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We investigated alexithymia, a deficit in the ability to identify and describe one’s emotions, in a sample that
included patients with neurodegenerative disease and healthy controls. In addition, we investigated the relation-
ship that alexithymia has with behavioral disturbance and with regional gray matter volumes. Alexithymia was
examined with the Toronto Alexithymia Scale-20, behavioral disturbance was assessed with the Neuropsychiatric
Inventory, and regional gray matter volumes were obtained from structural magnetic resonance images. Group
analyses revealed higher levels of alexithymia in patients than controls. Alexithymia scores were positively corre-
lated with behavioral disturbance (apathy and informant distress, in particular) and negatively correlated with the
gray matter volume of the right pregenual anterior cingulate cortex, a region of the brain that is thought to play an

important role in self and emotion processing.
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The term ‘alexithymia’ was originally coined to
describe patients with psychosomatic disorders
whose symptoms were thought to result from an
impoverished emotional life and a restricted ver-
balization of affect (Sifneos, 1973; Sifneos, Apfel-
Savitz, & Frankel, 1977). More recently, alex-
ithymia has been characterized as deficient cogni-
tive processing of emotion that results in diminished
subjective feeling states (Taylor, Bagby, & Parker,
1991). Alexithymia is associated with lower qual-
ity of life (Joukamaa, Saarijarvi, Muuriaisniemi,
& Salokangas, 1996; Mattila et al., 2009) and
has been reported in numerous mental disorders
(e.g., depression and post-traumatic stress disor-
der) and physical diseases (e.g., breast cancer and
diabetes; Taylor & Bagby, 2004). Alexithymia is
more common in men than women (Salminen,

Saarijarvi, Adreld, Toikka, & Kauhanen, 1999),
and its prevalence increases across the lifespan with
rates of approximately 20 to 30% in older adults
(Mattila, Salminen, Nummi, & Joukamaa, 2006).
Socioemotional deficits are common in alexithymia
and include deficits in emotion recognition (Lane
et al., 1996), perspective-taking (Moriguchi et al.,
2006), and spontaneous facial affect (McDonald &
Prkachin, 1990). We view alexithymia as a form of
diminished self-awareness that can create profound
difficulties in navigating the social world.
Neuroimaging studies of alexithymia find alter-
ations in frontotemporal brain structures that are
important for emotion (Phan, Wager, Taylor, &
Liberzon, 2002). The anterior cingulate cortex
(ACC), a medial frontal region that plays a promi-
nent role in emotional awareness and experience
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(Craig, 2002; Lane, Ahern, Schwartz, & Kaszniak,
1997), appears to play a central role in alexithymia.
Volumetric analyses have found smaller ACC vol-
umes in individuals with and without alexithymia
(Borsci et al., 2009; Giindel et al., 2004; Paradiso,
Vaidya, McCormick, Jones, & Robinson, 2008).
Smaller volumes in other frontotemporal regions
(e.g., middle temporal gyrus, anterior insula, supe-
rior temporal sulcus, and orbitofrontal cortex) have
also been reported in alexithymia (Borsci et al.,
2009; Paradiso et al., 2008). Functional imaging
studies also point to important roles for frontotem-
poral structures in alexithymia, and several studies
have found decreased activation of the ACC in indi-
viduals with alexithymia (Berthoz et al., 2002; Kano
et al., 2003; Karlsson, Nditdnen, & Stenman, 2008;
Lane et al., 1998).

In neurodegenerative diseases that target fron-
totemporal brain structures, changes in emotion,
self-awareness, and social behavior are common.
For example, in the frontotemporal dementia and
semantic dementia subtypes of frontotemporal
lobar degeneration, socioemotional deficits pre-
dominate, appearing quite early in the course of
the disease (Caycedo, Miller, Kramer, & Rascovsky,
2009; Grossman, 2002; Rankin, Kramer, Mychack,
& Miller, 2003; Seeley et al., 2007). In other
diseases (e.g., corticobasal degeneration, progres-
sive supranuclear palsy), socioemotional symptoms
may arise as atrophy disrupts frontal-subcortical
functioning (Litvan, Cummings, & Mega, 1998).
In contrast, in Alzheimer’s disease, anterior regions
may be relatively spared early on, and preser-
vation of socioemotional functioning is observed
(Bathgate, Snowden, Varma, Blackshaw, & Neary,
2001; Goodkind, Gyurak, McCarthy, Miller, &
Levenson, 2010; Rankin et al., 2003; Sturm et al.,
2010). Although a wide range of specific socio-
emotional symptoms may occur in the context
of neurodegenerative disease, apathy and emo-
tional blunting are particularly pervasive (Chow
et al., 2009; Eslinger et al., 2005; Litvan et al.,
1998).

