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Alexithymia denotes the “absence” of “words” for “emotion” and has its roots in the
Greek words “a,” “lexis,” and "thymos.” It is sometimes referred to as “emotional
blindness,” "blunted feeling,” or “disrupted emotional awareness.” The term
“alexithymia” first appeared in the 1970s in the works of Sifneos, Nemiah, and
colleagues. It entails difficulties in identifying and expressing emotions and an
externally oriented thinking style. It is not a psychiatric disorder but rather a
multidimensional personality trait or construct, appearing to be normally distributed
in the general population, with high levels of alexithymia in approximately 10%
of individuals. Evidence suggests that alexithymia serves as a prognostic risk
factor for health problems, a transdiagnostic risk factor for emotion-based
psychopathologies, and a predictor of poor psychiatric treatment outcomes. It
is frequently observed in neurological diseases. Nevertheless, its mechanisms,
assessment, and management remain overlooked. In multiple sclerosis (MS), an
autoimmune disease of the central nervous system, alexithymia seems to occur
in up to 53% of patients. However, it remains understudied despite recent growing
interest. In this mini review, we briefly reassess the prevalence, as well as the
clinical, sociodemographic and neuropsychological correlates of alexithymia
in MS (e.g., anxiety, depression, fatigue, socio-emotional outcomes). This is
followed by an analysis of neurobiological underpinnings of alexithymia derived
from neurophysiological and neuroimaging studies in this clinical population.
Finally, we provide perspectives to guide future research exploring and managing
alexithymia in MS.

KEYWORDS
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1 Introduction

Alexithymia, a multidimensional personality construct, denotes the “absence” of “words”
“a “lexis” and “thymos” Also
sometimes associated with or referred to as “emotional blindness” (Becerra et al., 2002),
“blunted feeling” (Goerlich-Dobre et al., 2014b), “affective agnosia” (Lane et al., 2015),

“disrupted emotional awareness” (Hogeveen and Grafman, 2021), “impairment in the mental

for “emotion” and finds its roots in the Greek language:

representation of emotions” (Taylor et al., 2016), the term “alexithymia” first appeared in the
works of the analysts Sifneos and Nemiah involving patients with psychosomatic disorders
(Nemiah and Sifneos, 1970; Sifneos, 1973). Alexithymia is not a psychiatric disorder but rather
a personality trait or construct that entails four components: difficulty identifying feelings
(DIF) and distinguishing them from bodily sensations of emotional arousal, difficulty
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describing feelings (DDF), externally oriented thinking, and paucity
of imaginal processes/fantasy life (Taylor et al., 2024).

It seems to be normally distributed in the general population with
high levels occurring in 10% of individuals (Parker et al., 2008).
However, some evidence suggests it to be a prognostic risk factor for
somatic and psychiatric health problems (Kojima, 2012; Hemming
et al., 2019), a transdiagnostic risk factor for emotion-based
psychopathologies (Preece et al., 2024), as well as poor psychiatric
treatment outcomes (Pinna et al., 2020). It can be evaluated using
dedicated scales, the two most employed ones being the Toronto
Alexithymia Scale (Taylor et al., 1985) and Bermond-Vorst
Alexithymia Questionnaire (Vorst and Bermond, 2001).

Alexithymia is frequently observed in neurological diseases
(Ricciardi et al,, 2015). It seems to be particularly frequent in multiple
sclerosis (MS), an autoimmune disease of the central nervous system
with a spectrum of cognitive, affective and psychiatric manifestations
(Grigorescu et al., 2023). Yet, it remains understudied with only recent
growing interest in this topic. Its further understanding would help
improve its management and optimize the patients’ quality of life. In
this mini review, the prevalence, as well as clinical and
neuropsychological correlates of alexithymia in MS, will be briefly
reappraised. This will be followed by an analysis of the neurobiological
underpinnings of alexithymia in this clinical population. Finally, this
article provides some suggestions that would help guide future
research that aims to explore and manage alexithymia in MS.

2 Prevalence and clinical and
neuropsychological correlates of
alexithymia in MS

A previous review showed that alexithymia seems to occur in
10-53% of patients with MS (PwMS) (Chalah and Ayache, 2017).
More recent works are line with these data reporting alexithymia in
24.2-51.7% of patients (Eboni et al., 2018; Chalah et al., 2020a, 2020b;
Stojanov and Stojanov, 2020; Capet et al., 2021; Karpuz Seren et al.,
2022; Taskin Yilmaz et al., 2023; Joly et al., 2024). One work reported
a higher prevalence but included cases of borderline alexithymia (van
Assche et al., 2021). Also, alexithymia prevalence reaches 29-42% in
clinically isolated syndrome (CIS) (Capet et al., 2021; Jougleux et al.,
2021) and 34% in radiologically isolated syndrome (RIS) (Joly
etal., 2024).

Sociodemographic and clinical variables do not appear to
be associated with alexithymia in PwMS (for review see Chalah and
Ayache, 2017; Chalah et al., 2020a, 2020b; van Assche et al., 2021;
Karpuz Seren et al., 2022). However, a few works suggest a relationship
between alexithymia and young or old age, low educational level,
single or with few children, unemployment, disability, number of
relapses, disease duration, and primary progressive type (Chahraoui
et al., 2008; Dulau et al., 2017; Eboni et al., 2018; Chalah et al., 2020a,
2020b; Stojanov and Stojanov, 2020).

The relationship between alexithymia, anxiety, depression and
fatigue has been explored in several works. The concept of ‘symptoms
cluster’ has been suggested to characterize the co-occurrence of
several MS symptoms that might interact with each other and share
common pathophysiological pathways (Ayache and Chalah, 2024).
With some exceptions (e.g., Dulau et al., 2017; Karpuz Seren et al.,
2022), studies suggest alexithymia to be associated with depression,
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anxiety and fatigue in PwMS (Chahraoui et al., 2014; Chalah and
Ayache, 2017; Eboni et al., 2018; Chalah et al., 2019, 2020b;
Christopoulos et al., 2020; Pust et al., 2020; Stojanov and Stojanov,
2020; Capet et al., 2021; van Assche et al., 2021; Carvalho et al., 2023),
even in CIS or RIS (Jougleux et al., 2021; Joly et al., 2024).

