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Abstract Neuroimaging studies have indicated that peo-
ple with alexithymia show structural and functional alter-
ations in brain areas associated with emotional awareness,
as amygdala, insula, anterior cingulate cortex, fusiform
gyrus and parahippocampal gyrus, and only occasionally
alterations in the cerebellar activity were reported. The
main goal of the present study was to investigate the
associations between gray and white matter cerebellar
macro- (Voxel-Based Morphometry) and micro- (Mean
Diffusivity and Fractional Anisotropy) structural measures
(evaluated by means of a 3-T high-resolution structural
Magnetic Resonance Imaging and a Diffusion Tensor
Imaging scan protocol) and the presence of alexithymia
(evaluated by means of 20-item Toronto Alexithymia
Scale), in a sample of 60 healthy subjects having low,
borderline or high alexithymia. As a corollary aim, the
associations between volumes of amygdala, insula, anterior
cingulate cortex, fusiform gyrus or parahippocampal gyrus
and alexithymia scores have been investigated. Cerebellar
gray matter volumes were positively associated with
alexithymia scores. The subjects with high alexithymic
traits had larger volumes in the bilateral Crus 1 in
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comparison to the remaining subjects. Volumes of right
amygdala, left insula and left parahippocampal gyrus were
negatively associated with the alexithymia scores. Thus,
alexithymia scores were linked directly with cerebellar
areas and inversely with limbic and para-limbic system,
proposing a possible functional modality for the cerebellar
involvement in emotional processing. The increased vol-
umes in Crus 1 of subjects with high alexithymic traits may
be related to an altered embodiment process leading to not-
cognitively interpreted emotions.

Keywords Voxel-based morphometry - Diffusion tensor
imaging - Gray matter - Limbic system - Emotion
regulation - Embodiment

Introduction

Neuroanatomical, physiological and functional imaging
studies described the cerebellar action in integrating motor,
somato-visceral, cognitive and emotional information
(Andreasen et al. 1999; Schmahmann 2004; Zhu et al.
2006). Cerebellar functional topographic organization
indicates that while the anterior cerebellum (lobules I-V)
and lobule VIII sustain motor and sensory-motor functions,
the posterior cerebellum (lobules VI and VII, including
Crus 1 and 2 and lobule VIIb) is the anatomical substrate of
cognitive functions, and the posterior vermis, the so-called
limbic cerebellum (lobules VI, VII, VIIb and VIII, Crus 1
and 2), is involved in the emotional regulation (Stoodley
and Schmahmann 2010; Stoodley et al. 2012).

The description of behavioral changes in the presence of
posterior and vermian lesions has led to the definition of
the clinical entity known as the “cerebellar cognitive-
affective syndrome” (Schmahmann and Sherman 1998),
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characterized by executive dysfunction, behavioral disin-
hibition and blunting of affect. Magnetic Resonance
Imaging (MRI) studies showed structural and functional
cerebellar abnormalities in patients with depression, anxi-
ety and personality disorders (Baldagara et al. 2011; De
Bellis and Kuchibhatla 2006; Fitzgerald et al. 2008). Even
data obtained in healthy subjects indicated reduced
capacities of emotional regulation following inhibitory
repetitive transcranial magnetic stimulation over the cere-
bellum (Schutter and Van Honk 2009). More recently, the
cerebellar involvement in some personality dimensions has
been advanced. Namely, analyzing the relationships
between the amplitude of spontaneous low-frequency
oscillations and personality traits using resting-state func-
tional MRI (fMRI), behavioral inhibition appeared to be
correlated negatively with the cerebellum and positively
with the middle frontal gyrus (Kunisato et al. 2011). Cer-
ebellar neuronal activity positively co-varied with
approach temperament (Wei et al. 2011), and cerebellar
volumes negatively co-varied with avoidance temperament
(Schutter et al. 2012). Recently, using a Region of Interest
(ROI)-based approach, we reported cerebellar volumes
associated positively with Novelty Seeking (NS) and neg-
atively with Harm Avoidance (HA) by Cloninger’s model
(1986) (Laricchiuta et al. 2012). Subsequently, using a
Voxel-Based Morphometry (VBM) analysis and a Diffu-
sion Tensor Imaging (DTI) scan protocol, we reported NS
associated positively with the cerebellar Gray Matter (GM)
volumes (lobules VIIb, VIII and Crus 2) and White Matter
(WM) Fractional Anisotropy (FA) (lobules IV, V, VI and
IX), and negatively with GM Mean Diffusivity (MD)
(lobules 1V, V, VI, VIII, IX, and Crus 1 and 2) (Picerni
et al. 2013).

