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Alexithymia is characterized by impairments in the processing of emotions. Although the disruptions in the white matter (WM) integrity in Major

depressive disorder (MDD) has frequently been reported, the underlying relationship with alexithymia remains unclear. In the present study, we in-

vestigated WM tracts with Tracts Constrained by UnderLying Anatomy approach to discover potential associations between alexithymia and WM

integrity to identify the neural basis of impaired emotional self-awareness in MDD. 101 patients with MDD and 99 healthy sex- and age-matched

individuals underwent diffusion-weighted imaging. All participants were assessed with the 20-item Toronto Alexithymia Scale (TAS). TAS scores

were significantly higher in MDD patients than in controls. Patients with MDD exhibited significantly lower FA values in the left inferior longitu-

dinal fasciculus and it also showed negative associations with TAS. These results contribute to the neurobiological evidence on the association be-

tween MDD and alexithymia. Additionally, they suggest that reduced white matter integrity in the regions constitutes a principal pathophysiology

underlying impaired emotional recognition and description in MDD.
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INTRODUCTION

Major depressive disorder (MDD), a major public health con-
cern, is a common psychiatric illness with the current prevalence
of 6.0% [1]. Alexithymia was first introduced by Sifneos [2] to
describe the discrepancy in the processing of emotions character-
ized by struggles in recognizing and communicating ones feel-
ings, restriction of emotional expressions and imaginations, and
a thinking style preoccupied by external events and limited intro-
spections [3-5]. The Toronto Alexithymia Scale (TAS) includes
three subscales, namely, difficulties in identifying feelings (DIF),
difficulties in describing feelings (DDF), and externally oriented
thinking (EOT) [6] and the total score of over 61 is considered to
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be alexithymic. There is still an ongoing debate on whether alexi-
thymia is a stable personality trait or a state-dependent phenom-
enon. However, its role in the onset of psychiatric disorder, MDD
in particular is undeniable.

Studies have not only reported higher prevalence of alexithymia
in MDD patients [7-9], but have also identified aggravated depres-
sive symptoms in people with alexithymia [4, 7]. Despite such solid
relationships proposed between alexithymic traits and MDD, the
association between neural activity in response to alexithymia
remains to be defined as alexithymia is a multi-dimensional para-
digm with both cognitive and affective characteristics [10].

Damages in the corpus-callosum (CC) leading to the cognitive
characteristics of alexithymia with the disturbed interhemispheric
transferal of information is one of the most prominent view in
neural perspective [11-13]. Recent studies have focused on brain
structures such as the insula and the anterior cingulate cortex
(ACC) in relation with alexithymia. A PET study comparing TAS
scores and its association with visceral stimulation [14] have iden-

tified increased cerebral blood flows in the insula during colonic
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distension and increased activity in the ACC during physical
stimulation. The increase in neural activity in the insula is also
supported by a number of functional studies [15-17] reporting as-
sociation with hyperawareness of somatosensory signals in alexi-
thymia. Others, conversely, have reported negative correlations
with alexithymia suggesting reductions in attention and response
selection [18, 19]. Grabe et al. have identified structural alterations
of the brain including reductions in volume in the dorsal anterior
cingulate cortex, left inferior temporal gyrus, cerebellum, fusiform
gyrus, and inferior temporal gyrus in the patients [20]. Moreover,
a diffusion MRI connectometry study have reported significant
correlation between TAS scores and increased microstructural
connectivity in the body of corpus callosum, bilateral fornix, left
arcuate fasciculus, corticospinal and cingulum tracts [21].

Despite such efforts in revealing the underlying neural correlates
in alexithymia in MDD, the exact underpinning mechanisms
remain unclear and there is no sufficient data on the white mat-
ter (WM) changes evidenced in alexithymia. Only a recent study
has reported negative correlation between white-matter integrity
of CC, left superior longitudinal fasciculus (SLF), and the inferior
longitudinal fasciculus (ILF) in schizophrenia [22]. Previous stud-
ies have recognized significantly lower FA values of the forceps
major of the corpus callosum and left ILE, AD values of the left
SLE and of parahippocampal cingulum in patients with MDD
compared to healthy individuals [23,24].