Some data suggest emotional regulation difficulties and
employment of less efficient coping strategies among PwMS. Very
early work has documented an association between alexithymia and
blunt affect (Montreuil and Lyon-Caen, 1993). In addition, an
association was found between alexithymia and difficulties in emotion
regulation (Mosson et al., 2014; Gay et al., 2017). With regards to
coping strategies, few works done found an association between
alexithymia and frequent employment of avoidance or instinctive
coping (Briones-Buixassa et al., 2019; Pust et al., 2021), but less
frequent seeking of social support (Briones-Buixassa et al., 2019) and
well-being (Gay et al., 2017), and less adoption of problem-focused
coping (Taskin Yilmaz et al., 2023).

Concerning general cognition, many studies did not assess it, nor
study its relationship with alexithymia (Chalah and Ayache, 2017).
The very few available data suggest no relationship between
alexithymia and general cognitive deficits in MS, CIS or RIS (Dulau
et al., 2017; Chalah et al., 2020a, 2020b; Jougleux et al., 2021; Karpuz
Seren et al., 2022; Joly et al., 2024). Conversely, alexithymia was
inversely correlated with information processing speed in one work
(Capet et al., 2021) and tended to correlate with it in another work
(Chalah et al., 2020b).

Few available works hint towards the existence of a relationship
between alexithymia and some social cognitive domains. Facial
emotion recognition is not associated with alexithymia in MS
(Prochnow et al., 2011; Cecchetto et al., 2014; Pfaff et al., 2021). As for
theory of mind, the available works yielded inconsistent findings
which might be related to the inter-study clinical and
sociodemographic differences (Chalah et al., 2017a, 2017b; Raimo
etal,, 2017; Karpuz Seren et al., 2022). Chalah et al. recruited patients
with progressive MS subtypes, whereas Raimi et al. and Karpuz Seren
et al., included younger and less disabled patients with exclusively or
predominantly relapsing remitting (RR) MS and shorter disease
duration. Finally, few works concomitantly assessed alexithymia and
empathy reporting an inverse correlation between these variables in
PwMS (Gleichgerrcht et al., 2015; Chalah et al., 2017a,b, 2020a).

Besides social cognition, moral judgment has been the subject of
even fewer works (Gleichgerrcht et al., 2015; Patil et al., 2017; Ayache
and Chalah, 2018). In PwWMS, one work found an association between
alexithymia and altered moral judgment (Gleichgerrcht et al., 2015).
Ongoing research further explores this relationship, and the results are
awaited (Zikos et al., 2024).

3 Neurobiological correlates of
alexithymia in MS

First, the hypothesis of a deficit in interhemispheric transfer in the
context of alexithymia was raised more than 30 years ago when
studying patients with split-brain (Chalah and Ayache, 2017). In MS,
aberrant interhemispheric transfer and pathologies involving the
corpus callosum (CC) have been previously reported (Chalah and
Ayache, 2017). Montreuil and Lyon-Caen documented a dissociation
between patients’ subjective emotional experience and clinically
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perceived emotional expression (Montreuil and Lyon-Caen, 1993).
Their cohort’s performance on a neuropsychological dual task that
assesses interhemispheric transfer of information was correlated with
alexithymia, with higher ratings associated with worse performance.

The neurophysiological correlates of alexithymia were assessed in
only one work involving 27 PwMS (progressive types) using
transcranial magnetic stimulation (TMS) (Chalah et al., 2020b). Here,
patients expressing high alexithymia scores had shorter cortical silent
period (CSP) compared to those with low scores, and an inverse
correlation was found between alexithymia scores and CSP, reflecting
a defective cortical GABAergic inhibition. These results converge with
other works involving patients with borderline personality disorder
(Lang et al., 2011).

Three studies have included structural MRI when exploring
alexithymia in MS. In the first study involving a small cohort of PWMS
and moderate disability, an inverse correlation was found between the
posterior callosal volume and alexithymia scores (Pelletier et al.,
1996). In the second study including 45 PwMS (progressive types),
patients with high alexithymia ratings had lower volumes of CC,
pallidum, thalamus (left) and deep white matter (Chalah et al., 2020a).
In addition, an inverse correlation was found between alexithymia
scores and each of thalamic, pallidal, callosal and deep white matter
volumes. In the third work comprising 95 PwMS (different disease
types), an inverse correlation was found between alexithymia scores
and thalami, brainstem, CC, cerebellar and cerebral white matter, but
not with T2 lesion volume (Capet et al.,, 2021). However, some
findings were only significant within specific disease phenotypes. For
instance, the relationship with the white matter atrophy was significant
in patients with early disease process (CIS and RR MS). In addition,
the relationship with thalamic and brainstem atrophy was only
significant in the CIS subgroup.

Finally, two studies employed functional MRI (fMRI). The first
one included 25 PwMS (RR) and 27 healthy participants, and
conducted fMRI during the visualization of emotional scenes with
different valences and arousals after which the participants rated the
emotion valence and arousal sensation (Pfaff et al., 2019). Compared
to healthy controls, patients had higher alexithymia ratings, and
exhibited a more scattered emotional experience, a higher variability
of responses in the left orbital inferior frontal gyrus (IFG) for positive
stimuli, and a trend to a higher variability in other brain areas for
negative stimuli (left amygdala, right fusiform gyrus, right caudate
nucleus, right pallidum) (Pfaff et al., 2019). Alexithymia, structural or
functional cerebral dysconnectivity, might account for the observed
brain variability among patients during emotional tasks. However, the
correlation between alexithymia scores and the activity of the left
orbital IFG was not significant and subgroup analyses according to
alexithymia scores or connectivity pattern were not considered (Pfaff
et al,, 2019). In the second work, 19 PwMS (RR) and 20 healthy
controls underwent fMRI during the visualization of scenes conveying
different emotions and rated the intensity of their emotional state right
after viewing versus after cognitive reappraisal and emotion regulation
(van Assche et al., 2021). Patients expressed hyperactivation in ventral
prefrontal areas (orbital IFG, subgenual ACC, and left caudate
nucleus) compared to controls regardless of the conditions. In
addition, they exhibited a hyperconnectivity between the orbital IFG
and the amygdala, during cognitive reappraisal of negative scenes,
which was directly correlated with alexithymia (DIF subscale). The
latter findings suggest a deficient downregulation of amygdalar
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(limbic) activity during the reappraisal of negative emotions in PwMS
exhibiting high alexithymia scores (van Assche et al., 2021). The
recruitment of frontostriatal circuits in PwMS might reflect a
compensatory mechanism aiming to preserve amygdalar homeostasis.