Given the cerebellar contribution in personality traits
and emotional processing, we sought to investigate the
cerebellar involvement even in alexithymia, construct of
personality characterized by impairment in cognitive-
emotional and affective processing. It describes people
with deficiencies in identifying, processing, or describing
subjective feelings or emotional aspects of social interac-
tion, difficulty in distinguishing between feelings and
bodily sensations of emotional arousal, and limited affect-
related fantasy and imagery. People with alexithymic traits
have a tendency to focus on facts without affective
involvement rather than inner experiences (Bagby et al.
1994a, b; Franz et al. 2004; Sifneos 1972; Taylor 2000).
Although alexithymia is not a psychological disorder in
itself, it is associated with enhanced risk of psychological
impairment and is present in a broad spectrum of psychi-
atric and psychosomatic disorders, as chronic pain, so-
matoform disorders, addictive disorders, anxiety and
depression (Dorard et al. 2008; Honkalampi et al. 2000;
Larsen et al. 2003; Taylor and Bagby 2004). Neuroimaging
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studies have indicated that people with high alexithymic
traits show less activation in brain areas associated with
emotional awareness, as anterior cingulate cortex (ACC),
fusiform gyrus, amygdala, parahippocampal gyrus and
insula (Kano et al. 2003; Pouga et al. 2010; Reker et al.
2010) (Fig. 1). Volumetric variations promoting the func-
tional and behavioral differences in people with high al-
exithymic traits were searched for in most of these areas.
Namely, negative correlations between alexithymia scores
and amygdala and insula volumes were described (Borsci
et al. 2009; Ihme et al. 2013), while no correlation between
alexithymia scores and fusiform gyrus volumes was found
(Ihme et al. 2013). Conversely, controversial findings
showing negative (Borsci et al. 2009; Thme et al. 2013),
positive (Giindel et al. 2004) or even no correlation
(Heinzel et al. 2012) between alexithymia scores and ACC
volumes were reported. Occasionally, in the presence of
alexithymia some alterations in the cerebellar activity (but
not in the volumes) were reported (Kano et al. 2003;
Moriguchi et al. 2007, 2009), even if these reports have not
been taken into account in the new conceptualization of the
limbic cerebellum. Our hypothesis that the altered cogni-
tive experience of emotion in the subjects with high al-
exithymic traits may be associated with cerebellar
volumetric alterations is in line with the most recent reports
on cerebellar functionality (Kh et al. 2012; Wolf et al.
2009).

The main goal of the present study was to investigate the
associations between the presence of alexithymia, evalu-
ated by means of 20-item Toronto Alexithymia Scale
(TAS-20) (Bagby et al. 1994a, b), and bilateral cerebellar
macro- (VBM) and micro- (FA and MD) structural mea-
sures, using a 3-T high-resolution structural MRI and a DTI
scan protocol in a sample of 60 healthy subjects. DTI
measures the diffusion of water molecules through tissues,
detects brain micro-structural variations, and provides
physiological information not available using conventional
MRI (Basser and Pierpaoli 1996). The indirect observation
of the displacements of diffusing water molecules provides
valuable information on size of the pores between cells as
well as structure, density, surface and orientation of cells
(Le Bihan 2007). Among DTI indices we used the MD for
GM and the FA for WM. In particular, MD measures the
average extent of water diffusion, providing information on
restrictions (e.g., high density of cells) that water molecules
encounter. If these obstacles have coherent alignment, on
average the water tends to diffuse more along a certain
axis. Although traditionally used to study WM features,
MD allows studying even GM variations (Laricchiuta et al.
2013; Miiller et al. 2007; Picerni et al. 2013; Piras et al.
2010, 2011; Spalletta et al. 2012). Since unlike WM, GM
has a less organized orientation, the use of MD is limited to
the GM structures with high directionality in diffusion.


https://www.researchgate.net/publication/14539878_Microstructural_and_Physiological_Features_of_Tissues_Elucidated_by_Quantitative-Diffusion-Tensor_MRI?el=1_x_8&enrichId=rgreq-d720aeb4-01e7-4713-934e-80c55a25c426&enrichSource=Y292ZXJQYWdlOzI2MjUzODEyNDtBUzoxNTUxNTk1ODE2OTYwMDBAMTQxNDAwNDMzNTcwNA==
https://www.researchgate.net/publication/8898761_Alexithymia_Correlates_With_the_Size_of_the_Right_Anterior_Cingulate?el=1_x_8&enrichId=rgreq-d720aeb4-01e7-4713-934e-80c55a25c426&enrichSource=Y292ZXJQYWdlOzI2MjUzODEyNDtBUzoxNTUxNTk1ODE2OTYwMDBAMTQxNDAwNDMzNTcwNA==
https://www.researchgate.net/publication/23185728_Alexithymia_in_healthy_women_A_brain_morphology_study?el=1_x_8&enrichId=rgreq-d720aeb4-01e7-4713-934e-80c55a25c426&enrichSource=Y292ZXJQYWdlOzI2MjUzODEyNDtBUzoxNTUxNTk1ODE2OTYwMDBAMTQxNDAwNDMzNTcwNA==
https://www.researchgate.net/publication/51461949_Alexithymia_in_healthy_young_men_A_voxel-based_morphometric_study?el=1_x_8&enrichId=rgreq-d720aeb4-01e7-4713-934e-80c55a25c426&enrichSource=Y292ZXJQYWdlOzI2MjUzODEyNDtBUzoxNTUxNTk1ODE2OTYwMDBAMTQxNDAwNDMzNTcwNA==
https://www.researchgate.net/publication/225030198_The_Cerebellum_Link_to_Neuroticism_A_Volumetric_MRI_Association_Study_in_Healthy_Volunteers?el=1_x_8&enrichId=rgreq-d720aeb4-01e7-4713-934e-80c55a25c426&enrichSource=Y292ZXJQYWdlOzI2MjUzODEyNDtBUzoxNTUxNTk1ODE2OTYwMDBAMTQxNDAwNDMzNTcwNA==
https://www.researchgate.net/publication/49808455_Personality_traits_and_the_amplitude_of_spontaneous_low-frequency_oscillations_during_resting_state?el=1_x_8&enrichId=rgreq-d720aeb4-01e7-4713-934e-80c55a25c426&enrichSource=Y292ZXJQYWdlOzI2MjUzODEyNDtBUzoxNTUxNTk1ODE2OTYwMDBAMTQxNDAwNDMzNTcwNA==
https://www.researchgate.net/publication/51660771_The_synchronization_of_spontaneous_BOLD_activity_predicts_extraversion_and_neuroticism?el=1_x_8&enrichId=rgreq-d720aeb4-01e7-4713-934e-80c55a25c426&enrichSource=Y292ZXJQYWdlOzI2MjUzODEyNDtBUzoxNTUxNTk1ODE2OTYwMDBAMTQxNDAwNDMzNTcwNA==
https://www.researchgate.net/publication/232812332_Alexithymia_is_related_to_differences_in_gray_matter_volume_A_voxel-based_morphometry_study?el=1_x_8&enrichId=rgreq-d720aeb4-01e7-4713-934e-80c55a25c426&enrichSource=Y292ZXJQYWdlOzI2MjUzODEyNDtBUzoxNTUxNTk1ODE2OTYwMDBAMTQxNDAwNDMzNTcwNA==
https://www.researchgate.net/publication/232812332_Alexithymia_is_related_to_differences_in_gray_matter_volume_A_voxel-based_morphometry_study?el=1_x_8&enrichId=rgreq-d720aeb4-01e7-4713-934e-80c55a25c426&enrichSource=Y292ZXJQYWdlOzI2MjUzODEyNDtBUzoxNTUxNTk1ODE2OTYwMDBAMTQxNDAwNDMzNTcwNA==

