind to the clinical and be-
havioral data. Scans were normalized to a template in
Montreal Neurological Institute (MNI) space, using the
AIR algorithm with a 12-parameter affine fit [Woods et al.,
1998]. To optimize precision of the registration procedure,
the brain images were first automatically skull-stripped.
Voxels inside the traced lesion were not included in the
spatial normalization procedure. For each subject, the
resulting normalized lesion mask image was used in the
VLSM analysis. Specifically, the analysis examined
whether there were any significant associations between
apathy and lesion locations. Gray matter location was
obtained from the AAL atlas [Tzourio-Mazoyer et al.,
2002] and white matter from the White Matter atlas [Mori
et al., 2005].

Neuropsychological Testing

Neuropsychological functions were assessed in a battery
of tests administered over 5–7 days. This study used a
subset of these. Pre- and postinjury general intelligence
scores were assessed with the Armed Forces Qualification
Test (AFQT-7A, United States Department of Defense,
1960). Scores on this test correlate highly with the Wechs-
ler Adult Intelligence Scale [WAIS, Wechsler, 1997a] intelli-

gence quotient scores [Grafman et al., 1988]. Working
memory was assessed with the Wechsler Memory Scale-III
(WMS) working memory primary index score [Wechsler,
1997b]. Cognitive status was evaluated using the Mini-
Mental State Examination [MMSE; Folstein et al., 1975].
Depression and other psychiatric symptoms and diagnoses
that could explain apathetic symptoms were evaluated
using the Beck Depression Inventory [BDI; Beck, 1978] and
the Structured Clinical Interview for DSM-IV-TR Axis I
disorders, Non-Patient edition lifetime prevalence for
major depressive disorder scores [SCID-I/NP; First et al.,
2002]. Fatigue was measured using the Fatigue Severity
Scale (FSS), a 9-item self-rating scale [Krupp et al., 1989].
Fatigability, defined as the degree to which someone ‘‘rap-
idly fatigues on challenging cognitive tasks or complex
activities, (and is) lethargic,’’ was measured using a clini-
cian rating on the Neurobehavioral Rating Scale [NRS;
Levin et al., 1987]. For the NPI, the examiner read the
questions aloud to a rater who knew the participant well.
Raters were generally spouses, partners, or adult children,
most of whom gave their answers via telephone. For each
abnormal behavior present, a rating for that behavior was
elicited on a severity scale from 1 (mild) to 3 (severe), and
on a frequency scale from 1 (occasionally, less than once a
week) to 4 (very frequently, once or more per day or con-
tinuously). We used apathy frequency � severity scores.

Statistical Analysis

Behavioral analyses

Analysis of the behavioral data was performed with
IBMVC SPSSVC 19.0 (www.spss.com), and alpha was set to
.05 (two-tailed) for all analyses. Independent samples t-
tests were performed to compare the TBI and the control
group in age, years of education, and neurobehavioral
scores. Kolmogorov-Smirnov testing on apathy scores
showed that both groups had significantly non-normal

TABLE I. Comparison between veterans with TBI and control veterans on demographic information and

neurobehavioral scores

Variable TBI Veterans Control veterans Statistics (2-tailed)

Age (N ¼ 176) 58.44 � 3.16 (N ¼ 52) 59.04 � 3.47 t(226) ¼ 1.18; p ¼ .24
Years of education (N ¼ 174) 14.85 � 2.55 (N ¼ 51) 15.15 � 2.50 t(223) ¼ 0.74; p ¼ .46
Preinjury AFQT percentile score (N ¼ 165) 61.50 � 25.54 (N ¼ 32) 67.25 � 22.93 t(195) ¼ 1.18; p ¼ .24
Postinjury (Phase III) AFQT percentile score (N ¼ 171) 53.55 � 24.50 (N ¼ 51) 69.63 � 21.53 t(220) ¼ 4.22; p < .001
WMS working memory primary index percentile score (N ¼ 169) 49.98 � 28.22 (N ¼ 51) 65.06 � 26.33 t(218) ¼ 3.40; p ¼ .001
MMSE total score (N ¼ 165) 28.48 � 2.02 (N ¼ 49) 29.12 � 1.32 t(120.97) ¼ 2.63; p ¼ .01
BDI total score (N ¼ 175) 9.16 � 9.09 (N ¼ 51) 11.04 � 9.68 t(224) ¼ 1.28; p ¼ .20
SCID-I/NP major depressive disorder lifetime prevalence (N ¼ 174) 1.40 � 0.80 (N ¼ 51) 1.57 � 0.88 t(223) ¼ 1.32; p ¼ .19
Krupp’s fatigue severity scale score (N ¼ 175) 36.33 � 11.92 (N ¼ 52) 37.31 � 12.17 t(225) ¼ 0.52; p ¼ .60
NRS fatigability score (N ¼ 161) 1.69 � 1.24 (N ¼ 48) 1.40 � 1.11 t(207) ¼ 1.47; p ¼ .14
NPI apathy frequency x severity score (N ¼ 176) 0.77 � 2.11 (N ¼ 52) 1.10 � 1.94 z ¼ 2.35; p ¼ .02