The incriminated brain regions are known to be involved in the
neural circuitry of alexithymia (Messina et al., 2014; Goerlich-Dobre
et al., 2014a, 2014b, 2015; Xu et al., 2018). The findings altogether
could be interpreted in the light of the cognitive development of
emotions (LeDoux and Bemporad, 1997). Here, the authors suggest
two cerebral pathways for the emotional experience: (1) A direct and
unconscious low road that oversees triggering fast emotion-related
autonomic and endocrine responses and passes through the
brainstem, thalamus and hypothalamus, and (2) an indirect high road
involving complex cognitive mechanisms of the representation and
memorization and including the thalamus, prefrontal neocortex as
well as paralimbic structures. In this model, the white matter tracts
would ensure communication between the mentioned hubs. The
integration of emotional stimuli arising from both pathways into
working memory would result in a conscious emotional experience
(Kano and Fukudo, 2013).

The findings could be also discussed by considering the
alexithymia model presented by Bermond and colleagues (Bermond
et al., 2006). The model involves the affective and the cognitive
dimensions of alexithymia, and suggests an interconnection and
reciprocal influence among their underlying cerebral components.
While the former seems to incriminate the orbito/medial-prefrontal
cortices, the latter seems to implicate right temporal cortex areas
which also contribute to the former via their links with the orbito-
prefrontal cortices. Interhemispheric white matter (i.e., CC) ensures
the transfer of information from right-hemispheric regions (related to
global nonverbal overview of emotions) to the left-hemispheric
regions (in charge of higher explicit emotional cognition). This model
also includes other regions such as amygdalae which seems to
be associated with the affective and cognitive dimensions of
alexithymia via its respective links with the prefrontal cortex and
neocortical regions.

The identified regions are involved in emotional processes. To
start with, regarding white matter involvement, MS constitutes a
model of “multiple disconnection syndrome” arising from
demyelination and axonal loss in several white matter tracts depending
on the lesions’ location and extent (Chalah and Ayache, 2024). The CC
constitutes the largest interhemispheric white matter bundle, the
atrophy of which would result in a deficiency in interhemispheric
transfer. The atrophy of other cerebral and cerebellar white matter
would disturb several tracts that take part in cognitive and affective
networks. In addition, the involvement of cerebellar tracts provides
additional evidence on the implication of the cerebellum, not only in
motor processes but also in cognitions and emotions, including
alexithymia (Laricchiuta et al., 2015). With regards to deep gray
matter, the thalamus is a component of the limbic system, a relay
center involved in the processing and integration of sensory, motor,
cognitive and affective information. Its implication in alexithymia
seems to occur in MS as well as in other populations (Goerlich-Dobre
etal., 2015). The amygdala plays a key role in emotion perception, fear
conditioning, reward learning, and social behavior (Xu et al., 2018).
The relationship between alexithymia and left orbital IFG would
suggest a less efficient reward, emotional evaluation and regulation
(Xu et al., 2018). Via their connections with orbitofrontal, prefrontal,
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and cingulate regions, the basal ganglia are involved in emotions,
including the crude distinction in global valence states and automatic
behavioral display of expressions (Messina et al., 2014; Chalah et al.,
2020a). Finally, brainstem involvement seems to be linked with
emotional dysregulation (Capet et al., 2021).

4 Current knowledge and future
perspectives

The available literature is scarce and faced with several limitations
including the small sample size, the cross-sectional design, the lack of
healthy control groups, the lack of subgroup analysis or covariates
control. Yet, they confirm previous results on the high prevalence of
alexithymia in MS and provide preliminary evidence on the structure
and function of the alexithymic brain in the context of this disease. This
seems to involve cortical gray matter (orbital IFG), deep gray matter
(amygdala, thalami, basal ganglia), and several white matter tracts (CC,
cerebellar and cerebral white matter). Further characterization of
alexithymia in MS is needed to better understand its mechanisms and
impact and be able to develop adequate and targeted interventions.

In terms of pathophysiology, it remains formally unclear whether
alexithymia in MS is only related to neuropathological processes and/
or chronic and unpredictable stress associated with the disease. The
absence of differences in the prevalence of alexithymia among disease
subtypes or stages goes against the latter point (Capet et al., 2021). In
addition, alexithymia total scores appear to be globally stable over a
5-year follow-up period (Chahraoui et al., 2014). Future longitudinal
multi-modal research with neuropsychological, neurophysiological
(e.g., TMS-derived cortical excitability measures, high-resolution
electroencephalography, specific autonomic nervous system
assessment) and neuroimaging data (e.g., resting state and task-related
fMRI, volumetry, diffusion tensor imaging, spectroscopy) could help
answer this question. Here, research could also benefit from focusing
on specific regional abnormalities within neural hubs with potential
involvement in alexithymia (e.g., CC subparts as in Pelletier et al.,
1996; Capet et al., 2021). Other regions of interest (insula, cingulate
cortex) that have been linked to alexithymia in general but not in MS
studies deserve to be further explored. In addition, while some authors
considered the cognitive and affective dimensions of alexithymia and
suggest the presence of different alexithymia subtypes (Larsen et al.,
2003; Bermond et al., 2006, 2007), others suggest alexithymia to be a
single-dimensional trait but with a variable extent of severity (Bagby
et al., 2021). Moreover, the affective and cognitive alexithymia
dimensions could be associated with distinct neural substrates
(Goerlich-Dobre et al., 2014a, 2015; van der Velde et al., 2014).
Therefore, it might be interesting to tackle this issue in future MS
works. Furthermore, interoceptive deficits have been suggested to
be associated with alexithymia in general (Brewer et al., 2016; Van Bael
et al.,, 2024), and have been linked with some MS manifestations
(Chalah and Ayache, 2024). Therefore, its involvement in alexithymia
and other MS symptoms (anxiety, depression, fatigue), merit to
be explored.

