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Abstract
Objectives—Previous studies have linked alexithymia to an inability to process emotions
appropriately. Older persons show changes in emotion processing and have higher alexithymia
scores. Because the anterior cingulate cortex (ACC) is one of the regions showing earlier decline
in late-life and alexithymia appears to be related to a dysfunction in right hemisphere regions
including the ACC subserving affective processes, the present study sought to test the hypothesis
that reduced ACC volume accounts for the association between older age and alexithymia.

Design—Correlation analyses between functionally distinct ACC subregions, age and
alexithymia features.

Setting—University of Iowa

Participants—24 healthy volunteers aged twenty-four to seventy-nine years.

Measurements—Psychiatric and neuropsychological assessment and assessment of alexithymia
using the twenty items Toronto Alexithymia Scale. High-resolution magnetic resonance imaging,
and in-house developed methods for ACC parcellation.

Results—Older age directly correlated with higher overall alexithymia, and reduced bilateral
rostral and right dorsal ACC grey matter volume. Furthermore, higher alexithymia scores
correlated with reduced right rostral ACC volume. This correlation appeared to be influenced
primarily by factor 3 of the alexithymia scale measuring diversion of attention to external details
in place of internal feelings.

Conclusions—These results suggest that alexithymia in older age may be a result of structural
changes in the right rostral ACC.
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Introduction
In 1931 Kurt Schneider in his treatise Klinische Psychopathologie (1) proposed that an
“unerlebbarer Untergrund” (liberally translated: ineffable background) may influence the
presentation of new-onset psychopathology. In some cases this background is represented by
premorbid brain changes altering the onset and/or presentation of psychiatric disorders. For
instance, damage to ventral medial prefrontal cortex and amygdala has been shown to
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reduce the occurrence of post-traumatic stress disorder in veterans exposed to traumatic
events (2). Similarly, ischaemic damage to anterior right hemisphere regions involved in
emotion processing may alter the conventional presentation of depression by reducing
awareness and/or the ability to report emotional changes (i.e., sadness) (3). For psychiatric
disorders with onset in late-life, the background may consist of age-associated alterations in
brain function or structure (4).

The term alexithymia (from the Greek a = lack, lexis = word, thymos = emotions) has been
used to describe persons who are functionally unaware of their emotions or don't know what
they signify (5). People with high levels of alexithymia are noted to rarely express or talk
about their emotions or their emotional preferences and often have the tendency of using
extra-personal events to explain personal drives and motivations (6–7). Alexithymia is
hypothesized to occur in several psychiatric disorders (e.g. depression, anxiety and
somatoform disorders) (6). Some degree of alexithymia is considered within the real of
normal personality characteristic, but the extent to which alexithymia confers vulnerability
to develop psychiatric disorders or contributes to modifying the psychopathology of
psychiatric disorders with diverse etiologies is still not well known (6).

Recently there has been a surge in interest in late-life emotion processing in general (8) and
in alexithymia in particular (9). Alexithymia has been shown to be more severe in older age
(10–12), but these findings are not univocally interpreted (13). While some investigators
have considered alexithymia essentially a phenomenon related to poor emotional awareness
and a harbinger of poor psychosocial functioning (14), for others its predictive relevance is
unclear (13). Studies examining the neuroanatomical bases of alexithymia in older age may
offer some clarification. Although not focusing on older age per se, Lane and colleagues
(15) suggested that a dysfunction in brain regions subserving emotion processing may be
associated with alexithymia (15–16). These regions include areas in the right hemisphere
(15,3), which, according to the right hemisphere model of aging (17), may undergo early
degeneration compared to homologous left-hemisphere regions. Thus, a more rapid age-
related degeneration of the right hemisphere, which has a stronger role in emotion
processing (18–19), would explain why alexithymia is relatively more prevalent in older
age. Hence confirming an association to brain degeneration may constitute an important step
in the definition of the clinical relevance of older age alexithymia.