In the present study, we investigated alexithymia
in a heterogeneous sample that included patients
with neurodegenerative disease and healthy con-
trols. Given that alexithymia is associated with fron-
totemporal regions that are often disrupted in these
diseases, we hypothesized that patients would have
higher levels of alexithymia than controls. We also
investigated the behavioral and neural correlates of
alexithymia, predicting that alexithymia would be
related to higher levels of behavioral disturbance
and smaller ACC gray matter volumes.
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METHODS
Participants

Thirty-two participants were included in the
present study: 25 patients with neurodegenera-
tive disease and 7 healthy controls. Our patient
groups included 5 patients with frontotemporal
dementia (FTD), 4 with semantic dementia (SD),
8 with Alzheimer’s disecase (AD), and 8 with cor-
ticobasal syndrome/progressive supranuclear palsy
(CBS/PSP). The sample consisted of 66% men and
34% women, and 84% of the sample was right-
handed. The groups did not differ in age, F(4, 27)
= 0.94, ns, or years of education, F(4, 27) = 0.83,
ns (see Table 1 for group means).

Clinical evaluation

General procedure

Participants were evaluated by a multi-
disciplinary team at the University of California,
San Francisco Memory and Aging Center and
were diagnosed according to standard research
criteria (Boeve, Lang, & Litvan, 2003; Litvan et al.,
1996; McKhann et al., 1984; Neary et al., 1998).
Participants underwent an extensive evaluation
that included a clinical interview, neurological
exam, neuropsychological testing, and a functional
assessment (informants, who accompanied the par-
ticipants to clinic or were contacted by phone, were
interviewed using semi-structured instruments,
described below).

Measures of disease severity

Cognitive status. Cognitive functioning was asse-
ssed with the Mini-Mental State Examination
(MMSE), which provides an index of overall cogni-
tive status (Folstein, Folstein, & McHugh). Scores
on the MMSE range from 0 to 30 (higher scores
indicate better cognitive functioning). All of the
patient groups had MMSE scores that were signif-
icantly lower than the controls, F(4, 27) = 2.75,
p < .05. Follow-up Bonferroni-corrected compar-
isons revealed no significant differences among the
patient groups (see Table 1 for means).

Duaily functioning. The Clinical Dementia Rating
Scale (CDR) was used to evaluate participants’
daily functioning (Morris, 1993). The CDR
evaluates functioning in the domains of mem-
ory, orientation, judgment and problem-solving,
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TABLE 1
Participant demographics and clinical status (MMSE, Mini-Mental State Examination; CDR, Clinical Dementia Rating
Scale; NPI, Neuropsychiatric Inventory)

Age Education MMSE CDR NPI
M SD M SD M SD M SD M SD
AD 60.5 6.6 15.6 3.6 21.6 6.9 1.0 0.5 23.3 15.6
FTD 66.2 5.0 16.8 3.0 27.0 1.6 0.9 0.7 43.2 259
SD 62.8 7.4 15.8 2.7 19.8 8.3 1.0 0.6 38.0 33.7
PSP/CBS 64.1 5.4 16.4 3.5 21.3 7.9 1.2 0.9 229 8.1
Control 56.0 18.4 18.1 2.0 29.7 0.5 0.0 0.0 1.0 5.7

community affairs, home and hobbies, and personal
care via a structured interview that is administered
to informants. The CDR is widely used as a
measure of dementia severity, with higher scores
indicating greater functional impairment (Morris,
1993). We examined the total CDR score (scores
range from 0 to 3), which was computed using the
standard CDR scoring algorithm. There was a
main effect of diagnosis, F(4, 27) = 4.12, p < .05,
and follow-up Bonferroni-corrected comparisons
found that AD (p < .05) and PSP/CBS (p < .01),
patients had significantly higher CDR scores than
the controls. All patient groups were in the mild
range of impairment (see Table 1 for means).