Therapeutically, there is no current consensus on management
options. The potential utility of psychotherapy has been suggested ever
since the early work of Freyberger (1977). Therapies specifically
targeting alexithymia appear to be better suited (Cameron et al., 2014).
Emotionally focused interventions could act on alexithymia, illness
perception, and/or quality of life (Luca et al, 2024). Dialectical
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behavioral therapy-based interventions could help alleviate alexithymia
and improve emotional identification (Salles et al., 2023). Besides
psychotherapy, cognitive rehabilitation training involving the theory of
mind has been found to reduce alexithymia in a small study done in MS,
especially on the DDF component (d'Arma et al., 2023). In addition,
brain stimulation techniques might have their utility. The current data
is limited to one case report applying transcranial direct current
stimulation in a patient with MS and alexithymia (Chalah et al,
2017a,b). Also, neurofeedback has been applied in alexithymia in
general (Samur et al., 2013) as well as in PWMS regardless of alexithymia
(Ayache et al., 2021), and its utility in PWMS exhibiting this construct
merits to be tested. Antidepressants, particularly specific serotonin and
noradrenaline reuptake inhibitors were found to decrease alexithymia
in a one randomized trial on post-stroke depression and might present
benefits if tested in MS (Cravello et al., 2009). Other experimental tools
could include interoceptive technologies and treatment trials (e.g.,
intranasal oxytocin), but no studies have yet been conducted in MS
(Samur et al., 2013; Schoeller et al., 2024). Admitting the frequency and
potential impact of alexithymia in PwMS, these modalities applied
alone or in combination merit to be explored aiming to pave the way for
new therapeutic venues and improve patients’ quality of life.

Author contributions

SA: Conceptualization, Formal analysis, Methodology, Project
administration, Supervision, Validation, Visualization, Writing - original
draft, Writing — review & editing. MC: Conceptualization, Formal
analysis, Methodology, Project administration, Supervision, Validation,
Visualization, Writing — original draft, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

The authors would like to thank the editor and reviewers for the
constructive and valuable feedback.

Conflict of interest

SA declares having received compensation from Sanofi Aventis,
France; Novartis, France; Exoneural Network AB, Sweden and Ottobock,
France. MC declares having received compensation from Janssen Global
Services LLC, Exoneural Network AB, Sweden, and Ottobock, France.

The author(s) declared that they were an editorial board member
of Frontiers, at the time of submission. This had no impact on the peer
review process and the final decision.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

frontiersin.org


https://doi.org/10.3389/fnhum.2025.1552494
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org

Ayache and Chalah

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

Ayache, S. S., Bardel, B., Lefaucheur, J. P,, and Chalah, M. A. (2021). Neurofeedback
therapy for the management of multiple sclerosis symptoms: current knowledge and
future perspectives. J. Integr. Neurosci. 20, 745-754. doi: 10.31083/}.jin2003079

Ayache, S. S., and Chalah, M. A. (2018). Moral judgment: an overlooked deficient
domain in multiple sclerosis? Behav. Sci. 8:105. doi: 10.3390/bs8110105

Ayache, S. S., and Chalah, M. A. (2024). Neuroimaging and neuromodulation of
invisible symptoms in multiple sclerosis. Front. Hum. Neurosci. 18:1376095. doi:
10.3389/fnhum.2024.1376095

Bagby, R. M, Sanches, M., Carnovale, M., and Taylor, G. J. (2021). An evaluation of
alexithymia subtypes using latent profile analysis. Psychiatry Res. 299:113840. doi:
10.1016/j.psychres.2021.113840

Becerra, R., Amos, A., and Jongenelis, S. (2002). Organic alexithymia: a study of
acquired emotional blindness. Brain Inj. 16, 633-645. doi: 10.1080/02699050110119817

Bermond, B., Clayton, K., Liberova, A., Luminet, O., Maruszewski, T., Ricci Bitti, P. E.,
etal. (2007). A cognitive and an affective dimension of alexithymia in six languages and
seven populations. Cognit. Emot. 21, 1125-1136. doi: 10.1080/02699930601056989

Bermond, B., Vorst, H. C., and Moormann, P. P. (2006). Cognitive neuropsychology
of alexithymia: implications for personality typology. Cogn. Neuropsychiatry 11,
332-360. doi: 10.1080/13546800500368607

Brewer, R., Cook, R., and Bird, G. (2016). Alexithymia: a general deficit of
interoception. R. Soc. Open Sci. 3:150664. doi: 10.1098/rs0s.150664

Briones-Buixassa, L., Mila, R., Arrufat, F. X., Aragones, J. M., Bufill, E., Luminet, O.,
et al. (2019). A case-control study of psychosocial factors and their relationship to
impairment and functionality in multiple sclerosis. J. Health Psychol. 24, 1023-1032. doi:
10.1177/1359105317692142

Cameron, K., Ogrodniczuk, J., and Hadjipavlou, G. (2014). Changes in alexithymia
following psychological intervention: a review. Harv. Rev. Psychiatry 22, 162-178. doi:
10.1097/HRP.0000000000000036

Capet, N., Joly, H., Suply, C., Mondot, L., Cohen, M., and Lebrun-Frenay, C. (2021).
Alexithymia in multiple sclerosis: clinical and radiological correlations. Rev. Neurol. 177,
302-311. doi: 10.1016/j.neurol.2020.06.008

