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Introduction

Major depressive disorder (MDD) is one of the most common 
and disabling psychiatric diseases worldwide.1 At least one-
third of patients with MDD do not respond to first-line treat-
ment,2 contributing to the burden of affective illness.3 Struc-
tural neuroimaging studies further support the importance of 
underlying risk factors, showing that structural brain altera-
tions associated with MDD (such as reduced hippocampal 
volume) may be better explained by risk factors such as 
childhood maltreatment, rather than by MDD itself.4 A diag-
nostic and therapeutic approach based on risk factors has the 
advantages of differentiating subtypes in a heterogeneous 
category of disease, tailoring individual treatments to differ-
ent subtypes of MDD, allowing prevention for people with-
out MDD who have underlying risk factors, and transferring 

treatments fitted to risk factors to populations with diagnoses 
other than MDD.

A transdiagnostic risk factor of psychiatric disorders that is 
prevalent in approximately 20% of the patient population5 is 
a subclinical trait called alexithymia. Alexithymia is charac-
terized by difficulty describing and identifying feelings, and 
is accompanied by an externally oriented emotion-processing 
style,6 such as avoiding emotionally deep conversations. As a 
result, cerebral structures that participate in emotion process-
ing have been investigated for functional and structural alter-
ations related to alexithymia. The anterior cingulate cortex 
(ACC) and the fusiform gyrus (FFG) have been repeatedly 
shown to be areas with functional and structural aberrations 
related to alexithymia, as indicated by a recent meta- 
analysis.7,8 The ACC monitors emotional experiences,9 which 
are disrupted in individuals with alexithymia.10 The fusiform 
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Background: Alexithymia is a risk factor for major depressive disorder (MDD) and has been associated with diminished treatment 
response. Neuroimaging studies have revealed structural aberrations of the anterior cingulate cortex and the fusiform gyrus in healthy 
controls with high levels of alexithymia. The present study tried to corroborate and extend these results to patients with MDD compared 
with healthy controls. Methods: We investigated the relationship between alexithymia, depression and grey matter volume in 63 pa-
tients with MDD (mean age ± standard deviation = 42.43 yr ± 11.91; 33 female) and 46 healthy controls (45.35 yr ± 8.37; 22 female). 
We assessed alexithymia using the Toronto Alexithymia Scale. We conducted an alexithymia × group analysis of covariance; we used a 
region-of-interest approach, including the fusiform gyrus and anterior cingulate cortex, and conducted whole brain analysis using voxel-
based morphometry. Results: Our analysis revealed a significant alexithymia × group interaction in the fusiform gyrus (left, pFWE = 0.031; 
right, pFWE = 0.010). Higher alexithymia scores were associated with decreased grey matter volume in patients with MDD (pFWE = 0.009), 
but with increased grey matter volume of the fusiform gyrus in healthy controls (pFWE = 0.044). We found no significant main effects in the 
region-of-interest analysis. Limitations: Owing to the naturalistic nature of our study, patients with MDD and healthy controls differed 
significantly in their alexithymia scores. Conclusion: Our results showed the fusiform gyrus as a correlate of alexithymia. We also found 
differences related to alexithymia between patients with MDD and healthy controls in the fusiform gyrus. Our study encourages research 
related to the transition from risk to MDD in people with alexithymia.
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gyrus, with its fusiform face area, is responsible for the pro-
cessing of faces,11 and thus, for emotion recognition.

Although alexithymia and its neurobiological underpin-
nings have been thoroughly investigated in healthy individ-
uals,12 it remains unclear whether alexithymia is associated 
with specific brain structural alterations in patients with 
MDD and whether such alterations differ from those in 
healthy people. Alexithymia involves difficulties in emotion 
perception, and thus, relates to emotion regulation and so-
cial interaction; all 3 core processes are highly relevant to the 
development and course of MDD.13,14 Patients with alexi-
thymia and MDD show an unfavourable course of disease 
with heightened suicide rates,15 leading to decreased re-
sponse to conventional multimodal treatment approaches 
(antidepressant medication, cognitive behavioural ther-
apy16,17). As well, alexithymia has also been discussed as a 
state rather than a trait predisposing people to depressive 
disorders.18,19 In people with depression, alexithymia has 
been discussed as a state reaction to mitigate negative af-
fect.20,21 However, because few longitudinal studies are avail-
able, it remains unclear whether alexithymia in MDD is a 
state or a trait preceding depression. Although alexithymia 
and MDD are distinct and separable constructs,22 overlap-
ping of these constructs is frequently observed.15 A recent 
functional MRI study provided first insights into this entan-
gled relationship: it identified distinct functional correlates 
of alexithymia in MDD and healthy controls.23 These results 
support the theory that alexithymia in MDD might have a 
different etiology or mechanism than the risk factor of alexi-
thymia in healthy controls. A recent study investigating 
patients with damage to the anterior insula reported 
heightened alexithymia scores, indicating a link between 
structural brain alterations and alexithymia.24 However, 
structural brain alterations could be a result or a precursor of 
behavioural changes involved in alexithymia, such as the 
avoidance of emotional content. Alterations as a result of 
 behavioural change could be caused by avoidance of emo-
tional activity, leading to decreased activity in areas in-
volved in emotion processing and atrophy of the involved 
areas. Alterations as a precursor might cause reduced activ-
ity in response to emotional stimuli and impair the identifi-
cation of such stimuli as a result. Because people with MDD 
show structural brain alterations after relapse25 and behav-
ioural alterations toward emotional stimuli that are associ-
ated with functional brain alterations,26 both phenomena 
might be present in MDD.