Means and standard deviations. AFQT, Armed Forces Qualification Test; WMS, Wechsler Memory Scale; MMSE, Mini-mental State
Exam; BDI, Beck Depression Inventory; SCID-I/NP, Structured Clinical Interview for DSM-IV-TR Axis I disorders, Non-Patient edition;
NRS, Neurobehavioral Rating Scale; NPI, Neuropsychiatric Inventory.
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distributions, TBI group: D(176) ¼ 0.48, P < 0.001; control
group: D(52) ¼ 0.39, P < 0.001, because most individuals
showed no overt signs of apathy. For this reason, we per-
formed Spearman’s rho correlational analyses for the TBI
group between apathy scores and each of the neurobeha-
vioral scores that were significantly different between TBI
and control groups, plus those that could influence apathy,
including MMSE, WMS, fatigue, fatigability, lifetime his-
tory of major depressive disorder, BDI depression, level of
consciousness at time of first exam after injury, and dura-
tion of loss or alteration of consciousness. In addition, we
performed a Mann-Whitney U-test to compare apathy
scores in the TBI group versus the control group, and
between TBI veterans who had a lifetime history of major
depression with TBI veterans who had not. The same anal-
ysis also was performed within the control group. As a
follow-up to our VLSM analysis, we performed independ-
ent samples t-tests to compare the significantly correlated
neurobehavioral scores between two resulting groups:
those TBI veterans with lesions in areas significantly asso-
ciated with apathy and those TBI veterans with lesions
only in other areas. We also performed similar t-tests for
volume loss.

Neuroimaging analyses

We first created a lesion overlap map to show how
many TBI veterans had damage at each voxel by overlay-
ing their individual normalized lesion maps. We also cre-
ated a lesion overlap map to show lesions for only those
29 veterans with apathy scores greater than zero. Next, we
used VLSM to implement one-tailed t-tests at each voxel
to find significant positive associations of lesioned voxels
and apathy scores. Apathy scores for all TBI veterans were
used in this analysis, including those with scores equal to
zero. We also performed a VLSM analysis on white matter
to find significant positive associations of lesioned white
matter and apathy scores. FDR corrections of 0.05 were
used for multiple comparisons [Genovese et al., 2002], and
a minimum cluster size of 10 voxels.

Because of the likelihood that a subset of participants
would have damage involving a given voxel, statistical
power is often lacking in VLSM analyses. We tolerated
low power in order to be able to test lesion locations over
much of the brain. For our study, we chose the minimum
number of cases with overlapping lesions to be 4 at any
voxel [see Gläscher et al., 2009, who used a similar crite-
rion]. If fewer than 4 TBI veterans had a lesion in a given
voxel, that voxel was excluded from the analysis.

RESULTS

Behavioral Results

The control group had significantly higher postinjury
AFQT, WMS working memory, and MMSE scores than the
TBI group, although the mean scores of the TBI group

were within the normal range. There were no significant
group differences on preinjury AFQT, BDI, SCID-I/NP
major depressive disorder lifetime prevalence, fatigue, or
fatigability. Apathy scores were significantly higher in the
control group (mean rank 127.74) than the TBI group
(110.59) (See Table I). This was because relatively more
TBI veterans were rated as having no apathy. There were
no within group differences on apathy scores for either
group between those who had major depression in their
lifetimes and those who had not (TBI group: z ¼ 0.27, P ¼
0.79; control group: z ¼ 0.48, P ¼ 0.64).