Carvalho, T., Gomes, C., Rodrigues, A., and da Motta, C. (2023). Neuropathic pain,
cognitive fusion, and alexithymia in patients with multiple sclerosis: cross-sectional
evidence for an explanatory model of anxiety symptoms. J. Clin. Psychol. 79, 1342-1356.
doi: 10.1002/jclp.23483

Cecchetto, C., Aiello, M., D'Amico, D., Cutuli, D., Cargnelutti, D., Eleopra, R., et al.
(2014). Facial and bodily emotion recognition in multiple sclerosis: the role of
alexithymia and other characteristics of the disease. J. Int. Neuropsychol. Soc. 20,
1004-1014. doi: 10.1017/S1355617714000939

Chahraoui, K., Duchene, C., Rollot, E,, Bonin, B., and Moreau, T. (2014). Longitudinal
study of alexithymia and multiple sclerosis. Brain Behav. 4, 75-82. doi: 10.1002/brb3.194

Chahraoui, K., Pinoit, J. M., Viegas, N., Adnet, J., Bonin, B., and Moreau, T. (2008).
Alexithymia and links with depression and anxiety in multiple sclerosis. Rev. Neurol.
164, 242-245. doi: 10.1016/j.neurol.2007.09.006

Chalah, M. A, and Ayache, S. S. (2017). Alexithymia in multiple sclerosis: a systematic

review of literature.  Neuropsychologia 104, 31-47. doi:  10.1016/j.
neuropsychologia.2017.07.034

Chalah, M. A, and Ayache, S. S. (2024). Multiple disconnection syndrome,
interoceptive metacognition deficits and fatigue in multiple sclerosis. Brain Commun.
6:fcae302. doi: 10.1093/braincomms/fcae302

Chalah, M. A, Kauy, P, Créange, A., Hodel, J., Lefaucheur, J. P, and Ayache, S. S. (2019).
Neurophysiological, radiological and neuropsychological evaluation of fatigue in multiple
sclerosis. Mult. Scler. Relat. Disord. 28, 145-152. doi: 10.1016/j.msard.2018.12.029

Chalah, M. A, Kauv, P, Lefaucheur, J. P,, Hodel, J., Créange, A., and Ayache, S. S.
(2017a). Theory of mind in multiple sclerosis: a neuropsychological and MRI study.
Neurosci. Lett. 658, 108-113. doi: 10.1016/j.neulet.2017.()8.055

Chalah, M. A, Kauv, P, Palm, U,, Lefaucheur, J. P, Hodel, J., Créange, A., et al. (2020a).
Deciphering the neural underpinnings of alexithymia in multiple sclerosis. Neurosci.
Lett. 725:134894. doi: 10.1016/j.neulet.2020.134894

Chalah, M. A, Lefaucheur, J. P,, and Ayache, S. S. (2017b). Long-term effects of tDCS
on fatigue, mood and cognition in multiple sclerosis. Clin. Neurophysiol. 128, 2179-2180.
doi: 10.1016/j.clinph.2017.08.004

Chalah, M. A., Lefaucheur, J. P, Créange, A., and Ayache, S. S. (2020b).
Corticospinal inhibition and alexithymia in multiple sclerosis patients—an

Frontiers in Human Neuroscience

10.3389/fnhum.2025.1552494

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

exploratory study. Mult. Scler. Relat. Disord. 41:102039. doi:

msard.2020.102039

10.1016/j.

Christopoulos, A. L., Poulios, A., and Pavlopoulos, V. (2020). The relationship between
dimensions of mental health and alexithymia in multiple sclerosis patients. Mult. Scler.
Relat. Disord. 46:102525. doi: 10.1016/j.msard.2020.102525

Cravello, L., Caltagirone, C., and Spalletta, G. (2009). The SNRI venlafaxine improves
emotional unawareness in patients with post-stroke depression. Hum. Psychopharmacol.
24, 331-336. doi: 10.1002/hup.1021

d'Arma, A, Valle, A., Massaro, D., Baglio, G., Isernia, S., Di Tella, S., et al. (2023). A
cultural training for the improvement of cognitive and affective theory of mind in people
with multiple sclerosis: a pilot randomized controlled study. Front. Psychol. 14:1198018.
doi: 10.3389/fpsyg.2023.1198018

Dulau, C., Deloire, M., Diaz, H., Saubusse, A., Charre-Morin, J., Prouteau, A., et al.
(2017). Social cognition according to cognitive impairment in different clinical
phenotypes of multiple sclerosis. J. Neurol. 264, 740-748. doi: 10.1007/s00415-017-8417-z

Eboni, A. C. B., Cardoso, M., Dias, F. M., da Gama, P. D., Gomes, S., Goncalves, M. V.
M, et al. (2018). High levels of alexithymia in patients with multiple sclerosis. Dement.
Neuropsychol. 12, 212-215. doi: 10.1590/1980-57642018dn12-020015

Freyberger, H. (1977). Supportive psychotherapeutic techniques in primary and
secondary alexithymia. Psychother. Psychosom. 28, 337-345. doi: 10.1159/000287080

Gay, M. C., Bungener, C., Thomas, S., Vrignaud, P., Thomas, P. W, Baker, R., et al.
(2017). Anxiety, emotional processing and depression in people with multiple sclerosis.
BMC Neurol. 17:43. doi: 10.1186/s12883-017-0803-8

Gleichgerrcht, E., Tomashitis, B., and Sinay, V. (2015). The relationship between
alexithymia, empathy and moral judgment in patients with multiple sclerosis. Eur. J.
Neurol. 22, 1295-1303. doi: 10.1111/ene.12745

Goerlich-Dobre, K. S., Bruce, L., Martens, S., Aleman, A., and Hooker, C. L. (2014a).
Distinct associations of insula and cingulate volume with the cognitive and affective
dimensions of alexithymia. Neuropsychologia 53, 284-292. doi: 10.1016/j.
neuropsychologia.2013.12.006