Brain Struct Funct

Z=-14 Z=1

ACC SIFOR! AMYGDALA

1. Borsci et al. 2009

2. Gundel et al. 2004
3. Ihme et al. 2013
4. Kano et al. 2003
5. Pouga et al. 2010
6. Reker et al. 2010

Kano et al. 2003

Fig. 1 Neural correlates of alexithymia. Representative axial slices
(Montreal Neurological Institute template, MNI) showing the brain
areas [anterior cingulate cortex (ACC), fusiform gyrus, amygdala,
parahippocampal gyrus and insula] whose volumetric or functional

Cerebellar GM meets such a condition. FA measures
anisotropy of water diffusion and it is positively linked to
fiber density, axonal diameter and myelination in WM.
Low FA values stand for isotropic diffusion (i.e., unre-
stricted in all directions), while high FA values indicate
diffusion fully restricted along one axis. Thus, FA is high
when the density of the ordered structures (axonal fibers) is
high (Pierpaoli et al. 1996).

As a corollary aim, we verified that the structural pat-
terns of limbic and para-limbic regions of our sample fitted
with the above-reported ones in the presence of alexithy-
mia (Fig. 1). Namely, we analyzed the associations
between TAS-20 scores and volumes of structures deter-
mined a priori, as amygdala, insula, ACC, fusiform gyrus
and parahippocampal gyrus.

Materials and methods

Ethics statement

The study was approved by the Local Ethics Committee of
the IRCCS Fondazione Santa Lucia and written consent
was obtained from all participants after full explanation of
study procedures.

Participants

The 60 participants of present study were selected from a
large (n = 258) sample of subjects scored on TAS-20. All

Ihme et al. 2013

PARAHIPPOCAMPAL
GYRUS

INSULA

Borsci et al. 2009

Ihme et al. 2013

Kano et al. 2003

Pouga et al. 2010
Reker et al. 2010

Reker et al. 2010 Reker et al. 2010

variations have been associated to alexithymia by the quoted studies.
References are positioned according to area and side (right or left)
described by the authors. References are fully reported in the main
text. The right side of the brain is shown on the right side

participants were right-handed as assessed with the Edin-
burgh Handedness Inventory (Oldfield 1971). Inclusion
criteria were age between 18 and 70 years and suitability
for MRI scanning. Exclusion criteria included (1) suspicion
of cognitive impairment or dementia based on Mini Mental
State Examination (MMSE) (Folstein et al. 1975) scores
<24 (Measso et al. 1993), and confirmed by clinical neu-
ropsychological evaluation using the Mental Deterioration
Battery (Carlesimo et al. 1996) and the NINCDS-ADRDA
criteria for dementia (McKhann et al. 1984); (2) subjective
complaint of memory difficulties or of any other cognitive
deficit, regardless of interference with daily activities; (3)
major medical illnesses, e.g. diabetes (not stabilized),
obstructive pulmonary disease, or asthma; hematologic and
oncologic disorders; pernicious anemia; clinically signifi-
cant gastrointestinal, renal, hepatic, endocrine, or cardio-
vascular system diseases; newly treated hypothyroidism;
(4) current or reported psychiatric (assessed by SCID-I and
the SCID-II) (First et al. 1997, 2002) or neurological
(assessed by clinical neurological evaluation) disorders
(e.g. schizophrenia, mood disorders, anxiety disorders,
stroke, Parkinson’s disease, seizure disorder, head injury
with loss of consciousness, and any other significant mental
or neurological disorder); (5) known or suspected history of
alcoholism or drug dependence and abuse, evaluated by
structured interviews (SCID I or SCID II) (First et al. 1997;
Spitzer et al. 1992); (6) MRI evidence of focal parenchy-
mal abnormalities or cerebro-vascular diseases: for each
subject, a trained neuroradiologist and a neuropsychologist
expert in neuroimaging co-inspected all the available
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clinical MRI sequences (i.e. T1- and T2-weighted and
FLAIR images) to ensure that the subjects were free from
structural brain pathologies and vascular lesions (i.e.
FLAIR or T2-weighted hyper-intensities and T1-weighted
hypo-intensities).

Psychological instruments

TAS-20 is a 20-item self-administered questionnaire with
good internal consistency and test-retest reliability (Bagby
et al. 1994a, b). The items are scored on a five-point scale
ranging from “strongly disagree” to “strongly agree”. The
TAS-20 has a three-factor structure. Factor 1 (F1) assesses
Difficulty in Identifying Feelings (e.g. “I am often con-
fused about what emotion I am feeling”, and “I have
feelings that I can’t quite identify”). Factor 2 (F2) assesses
Difficulty in 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”).
Factor 3 (F3) assesses Externally Oriented Thinking [e.g.
“I prefer to just let things happen rather than to understand
why they turned out that way” and “I find examination of
my feelings useful in solving problems” (reverse-scored)].
TAS-20 total scores can range from 20 to 100.