Behavioral ~ disturbance. The Neuropsychiatric
Inventory (NPI) was used to evaluate levels
of behavioral disturbance in each participant
(Cummings et al., 1994). The NPI evaluates mul-
tiple domains of socioemotional behavior (e.g.,
disinhibition, apathy, irritability, euphoria, and
apathy subscales). Frequency (0, not at all; 1, occa-
sionally; 2, often; 3, frequently; 4, very frequently)
and severity (1, mild; 2, moderate; 3, severe) ratings
of problematic behaviors were made by trained
interviewers who administered a semi-structured
interview to each participant’s informant. Each
subscale has a total score (scores range from 0
to 12), which is the product of the frequency and
severity ratings. The NPI total score is the sum of
all of the subscale totals (scores range from 0 to
120). Group analyses of NPI total scores revealed
a main effect of diagnosis, F(4, 27) = 5.89, p < .01.
Pairwise Bonferroni-corrected comparisons found
that patients with FTD had significantly higher
NPI total scores than controls (p < .01). There
were no significant differences among the patient
groups (see Table 1 for means). Each informant
also rated his/her own level of distress (0, not
distressing at all; 1, minimal; 2, mild; 3, moderate;
4, severe; 5, extreme or very severe) around each
type of behavioral disturbance in the participant.

Assessment of alexithymia

The Toronto Alexithymia Scale-20 (TAS-20), a
measure with good internal consistency and test—
retest reliability (Bagby, Parker, & Taylor, 1994),
was used to evaluate alexithymia in the participants.
Factor analysis of the TAS-20 has found three
psychometrically distinct subscales: (1) Difficulty
Identifying Feelings (e.g., ‘I am often confused
about what emotion I am feeling, and ‘I have
feelings that I can’t quite identify’), (2) Difficulty
Describing Feelings (e.g., ‘I find it hard to describe
how I feel about people’ and ‘It is difficult for me to
reveal my innermost feelings, even to close friends’),
and (3) Externally-Oriented Thinking (e.g., ‘I prefer
to just let things happen rather than to under-
stand why they turned out that way’ and ‘I find
examination of my feelings useful in solving prob-
lems’ [reverse-scored]). Informants completed the
TAS-20 about patients and controls in their cur-
rent condition, an approach that has been use-
ful when measuring socioemotional functioning in
patients with neurodegenerative disease (Rankin
et al., 2003). TAS-20 total scores can range from 0
to 100. Scores of 61 or higher were classified as alex-
ithymic, as defined by the scale developers (Bagby &
Taylor, 1997). See Table 2 for TAS-20 total and sub-
scale scores. Missing data were minimal. However,
if more than one-third of the items were missing
from either the subscale or total score, that score
was not calculated. If less than one-third of the
items missing, the average for that subscale or total
was imputed for the missing item(s).

Brain imaging

Structural magnetic resonance imaging
acquisition

Participants underwent structural MR imag-
ing at the San Francisco Veterans Administration
Hospital. MR images were acquired on a 1.5T
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TABLE 2
Group means for the Toronto Alexithymia Scale-20

TAS-20 Difficulty TAS-20 Difficulty TAS-20 Externally-oriented
TAS-20 Total score identifying feelings describing feelings thinking
M SD M SD M SD M SD
AD 65.2 14.9 19.1 6.7 18.0 3.6 28.3 6.5
FTD 75.8 11.3 26.4 5.2 20.8 2.5 28.6 5.4
SD 64.4 6.5 20.8 44 17.8 33 25.6 2.7
PSP/CBS 64.8 8.9 21.6 3.8 16.4 4.2 26.9 4.1
Control 35.6 7.3 9.3 2.1 8.9 4.1 17.4 4.8

Magnetom VISION system (Siemens Inc., Iselin,
NJ, USA) using a standard quadrature head coil.
Volumetric magnetization-prepared rapid gradient
echo (MP-RAGE) MRI (TR/TE/inversion time
[TI] = 10/4/300 ms) to obtain T1-weighted struc-
tural images of the entire brain. The T1 images were
in a coronal orientation, with a 15° flip angle, with
1.0 x 1.0 mm? in-plane resolution and 1.5-mm slab
thickness.

Freesurfer volumes of interest

MR images were analyzed using Freesurfer
(http://surfer.nmr.mgh.harvard.edu), a surface-
based structural MR image analysis tool that
segments white matter and tessellates both gray
and white matter surfaces (Dale, Fischl, & Sereno,
1999; Fischl, Liu, & Dale, 2001; Fischl, Sereno, &
Dale, 1999; Segonne et al., 2004). Non-brain tissue
was removed using a hybrid watershed/surface
deformation procedure (Segonne et al., 2004)
and intensity normalization (Sled, Zijdenbos, &
Evans, 1998), followed by automated Talairach
transformation and volumetric segmentation of
cortical and subcortical gray and white matter,
subcortical limbic structures, basal ganglia and
ventricles, was used to calculate total intracranial
volume (Fischl et al., 2002, 2004). The LONI
Pipeline environment (http://pipeline.loni.ucla.edu)
was used to distribute Freesurfer processing tasks
to an offsite CPU cluster located at UCLA —
LONI. Cortical regions of interest were defined as
described in Desikan et al. (20006).