Patients with MDD make up a clinical population in 
which alexithymia is expected to be higher than in healthy 
controls.27–29 Previous studies comparing healthy individ-
uals with high and low alexithymia scores showed lower 
grey matter volume in people with high alexithymia.7 In 
contrast, studies investigating healthy individuals with 
lower alexithymia scores have found no association or a 
positive association between alexithymia and grey matter 
volume.30–33

Our aim was to find brain structural correlates of alexi-
thymia in lifetime MDD and brain structural correlates that 
were differentially associated with alexithymia in healthy 

controls and patients with MDD. According to the litera-
ture,30,32 people with low alexithymia scores exhibit a positive 
association between alexithymia and grey matter volume. 
Thus, we hypothesized a positive association between alexi-
thymia and grey matter volume in FFG and ACC in the 
healthy controls. Because people with high alexithymia 
scores show a negative association between grey matter vol-
ume and alexithymia,30–33 we hypothesized that higher alexi-
thymia would be associated with decreased grey matter vol-
umes in patients with MDD. We examined differential 
structural correlates of alexithymia in depression and healthy 
controls in 2 different regions (the ACC and the FFG), and in 
an exploratory whole brain analysis.

Methods

Participants and procedure

The sample (n = 109) consisted of 63 patients with MDD and 
46 healthy controls. Participants were recruited from the 
 Department of Psychiatry at the University of Münster as 
part of the Münster Neuroimaging Cohort. Diagnoses were 
verified using the structured clinical interview for DSM-IV 
(SCID-I).34 Most of the patients with MDD were in a remit-
ted state during the study (47 remitted, 16 acute). Remission 
was defined according to DSM-IV criteria: patients without 
an episode in the preceding 4 weeks were considered to be 
remitted.

Exclusion criteria for all participants were any neurologic 
abnormality or previous traumatic head injury, chronic med-
ical disease, substance or alcohol abuse and dependence, or 
MRI contraindications. Further exclusion criteria for patients 
with MDD were a current or previous diagnosis of bipolar 
disorder or psychotic disorder, or drug or alcohol addiction, 
as described in previous studies.35 Of the 63 patients with 
MDD, 19 reported that a comorbid anxiety disorder (panic 
disorder, agoraphobia, or social or specific phobia) was re-
mitted or acute during the time of the study. 

Our study was approved by the local institutional ethics 
committee, and all participants provided written informed 
consent before participation. Participants were financially 
compensated.

Behavioural measures

Alexithymia 
The Toronto Alexithymia Scale 20 (TAS-20) focuses on the 
cognitive dimension of alexithymia.6 The cognitive dimen-
sion centres on the cognitive processing of feelings and the 
ability to identify, analyze and verbalize one’s feelings. The 
TAS-20 comprises 3 subscales: difficulty identifying feelings, 
difficulty describing feelings and externally oriented think-
ing. The TAS showed high internal consistency (Cronbach 
α = 0.81) and test–retest reliability (r = 0.77) in a previous 
study.6 In the present sample, Cronbach α for the TAS-20 
score was 0.73. We used the TAS-20 total sum score as a 
meas ure of alexithymia. Sum scores above 61 have been asso-
ciated with clinically relevant alexithymia.6
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Clinical measures 
We assessed acute symptom severity using the Hamilton 
Depression Rating Scale36 and the Beck Depression Inven-
tory.37 We assessed cumulative illness severity using number 
of lifetime hospitalizations.35,38 We assessed psychopharma-
cological medication use in patients with MDD to compute a 
medication load index, as described in previous studies.39

Structural MRI

Data acquisition and preprocessing
We acquired T1-weighted high-resolution anatomic images 
using a 3 T MRI scanner (Gyroscan Intera 3 T; Philips Medical 
Systems): 3D fast gradient echo sequence (turbo field echo); 
repetition time 7.4 ms, echo time 3.4 ms, flip angle 98°, from 
2 signal averages, inversion prepulse every 814.5 ms, field of 
view 256 mm × 204 mm × 160 mm, phase encoding in 
 anterior–posterior and right–left directions, reconstructed to 
cubic voxels of 0.5 mm × 0.5 mm × 0.5 mm. We used the com-
putational anatomy toolbox (cat12-toolbox v1184, see http://
dbm.neuro.uni-jena.de/cat/) for preprocessing, with default 
parameters. Briefly, images were bias-corrected, tissue-
classified and normalized, and the resulting grey matter seg-
ments were smoothed (8 mm full width at half maximum). 
We carefully checked the quality of the segmentation results 
for outliers and artifacts.