Because of the known association between alexithymia
and depression (Honkalampi et al. 2000), although healthy,
all participants were also evaluated by means of Beck
Depression Inventory (BDI) (Beck et al. 1988). The BDI is
a 21-item multiple-choice self-report inventory rated on a
four-point scale ranging from O to 3 that assesses the pre-
sence of depressive symptoms. Scores can range from 0 to
63. The questionnaire is composed of items relating to
symptoms of depression such as hopelessness and irrita-
bility, cognitions such as guilt or feelings of being pun-
ished, as well as physical symptoms such as fatigue, weight
loss, and lack of interest in sex.

Furthermore, all subjects completed the scale 2 of State-
Trait Anxiety Inventory (STAI-2) (Spielberger 1989).
STAI-2 has 20 items rated on a four-point scale ranging
from 1 to 4 assessing trait anxiety. Scores can range from
20 to 80.

Italian versions of the psychological scales were used in
this study.

Sampling

As mentioned above, in the present study we screened a
large (n = 258) sample of participants with TAS-20 to
obtain a final sample of 60 healthy subjects. Participants
reaching TAS-20 scores >61 were classified as participants
with high alexithymic traits (A group; n = 20); partici-
pants reaching scores between 51 and 60 were classified as
participants with borderline alexithymic traits (BA group;
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n = 20); and participants reaching scores <50 were clas-
sified as participants with low alexithymic traits (LA
group; n = 20). The categorization was based on the cut-
off scoring indicated by the scale developers (Bagby et al.
1994a, b).

Demographic variables (age, gender and education
years) and scores of psychological scales [TAS-20 (total
and factors); BDI; STAI-2] of the participants (total sample
and three groups, separately) are reported in Table 1.

Image acquisition

Participants underwent an imaging protocol that included
standard clinical sequences (FLAIR, DP-T2-weighted), a
volumetric whole-brain 3D high-resolution T1-weighted
sequence, and a DTI scan protocol, performed with a 3 T
Allegra MR imager (Siemens, Erlangen, Germany). Volu-
metric whole-brain T1-weighted images were obtained in
the sagittal plane using a modified driven equilibrium
Fourier transform (MDEFT) sequence (Echo Time/Repe-
tition Time —TE/TR— = 2.4/7.92 ms, flip angle 15°, voxel
size 1 x 1 x 1 mm?).

Diffusion tensor images were acquired using echo-pla-
nar imaging (TE/TR = 89/8,500 ms, band-
width = 2,126 Hz/vx; matrix size 128 x 128; 80 axial
slices, voxel size 1.8 x 1.8 x 1.8 mm3) with 30 isotropi-
cally distributed orientations for the diffusion-sensitizing
gradients at one b value of 1,000 s mm? and two b = 0
images. Scanning was repeated three times to increase the
signal-to-noise ratio.

All planar sequence acquisitions were obtained in the
plane of the anterior—posterior commissure line. Since the
posterior cranial fossa usually falls at the lower limit of the
field of view, particular care was taken to center subject’s
head in the head coil, to avoid possible magnetic field
dishomogeneities or artifacts at cerebellar level.

Image processing

T1-weighted and DTI images were submitted to several
processing steps. First, T1-weighted images were pro-
cessed and examined using the SPMS software (Wellcome
Department of Imaging Neuroscience Group, London, UK;
http://www.fil.ion.ucl.ac.uk/spm), specifically the VBMS
toolbox (http://dbm.neuro.uni-jena.de/vbm.html) running
in Matlab 2007b (MathWorks, Natick, MA, USA). The
toolbox extends the unified segmentation model (Ash-
burner and Friston 2005) consisting of MRI field intensity
inhomogeneity correction, spatial normalization and tissue
segmentation at several pre-processing steps to further
improve data quality. Initially, to increase the signal-to-
noise ratio, an optimized blockwise nonlocal-means filter
was applied to the MRI scans using the Rician noise
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Table 1 Demographic variables (gender, age and years of formal education) and scores of psychological scales [TAS-20 (total and factors);
BDI; STAI-2] of the participants (total sample and LA, BA and A groups, separately)

Groups No. Age Education Total TAS- F1 TAS-20 F2 TAS-20 F3 TAS-20 BDI STAI-2
20
(Males) Mean, years Mean, years Mean (£SD) Mean Mean Mean Mean Mean (£SD)
(£SD) (£SD) (£SD) (£SD) (£SD) (£SD)
Total 60 (25) 58.0 (£17.2) 11.9 (£3.7) 51.3 (£14.7) 159 (£6.6) 14.8 (£5.4) 20.7 (£5.9) 6.7 (£4.7) 37.5 (£8.9)
sample

LA 20 (10) 57.8 (£12.7) 12.9 (£2.6) 33.2 (£6.6) 9.4 (£3.0) 9.1 (£3.7) 147 (£3.4) 3.4 (£2.8) 342 (£7.6)
BA 20 (9)  59.1 (£19.1) 11.3 (£4.4) 54.6 (£2.3) 16.2 (£3.8) 15.6 (£3.6) 22.9 (£3.1) 8.0 (£4.9) 38.5 (£7.8)
A 20 (6)  57.1 (£19.6) 11.7 (£3.8) 66.2 (£5.5) 22.1 (£5.4) 19.7 (£2.0) 24.5(£5.3) 8.9 (£4.4) 40.8 (£10.5)