Among emotion processing structures within the right hemisphere, the anterior cingulate
cortex (ACC) is the largest region of the limbic system with functions of mood regulation
and facilitation of the conscious awareness of emotions (16,20). The ACC has a strategic
position connecting evolutionary older and more recent cortical brain areas where emotions
may reach consciousness and become feelings (21). Lesions in the rostral portion of the
anterior cingulate have been shown to impair subjective emotional experience (22).
Functional imaging studies have shown that subjects with elevated alexithymia display
reduced activity in the ACC during exposure to emotional stimuli (23–24). Similarly,
reduced regional cerebral blood flow (25–27), glucose metabolism (perhaps consequence of
deterioration of neuronal functioning) (28–35), and reduced grey matter volume (36–
37,26,38–39) suggest that the ACC undergoes age-related decline. Taken together, these
findings suggest that alexithymia in older age may be explained by diminished functioning
as a result of decreased volume in the ACC, perhaps more so on the right hemisphere. In
addition to having a significant role in emotional awareness (40), the ACC has gained
relevance in research on depression (41) and more recently in depression in older age (42).
Elderly individuals who have suffered multiple depressive episodes have particularly low
ACC activity which has been shown to predict poor response to treatment (43–45). In
addition, in older age depression, greater apathy, a psychopathological dimension including
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lack of insight, flat affect and emotional indifference (46) has been associated with smaller
grey matter volumes of the right ACC (47).

No empirical research has been conducted on the neural substrates of alexithymia in older
age. The research findings outlined above suggest the hypothesis that age-related reductions
in grey matter volume of the ACC predict alexithymia in older age.

The differing functions of the ACC in emotions and cognition are supported by functionally
and structurally distinct regions with distinct cytoarchitectural and functional connectivity
patterns (48–50). These subregions may undergo differential age-related decline (51).
Without precise examination of these sub-regions, meaningful structure-function
associations may be missed (48,52–54). Broadly speaking, functional imaging and lesion
studies have suggested that dorsal aspects of the ACC subserve motor, attention and
cognitive functions (55), whereas more ventral aspects (rostral, and subgenual regions) are
involved with emotions and autonomic functions (56–57). We therefore hypothesized that
sub-regions of the ACC associated with emotion (e.g, rostral, subgenual) would be likely
candidates as substrates for alexithymia in older age. We tested the hypotheses that
alexithymia is associated with older age and that emotion-related ACC sub-regions are
associated with alexithymia. A competing hypothesis based on prior research positing that
poor language abilities may underlie alexithymic features (58–59) was also tested. We
predicted a significant inverse association between alexithymia and neuropsychological
measures of language, but lack of association between these variables and ACC grey matter
volume.

Methods
Subjects

Twenty-four persons (9 males and 15 females), aged 24 to 79 years (mean age 53.7,
SD=17.1) without present or past history of psychiatric disorders (substance dependence,
mood, anxiety, and psychotic disorders) assessed using a modified Structured Clinical
Interview for DSM-IV-TR Axis I Disorders (SCID) (60), were recruited for this study.
Psychiatric history of first degree relatives was negative and participants were currently not
taking any psychotropic drugs. Subjects did not have history of major medical and
neurological illness. As part of a comprehensive psychiatric assessment, severity of anxiety
and depressive symptoms were assessed with the 28-item Hamilton Depression Rating Scale
(HDRS) and the Hamilton Anxiety Rating Scale (HARS) (61–62). As part of a
comprehensive neuropsychological assessment (63–64), subjects’ general intellectual
abilities were measured using the Weschsler Adult Intelligence Scale Revised (WAIS-R)
(65) to derive verbal IQ (VIQ), performance IQ (PIQ) and full-scale IQ (FSIQ). Tasks of
verbal ability were constituted from the raw scores of the Token Test (66), the Boston
Naming Test (67), and the Controlled Word Association Test (COWA - list generation for
letters C+F+L) (68).

Severity of alexithymia was measured using the 20-item Toronto Alexithymia Scale
(TAS-20) (69–70). This scale has 3 factor indices for understanding the specific nature of
alexithymia:

Factor 1 - difficulty identifying feelings and distinguishing them from the bodily
sensations of emotion

Factor 2 - difficulty describing one’s feelings; and

Factor 3 - presence of externally oriented thinking
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This study is based on a sample partially overlapping with the sample in described in a
previous study of aging, gray matter and blood flow in the ACC (51). The protocol was
approved by the University of Iowa Human Subjects Institutional Review Board and written
informed consent was obtained for all subjects prior to participation.