Therefore, in the present study, we aimed to examine the white-
matter connectivity in a group of patients diagnosed with MDD,
and a matched group of healthy individuals using TRActs Con-
strained by UnderLying Anatomy (TRACULA) method. Sensitive
to specifically targeted white matter tract, it allows the identifica-
tion of the specific tracts with white matter alterations [25]. By
running a whole-brain tractography in the native diffusion space,
it reconstructs the 18 major white matter fibers and models the
likelihood of the anatomical neighborhood. The method also
implements both ball-and-stick model and global tractography
enabling the estimation of areas of low anisotropy and tract
crossing [26]. We also aimed to explore the relationship between
alexithymia and depression. We hypothesized that MDD patients
would display altered integrity in white matter (WM) tracts and
especially those related to cortico-limbic circuit alterations. Fur-
thermore, we also hypothesized that alexithymia would be associ-
ated with certain white matter tracts alterations especially in the
CC,ILEand SLE
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MATERIALS AND METHODS

Participants

A total of 101 patients with MDD (54 females and 47 males) and
99 healthy controls (HCs) (63 females and 36 males) were includ-
ed in the present study. All participants were diagnosed with MDD
by two board-certified psychiatrists (B.-]. Ham and K.-M. Han)
using the Structured Clinical Interview from the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition, Text Revi-
sion Axis I disorders (SCID). The severity of depressive symptoms
was assessed using the 17-item Hamilton Depression Rating Scale
(HDRS) [27]. All clinical scales were assessed at the time of the
MRI scanning. The exclusion criteria were: (i) comorbidity with
any other major psychiatric disorder(s); (ii) psychotic features,
such as delusions or hallucinations; (iii) history of a serious or un-
controlled medical illness; (iv) history of primary neurological ill-
ness; (v) any contraindication to MRI scanning, such as metal im-
plants or claustrophobia. 99 HCs aging from 19~65 were recruited
from the community using advertisement and were assessed by
two psychiatrists using the same exclusion criteria used for MDD
patients. Informed consent was obtained from all participants for
their participation after a thorough explanation of the study. The
study protocol was approved by the Institutional Review Board
(IRB) or Korea University Anam Hospital (2015AN009) and was
in accordance with the approved principles of the Declaration of
Helsinki.

Measurement of alexithymia

To assess alexithymia in participants, self-reporting question-
naires of TAS [28] were used. The scale is further categorized in
three subscales including difficulty describing feelings (DDF),
difficulty identifying emotion (DIF), and externally-oriented
thinking (EOT). Items are rated using a 5-point Likert scale, rang-
ing from 1 (strongly disagree) to 5 (strongly agree) and high TAS
scores indicate high alexithymic traits of having more hardships in

describing or identifying emotions.

MRI data acquisition

Three dimensional structural MRI scans were acquired using a
3.0-Tesla TrioTM whole-body imaging system (Siemens Health-
care GmbH, Erlangen, Germany) at the Korea University MRI
Center using a dedicated 32-channel high-resolution phased-
array coil for brain imaging. Diffusion-weighted MR images were
acquired using an echo-planar imaging with the following pa-
rameters: repetition time, 7,000 ms; echo time, 86 ms; field of view,
224 mm; matrix size, 112x112; orientation, transverse; number of

diffusion directions, 64; voxel size, 1.8x1.8x3.0 mm’; number of
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BO images, 1; number of slices, 56; b-values, 0 and 600 s/mm?* ac-
celeration factor [GRAPPA], 2 with 34 reference lines for the phase
encoding direction and a 6/8-phase partial Fourier.