To further investigate the differences in postinjury AFQT,
WMS working memory, and MMSE scores, we performed
post-hoc Spearman’s correlations of apathy scores in the TBI
group. There was a significant correlation between apathy
and postinjury AFQT scores (rs¼ �0.17, P ¼ 0.03). To rule
out this being a lifelong tendency toward apathy, we per-
formed a Spearman’s correlation between apathy and pre-
injury AFQT, and found no significant correlation (rs ¼
�0.06, P ¼ 0.45). We found no significant correlations
between apathy and WMS working memory scores (rs ¼
�0.04, P ¼ 0.63), or apathy and MMSE scores (rs ¼ 0.05, P ¼
0.51). For the other neurobehavioral scores that could influ-
ence apathy, we found no significant correlations between
apathy and fatigue (rs ¼ 0.10, P ¼ 0.17), apathy and lifetime
history of major depressive disorder (rs ¼ 0.10, P ¼ 0.19), ap-
athy and level of consciousness at first exam (rs ¼ �0.04, P ¼
0.56), or apathy and duration of loss or alteration of con-
sciousness (rs ¼ 0.12, P ¼ 0.11); however, the correlations
between apathy and BDI scores (rs ¼ 0.24, P ¼ 0.001), and
apathy and fatigability (rs ¼ 0.16, P ¼ 0.048) were significant.

Neuroimaging Results

Lesion overlap maps

Figure 1 shows the lesion overlap map associated with
apathy for all 176 veterans with TBI. The maximum over-
lap of 28 subjects occurred in prefrontal areas. The frontal
lobes and ACC, regions where damage is often cited as
playing a role in apathy, were well covered.

Figure 2 shows the lesion overlap map associated with
apathy for only those 28 veterans with any apathy symp-
toms reported on the NPI.

Grey matter VLSM analyses

Figures 3 and 4 as well as Table II show the results from
the VLSM t-test analysis for apathy. Lesioned regions in the
left frontal lobe, ACC, insula, and supplementary motor
cortex were associated with apathy. There were no lesioned
regions in the right hemisphere associated with apathy.

White matter VLSM analysis

Injury to several areas of white matter, all in the left
hemisphere, was significantly associated with apathy.
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Figure 2.

Color indicates the number of the 28 participants with apathy symptoms who had lesions over-

lapping at each voxel. We required a minimum of four lesion cases at each voxel for that voxel

to be included in VLSM analysis. The left is on the viewer’s right.

Figure 1.

Color indicates the number of participants’ lesions overlapping at each voxel for the apathy anal-

ysis. We required a minimum of four lesion cases at each voxel in order for that voxel to be

included in VLSM analysis. The left is on the viewer’s right.
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These areas were the superior and anterior corona radiata
(ACR), and the genus and body of the corpus callosum
(Table III).

Ad-hoc analyses

To investigate whether damage to apathy-related lesion
areas was associated with cognitive deficits, we compared
the control group with the two lesion groups resulting
from our VLSM analysis (those with lesions in areas asso-
ciated with apathy and those with lesions only in other
areas), and found that the control group scored signifi-
cantly better than both lesion groups [control group vs.
nonapathy related lesion group: AFQT, 69.63 � 21.53 vs.
55.28 � 24.28, t(191) ¼ 3.73, P < 0.001; WMS Working
Memory, 65.06 � 26.33 vs. 52.50 � 27.96, t(190) ¼ 2.79, P
¼ 0.006; and MMSE, 29.12 � 1.32 vs. 28.62 � 1.70, t(107.69)
¼ 2.13, P ¼ 0.04]; [control group vs. apathy-related lesion
group: AFQT, 69.63 � 21.53 vs. 45.07 � 24.20, t(78) ¼ 4.69,
P < 0.001; WMS Working Memory, 65.06 � 26.33 vs. 37.29
� 26.47, t(77) ¼ 4.48, P < 0.001; and MMSE, 29.12 � 1.32
vs. 27.73 � 3.18, t(29.63) ¼ 2.14, P ¼ 0.04]. The nonapathy-
related lesion group scored significantly better than the ap-
athy-related lesion group on the AFQT, t(169) ¼ 2.07, P ¼
0.04, and the WMS Working Memory test, t(167) ¼ 2.65, P
¼ 0.009, but not the MMSE, t(27.71) ¼ 1.39, P ¼ 0.18.