MRI acquisition
MR scans were obtained for each subject with a high-resolution T1-weighted three-
dimensional spoiled gradient recall acquisition sequence on a 1.5T General Electric Signa
scanner (GE Medical Systems, Milwaukee, WI) [TE=5, TR(22)=24, flip angle=40 degrees,
NEX=2, FOV=26, matrix=256×192, 1.5-mm slice thickness]. The two-dimensional PD and
T2 sequences were acquired as follows: 3.0 or 4.0 mm thick coronal slices TE=36ms (for
PD) and 96ms (for T2), TR(22)=3000ms, NEX=1, FOV=26, matrix=256×192. The in-plane
resolution is 1.016×1.016 mm for the three modalities.

Image Processing
MR data were visually assessed for quality and movement artifacts and MR scans were
repeated if needed. The scans were then processed on Linux workstations with locally
developed BRAINS2 software (71). The T1-weighted images were spatially normalized and
resampled to 1.0mm3 voxels so that the anterior-posterior axis of the brain was realigned
parallel to the ACPC line and the interhemispheric fissure aligned on the other two axes.
The T2 and PD-weighted images were aligned to the spatially normalized T1-weighted
image (72). The data sets were then segmented using the multispectral data and a
discriminate analysis method based on automated training class selection (73). The tissue-
classified image was then used to generate a triangle-based iso-surface using a threshold of
130 representing pure gray matter, which corresponds to the parametric center of the cortex
(74). This triangulated surface was used as the basis for volume calculation.

ACC Parcellation
The ACC was manually traced and divided into three sub-regions for the left and right sides
of the brain based on methods described in McCormick and colleagues (50) (Figure 1).
Subcallosal and subgenual regions were measured as one region to attain a larger area and
because the functional difference of these two subregions which are in close proximity is yet
unclear. Measurements were performed by one of the authors (A.J.) blind to subjects’ age,
sex, and alexithymia. On practice scans (n=10), the inter-rater reliability as determined by
intra-class correlation coefficients ranged from 0.81 to 0.96 per region with another senior
research assistant involved with the McCormick and colleagues methods paper (50).

Data Analysis
We tested the hypothesis that older age would predict smaller ACC grey matter volumes
which, in turn, would predict greater alexithymia, by computing Spearman’s correlations
using gender and intracranial volume as covariates. The strength of association among
variables was determined using Spearman’s r because this is a non-parametric statistic
robust to the effects of outlying values and non-normally distributed variables. Correlations
were computed between grey matter volumes of the six ACC sub-regions, TAS-20 total
score and 3 factors and age. Two-tailed p-values were set at .05. Alexithymia was also
correlated with general intelligence and verbal abilities to address general age-related
cognitive influences on emotional awareness and the association between language and
alexithymia. Because alexithymia has been associated with generalized negative affectivity
(75–76), depression and anxiety scores were correlated with the TAS-20 total score
controlling for gender.
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Results
Subjects’ mean FSIQ was 114 (SD=15.3) with a VIQ=108 (SD=12.8) and PIQ=119
(SD=14.9). These elevated IQ scores are consistent with the fact that subjects were also
highly educated [mean education = 15.5 years (SD=4.2)]. Depressive symptom severity on
the HDRS was mild and consistent with a sample screening negative for medical,
psychiatric and neurological disorders [mean=3.7 (SD=2.8)]. Subjects also had mild levels
of anxiety as measured by the HARS [mean=6.16 (SD=4.6)]. Alexithymia scores were
largely within the normative range [Factor 1 mean = 10.7 (SD=4.5), Factor 2 mean=10.2
(SD=3.9), Factor 3 mean=17.8 (SD=4.4)] (58–60).