Image processing

The DTIs of all participants were processed using the probabilis-
tic tractography functions in TRACULA (Tracts Constrained by
UnderLying Anatomy) implemented in the Freesurfer 5.3 develop-
ment version (Laboratory for Computational Neuroimaging, Athi-
noula A. Martinos Center for Biomedical Imaging, Charlestown,
MA, USA; http://surfernmr.mgh harvard.edu). Combined with
previously attained information regarding the likelihood of each
white matter tract to pass through or next to each cortical parcella-
tion and subcortical segmentation analyzed in the FreeSurfer, the
algorithm reconstructs 18 major white matter tracts with a “ball-
and-stick” model of local diffusion orientations to estimate the
probabilistic distribution preserving the individual variation in
WM tracts and assuring selection of the same white matter tract
in each participant. The 18 major tracts include: the forceps major
and minor of the corpus callosum, the anterior thalamic radation
(ATR), cingulum - angular bundle (CAB), cingulum - cingulate
gyrus endings (CCG), corticospinal tract (CST), inferior longitu-
dinal fasciculus (ILF), superior longitudinal fasciculus - parietal
endings (SLFP), superior longitudinal fasciculus - temporal end-
ings (SLFT), and uncinate fasciculus (UF). Additionally, the DTI
parameters of fractional anisotropy (FA), axial diftusivity (AD),
radial diffusivity (RD), and mean diffusivity (MD) were extracted.

Statistical analyses

Statistical analyses were performed using SPSS Statistics, Ver-
sion 25.0 (IBM Corp., Armonk, NY, USA). One-way analysis of
covariance (ANCOVA) was performed to calculate the differences
in DTI scalar values (FA, AD, RD, and MD) for the 18 major WM
tracts between patients with MDD and HCs. We included age, sex,
and education level as nuisance covariates to prevent potential
confounding effects. For multiple comparisons, we applied Bon-
ferroni correction for the 4 scalars and 18 tracts to the analysis
(p<0.05/72=0.00069).

A 2-tailed Pearson correlation was executed to analyze the cor-
relations between TAS, depression severity and DTI scalar values,
controlling for age, gender, and TICV. To correct for multiple
comparisons, Bonferroni correction was applied for the 4 scalars, 1
tract of interest,and 5 measures (p<0.05/20=0.0025).

In the secondary analysis, we investigated the potential associa-
tion between severity of depressive symptoms and TAS within
MDD group using a Pearsons partial correlation analysis between
TAS and its subcategories and individual scores of HDRS with
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covariates of age and gender. Bonferroni correction was also ap-
plied to correct for multiple comparison (p<0.05/68=0.00074). To
further assess the influence of severity of depression, we also have
analyzed the difference in DTT scalar values with depression sever-
ity as an additional covariate. Bonferroni correction for the 4 sca-
lars and 18 tracts was applied to the analysis (p<0.05/72=0.00069).

To analyze the sociodemographic and clinical differences be-
tween the groups, independent t-test was implemented to analyzed
age, education level, HDRS score, and TICV and the chi-square
test to analyze the difference of sex distribution.

RESULTS

Demographic and clinical characteristics

The demographic characteristics of each participant, including
age, sex, education level, and the clinical characteristics, such as
the self-questionnaires (HDRS and TAS) are summarized in Table
1. No significant differences were observed in the demographic
variables tested between MDD patients and HCs. A significant
difference was present for HDRS between the diagnostic groups,
with the MDD group showing higher HDRS scores compared to
HCs (p<0.001). TAS scores, including the subscales, also differed
significantly between the two groups (p<0.001).

Groups comparison of WM integrity between patients with
MDD and HCs

Patients with MDD exhibited a significantly lower FA values in
the left inferior longitudinal fasciculus (ILF) (p=5.77x10"") com-
pared with healthy individuals (Table 2, Fig. 1).

Correlation between TAS and left inferior longitudinal
fasciculus

Table 3 illustrates all significant associations between TAS and
left ILE The study uncovered a significant negative correlation
between TAS score and FA of left ILE The FA value of left ILF
was negatively correlated with the total TAS score (r=-0.459,
p=1.59x10°), DDF (r=-0.346, p=4.14x10""), and DIF (r=-0.408,
p=2.51x10").