Statistical analyses
We analyzed the data using statistical parametric mapping 
(SPM12, Wellcome Trust Centre for Neuroimaging, London, 
http://www.fil.ion.ucl.ac.uk/spm/). We defined the ACC 
and FFG regions of interest (ROIs) using the AAL-Atlas40 im-
plemented in the Wake Forest University Pickatlas (http://
fmri.wfubmc.edu/software/PickAtlas). We conducted an 
alexithymia (TAS-20) × group (MDD, healthy controls) analy-
sis of covariance using age, sex and total intracranial volume 
as nuisance regressors in all analyses (model 1). We calcu-
lated a priori–defined t contrasts according to our hypotheses.

To investigate whether the results were stable and in-
dependent of former course of illness, antidepressant treat-
ment and remission status, we conducted a multiple regres-
sion analysis in our ROIs using alexithymia as a regressor of 
interest (model 2) in the MDD subgroup, and lifetime num-
ber of hospitalizations, medication index and remission 
(dummy-coded according to SCID-I diagnosis: remission = 1; 
no remission = 0) as covariates of no interest. We then re-
peated this analysis controlling for comorbid anxiety disor-
ders (dummy-coded according to SCID-I diagnosis: comor-
bid anxiety disorder = 1; no anxiety disorder = 0) and 
depression severity measured using the Hamilton Depres-
sion Rating Scale instead of remission status.

In addition to the ROI analysis of the ACC and the FFG, 
we conducted a group × alexithymia analysis of covariance 
controlling for age, sex and total intracranial volume as a 
whole brain analysis (model 1) to explore the potential effects 
on grey matter volume of other brain regions. To determine 
the statistical significance of putative clusters, we used the 
nonparametric approach of threshold-free cluster enhance-

ment (TFCE), as implemented in the TFCE toolbox (http://
dbm.neuro.uni-jena.de/tfce; version 140). We applied rigor-
ous family-wise error (FWE) correction at a threshold of 
pFWE < 0.05 obtained by 5000 permutations per test.41

We conducted subsequent analysis in SPSS 25 (SPSS Inc.) 
 using the extracted values of significant clusters (Appendix 1, 
available at jpn.ca/190044-a1; supplementary analyses 1 and 2).

Results

Sample characteristics

An overview of sample characteristics is given in Table 1 
(lifetime comorbidities of the MDD sample) and Table 2 (so-
ciodemographic and clinical characteristics of the both study 

Table 1: Major depressive disorder sample, comorbidities*

Lifetime comorbidity No.

Substance abuse 7

Cannabis 3

Sedatives 1

Alcohol 3

Eating disorder 2

Bulimia nervosa 1

Binge-eating disorder 1

Obsessive–compulsive disorder 2

Posttraumatic stress disorder 3

Anxiety disorder 19

Social phobia 7

Specific phobia 2

Panic disorder with/without agoraphobia 6

Agoraphobia without panic disorder 4

*According to DSM-IV diagnosis. Comorbidities could be remitted, partly 
remitted or acute.

Table 2: Sociodemographic and clinical characteristics* 

Characteristic

Major 
depressive 

disorder  
(n = 63)

Healthy 
controls  
(n = 46) p value†

Sociodemographic characteristics

Age, yr 42.43 ± 11.91 45.35 ± 8.37 0.16

Female, no. 33 22 0.64‡

Questionnaire scores

Toronto Alexithymia 
Scale, 20-item form

53.16 ± 10.41 39.14 ± 10.74 < 0.001

Beck Depression 
Inventory

17.66 ± 12.21 2.89 ± 3.12 < 0.001

Hamilton Depression 
Rating Scale

11.33 ± 7.88 0.91 ± 1.35 < 0.001

Clinical characteristics

Inpatient treatments, no 2.67 ± 1.93 — —

Medication load index 1.33 ± 1.64 — —

*Findings are shown as mean ± standard deviation unless otherwise indicated.
†Obtained using the unpaired 2-tailed t test, except where noted. 
‡Obtained using the χ² test.
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samples). Patients with acute MDD showed significantly 
higher alexithymia scores than patients with MDD in remis-
sion (remitted MDD, mean ± standard deviation = 51.53 ± 
9.98; acute MDD, 57.94 ± 10.49; t61 = −2.190, p = 0.032). Pa-
tients with MDD in remission exhibited significantly higher 
alexithymia scores than healthy controls (t91 = −5.770, p < 
0.001). Alexithymia was associated with intensity of self-
reported depressive symptoms (Beck Depression Inventory) 
across the whole sample (r = 0.552; p < 0.001) as well as in the 
MDD (r = 0.391; p = 0.001) and healthy controls (r = 0.297; p = 
0.024) samples alone.