LA Low alexithymic traits (TAS-20 scores <50), BA borderline alexithymic traits (TAS-20 scores 51-60), A high Alexithymic traits (TAS-20

scores >61)

adaption (Wiest-Daesslé et al. 2008). Then, an adaptive
maximum a posteriori segmentation approach extended by
partial volume estimation was employed to separate the
MRI scans into GM, WM and cerebro-spinal fluid. The
segmentation step was finished by applying a spatial con-
straint to the segmented tissue probability maps based on a
hidden Markow Random Field model to remove isolated
voxels which unlikely were members of a certain tissue
class and to close holes in clusters of connected voxels of a
certain class, resulting in a higher signal-to-noise ratio of
the final tissue probability maps. Then, the iterative high-
dimensional normalization approach provided by the Dif-
feomorphic Anatomical Registration Through Exponenti-
ated Lie Algebra (DARTEL) (Ashburner 2007) toolbox
was applied to the segmented tissue maps to register them
to the stereotaxic space of the Montreal Neurological
Institute (MNI). The tissue deformations were used to
modulate participants’ GM and WM maps to be entered in
the analyses. Voxel values of the resulting normalized and
modulated GM and WM segments indicated the probability
(between O and 1) that a specific voxel belonged to the
relative tissue. Finally, the modulated and normalized GM
and WM segments were written with an isotropic voxel
resolution of 1.5 mm® and smoothed with a 6-mm Full-
Width Half Maximum (FWHM) Gaussian kernel. The
segmented, normalized, modulated and smoothed GM and
WM images were used for analyses.

Subsequently, DTI images were processed using FSL
4.1 (www.fmrib.ox.ac.uk/fsl/). Image distortions induced
by eddy currents and head motion in the DTI data were
corrected by applying a 3D full affine (mutual information
cost function) alignment of each image to the mean no
diffusion weighting (b = 0) image. After corrections, DTI
data were averaged and concatenated into 31 (1 0 + 30
b1,000) volumes. A diffusion tensor model was fit at each
voxel and maps of FA and MD were generated. FA was
non-linearly transformed into standard space using the tool
FNIRT (Andersson et al. 2007) and the transformation

matrix was then applied to the MD maps which were
subsequently smoothed using a Gaussian kernel with a
6-mm FWHM.

Analyses restricted to cerebellar GM and WM were
determined as follows: (1) GM mask was achieved by
meaning all GM probability maps obtained in the VBMS8
processing steps, thresholding the relative image to a value
of 0.3 (i.e. removing all voxels having a probability to
belong to GM lower or equal to 29 %) and manually
removing all the non-cerebellar structures using the MNI-
oriented atlas of the human brain (Automated Anatomical
Labeling Atlas, AAL) (Tzourio-Mazoyer et al. 2002) as
reference; (2) similarly, WM mask was obtained by
meaning all VBM8 WM probability maps, thresholding the
relative image to a value of 0.3 and manually removing all
the non-cerebellar structures using the AAL template. To
obtain the precise anatomical localization of results, we
superimposed statistical maps onto Diedrichsen’s proba-
bilistic atlas of the human cerebellum, which subdivides
the cerebellum into ten different regions (Diedrichsen et al.
2009).

We did not explore the volumetric variations of deep
cerebellar nuclei (dentate, emboliform, globose, and fasti-
gial nuclei) in association with TAS-20 scores, primarily
because our MRI protocol did not include the sequences
(e.g. T2* or susceptibility-weighted imaging) necessary to
segment such nuclei and map their volumetry.

We analyzed the associations between TAS-20 scores
and GM volumes of ACC, fusiform gyrus, parahippocam-
pal gyrus, amygdala and insula, defined by the Wake Forest
University PICKATLAS templates.

Statistical analysis
Parametric associations between scores of psychological
scales [TAS-20 (total and factors); BDI; STAI-2], age and

years of formal education were analyzed by Pearson’s
product moment correlations (Fisher’s r to z). Differences
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in age, gender, education years and scores of psychological
scales were assessed by unpaired ¢ test among the three
groups of participants. Alpha level for significance testing
was Bonferroni corrected at p < 0.005.

Relationships between regional volumes, MD, FA val-
ues and scores of psychological scales [TAS-20 (total and
factors); BDI; STAI-2] were tested at the voxel level using
SPMB&8 within the framework of the General Linear Model.
Multiple-regression analyses were computed by singularly
using the measures of volumes, MD and FA as dependent
variables, the scores of psychological scales [TAS-20 (total
and factors) or BDI or STAI-2] as regressors, and age,
education years and gender as well as the psychological
variables not used as regressors in a given analysis as
covariates. This statistical model was used to evaluate the
associations between brain structural measures and psy-
chological variables as well as to control for the effects of
the socio-demographic and psychological variables on the
main effects (e.g. we used cerebellar or para-limbic GM
volumes as a dependent variable, total scores of TAS-20 as
a regressor, BDI scores, STAI-2 scores, age, education
years and gender as covariates). Gender was always con-
sidered a “dummy variable” given its dichotomic nature.

Finally, the mean values of cerebellar volumes signifi-
cantly associated with TAS-20 scores were extracted and
used to create scatterplots. Differences in cerebellar vol-
umes among the three groups were evaluated using one-
way ANOVA. Pair-wise post hoc comparisons were per-
formed to assess differences between groups.

We reported relationships whose voxels were part of a
spatially contiguous cluster size of a minimum of ten
voxels and that survived (p < 0.05) at the random field
theory-based method from the Family-Wise Error (FWE)
corrections (Nichols and Hayasaka 2003). However, to
avoid the risk of false negatives, in the limited instances
reported in the “Results”, an uncorrected statistical level of
p < 0.0001 was accepted.