The mean gray matter volume for total left and right ACC regions as well as subregions are
provided in Table 1. The correlations between age and ACC grey matter volume and
alexithymia scores are shown in Table 2. Older age was significantly correlated with higher
total alexithymia scores [r(22)=−.48, p=.023]. Older age was inversely associated with
reduced ACC subregion volume except for the right subgenual region [this finding, which is
based on a partially overlapping sample, was reported in (51)]. These associations reached
statistical significance for total right grey matter volume [r(22)=− 0.56, p=.007] as well as
for right [r(22)=− 0.45, p=.034] and left [r(22)=− 0.48, p=.025] rostral and right dorsal
[r(22)=− 0.44, p=.043] sub-regions. Greater alexithymia on the total TAS as well as factor 3
(“externally oriented style of thinking”) of the TAS was significantly correlated to the
smaller right rostral sub-region [respectively r(22)=−0.46, p = .031; r(22)=−0.45, p=.035].
All other correlations did not reach statistical significance (Table 3).

Severity of depressive symptoms was associated with greater alexithymia [r(22)= 0.43, p=.
038]. The affective, cognitive, and vegetative symptom clusters of the HDRS were not
significantly associated with the total alexithymia score or with individual factors [all
correlations r (22)<.39, ps >.06]. The association with anxiety symptoms did not reach
statistical significance [r(22)= 0.27, p>.2]. Depression severity as measured by HDRS was
unrelated to ACC sub-regional volumes as well [all correlations r (22)<.38, p>.08].

While there were no significant associations between measures of general intelligence
(FSIQ, PIQ, and VIQ), Token Test, Boston Naming Test and alexithymia (all correlations
were rs ≤0.2, ps>0.2). The COWA score, which assessed verbal initiation and maintenance
of effort was significantly associated with total alexithymia score [r(22)= −0.55, p<.01] and
with all three alexithymia factors (rs ranged from .40 to .63, ps<.05). Poorer performance on
the COWA did not correlate with older age though [r(22)=−0.23, p>.2]. There were no
correlations between the other neurocognitive measures and ACC sub-volumes that
approached significance.

In summary, older age was correlated with higher alexithymia and with smaller overall right
ACC total grey matter volumes, specifically in rostral and dorsal sub-regions, and in the left
rostral sub-region. Greater overall alexithymia and externally oriented style of thinking were
associated with smaller right rostral ACC volume. Alexithymia was also associated with
lower COWA scores, which are a measure of poor verbal initiation and maintenance of
effort indicative of weak executive language abilities, but these measures did not co-vary
with age or grey matter volume of the ACC.

Discussion
To our knowledge this is the first study examining the association between alexithymia and
grey matter volumes of functionally distinct sub-regions of the ACC as a function of age.
There were several important findings in this study. First, we obtained further evidence of a
significant association between older age and alexithymia (10–12). Secondly, we
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demonstrated that age-associated reduction in gray matter volumes occurs in the right ACC,
specifically within the dorsal and rostral ACC sub-regions, but also in the left rostral sub-
region. Thirdly, we found that among the functionally differentiated ACC sub-regions,
deterioration in the rostral sub-region may contribute to greater alexithymic features in older
age and perhaps more specifically to externally oriented thinking.

The results of the present study are consistent with the proposed role for the ACC in
emotional self-awareness (15) and with functional neuroimaging studies showing younger
adults with alexithymic features responding with reduced ACC activity to the exposure to
emotional stimuli (23–24,40). As predicted based on these functional imaging studies, we
found an age-related reduction in the gray matter of the ACC potentially reflecting a neuro-
anatomical substrate for older age alexithymia (10–12).

At the time of this writing, there is only another structural neuroimaging study examining
the association between ACC and alexithymia (77). Gündel and colleagues (77) have shown
a positive correlation between greater alexithymia scores and surface area of the right ACC
gyrus. The discrepancy between their results and our findings is likely a function of the fact
that Gündel and colleagues (77) did not focus on age-related alexithymia; consequently the
oldest person in their study was 43 years-old. Anatomical/functional associations require
population-specific interpretations because of the differing neurobiological mechanisms they
may reflect (78). Therefore, because Gündel and colleagues (77) likely did not include
individuals with significant age-related neural degeneration, the structure/function
correlation in that study of young adults (77) suggests substantially different underlying
neurobiological processes compared to the age-related mechanisms in the present study.