In the present study, we used gray matter volumes
from the frontal lobes (i.e., superior frontal gyrus;
rostral and caudal divisions of the middle frontal
gyrus; pars opercularis, pars orbitalis, and pars tri-
angularis of the inferior frontal gyrus; lateral and
medial divisions of the orbitofrontal cortex; frontal
pole; precentral gyrus; insula; pregenual ACC;!

Labeled ‘rostral ACC’ by Freesurfer.

anterior mid-cingulate cortex;> and paracentral
lobule); temporal lobes (i.e., entorhinal cortex,
parahippocampal gyrus, temporal pole, fusiform
gyrus, superior temporal gyrus, middle temporal
gyrus, inferior temporal gyrus, transverse tempo-
ral cortex, and banks of the superior temporal
sulcus); and parietal lobes (i.e., postcentral gyrus,
supramarginal gyrus, superior parietal cortex, infe-
rior parietal cortex, posterior cingulate cortex, and
precuneus cortex).

Data analyses

Group analyses. We ran one-way analyses of vari-
ance (ANOVAs) to compare the alexithymia total
and subscale scores for the groups. Follow-up
Bonferroni-corrected tests were run to examine
pairwise differences, correcting for multiple com-
parisons.

In order to account for the possibility that
differences in language functioning may explain
some of the variance in alexithymia, we conducted
follow-up analyses in which we used measures of
language as covariates in the one-way ANOVAs
described above. The covariates were neuropsycho-
logical measures of confrontational naming (i.e.,
total correct score on the modified Boston Naming
Test out of 15), repetition (total correct out of 5
items), and sentence comprehension (total correct
out of 5 items).

Partial correlation analyses

Behavioral correlates of alexithymia. To deter-
mine whether alexithymia was associated with any
specific domains of behavioral disturbance, we ran
two-way partial correlations (controlling for age,
gender, and MMSE) between alexithymia total
scores and NPI total scores, each of the NPI’s

2Labeled ‘caudal ACC’ by Freesurfer.
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socioemotional subscales (i.e., disinhibition, apa-
thy, euphoria, irritability, anxiety, depression, and
agitation), and informant distress ratings across all
participants.

Neural correlates of alexithymia. To examine pos-
sible relationships between alexithymia total scores
and regional gray matter volumes, we first ran
two-way partial correlations (controlling for age,
gender, and total intracranial volume) between
alexithymia total scores and a priori regions of
interest (right and left pregenual ACC and ante-
rior mid-cingulate cortex). See Figure 1 for these
areas as delineated by Freesurfer. Next, to con-
duct a more exhaustive search for brain-alexithymia
associations, we ran exploratory partial correlations
between alexithymia total scores and gray matter
volumes from all regions generated by Freesurfer in
the frontal, temporal, and parietal lobes (for a list
of the specific regions, see above).

The analyses of the neural correlates of
alexithymia were conducted using data only
from the healthy controls. We did this because
the small number of patients in each group would
not enable us to control for diagnosis; thus, we
would not have been able to separate the effects
of diagnosis from those attributable to anatomical
variability.

RESULTS
Group comparisons

We found a main effect of diagnosis on alexithymia
total scores, F(4, 27) = 12.75, p < .001. Follow-up

Figure 1. Pregenual anterior cingulate cortex (ACC) as delin-
eated by Freesurfer. The figure is the composed of a standardized
average MRI coregistered with average regions representing the
pregenual ACC (dark gray) and anterior mid-cingulate cortex
(light gray).

pairwise Bonferroni-corrected comparisons
revealed that alexithymia total scores in patients
with FTD (p < .001), SD (p < .001), AD
(p < .001), and PSP/CBS (p < .001) were sig-
nificantly higher than controls. Similar patterns
were found on each of the alexithymia subscales.
Main effects of diagnosis were found on the
Difficulty Identifying Feelings, F(4, 27) = 11.32, p
< .001; Difficulty Describing Feelings, F(4, 27) =
9.12, p < .001; and Externally-Oriented Thinking,
F(4,27)=5.72, p < .001, subscales. Patients’ scores
were significantly higher than controls on each
subscale when examined with pairwise Bonferroni-
corrected comparisons (see Table 2). Although no
controls scored in the alexithymic range, 80% of
patients were characterized as alexithymic.