Results

Differences in socio-demographic and psychological
variables

No correlation emerged between age, education years and
psychological variables (Table 2). Significant correlations
were found between BDI and total (r = 0.48; p < 0.0001),
F1 (r = 0.48; p < 0.0001) or F2 (r = 0.45; p < 0.0001)
TAS-20 scores, while no significant correlation was found
between BDI and F3 (r = 0.25; p = 0.05) TAS-20 scores
(Fig. 2a). No significant correlations were found among
STAI-2 and total (r = 0.38; p = 0.01), F1 (r = 0.37;
p = 0.01), F2 (r =0.39; p = 0.007) and F3 (r = 0.19;
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Table 2 Parametric associations between age or years of formal
education and scores of the psychological scales [TAS-20 (total and
factors); BDI; STAI-2]

Variables Total F1 F2 F3 BDI STAI-
TAS-20 TAS- TAS- TAS- 2
20 20 20
r r r r r r
p p 14 p p
Age —-0.14 —-0.04 —-0.11 -0.06 0.08 -0.29
0.32 0.77 0.40 0.64 0.58 0.04
Education  —0.08 -0.18 —-0.07 -0.15 -0.19 0.008
years 0.59 0.16 0.58 0.26 0.18 0.95

p = 0.20) TAS-20 scores (Fig. 2b). Significant correlation
was found between BDI and STAI-2 (r= 047,
p < 0.0001) scores.

No significant differences emerged in terms of age,
gender, and education years among the three groups of
participants. A and BA groups significantly differed from
LA group in TAS-20 (total and factors) and BDI but not in
STAI-2 scores. A group differed from BA group in TAS-20
(total and F1, F2) but not in BDI and STAI-2 scores
(Table 3).

Psychological variables and cerebellar measures

Cerebellar GM volumes were positively associated with
TAS-20 (total and factors) scores (Fig. 3).

Namely, positive associations were found between
bilateral volumes in Crus 1 (MNI coordinates, left: —34,
—61, —38; Z score = 2.86, prwEcorr <0.05; right: 34, —69,
—35; Z score = 2.95, prwicorr <0.05) and TAS-20 (total
and factors) scores. One-way ANOVA on cerebellar GM
volumes of the three groups revealed a significant group
effect in two clusters located in bilateral Crus 1 (MNI
coordinates, left: —34, —60, —38, Z score = 6.85, prwe-
corr <0.05; right: 38, —60, —38; Z score = 6.74, prwe.
corr <0.05). In particular, as revealed by post hoc
comparisons the A group showed volumes in bilateral Crus
1 greater than BA (MNI coordinates, left: —34, —60, —38,
Z score = 6.45, prwgcorr <0.05; right: 36, —64, —36,
Z score = 6.64, prwEgcorr <0.05) and LA (MNI coordinates,
left: —34, —60, —38, Z score = 6.6, prwEcorr <0.05; right:
38, —60, —38, Z score = 6.35, prwEcorr <0.05) groups.

No significant associations were found between cere-
bellar WM volumes and TAS-20 (total and factors) scores.
The measures of GM MD and WM FA also failed to reveal
any significant micro-structural variation in relation to
TAS-20 (total and factors) scores.

No significant association emerged between cerebellar
GM or WM volumes, GM MD, or WM FA and BDI and
STAI-2 scores, indicating no significant relationship
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A Correlations between TAS-20 (total and factors) and BDI scores
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Fig. 2 Correlations between TAS-20 (total and F1, F2, F3) scores and BDI (a) or STAI-2 (b) scores. Equation, R?, and p-value, as well as linear

fit (dotted line) are reported

Table 3 Differences in scores of the psychological scales [TAS-20 (total and factors); BDI; STAI-2] among the three groups of participants

Groups Total TAS-20 F1 TAS-20 F2 TAS-20 F3 TAS-20 Total BDI STAI-2
t (d.f. 38) t (d.f. 38) t (d.f. 38) t (d.f. 38) t (d.f. 38) t (d.f. 38)
p p p p p p
LA vs. BA —13.7 —6.2 —5.6 -79 —3.6 -1.6
<0.00001 <0.00001 <0.00001 <0.00001 <0.001 0.11
LA vs. A —-17.2 -9.2 —11.3 -7.0 —4.7 -2.1
<0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.043
BA vs. A —8.7 —4.0 —4.4 -1.2 —0.6 —0.6
<0.00001 0.0003 <0.0001 0.23 0.54 0.52

Significant results are reported in bold

LA Low alexithymic traits (TAS-20 scores <50), BA borderline alexithymic traits (TAS-20 scores 51-60), A high alexithymic traits (TAS-20 scores >61)

between cerebellar measures and depression or anxiety in
our sample of healthy subjects.

Psychological variables and limbic and para-limbic
volumes

Volumes of parahippocampal gyrus, amygdala and insula
were negatively associated with TAS-20 scores, while no
significant associations were found between ACC or fusi-
form gyrus volumes and TAS-20 scores. Namely, negative
associations were found between left parahippocampal
gyrus (MNI coordinates, —16, —10, —32 Z score = 3.58;
Puncorr <0.0001) or left insula (MNI coordinates, —36, —9,
—11, Z score = 3.89; puncorr <0.0001) volumes and TAS-
20 total scores. Furthermore, a powerful significant nega-
tive association was found between right amygdala (MNI

coordinates, 16, —6, —14; Z score = 4.48; prwe.
corr = 0.002) volumes and TAS-20 total scores. No sig-
nificant association emerged between volumes of the
reported structures and BDI or STAI-2 scores.