To investigate whether damage to apathy-related lesion
areas was associated with depression in our subjects, we

compared the two lesion groups (apathy-related and not)
in BDI scores and found no significant difference (9.97 �
9.80 vs. 9.00 � 8.97, t(173) ¼ 0.52, P ¼ 0.60). To investigate
whether damage to apathy-related lesion areas was associ-
ated with fatigability in our subjects, we compared the
two lesion groups and found a significant difference (2.26
� 1.56 vs. 1.57 � 1.14, t(31.83) ¼ 2.17, P ¼ 0.038), meaning
that those with lesions in the areas associated with apathy

Figure 3.

Color indicates brain regions where the association between voxel lesion location and apathy

score is statistically significant, based on t-tests and after correction for multiple comparisons

(FDR). The left is on the viewer’s right.

Figure 4.

Sagittal image showing the cingulate lesions associated with

apathy.
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had higher fatigability scores than those with lesions only
in other areas. To further investigate fatigability, we ran a
post-hoc VLSM analysis and found several areas that over-
lapped with our VLSM results for apathy. The overlapping
areas include left middle frontal, inferior frontal opercu-
lum and triangular, insula, and superior frontal (medial
and orbital) regions. The fatigability-only results included
left inferior and middle orbital frontal, rectus, pre- and
post-central, and middle temporal, plus right middle fron-
tal orbital, middle frontal, superior medial frontal, and
superior frontal regions.

Since lesion size could be a confounding variable, we
investigated whether veterans with lesions in areas associ-
ated with apathy had greater volume loss than those with
lesions only in other areas. We performed a t-test compar-
ing these two groups and found that veterans with lesions
in areas associated with apathy had greater brain volume
loss than those veterans with lesions only in other loca-
tions (5.46% � 4.50% vs. 2.42% � 2.90%, t(34.12) ¼ 3.55,
P ¼ 0.001). Then, to investigate the potential impact of
brain volume loss, we performed a correlational analysis
between brain volume loss and apathy in the TBI group.
The result was not significant (rs ¼ 0.09, P ¼ 0.25).

DISCUSSION

While pTBI affected intelligence, memory, and cognitive
status, it did not increase apathy in general; however,
damage to specific areas including the left middle, supe-
rior, and inferior frontal regions (including the operculum
and pars triangularis), supplementary motor area, ACC,
and insula, was associated with greater apathy. Damage to
white matter near the ACC, that is, the corona radiata and
corpus callosum, was also associated with greater apathy.
Other studies using patients with AD, PD, ALS, and arte-
riopathy also found cingulate and frontal areas associated
with apathy. Specifically, Apostolova et al. [2007] found
gray matter atrophy in the bilateral cingulate (BA 24) and
left medial frontal cortex/supplementary motor area (BA
8/9) correlated with apathy in AD patients. Reijnders
et al. [2010] found lower gray matter density in inferior
frontal gyrus (IFG) and insula associated with apathy in
PD patients. Tunnard et al. [2010] found significantly
greater cortical thinning in the left pars triangularis and
ACC associated with apathy in AD patients. Woolley et al.

[2011] found a negative correlation between FA and apa-
thy scores in anterior cingulate white matter (although on
the right) in ALS patients, and Jouvent et al. [2011] found
the width of left anterior cingulate sulcus was associated
with apathy in patients with arteriopathy.

Within the TBI group, we found a small correlation
between apathy and postinjury (but not preinjury) intelli-
gence as measured by the AFQT. When we divided the
TBI group into those with lesions in areas associated with
apathy and those with lesions only in other areas, those
with lesions in areas associated with apathy had worse
AFQT scores and working memory scores. We also found
a correlation between apathy and current depression in
the TBI group; this has been found in other patient studies
as well [Jouvent et al., 2011; Reijnders et al., 2010]. We
found, however, no significant differences in depression
between those veterans with lesions in areas associated
with apathy and those with lesions only in other areas.
We did find that veterans with lesions in areas associated
with apathy had greater brain volume loss than those with
damage only in other areas; however, further testing
showed no correlation between brain volume loss and
apathy in the whole TBI group.