Goerlich-Dobre, K. S., Votinov, M., Habel, U., Pripfl, J., and Lamm, C. (2015).
Neuroanatomical profiles of alexithymia dimensions and subtypes. Hum. Brain Mapp.
36, 3805-3818. doi: 10.1002/hbm.22879

Goerlich-Dobre, K. S., Witteman, J., Schiller, N. O., van Heuven, V.]., Aleman, A., and
Martens, S. (2014b). Blunted feelings: alexithymia is associated with a diminished neural
response to speech prosody. Soc. Cogn. Affect. Neurosci. 9, 1108-1117. doi: 10.1093/
scan/nst075

Grigorescu, C., Chalah, M. A,, Ayache, S. S., and Palm, U. (2023). Alexithymie bei
Multipler Sklerose — eine narrative Ubersicht [alexithymia in multiple sclerosis -
narrative review]. Fortschr. Neurol. Psychiatr. 91, 404-413. doi: 10.1055/a-1882-6544

Hemming, L., Taylor, P, Haddock, G., Shaw, J., and Pratt, D. (2019). A systematic
review and meta-analysis of the association between alexithymia and suicide ideation
and behaviour. J. Affect. Disord. 254, 34-48. doi: 10.1016/j.jad.2019.05.013

Hogeveen, J., and Grafman, J. (2021). Alexithymia. Handb. Clin. Neurol. 183, 47-62.
doi: 10.1016/B978-0-12-822290-4.00004-9

Joly, H., Gerbier, E., Zerlini, M., Fabre, R., Landes-Chateau, C., Mondot, L., et al.
(2024). Alexithymia in radiologically isolated syndrome. Mult. Scler. Relat. Disord.
91:105905. doi: 10.1016/j.msard.2024.105905

Jougleux, C., Hennion, S., Outteryck, O., Vermersch, P, and Zéphir, H. (2021).
Characterization of alexithymia in clinically isolated syndrome. Rev. Neurol. 177,
1145-1150. doi: 10.1016/j.neurol.2021.01.017

Kano, M., and Fukudo, S. (2013). The alexithymic brain: the neural pathways linking
alexithymia to physical disorders. Biopsychosoc. Med. 7:1. doi: 10.1186/1751-0759-7-1

Karpuz Seren, B., Acikgoz, M., Piri Cinar, B., Aciman Demirel, E., Celebi, U., and
Atasoy, H. T. (2022). The relationship between alexithymia, reading the mind in the eyes
and cognition in patients with multiple sclerosis. Mult. Scler. Relat. Disord. 68:104196.
doi: 10.1016/j.msard.2022.104196

Kojima, M. (2012). Alexithymia as a prognostic risk factor for health problems: a brief
review of epidemiological studies. Biopsychosoc. Med. 6:21. doi: 10.1186/1751-0759-6-21

Lane, R. D., Weihs, K. L., Herring, A., Hishaw, A., and Smith, R. (2015). Affective agnosia:
expansion of the alexithymia construct and a new opportunity to integrate and extend
Freud's legacy. Neurosci. Biobehav. Rev. 55, 594-611. doi: 10.1016/j.neubiorev.2015.06.007

Lang, S., Stopsack, M., Kotchoubey, B., Frick, C., Grabe, H. J., Spitzer, C., et al. (2011).
Cortical inhibition in alexithymic patients with borderline personality disorder. Biol.
Psychol. 88, 227-232. doi: 10.1016/j.biopsycho.2011.08.006

frontiersin.org


https://doi.org/10.3389/fnhum.2025.1552494
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org
https://doi.org/10.31083/j.jin2003079
https://doi.org/10.3390/bs8110105
https://doi.org/10.3389/fnhum.2024.1376095
https://doi.org/10.1016/j.psychres.2021.113840
https://doi.org/10.1080/02699050110119817
https://doi.org/10.1080/02699930601056989
https://doi.org/10.1080/13546800500368607
https://doi.org/10.1098/rsos.150664
https://doi.org/10.1177/1359105317692142
https://doi.org/10.1097/HRP.0000000000000036
https://doi.org/10.1016/j.neurol.2020.06.008
https://doi.org/10.1002/jclp.23483
https://doi.org/10.1017/S1355617714000939
https://doi.org/10.1002/brb3.194
https://doi.org/10.1016/j.neurol.2007.09.006
https://doi.org/10.1016/j.neuropsychologia.2017.07.034
https://doi.org/10.1016/j.neuropsychologia.2017.07.034
https://doi.org/10.1093/braincomms/fcae302
https://doi.org/10.1016/j.msard.2018.12.029
https://doi.org/10.1016/j.neulet.2017.08.055
https://doi.org/10.1016/j.neulet.2020.134894
https://doi.org/10.1016/j.clinph.2017.08.004
https://doi.org/10.1016/j.msard.2020.102039
https://doi.org/10.1016/j.msard.2020.102039
https://doi.org/10.1016/j.msard.2020.102525
https://doi.org/10.1002/hup.1021
https://doi.org/10.3389/fpsyg.2023.1198018
https://doi.org/10.1007/s00415-017-8417-z
https://doi.org/10.1590/1980-57642018dn12-020015
https://doi.org/10.1159/000287080
https://doi.org/10.1186/s12883-017-0803-8
https://doi.org/10.1111/ene.12745
https://doi.org/10.1016/j.neuropsychologia.2013.12.006
https://doi.org/10.1016/j.neuropsychologia.2013.12.006
https://doi.org/10.1002/hbm.22879
https://doi.org/10.1093/scan/nst075
https://doi.org/10.1093/scan/nst075
https://doi.org/10.1055/a-1882-6544
https://doi.org/10.1016/j.jad.2019.05.013
https://doi.org/10.1016/B978-0-12-822290-4.00004-9
https://doi.org/10.1016/j.msard.2024.105905
https://doi.org/10.1016/j.neurol.2021.01.017
https://doi.org/10.1186/1751-0759-7-1
https://doi.org/10.1016/j.msard.2022.104196
https://doi.org/10.1186/1751-0759-6-21
https://doi.org/10.1016/j.neubiorev.2015.06.007
https://doi.org/10.1016/j.biopsycho.2011.08.006