On the contrary, the AD, RD, MD values of left ILF exhibited
positive correlations with the total TAS score. RD values of the left
ILE in particular, showed statistically significant associations with
DDF (r=0.270,p=1.19x10").

The correlational study also exposed a strong correlation be-

tween depression severity and TAS and its subscales.

Correlation between TAS and symptoms of depression

In the secondary analysis of severity of depression, the subcat-

345

www.enjournal.org


http://surfer.nmr.mgh.harvard.edu

Youbin Kang, et al.

en

Table 1. Demographic and clinical characteristics of patients with major depressive disorder and healthy controls.

Characteristics MDD (n=101) HC (n=99) p-value (t, c®)
Age 33.47+12.45 3591+13.26 0.181 (t=-1.344)
Sex (female/male) 54/47 63/36 0.146 (chi’=2.130)
Education level
<10 years 5 1
10~16 years 91 92 0221 (chi’=2.743)
>16 years 5 6
HDRS-17 score 16.51+£5.79 0.60+1.33 <0.001 (t=26.676)
TICV (Cm;) 1,461.43+170.60 1,466.94+148.85 0.808 (t=-0.243)
TAS 63.23+9.19 39.3745.79 <0.001 (t=19.852)
TAS_Difficulty describing feelings 17.94+3.63 10.06+3.21 <0.001 (t=16.252)
TAS_Difficulty identifying feelings 22.9145.63 10.71+£3.52 <0.001 (t=18.349)
TAS_Externaly-oriented thinking 22.38+3.76 18.61+3.66 <0.001 (t=7.185)
Medication, n
Antidepressants
SSRI 13 NA
SNRI 3
NDRI 1
NaSSA 1
Etc 3
Combination of AD 34
Antipsychotics
AP 16
Combination of AP 2

Data are meanzstandard deviation for age, HDRS-17 scores, illness duration, and TICV. p-values for distribution of sex and education level were ob-
tained using a chi-squared test. P-values for comparisons of age, HDRS scores, and TICV were obtained using an independent t-test.

HCs, healthy controls; MDD, Major depressive disorder; HDRS-17, 17-item Hamilton Depression Rating Scale; TICV, total intracranial cavity volume;
SSRI, selective serotonin reuptake inhibitor; SNRI, serotonin and norepinephrine reuptake inhibitor; NDRI, norepinephrine-dopamine reuptake inhibi-
tor; NaSSA, noradrenergic and specific serotonergic antidepressant; Combination of AD, combinations of two or more types of antidepressant; APs,

antipsychotics; ADs, antidepressants.

Table 2. Signiﬁcant change in white matter tracts between MDD patients
and HC

Tract of MDD (Il=101) HC (n=99) MDD vs. HC
interest Mean SD  Mean SD F  p-value
FA

LeftILF 048 0.02 0.49 0.03 12.247 0.001

The F and p values were obtained using one-way analysis of covariance
(ANCOVA) with the adjustment for age, sex, and education level as co-
variates.

MDD, patients with major depressive disorder; HC, healthy control par-
ticipants; SD, standard deviation; ILE inferior longitudinal fasciculus.
Bonferroni correction was applied: p<0.05/72=0.00069.

egorized symptoms of depressed mood, feelings of guilt, suicidal
ideation, and work and activities showed significant positive correla-
tions with TAS within MDD group after the Bonferroni correction
(Table 4). While the overall TAS score and DDF was significantly
correlated with depressed mood (r=0.382, p=9.71x10"%; r=0.342,
p=5.26x10"), feelings of guilt (r=0.343, p=5.01x10" r=0.311,
p=8.51x10"), suicidal ideation (r=0.324, p=1.07x10"; r=0.553,
p=3.04x10"), and work and activities (r=0.457, p=2.12x10; r=0.358,
p=2.79x10"*), DIF only showed significant association with feelings
of guilt (r=0.338, p=6.16x10"").
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Fig. 1. Region of significant reduction in MDD patients compared with

healthy controls. The left inferior longitudinal fasciculus.