The signs of fatigue, defined as a feeling of constant
exhaustion causing difficulty in initiation of or sustaining
voluntary activities [Chaudhuri and Behan, 2004], can
overlap those of apathy. While we found no significant
correlation between apathy and Krupp’s fatigue severity
scale (FSS) scores, we did find a correlation between apa-
thy and NRS fatigability scores. That the FSS is a self-rat-
ing scale while a clinician completes the NRS may
contribute to these differing results, as brain damage can
decrease self-insight [Dujardin et al., 2008; Levin et al.,
1987; Robert et al., 2002; Starkstein et al., 2001]. Also, these

TABLE II. AAL labels of the damaged brain regions associated with apathy (t-test, FDR 5 0.05 correction for

multiple comparisons)

Location Hemisphere x y z

Volume
(voxels) Z

Middle frontal, inferior frontal operculum and triangular, insula Left �58 28 20 882 5.20
Superior frontal, supplementary motor area, anterior cingulate Left �14 24 32 117 5.41
Inferior frontal triangular, insula Left �36 28 2 14 4.24

Corresponds with Figure 3. x, y, z, Talairach coordinates.

TABLE III. White matter where damage was associated

with apathy (t-test, FDR 5 0.05 correction for multiple

comparisons)

% Structure Hemisphere Z-value Cohen’s d

3.06 Anterior corona radiata Left 4.24 2.17
2.27 Superior corona radiata Left 4.75 2.09
0.20 Genu of corpus callosum Left 4.15 2.17
0.10 Corpus callosum Left 4.75 2.05
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differing results may be due to the third party having dif-
ficulty distinguishing apathy and fatigue (fatigability),
since externally they may look similar. Supporting this, we
found that veterans with lesions in areas associated with
apathy had greater fatigability scores than those with
lesions only in other areas, and the results from our apa-
thy and fatigability VLSM analyses overlapped in several
areas. Others have also found the areas we found associ-
ated with apathy to be associated with fatigue. Cook et al.
[2007] found that greater activation in left middle cingulate
and right IFG (we found left IFG) was associated with
self-ratings of mental fatigue made immediately after a
difficult cognitive task in those suffering from chronic fa-
tigue syndrome. Kohl et al. [2009], using a cognitive digit
matching task in moderate-to-severe TBI patients and
brain activation-based measures of fatigue, found activa-
tion in the left middle frontal gyrus associated with
within-run fatigue, and in the left anterior cingulate associ-
ated with across-run fatigue. Other studies have found
brain areas associated with fatigue that differ from the
brain areas we found associated with apathy, so there is
not complete overlap for the two. For example, using the
same task as Kohl et al. [2009], DeLuca at al. [2008] found
a fatigue interaction (where patients had increasing activa-
tion and healthy controls had decreasing activation within
runs) in medial/orbital frontal gyrus in multiple sclerosis
patients; we did not find these regions associated with ap-
athy. They also found across-run fatigue interactions in
superior, middle and inferior frontal areas, areas we did
find associated with apathy. Using the same cohort as the
current study, Pardini et al. [2010] compared participants
with at least 15% damage to their ventromedial PFC
(vmPFC) to those with dlPFC damage and to normal con-
trols (NCs) and found FSS scores were higher in the
vmPFC-damaged group than the dlPFC-damaged group
and the NCs, while we did not find apathy associated
with the vmPFC.

Apathy may be at least partially caused by reductions in
attentional control or motivation. The ACC is involved in
affective modulation of both, along with sensory and emo-
tional information processing [Miller and Cummings,
1999; Sescousse et al., 2010; Woolley et al., 2011]. It is
strongly implicated in reinforcement-guided decision mak-
ing, especially for decisions involving movement and
effort [Rushworth et al., 2007]. ACC lesioned rats avoid
choices involving greater effort even when the reward is
four times greater [Rudebeck et al., 2006]. In humans, the
ACC is involved in willingness to pay [Plassmann et al.,
2007]. Guimarães et al.’s [2008] model proposes that dys-
function of the ACC is a key component in apathy due to
its role in decision-making, specifically in evaluating action
and outcomes. Migneco et al. [2001] suggests that the cin-
gulate is the cortical gateway through which limbic moti-
vation influences goal-directed behavior. The insula and
the ACC work together [Nieuwenhuys, 2012]. The insula
has a role in emotion, attention, cognitive control, aware-
ness of body states, and time perception; in sum, aware-

ness [Craig, 2009; Damasio, 1994; Nieuwenhuys, 2012].
Damage to the insula can result in anergia and tiredness
[Manes et al., 1999]. Therefore, damage to the ACC and
insula could lead to reduced motivated behavior, namely
apathy, due to lack of awareness of emotional and motiva-
tional states. These areas feed into an ascending pathway
to the dorsolateral PFC, which connects to the premotor
and motor areas, to initiate a behavioral response [Guimar-
ães et al., 2008; Tunnard et al., 2010]. The supplementary
motor area is also involved in initiating motor responses.
When any part of this circuit is damaged, decision making
and/or response initiation are impaired, resulting in apa-
thetic behavior [Guimarães et al., 2008; Tunnard et al.,
2010]. Our results support this model, as we found dam-
age to the ACC, frontal cortex, supplementary motor area,
and insula associated with increased apathy.