Ayache and Chalah

Laricchiuta, D., Petrosini, L., Picerni, E., Cutuli, D., Iorio, M., Chiapponi, C., et al.
(2015). The embodied emotion in cerebellum: a neuroimaging study of alexithymia.
Brain Struct. Funct. 220, 2275-2287. doi: 10.1007/s00429-014-0790-0

Larsen, J. K, Brand, N., Bermond, B., and Hijman, R. (2003). Cognitive and emotional
characteristics of alexithymia: a review of neurobiological studies. J. Psychosom. Res. 54,
533-541. doi: 10.1016/50022-3999(02)00466-x

LeDoux, J., and Bemporad, J. R. (1997). The emotional brain. J. Am. Acad. Psychoanal.
Dynam. Psychiatry 25, 525-528.

Luca, M., Luca, A,, Patti, F, Perez Algorta, G., and Eccles, F. J. R. (2024). Alexithymia
and illness perceptions in persons with multiple sclerosis and their partners. Sci. Rep.
14:25116. doi: 10.1038/s41598-024-76702-5

Messina, A., Beadle, J. N., and Paradiso, S. (2014). Towards a classification of
alexithymia: primary secondary and organic. J. Psychopathol. 20, 38-49.

Montreuil, M., and Lyon-Caen, O. (1993). Troubles thymiques et relations entre
alexithymie et dysfonctionnement interhémisphérique dans la sclérose en plaques. Rev.
Neuropsychol. 3, 287-302.

Mosson, M., Peter, L., and Montel, S. (2014). Impact of physical activity level on
alexithymia and coping strategies in an over-40 multiple sclerosis population: a pilot
study. Rev. Neurol. 170, 19-25. doi: 10.1016/j.neurol.2013.04.009

Nemiah, J. C., and Sifneos, P. E. (1970). Psychosomatic illness: a problem in
communication. Psychother. Psychosom. 18, 154-160. doi: 10.1159/000286074

Parker, J. D., Keefer, K. V., Taylor, G. J., and Bagby, R. M. (2008). Latent structure of
the alexithymia construct: a taxometric investigation. Psychol. Assess. 20, 385-396. doi:
10.1037/a0014262

Patil, I, Young, L., Sinay, V., and Gleichgerrcht, E. (2017). Elevated moral
condemnation of third-party violations in multiple sclerosis patients. Soc. Neurosci. 12,
308-329. doi: 10.1080/17470919.2016.1175380

Pinna, E, Manchia, M., Paribello, P V., and Carpiniello, B. (2020). The Impact of
Alexithymia on Treatment Response in Psychiatric Disorders: A Systematic Review.
Front. Psychiatry. 11, 311.

Pelletier, J., Montreuil, M., Habib, M., Ali Cherif, A., and Lyon-Caen, O. (1996).
Alexithymia and multiple sclerosis: alteration of interhemispheric transfer. Eur. J. Neurol. 3:63.

Pfaff, L., Gounot, D., Chanson, J. B., de Seze, J., and Blanc, E (2021). Emotional
experience is increased and emotion recognition decreased in multiple sclerosis. Sci.
Rep. 11:21885. doi: 10.1038/5s41598-021-01139-z

Pfaff, L., Lamy, J., Noblet, V., Gounot, D., Chanson, J. B., de Seze, J., et al. (2019).
Emotional disturbances in multiple sclerosis: a neuropsychological and fMRI study.
Cortex 117, 205-216. doi: 10.1016/j.cortex.2019.02.017

Preece, D. A., Mehta, A., Petrova, K., Sikka, P.,, Pemberton, E., and Gross, J. J. (2024).
Alexithymia profiles and depression, anxiety, and stress. J. Affect. Disord. 357, 116-125.
doi: 10.1016/j.jad.2024.02.071

Prochnow, D., Donell, J., Schifer, R., Jorgens, S., Hartung, H. P, Franz, M., et al.
(2011). Alexithymia and impaired facial affect recognition in multiple sclerosis. J.
Neurol. 258, 1683-1688. doi: 10.1007/s00415-011-6002-4

Pust, G. E. A,, Dettmers, C., Randerath, J., Rahn, A. C., Heesen, C., Schmidt, R., et al.
(2020). Fatigue in multiple sclerosis is associated with childhood adversities. Front.
Psych. 11:811. doi: 10.3389/fpsyt.2020.00811

Pust, G. E. A., Randerath, J., Goetzmann, L., Weierstall, R., Korzinski, M., Gold, S. M.,
et al. (2021). Association of Fatigue Severity with Maladaptive Coping in multiple
sclerosis: a data-driven psychodynamic perspective. Front. Neurol. 12:652177. doi:
10.3389/fneur.2021.652177

Frontiers in Human Neuroscience

06

10.3389/fnhum.2025.1552494

Raimo, S., Trojano, L., Pappacena, S., Alaia, R., Spitaleri, D., Grossi, D., et al. (2017).
Neuropsychological correlates of theory of mind deficits in patients with multiple
sclerosis. Neuropsychology 31, 811-821. doi: 10.1037/neu0000372

Ricciardi, L., Demartini, B., Fotopoulou, A., and Edwards, M. J. (2015). Alexithymia
in neurological disease: a review. J. Neuropsychiatry Clin. Neurosci. 27, 179-187. doi:
10.1176/appi.neuropsych.14070169

Salles, B. M., Maturana de Souza, W., Dos Santos, V. A., and Mograbi, D. C. (2023).
Effects of DBT-based interventions on alexithymia: a systematic review. Cogn. Behav.
Ther. 52, 110-131. doi: 10.1080/16506073.2022.2117734

Samur, D., Tops, M., Schlinkert, C., Quirin, M., Cuijpers, P, and Koole, S. L. (2013).
Four decades of research on alexithymia: moving toward clinical applications. Front.
Psychol. 4:861. doi: 10.3389/fpsyg.2013.00861