Our follow-up analyses that included language
variables (i.e., confrontation naming, repetition,
and sentence comprehension) as covariates did not
change our pattern of results. We continued to
find a main effect of diagnosis on alexithymia
total scores, F(4, 16) = 11.90, p < .001 and sub-
scale scores: Difficulty Identifying Feelings, F(4,
16) = 8.98, p < .01; Difficulty Describing Feelings,
F(4, 16) = 6.68, p < .01; and Externally-Oriented
Thinking, F(4, 16) = 6.01, p < .01, with patients
having higher levels of alexithymia than controls.

Behavioral correlates of alexithymia

Partial correlations (controlling for age, gender, and
MMSE) revealed a significant correlation between
alexithymia total scores and NPI total scores, r,(24)
= .50, p < .01. Alexithymia total scores were also
significantly correlated with the apathy subscale of
the NPI, r,(24) = .46, p < .05, and with informants’
distress, rp(24) = .51, p < .01.

Neural correlates of alexithymia

Gray matter volumes in the right pregenual ACC
(controlling for age, gender, and total intracra-
nial volume) were significantly correlated with
alexithymia total scores among the controls, r,(2)
= -.96, p < .05. No significant associations were
found between alexithymia total scores and the left
pregenual ACC, rp(2) = .31, ns, right anterior mid-
cingulate cortex, r,(2) = —.63, ns, or left anterior
mid-cingulate cortex, r,(2) = .23, ns.

In our exploratory analyses, significant nega-
tive correlations emerged for the controls between
alexithymia total scores and gray matter volumes
in the right middle temporal gyrus, rp(2) = —.98,
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Figure 2. Scatterplots of significant partial correlations between TAS-20 total scores and regional gray matter volumes (gray matter
volumes are standardized residuals that have been corrected for age, gender, and total intracranial volume).

p < .05; right postcentral gyrus, rp(2) = -.97, p <
.05; right precuneus, rp(2) =—-.99, p < .05; and right
superior temporal gyrus, r,(2) = -96, p < .05. A
positive correlation was found between alexithymia
total scores and the right inferior parietal lobe, rp(2)
= .95, p < .05. No significant associations were
found between alexithymia and any left hemisphere
regions (see Figure 2).

DISCUSSION

Alexithymia, a deficit in emotional experience and
expression, has been reported across multiple psy-
chological and medical illnesses (Taylor & Bagby,
2004). Alterations in frontotemporal brain struc-
tures, which play important roles in self and emo-
tion processing, have been found in individuals with
alexithymia (Borsci et al., 2009; Gilindel et al., 2004;
Paradiso et al., 2008). In the present study, we inves-
tigated levels of alexithymia in a sample of patients
with neurodegenerative disease (i.e., frontotempo-
ral dementia, semantic dementia, corticobasal syn-
drome, and progressive supranuclear palsy) and
healthy controls to examine the behavioral and
neural correlates of emotional self-awareness.
Neurodegenerative diseases have heterogeneous
clinical presentations and neuroanatomical profiles.

Despite this variability, changes in social and emo-
tional behavior are commonly reported across diag-
noses, albeit at different stages of disease progres-
sion (Chow et al., 2009; Litvan et al., 1998; Seeley
et al., 2007). In the present study, we found that
alexithymia was common in the neurodegenera-
tive diseases that we sampled. Whereas none of
the controls met criteria for alexithymia, 80% of
the patients did. Although the patients with FTD
had the highest alexithymia total scores, there were
no statistically significant differences in alexithymia
total or subscale scores among the patient groups.
Because the patients were relatively early in their
disease course (mean CDR scores were approxi-
mately 1.0), these findings suggest that alexithymia
may be a general feature of neurodegenerative dis-
ease. Controlling for language abilities did not
change our pattern of results, which indicated that
the alexithymia found in the patient groups could
not be accounted for by a general decline in lan-
guage functioning.