Discussion

In the present sample of healthy subjects categorized
according to their TAS-20 scores, the repeatedly described
contribution of limbic structures to high alexithymic traits
was confirmed. Namely, volumes of the right amygdala,
left insula and left parahippocampal gyrus were negatively
associated with TAS-20 scores, supporting the view that
the altered processing of emotional stimuli featuring
alexithymia is accompanied by a reduction of reactivity
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Fig. 3 Cerebellar Gray Matter (GM) correlates of alexithymia. A
group showed greater volumes in bilateral Crus 1 than BA and LA
groups. Above colorbars F' and ¢ values are indicated. Bilateral
volumes in Crus 1 associated with TAS-20 scores were used as
regions of interest (ROI) to extract raw data and create histograms
(mean + SEM) and scatterplot, where equation, R2, r, and p value, as

(Kano et al. 2003; Pouga et al. 2010; Reker et al. 2010) and
volume (Borsci et al. 2009; IThme et al. 2013) in limbic and
para-limbic structures. No association between ACC or
fusiform gyrus and TAS-20 scores was observed.

More importantly, we found positive associations
between TAS-20 scores and cerebellar GM volumes in
right and left Crus 1. Peculiarly, the subjects with high
alexithymic traits (TAS-20 scores >61) had larger volumes
in the bilateral Crus 1 in comparison to the remaining
subjects. The increased volumes in Crus 1 were not
accompanied by significant alterations in density, surface
and orientation of cells as indicated by MD and FA values,
showing thus that no micro-structural variation in Crus 1 as
well as in other cerebellar areas was related with
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well as quadratic fit (solid line) are reported. The right side of the
brain is shown on the right side. Coordinates are in MNI space. LA
Low alexithymia (TAS-20 scores <50) group, BA borderline alexi-
thymia (TAS-20 scores 51-60) group, A Alexithymia (TAS-20
scores >61) group

alexithymic traits. Also cerebellar WM volumes did not
correlate with TAS-20 scores.

Assuming that alexithymia is a normally distributed
continuous personality construct and that bio-psycho-
pathological susceptibility exists in healthy individuals, the
present research was performed on a sample of healthy
subjects without psychiatric diagnosis to minimize the
influence of disease-related and environmental confound-
ers, as previously suggested (Laricchiuta et al. 2013;
Westlye et al. 2011). Being alexithymia expressed with
variable intensity in the healthy population, we expected an
effect size of alexithymia on brain morphology to be small.
Conversely, the associations of TAS-20 scores with cere-
bellar and amygdala volumes were powerfully significant,
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and we needed to lower the significance threshold only for
the associations of TAS-20 scores with insula and para-
hippocampal gyrus volumes. Furthermore, we chose the
tripartite sample categorization proposed by the TAS-20
scale developers (Bagby et al. 1994a, b) to evaluate whe-
ther the eventual associations between cerebellar volumes
and TAS-20 scores implied gradual transition or disconti-
nuity among groups classified as having different degrees
of alexithymia. Interestingly, the present data emphasized
the specificity of the association between cerebellar vol-
umes and TAS-20 scores only in the presence of a definite
alexithymia (A group), indicating thus that the enlargement
of volumes in Crus 1 was not distributed along a
continuum.

Although healthy, all participants were also evaluated
by BDI (Beck et al. 1988). As expected, a positive
correlation between TAS-20 and BDI scores was found,
strengthening  the  already-documented relationship
between alexithymia and depression (Assogna et al.
2012; Bossu et al. 2009; Honkalampi et al. 2000;
Spalletta et al. 2001). However, the lack of any signifi-
cant association between BDI scores and cerebellar
structural measures (as well as the outcomes of the sta-
tistical model with BDI scores used as regressor) dem-
onstrated that the association between cerebellar volumes
and alexithymia scores was independent from depression,
confirming that alexithymia and depression are two dis-
tinct dimensions (Parker et al. 1991). While in some
studies alexithymia scores were significantly associated
with anxiety levels (Devine et al. 1999; Karukivi et al.
2010; Marchesi et al. 2005), in the present study no
significant relations were found between STAI-2 and
TAS-20 scores, between STAI-2 and cerebellar GM
volumes, as well as between STAI-2 and cerebellar WM
volumes, MD or FA values.

The enlarged volumes in Crus 1 occurring in subjects
with high alexithymic traits sustain the cerebellar
involvement in cognitive, emotional and affective pro-
cesses and fit with the consistent activation unique to
emotional processing described in bilateral Crus 1 in recent
reports (Kh et al. 2012; Stoodley and Schmahmann 2010).
Neuroanatomical (Bostan et al. 2013) and fMRI studies
(Dimitrova et al. 2003; Habas et al. 2009) indicate that
Crus 1 and lobule VI constitute a node in the cortico-limbic
network centered on the dorsal ACC and fronto-insular
cortex, and involved in detecting, integrating and filtering
emotional information. Furthermore, it has been reported
that aversive stimuli in the form of noxious heat and
unpleasant images produce increased activation in Crus 1
and lobule VI (Moulton et al. 2011) and negative emotional
faces evoke prominent activation in Crus 1 and Crus 2 as
well as in lobules VI and IX (Schraa-Tam et al. 2012).
Even the act of identifying emotional intonation (affective

prosody) produces activation in Crus 1 and lobule VI, VII
(Imaizumi et al. 1997; Wildgruber et al. 2005).