Implications for late-life mood disorders
The findings in this study have implications for understanding the link between alexithymia
and older age and the impact that alexithymia (and ACC dysfunction) may have on
symptom expression in late-life depression (79). Some people may feel incapable of fully
explaining their altered emotions or prefer to withhold their depressive symptoms leading to
elevated alexithymia scores (80). In agreement with this notion, we found an association
between severity of depression (in subjects screening negative for life-time history of mood
disorder) and alexithymia. There is a growing realization that underreporting of sad mood
complicates diagnosing depression in older persons (81–82) especially in the context of
“time constraints, inadequate reimbursement, and lack of support staff” (83), and may result
from vascular or degenerative dysfunction in brain regions subserving emotional self-
perception (84–85).

This view should be tempered with the possibility that older adults’ perceived stigma for
mental illness may reduce their willingness to report sadness (86). The stigma explanation,
however, is not consistent with the results of longitudinal research examining subjects first
in 1981 and then in 1994 showing that adults 65 years and older were less likely to endorse
sadness than younger adults independent of the year of interview (87).

The alexithymia construct may in part overlap with emotional apathy and lack of insight.
Partial commonalities are consistent with the lack of insight observed in persons undergoing
surgery for arteriovenous malformations of the cingulate gyrus (88), with data showing that
ACC activity covaries with the subjective severity of negative cognitions in major
depression (89), and with the role of the ACC in monitoring of emotional conflict (90).
Lavretsky and colleagues (47) showed that the severity of lack of initiative, interest, and
insight, flat affect and emotional indifference were associated with smaller right ACC
volume in late-life depression. These findings are consistent with the notion that alexithymic
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features (e.g., impaired emotional self-perception and underreporting of sad mood and
anhedonia) may become more severe in late-life as a result of pathology in the ACC.

Aging and processing of emotional stimuli
Emotional awareness supports critical skills for successful social interaction. The results of
the present study add to the literature on the capacity of older persons to process emotions
(91,41,92,16). While early work suggested that older individuals are less emotionally
responsive (93–95), more recently it has been suggested that older people demonstrate an
increased ability to regulate negative emotions and focus on positive emotions (96–97). The
ACC encompasses a significant portion of the medial prefrontal cortex subserving selective
attention to subjective emotional states (98,16) and functions as a convergence zone for
stimuli carrying social significance (99–100) and for emotional introspection (16,85,101).
Therefore, based on neuroanatomy alone, it would be expected that functional decline in
frontal limbic structures (31) may lead to both age-related changes in processing of personal
emotions and poor perception of emotionally positive and negative stimuli (102–103).
Because, however, age-related structural and functional anatomical changes vary greatly
among older adults, the capacity of any given older person to process emotionally relevant
stimuli is mediated by the dynamic interplay of neurobiological factors affecting frontal
limbic regions subserving emotion perception and awareness (84–85,98–99,101) as well as
individual psychosocial maturation which continues into late adulthood and leads to
improved emotional regulation (104).

Alexithymia and cognition
We did not find a significant association between alexithymia and general intelligence.
Subjects in this sample were highly educated and had above average IQ scores. A sample
with a wider range of general cognitive abilities may reveal otherwise. While our hypothesis
stemmed from a conceptualization of alexithymia as a deficit in emotional awareness (15),
alexithymia has also been linked to poor linguistic abilities (58–59). Of three tests of
language ability available ( i.e., the Token Test, the Boston Naming Test, and the Controlled
Word Association Test), only the measure most influenced by executive functioning (i.e.,
COWA) was significantly associated with alexithymia. Language abilities were not
correlated with age and no correlations between language abilities with ACC volumes were
significant. These results signify that while alexithymia may be related to some verbal
abilities, this association is not mediated through gray matter volume loss in the ACC.

ACC and its sub-regions
These findings give further validity to the division of the ACC in sub-regions. The results
further highlight the vulnerability of some sub-regions to age related deterioration.
Similarly, the rostral sub-region of the ACC known to uniquely encompass spindle-shaped
neurons which emerge only after birth, have recent evolutionary specialization, and are
highly susceptible to environmental stressors (105–106) may be among the earlier structures
showing degeneration. The mechanisms leading to smaller rostral ACC volumes in late-life
may be either vascular, neurodegenerative, or a combination of the two (51). The vascular
hypothesis is supported by age-associated decreases in regional cerebral blood flow (25–26),
while the degenerative hypothesis is supported by decreases in glucose metabolism (28–32),
perhaps a consequence of neuronal deterioration (33–35). Cross-sectional (36–37,26,38–39)
and longitudinal (39) in vivo neuroanatomical studies using magnetic resonance imaging
(39) have confirmed that the ACC becomes smaller as a function of aging.