The white matter tracts we found associated with apa-
thy are all located near the ACC. The effect of white mat-
ter lesions in the anterior and superior corona radiata, and
the body and genus of the corpus callosum is consistent
with a diffusion tensor imaging (DTI) study of HIV
patients, which found apathy associated with low FA val-
ues in the anterior and superior corona radiata and the
genu of the corpus callosum [Hoare et al., 2010]. The co-
rona radiata includes projection, association, and callosal
fibers; the corpus callosum connects corresponding areas
from opposite hemispheres [Wakana et al., 2004], and the
ACR connects with the ACC [Niogi et al., 2008]. This
white matter damage may be a factor in the lack of recov-
ery in these veterans after more than 35 years, as extent of
white matter damage has been shown to be one of the fac-
tors affecting plasticity and the likelihood for long term
recovery [Ludlow et al., 1986].

The damaged areas that we found associated with apa-
thy were all in the left hemisphere. Consistent with our
results, Holthoff et al. [2005] found apathy associated with
hypometabolism in left inferior and medial frontal cortex,
and Benoit et al. [2004] found hypoperfusion in the left
middle frontal gyrus; however, a study by Benoit et al.
[2002] found hypoperfusion in the right IFG and bilaterally
in the medial frontal cortex. Apathy has been associated
with changes in the left ACC [Jouvent et al., 2011; Lanctôt
et al., 2007; Tunnard et al., 2010], consistent with our
results, although most studies report bilateral ACC
changes [Apostolova et al., 2007; Benoit et al., 1999, 2002;
Bruen et al., 2008; Marshall et al., 2007; Migneco et al.,
2001; Robert et al., 2006]. Woolley reports reduced FA in
right ACC white matter correlated with apathy changes
scores [Woolley et al., 2011], contrary to the left hemi-
sphere white matter lesions we found.

Strengths of our study include our data analysis
method, VLSM, which allows whole brain analysis with-
out being restricted to a priori regions of interest; our large
sample size; and our homogeneous study population,
which consisted of male Vietnam veterans of uniform age,
education, and ethnicity; however, this homogeneity also
makes the generalizability of the results to other
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populations uncertain. Another caveat is that our lesion
groups differed in total brain volume loss, in that those
with lesions in areas associated with apathy had signifi-
cantly more volume loss on average than those with
lesions only in other areas. This makes it difficult to disen-
tangle the effects of lesion location and brain volume loss.
However, across all lesioned participants, there was no
significant correlation between brain volume loss and apa-
thy. Another limitation is that the apathy measure was
obtained from ratings of people who knew the participants
well, and therefore reflects observed behavior, not first
person feelings, and many of the participants scored zero
for apathy. Finally, the necessary use of CT rather than
MRI resulted in a less-detailed picture of the neuroanat-
omy involved.

In summary, we detected an effect of focal brain dam-
age on NPI apathy. In addition, apathy was negatively
correlated with postinjury intelligence, and positively cor-
related with BDI scores and fatigability. We found that the
neural correlates of fatigability and apathy overlapped to
some degree in that both included ACC and the frontal
cortex. Increased apathy was also associated with damage
to the supplementary motor area and insula, and to white
matter in the left corona radiata and corpus callosum. To
our knowledge, this is the largest study of the neural cor-
relates of apathy in those with focal brain lesions. Apathy
is a significant symptom since it can reduce participation
of the patient in family and other social interactions, and
diminish affective decision-making. The identification of a
reliable relationship between symptoms of apathy and
lesion location allows clinicians to inform caregivers of
potential issues that can arise if a patient is apathetic and
of techniques to help patients improve their day-to-day
functioning.

The views expressed in this article are those of the
authors and do not necessarily reflect the official policy or
position of the Department of the Navy, the Department
of Defense, nor the United States Government.
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