In the further assessment of the influence of severity of depres-
sion, we have analyzed the difference in DTT scalar values with de-
pression severity as an additional covariate. The analysis identified
additional tracts with significant difference between MDD and
HC (Table 5).

https://doi.org/10.5607/en22030
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Table 3. Partial correlations between scores on Toronto Alexithymia Scale subscales, HDRS, and white matter tracts in MDD

TAS TAS_DDF TAS_DIF TAS_EOT HDRS

TAS -
TAS_DDS 0.952
TAS_DIF 0.903 0.743
TAS_EOT 0.633 0.432 0.451
HDRS 0.756 0.720 0.731 0.419
FA

Left ILF -0.459 -0.346 -0.408 -0.184 -0.084
AD

Left ILF 0.142 0.040 0.118 0.131 -0.355
RD

Left ILF 0.156 0.270 0.121 0.087 0.074
MD

Left ILF 0.178 0.089 0.125 0.112 -0.319

TAS, Toronto Alexithymia Scale; DDE difficulty describing feelings; DIE difficulty identifying feelings; EO'T, externally-oriented thinking; HDRS, Ham-

ilton Depression Rating Scale; ILE inferior longitudinal fasciculus.
Bonferroni correction was applied: p<0.05/20=0.0025.
Significant correlations were presented in a bold face.

Table 4. Correlational analysis between scores on Toronto Alexithymia
Scale subscales and the subcategorized symptoms of depression

TAS TAS_DDF TAS DIF TAS_EOT
Depressed mood 0.382 0.342 0.074 0.116
Feelings of guilt 0.343 0.311 0.338 0.101
Suicidal ideation 0.324 0.553 0.144 0.134
Work and activities ~ 0.457 0.358 0.147 0.015

TAS, Toronto Alexithymia Scale; DDE difficulty describing feelings; DIE
difficulty identifying feelings; EOT, externally-oriented thinking.
Bonferroni correction was applied: p<0.05/68=0.00074.

Significant correlations were presented in a bold face.

DISCUSSION

To the best of our knowledge, the present study is the first exhib-
itinga TRACULA approach to find potential association between
WM tracts integrity and alexithymia in MDD. We have observed
a significantly lower FA value in the left ILF in patients with
MDD compared to HCs. We also discovered significant negative
correlations between FA value of the left ILF with the total TAS
score (r=-0.459, p=1.59x10), DDF (r=-0.346, p=4.14x10*), and
DIF (r=-0.408, p=2.51x10"). Additionally, a significant positive
correlation between RD value of the left ILF and DDF (r=0.270,
p=1.19x10") was identified.

The reduced FA value of the left ILF in MDD is in line with
previous studies [24, 29-32]. The ILF is a multidimensional, bi-
directional association fiber tract that connects the occipital and
temporal lobes, including the hippocampus and amygdala, which
are the main components of the limbic system [33, 34]. The high
association between limbic system dysfunction and increased risk
for depression had been repeatedly explored and reported [35-38]

https://doi.org/10.5607/en22030

and there is extensive evidence for increased activation in limbic
areas in depression under exposure to emotional stimuli [39-42].
Furthermore, the alterations in the core regions of the limbic sys-
tem in MDD is widely supported by structural studies reporting
decreased volumes in the hippocampus [38, 43, 44] and anterior
cingulate cortex [38]. The dysfunction within and between such
structures may indicate a disturbance in emotional behavior and
other cognitive aspects of depressive symptoms. Thus, the discon-
nection of the regions insinuated by the reduced FA values of the
ILE may be a predisposition for individuals to depressive symp-
toms. Moreover, from a functional perspective, the ILF is involved
in processing and modulating visual cues and may constitute the
pathophysiologic basis for socio-emotional impairments [33,45].
As reported in previous studies [11-13, 21, 22], alexithymia has
been associated with alterations in the CC, SLE and ILE In the
present study; the left ILF was the tract that exhibited statistically
significant group-wise difference. Consequently, we have selected
it as a tract of interest and explored its potential associations with
alexithymia. We observed negative correlations between FA value
of the left ILF with the total TAS score, DDF, and DIF and posi-
tive correlation between RD value of the left ILF with DDE which
were in line with our initial hypothesis. As the FA index is a sum-
mary measure of WM integrity and AD, RD, and MD combine to
produce significant alterations in the extent of directional diffu-
sion relating to both myelination and axonal integrity, the associa-
tions altogether reflect the disturbance in the WM integrity with
alexithymia [46,47]. Various studies have made attempts to expose
the underlying neuroanatomical bases of emotional experience
and regulations, especially in the aspect of expressive suppression.
Aforementioned Grabe et al. [20], have reported that changes in
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Table 5. Significant change in white matter tracts between MDD patients and HC also controlling for depression severity