Schoeller, E, Horowitz, A. H., Jain, A., Maes, P, Reggente, N., Christov-Moore, L., et al.
(2024). Interoceptive technologies for psychiatric interventions: from diagnosis to clinical
applications. Neurosci. Biobehav. Rev. 156:105478. doi: 10.1016/j.neubiorev.2023.105478

Sifneos, P. E. (1973). The prevalence of "alexithymic" characteristics in psychosomatic
patients. Psychother. Psychosom. 22, 255-262. doi: 10.1159/000286529

Stojanov, J., and Stojanov, A. (2020). A cross-sectional study of alexithymia in patients with
relapse remitting form of multiple sclerosis. J. Postgrad. Med. 66, 23-27. doi: 10.4103/jpgm.
JPGM_499_19

Taskin Yilmaz, F, Sabanciogullari, S., and Sevimligul, G. (2023). Alexithymia and
coping with stress in patients with multiple sclerosis: a comparative study. J. Neurosci.
Nurs. 55, 24-29. doi: 10.1097/JNN.0000000000000684

Taylor, G. J., Bagby, R. M., and Parker, J. D. A. (2016). What's in the name 'alexithymia'?
A commentary on "affective agnosia: expansion of the alexithymia construct and a new
opportunity to integrate and extend Freud's legacy.". Neurosci. Biobehav. Rev. 68,
1006-1020. doi: 10.1016/j.neubiorev.2016.05.025

Taylor, G. J., Porcelli, P, and Bagby, R. M. (2024). Alexithymia: a defense of the
original conceptualization of the construct and a critique of the attention-appraisal
model. Clin. Neuropsychiatry 21, 329-357. doi: 10.36131/cnfioritieditore20240501

Taylor, G. J., Ryan, D., and Bagby, R. M. (1985). Toward the development of a new self-
report alexithymia scale. Psychother. Psychosom. 44, 191-199. doi: 10.1159/000287912

van Assche, M., Simioni, S., Vrti¢ka, P, Sander, D., Schluep, M., and Vuilleumier, P.
(2021). Neuroimaging of emotional dysregulation in multiple sclerosis: relationship with
alexithymia. Swiss Arch. Neurol. Psychiatry Psychother. 172:w03216.

Van Bael, K., Scarfo, J., Suleyman, E., Katherveloo, J., Grimble, N., and Ball, M. (2024).
A systematic review and meta-analysis of the relationship between subjective
interoception and alexithymia: implications for construct definitions and measurement.
PLoS One 19:€0310411. doi: 10.1371/journal.pone.0310411

van der Velde, J., van Tol, M. J., Goerlich-Dobre, K. S., Gromann, P. M., Swart, M., de
Haan, L., et al. (2014). Dissociable morphometric profiles of the affective and cognitive
dimensions of alexithymia. Cortex 54, 190-199. doi: 10.1016/j.cortex.2014.02.017

Vorst, H. C. M., and Bermond, B. (2001). Validity and reliability of the Bermond-Vorst
alexithymia questionnaire. Personal. Individ. Differ. 30, 413-434. doi: 10.1016/
S0191-8869(00)00033-7

Xu, P, Opmeer, E. M., van Tol, M. J., Goerlich, K. S., and Aleman, A. (2018). Structure
of the alexithymic brain: a parametric coordinate-based meta-analysis. Neurosci.
Biobehav. Rev. 87, 50-55. doi: 10.1016/j.neubiorev.2018.01.004

Zikos, L., Degraeve, B., Pinti, A., Poupart, J., Norberciak, L., Kwiatkowski, A., et al. (2024).
Distinguishing the role of positivity bias, cognitive impairment and emotional reactivity in
the deontological preference in multiple sclerosis during moral dilemmas: a social cognition
study protocol. Front. Psychol. 15:1404876. doi: 10.3389/fpsyg.2024.1404876

frontiersin.org


https://doi.org/10.3389/fnhum.2025.1552494
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org
https://doi.org/10.1007/s00429-014-0790-0
https://doi.org/10.1016/s0022-3999(02)00466-x
https://doi.org/10.1038/s41598-024-76702-5
https://doi.org/10.1016/j.neurol.2013.04.009
https://doi.org/10.1159/000286074
https://doi.org/10.1037/a0014262
https://doi.org/10.1080/17470919.2016.1175380
https://doi.org/10.1038/s41598-021-01139-z
https://doi.org/10.1016/j.cortex.2019.02.017
https://doi.org/10.1016/j.jad.2024.02.071
https://doi.org/10.1007/s00415-011-6002-4
https://doi.org/10.3389/fpsyt.2020.00811
https://doi.org/10.3389/fneur.2021.652177
https://doi.org/10.1037/neu0000372
https://doi.org/10.1176/appi.neuropsych.14070169
https://doi.org/10.1080/16506073.2022.2117734
https://doi.org/10.3389/fpsyg.2013.00861
https://doi.org/10.1016/j.neubiorev.2023.105478
https://doi.org/10.1159/000286529
https://doi.org/10.4103/jpgm.JPGM_499_19
https://doi.org/10.4103/jpgm.JPGM_499_19
https://doi.org/10.1097/JNN.0000000000000684
https://doi.org/10.1016/j.neubiorev.2016.05.025
https://doi.org/10.36131/cnfioritieditore20240501
https://doi.org/10.1159/000287912
https://doi.org/10.1371/journal.pone.0310411
https://doi.org/10.1016/j.cortex.2014.02.017
https://doi.org/10.1016/S0191-8869(00)00033-7
https://doi.org/10.1016/S0191-8869(00)00033-7
https://doi.org/10.1016/j.neubiorev.2018.01.004
https://doi.org/10.3389/fpsyg.2024.1404876

	Alexithymia in multiple sclerosis: past, present and future
	1 Introduction
	2 Prevalence and clinical and neuropsychological correlates of alexithymia in MS
	3 Neurobiological correlates of alexithymia in MS
	4 Current knowledge and future perspectives

	References