In summary, while the findings of this study should be interpreted cautiously based on
sample size and cross-sectional design, they suggest that alexithymia may become more
common in late-life as a result of changes in brain regions governing emotions including the
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right rostral ACC. Alexithymia is a complex psychological construct with multiple
determinants that can be found among persons reporting mild depressive symptoms and that
may be in part influenced by poor executive language. In our sample however language
abilities did not decline with age or were associated with decline in ACC grey matter
volumes.

It has been known that older adults are less likely to endorse sadness compared to youth
(87). Underreporting sad mood during a depressive episode may constitute one of the
reasons why depression in late-life is under-diagnosed (81–82) therefore constituting a
significant public health problem (107,83). While stigma for mental illness may complicate
recognition of psychiatric disorders in late-life (86), we propose that understanding the
neural basis of alexithymia in older age may help uncover the bases of underreported
sadness in older persons and therefore complement with a neurobiological explanation the
current understanding of poor recognition of depressive disorders that occur in vulnerable
people in late-life.
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FIGURE 1.
Anterior cingulate cortex subregions used for the region of interest analyses. Adapted from
McCormick et al., 2006.
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Table 1

Grey matter volumes of the sub-regions of the ACC

minimum maximum mean SD

Left ACC Volume 4.385 10.741 6.935 1.771

Right ACC Volume 4.974 10.959 7.351 1.385

Left Dorsal ACC Volume 2.558 4.979 3.574 0.674

Left Rostral ACC Volume 0.422 5.281 2.284 1.220

Left Subgenual ACC Volume 0.514 1.612 1.077 0.264

Right Dorsal ACC Volume 2.757 4.872 3.815 0.638

Right Rostral ACC Volume 1.090 5.265 2.523 0.994

Right Subgenual ACC Volume 0.622 1.454 1.013 0.230

Note: N=24; ACC=anterior cingulate cortex; SD=standard deviation
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Table 2

Age correlations with ACC grey matter volume and alexithymia

r p-value

ACC grey mattera

  Left ACC −.31 .163

  Left Dorsal .03 .901

  Left Rostral −.48 .025

  Left Subgenual −.11 .636

  Right ACC −.56 .007

  Right Dorsal −.44 .043

  Right Rostral −.45 .034

  Right Subgenual −.18 .425

TAS-20b

  Total score .48 .023

  Factor 1 .42 .051

  Factor 2 .30 .177

  Factor 3 .32 .141

Note: N=24; ACC=anterior cingulate cortex; L=left; R=right, TAS-20=Toronto Alexithymia Scale-20 items

a
Spearman’s correlations controlled for total intracranial volume and gender

b
Spearman’s correlations controlled for gender

Factor 1 = Difficulty identifying feelings and distinguishing them from bodily sensations;
Factor 2 = Difficulty describing one’s feelings;
Factor 3 = Presence of externally oriented thinking.
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Table 3

ACC grey matter volume correlations with alexithymia

ACC grey matter* TAS-20 TAS-20 TAS-20 TAS-20

Factor 1 Factor 2 Factor 3 Total

 Total Left ACC .36 −.17 −.03 −.16

Left Dorsal −.18 −.31 .13 −.02

Left Rostral −.38 −.15 −.14 −.23

Left Subgenual −.37 .06 −.09 −.19

 Total Right ACC −.14 −.10 −.24 −.27

Right Dorsal .04 −.04 −.02 .02

Right Rostral −.23 −.21 −.45** −.46**

Right Subgenual −.18 .08 .11 −.10

Note: N=24; ACC=anterior cingulate cortex; TAS-20=Toronto Alexithymia Scale-20 items

*
Correlations controlled for total intracranial volume and gender

**
p<0.05

Factor 1 = Difficulty identifying feelings and distinguishing them from bodily sensations;
Factor 2 = Difficulty describing one’s feelings;
Factor 3 = Presence of externally oriented thinking.
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