MDD (n = 101) HC (n=99) MDD vs. HC
Tract of interest
Mean SD Mean SD F p-value
AD
Left SLEP 1.14x10° 6.71x10° 1.12x10° 5.48x10° 15.574 1.11x10™*
Left SLFT 1.18x10° 6.07x10° 1.17x10° 5.09x10° 15.155 1.36x10™*
Left UNC 1.20x10° 5.70x10° 1.12x10° 5.44x10° 12.127 6.14x10™
Right SLFP 1.11x10° 7.11x10° 1.10x10° 6.59x10° 12.536 5.00x10*
RD
Left CST 491x10* 4.69x10° 4.83x10" 430107 15.258 1.29x10™
Left ILF 5.77x10™" 4.06x10° 5.64x10™" 3.56x10° 13.971 2.44x10*
Left SLFP 5.75x10™ 4.12x10° 5.67x10™" 3.73x10° 14.059 2.34x10™*
Left SLFT 5.60x10™ 4.02x10° 5.50x10™* 3.63x10° 16.130 8.45x10°
Left UNC 5.99x10™* 4.72x10° 591x10* 3.75x10° 12.661 4.69x10"
Right CAB 591x10™ 8.10x10° 5.74x10™ 7.82x10° 12.458 520x10™
Right SLFP 5.49x10™ 5.12x10° 5.38x10" 4.68x10° 13.126 3.72x10™
Right SLFT 543x10" 4.50x10° 5.34x10™ 4.01x10° 12.310 5.60x10™
MD
Left CST 7.34x10™ 5.08x10° 7.30x10™ 442x10° 15.815 9.85x10°
Left ILF 8.04x10™ 4.56x10° 7.95x10™ 3.97x10° 12.588 4.87x10"
Left SLEP 7.62x10™ 4.69x10° 7.51x10" 3.99x10° 16.613 6.68x10°
Left SLFT 7.65x10™ 451x10° 7.56x10™* 3.75x10° 17.775 3.81x10°
Left UNC 7.99x10™* 4.63x10° 7.88x10™ 3.76x10° 15.503 1.15x10™
Right ATR 7.44x10™ 4.29x10° 7.35x10™ 3.87x10° 12.526 5.02x10™
Right SLFP 7.37x10™ 5.53x10° 7.24x10" 5.08x10° 14.032 2.37x10™
Right SLFT 7.42x10™ 5.30x10° 7.33x10" 4.75x10° 11.967 6.66x10™

The F and p values were obtained using one-way analysis of covariance (ANCOVA) with the adjustment for age, sex, depression severity and education

level as covariates.

MDD, patients with major depressive disorder; HC, healthy control participants; SD, standard deviation; ATR, anterior thalamic radiations; CAB, cingu-
lum - angular bundle; CST; corticospinal tract; ILE inferior longitudinal fasciculus; SLEP, superior longitudinal fasciculus - parietal endings; SLFT, supe-

rior longitudinal fasciculus - temporal endings; UNC, uncinate fasciculus
Bonferroni correction was applied: p<0.05/72=0.00069