Past research has found impaired socioemotional
skills (e.g., emotion recognition and perspective-
taking) in individuals with alexithymia (Lane et al.,
1996; Moriguchi et al., 2006). We found that higher
levels of alexithymia were associated with greater
behavioral disturbance in participants’ everyday
lives (as measured by the NPI total scores). In par-
ticular, alexithymia was associated with apathy (i.e.,
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a lack of motivation to engage with the world),
which suggests that attunement to one’s inner world
may facilitate interest in the social world. Along
these lines, waning internal emotional experience
may contribute to patients’ withdrawal from social
interaction. Another indicator of these interper-
sonal effects was our finding that alexithymia was
associated with level of distress in informants (typ-
ically spouses or family members). This finding
further speaks to the importance of emotional expe-
rience and understanding for the quality of close
relationships.

Frontotemporal brain structures are important
for many aspects of emotion, and disruption of
these systems appears to play an important role in
alexithymia. Consistent with past work, we found
a strong negative relationship between alexithymia
and gray matter volumes of the right pregenual
ACC (Borsci et al., 2009; Giindel et al., 2004;
Paradiso et al., 2008). Alexithymia was not sig-
nificantly associated with the volumes of the left
pregenual ACC or the left or right anterior mid-
cingulate cortex. It is worth noting that past studies
have differed in whether the right (Giindel et al.,
2004; Paradiso et al., 2008) or left (Borsci et al.,
2009; Karlsson et al., 2008) hemisphere is predom-
inantly associated with alexithymia; our findings
clearly align with those that have found right hemi-
sphere involvement.

In a set of exploratory analyses, we found signifi-
cant negative associations between alexithymia and
temporal (i.e., right middle and superior temporal
gyri) and parietal (i.e., right postcentral gyrus and
precuneus) regions. In addition, a positive associa-
tion was found between alexithymia and the right
inferior parietal lobe. This pattern of results is in
line with past studies that have found decreased
activation of the middle and superior temporal
gyri (Borsci et al., 2009) and increased activation
of the inferior parietal lobe (Kano et al., 2003;
Moriguchi et al., 2009) in alexithymia. Given that
we ran correlations between alexithymia and multi-
ple brain regions in a small group of participants,
these results are vulnerable to Type I error, and,
thus we interpret them with caution.

In alexithymia, awareness, experience, and com-
munication of emotion are impaired. Consistent
with the complexity of this construct, we found
associations between alexithymia and multiple
regions in frontal, temporal, and parietal lobes.
While frontotemporal structures are clearly impor-
tant for emotion (Phan et al., 2002), frontoparietal
networks have been implicated in self-awareness

(Northoff et al., 2006). Thus, it is possible that
networks that link the frontal lobes with the
temporal and parietal lobes play important and
complementary roles in self-processing and emo-
tional experience. Although smaller volumes in
the ACC and temporal lobes were consistently
associated with higher levels of alexithymia, the
role of the parictal lobe appears to be com-
plex. Whereas the negative relationships between
alexithymia and the postcentral gyrus and pre-
cuneus may reflect underlying deficits in bodily self-
awareness (Iwamura, 1998) and autobiographical
memory (Lou et al., 2004), respectively, the positive
relationship between alexithymia and the inferior
parietal lobe may be protective in this context.
For example, a positive association has been previ-
ously reported (Moriguchi et al., 2009) between the
inferior parietal lobe and neuroticism, a trait char-
acterized by anxious and obsessive thinking about
the self that runs counter to the alexithymic style.

Limitations

The present study has several limitations that
should be noted. First, the measures of alexithymia
and behavioral disturbance were based on infor-
mants’ retrospective reports. Although behavioral
symptoms are observable, it may be more difficult
for informants to report accurately on the inter-
nal emotional lives of other people (i.e., how their
loved ones reflect upon their emotions). Second,
to conduct a broad search for brain-alexithymia
relationships, we ran multiple correlations between
alexithymia and gray matter volumes in the frontal,
temporal, and parietal lobes. We consider these
findings to be preliminary and interpret them with
due caution given that our small sample size did not
enable us to correct for multiple comparisons.

Conclusions

Most studies of emotion in neurodegenerative
disease have focused on patients’ ability to rec-
ognize the emotions of others. In the present
study we examined how well patients reflect upon
and communicate their own affective states. We
found that deficits in these abilities, which are
associated with alexithymia, are common across
multiple neurodegenerative diseases, are related
to behavioral problems, and are associated with
gray matter volumes in the right pregenual anterior
cingulate cortex and other frontotemporal brain



structures. These findings suggest that emotional
self-awareness may be yet another victim of neu-
rodegenerative disease, one that may go unnoticed
clinically. Nonetheless, deficits in subjective emo-
tional experience, expression, and reflection likely
play a major role in the difficulties that patients
with frontotemporal disease have in participating
successfully in the social world.
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