In investigating from a structural point of view a brain
region likely associated with a given function, a basic
question is how the structure relates to that function.
Human and experimental evidence favors the larger-is-
more-powerful position: training on particular tasks or
experiencing complex environment do increase the volume
of the brain structures related to specific functions (Boyke
et al. 2008; Di Paola et al. 2013; Pangelinan et al. 2011).
Thus, it seems reasonable to assume that volume positively
co-varies with function. We found that volumes in bilateral
Crus 1 were positively related to TAS-20 scores that in turn
were negatively related to volumes of some limbic and
para-limbic structures. These results are consistent with the
activation of Crus 1 and lobules VI and VIIb demonstrated
to be negatively correlated with the activation of limbic
and para-limbic areas, as parahippocampal gyrus, ACC,
and hypothalamus (Moulton et al. 2011). The inverse link
between cerebellum and limbic system suggests a possible
functional modality for the cerebellar involvement in
emotional processing (Fusar-Poli et al. 2009; Konarski
et al. 2005; Murphy et al. 2003). Although it has not yet
been clarified the mechanism underlying the functional
relations between cerebellar and limbic regions, it is pos-
sible to advance that the increased volumes of Crus 1 could
result in an enhanced inhibitory output of Purkinje cells,
the only efferents of the cerebellar cortex, on the deep
cerebellar nuclei, modulating thus their excitatory activity.
Cerebellar nuclei then project to extra-cerebellar targets
including the limbic system (Bostan et al. 2013). The
inhibited nuclear activity could have as consequence a
reduced excitatory input to limbic and para-limbic struc-
tures that in turn could undergo a volumetric reduction
because of the diminished activation level. Such a mech-
anism, however to date hypothetical, is in line with clas-
sical electrophysiological evidence indicating that
cerebellar nuclear stimulations have suppressive effects on
limbic sites, including ACC and amygdala (Anand et al.
1959; Snider and Maiti 1976). In the same vein, smaller
ACC volumes and greater posterior cerebellar volumes
have been very recently demonstrated in patients with
Cushing’s disease reporting depressive and anxiety symp-
toms as well as cognitive, affective and personality disor-
ders (Andela et al. 2013). Structural neuroimaging studies
on patients affected by obsessive—compulsive disorder also
indicate smaller ACC volumes associated with greater
cerebellar GM volumes (de Wit et al. 2014), offering
additional insights into such a reciprocal structural relation
between cerebellum and limbic and para-limbic areas.

Intriguingly, our structural findings are nicely com-
patible with the functional findings reported by Moriguchi
and Komaki (2013). In their recent review, the authors
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advance that people with high alexithymic traits show
reduced neural response in the limbic system to external
and internal emotional stimuli and in contrast increased
neural response in somato-sensory and sensorimotor areas
to stimuli closely associated with physical information.
The authors report that subjects with high alexithymic
traits exhibit hypersensitivity to physical sensations
associated with a tendency to rely on or to amplify
physical symptoms. The network comprising cerebellum
and limbic system (and also the somato-sensory, senso-
rimotor and prefrontal cortices) is involved in sensing and
monitoring the physiological bodily condition (Critchley
et al. 2003), in representing the internal viscero-sensory
state within the context of ongoing activities (D’Angelo
and Casali 2012) as well as in feeling self- and externally
induced emotions (Anders et al. 2004). It has been
advanced that in the condition of efficient functioning
subjects have internal models of their internal or external
environment that serves the function of representing it,
even when they are not causally determined by current
stimuli. The internal models form embodied representa-
tions grounded in sensorimotor control loops, and these
representations in turn are internally manipulated before
or instead of acting directly on environment, even if the
final goal of this form of embodied emotion and cognition
is acting on the environment (Barsalou 2008; Niedenthal
et al. 2005; Pezzulo and Castelfranchi 2007, 2009a, b).
This concept of embodiment fully fits Ito’s seminal pro-
posal (2008) advancing that the cerebellum forms internal
models of the body to control motor, cognitive and
emotional activities both on-line and off-line. The
increased volumes in Crus 1 of subjects with high al-
exithymic traits thus could be related to an altered
embodiment process leading to not-cognitively interpreted
emotions. On this vein, alexithymia may be considered an
embodiment process related to altered perception of
physiological correlates (viscero- and somato-motor
responses) of the emotional activation resulting in a def-
icit in the emotional awareness. In this framework, in
subjects with high alexithymic traits the enlarged volumes
in Crus 1 would be associated to a lacking relocation
(from the embodied internal state to the symbolic repre-
sentation) of the emotional signals that thus remain
embodied (F1 of TAS-20 scale), not-cognitively described
(F2 of TAS-20 scale) and not mentalized (F3 of TAS-20
scale). Accordingly, a somato-sensory amplification has
been described in the presence of definite alexithymia
(Lumley et al. 2002, 2005). Kano et al. (2007) describing
the aberrant manner of perceiving body signals of subjects
with high alexithymic traits reported positive associations
between TAS-20 scores and cerebellar regional cerebral
blood flow (rCBF) following visceral stimulation. Fur-
thermore, high cerebellar rtCBF was reported in subjects
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with high alexithymic traits when viewing emotional
facial expressions (Kano et al. 2003), recalling emotional
autobiographic traces (Huber et al. 2002) or observing a
classic mirror neuron task, as the observation of goal-
directed hand actions (Moriguchi et al. 2009). Further
fMRI analyses on subjects with alexithymic traits per-
forming specific emotional and somato-sensory tasks will
be useful for tracing a better correlation between ana-
tomical and functional alterations in the presence of
alexithymia.

In conclusion, the increased volumes in bilateral Crus 1
we found associated with high alexithymic traits throw a
new light on alexithymia and its conceptualization as
related to the “alexisomia”, intriguing phenomenon
describing the difficulty in the awareness of somatic sen-
sations (Ikemi and Ikemi 1986; Moriguchi and Komaki
2013). Considering the bottom-up component of emotional
control (LeDoux 2013), the altered awareness of bodily
states featuring the alexisomia might be the primitive level
of altered emotional awareness featuring alexithymia.
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