gray matter volume in regions including the dorsal anterior cin-
gulate cortex, left insula, and inferior temporal gyrus were associ-
ated with difficulty identifying emotion and difticulty describing
emotion. In parallel with our findings, no significant associations
were found with externally-oriented thinking. The regions impli-
cated in cognitive and attentional processes were also reported in
individuals with deficiencies identifying, analyzing, and verbal-
izing feelings in other studies [48, 49]. Many have also insisted a
key role of amygdala in alexithymia neuroimaging as the node
of emotional perception system [50, 51]. The ILE as a part of the
major occipito-temporal associative tract [52], is a direct pathway
between lingual cortex and amygdala. It is known to be involved in
the limbic modulation of visual processing [53]. Given the cross-
sectional nature of our study; it is impossible to evaluate the causal
relationships between low FA value of ILF and alexithymia. How-
ever, our results may imply that impaired emotional self-awareness
shares a neural foundation for the impaired cognitive domains
including language processing, social cognition, and socio-emo-
tional processing. We, thus, can derive the potential role of ILF in
alexithymia as the main tract that connects multiple regions previ-
ously reported to have significant associations with alexithymia.
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The results comprehensively confirm that the integrity of ILF may
be compromised in individuals having a hard time defining and
identifying emotions.

Consistent with previous studies [3, 4, 8], the group comparison
of TAS disclosed an association between MDD and alexithymia.
The significantly higher scores for the total and the subscales of
TAS in patients with MDD imply that the patients have large dif-
ficulties in various aspects of emotional processing. Moreover,
the strong correlation between HDRS and TAS also indicate the
potential relationship between illness severity and self-emotional
processing. Our result confirms previous findings of the significant
relationship between alexithymia and the severity of depression
[54-57]. After controlling for depression severity, additional tracts
have bared significant difference between MDD and HC (Table 5).
As the direct causal relationship between depression severity and
TAS has not yet been defined, we did not include it as a nuisance
factor in our primary analysis. Nonetheless, we cannot exclude
severity of depression as a confounding factor and acknowledge
the potential influence of severity of depression in white matter
tracts. A secondary analysis was then performed to further explore
the strong correlation between TAS and depression symptom

https://doi.org/10.5607/en22030
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severity and exposed significant positive correlations in TAS with
the subcategorized symptoms of depressed mood, feelings of guilt,
suicidal ideation, and work and activities. Although, not a lot of
studies examined the roles of symptoms of depression and alexi-
thymia, a study assessed the interceding roles of shame and guilt in
the associations between alexithymia, psychological distress, and
suicide-related behaviors [58]. The study identified guilt as a me-
diation factor between both identification of feelings, description
of feelings, and suicide-related behaviors. A systematic review also
revealed strong relationships between alexithymia and the sub-
components of difficulty identifying and describing feelings but
not externally-oriented thinking [59]. Our results, therefore, may
indicate that people who have difficulty regulating their emotions
collectively have greater risk of feeling guilt, decreased productiv-
ity,and engaging in self-injury [60,61].

Despite such strengths, this study has several limitations. This is
a cross-sectional study, which cannot inspect the causal relation-
ships. We strongly insist on future longitudinal studies to gain
a fuller understanding of the WM changes and alexithymia in
MDD. Furthermore, patients under medications were included in
the study, and thus, we are not free from the potential influence of
medications in WM changes and alexithymic traits. We also only
introduce WM tracts with significant associations with TAS and
exhibiting group-wise differences potentially confounding how
the neural changes lead to or from alexithymia and if the altered
tracts predispose an individual to alexithymia. Lastly, although not
small, a larger sample size in the future would be beneficial in vali-
dating and generalizing the results of this study.

In conclusion, the current study provided a basis for the brain
changes regarding alexithymia in MDD patients. Left ILF had
significant FA value change in patients with MDD and it was also
negatively associated with alexithymia. The results suggest that
these WM regions may be an important underlying pathology of
compromised emotional self-recognition in MDD. Moreover, as
the regions that ILF connects share a neural bases with impaired
cognitive domains, especially in language processing, visual pro-
cessing, and social cognition, we hope that our findings may pro-
vide a deeper understanding of the neural correlations behind the

emotional processing in MDD.
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