Alexithymia and intensity of suicidal thoughts (measured 
using the Beck Depression Inventory) were correlated in pa-
tients with MDD (rs = 0.347; p = 0.003). In patients with acute 
MDD, intensity of suicidal thoughts and TAS-20 score were 
significantly associated. Higher alexithymia was associated 
with higher intensity of suicidal thoughts (rs = 0.471; p = 
0.033). In patients with MDD in remission, the relationship of 
alexithymia and suicidal thoughts showed only a trend to-
ward significance (rs = 0.214; p = 0.077).

Main effect of alexithymia on grey matter volume (model 1)

The ROI analyses of ACC and FFG volume showed no main 
effect of alexithymia on grey matter volume. The exploratory 
whole brain analyses revealed clusters in 4 separate regions. 
Higher alexithymia was associated with increased grey mat-
ter volume in both groups (Table 1).

Alexithymia × group interaction on grey matter volume 
(model 1)

We found a significant interaction of alexithymia × group in 
the bilateral FFG (right: k = 932, t102 = 3.58, x = 28, y = −44, z = 
−16, pFWE = 0.010; left: k = 116, t102 = 3.49, x = −27, y = −57, z = 
−15, pFWE = 0.031; Fig. 1 and Fig. 2). Higher TAS-20 scores 
were associated with increased FFG volume in healthy con-
trols (right: k = 30, t102 = 3.34, x = 22, y = −45, z = −14, pFWE = 
0.044, r = 0.328), but with decreased FFG volume in patients 
with MDD (left: k = 320, t102 = −2.90, x = −27, y = −57, z = −15, 
pFWE = 0.009, r = −0.390). We found no significant interaction 
effects in the ROI analysis of the ACC.

Analyzing differential effects of both groups in an explor-
atory whole brain analysis revealed that higher alexithymia 
was associated with increased grey matter in 4 regions previ-
ously reported to be associated with alexithymia in healthy 
controls (e.g., the fusiform gyrus; Table 3). In patients with 
MDD, higher alexithymia was associated only with higher 
volume in the left insula (Table 3).

Negative association of alexithymia with grey matter volume 
in the MDD sample (model 2)

In a separate analysis of the MDD group — adjusting for the 
number of hospitalizations, remission of depression as a bi-
nary variable and current medication — the cluster in the 
FFG remained significant (k = 313, t55 = 3.92, x = −27, y = −58, 
z = −16, pFWE = 0.020, r = −0.490). Alexithymia was still signifi-

cantly associated with fusiform gyrus volume when severity 
of depression (Hamilton Depression Rating Scale) and co-
morbid anxiety were used as additional nuisance regressors  
instead of remission status (k = 93, t54 = 3.57, x = −30, y = −58, 
z = −18, pFWE = 0.038, r = −0.483).

Nonlinear regression analysis

Considering the distribution of the present alexithymia 
scores (Fig. 2), we investigated whether a quadratic function 
was a better representation of the data (Appendix 1, supple-
mentary analysis 2).

Main effect of group on grey matter volume (model 1)

We found no significant main effect that survived rigorous α 
correction for the factor group, either in the ROI analyses of 
the ACC and the FFG, or at the whole brain level.

Discussion

The present work investigated the relationship between alex-
ithymia and structural brain alterations in patients with de-
pression. We addressed the question of whether alexithymia 
might be a state phenomenon in patients with MDD. To our 

Fig. 1: Interaction of diagnosis (patients with major depressive 
disorder, healthy controls) with alexithymia on the structure of the 
fusiform gyrus. Coronal, sagittal and axial views (x = 28, y = −44, z = 
−16) of the region-of-interest analysis in the fusiform gyrus. The t 
contrast in the analysis of covariance model revealed a positive 
association between alexithymia and grey matter volume in controls, 
but a negative relationship in patients with major depressive disorder. 
Shaded bar represents the t value of the cluster. 

2.0 2.4 2.8 3.2
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knowledge, we  provided the first evidence that patients with 
MDD show a different relationship between alexithymia and 
brain structure than healthy controls. Patients and controls 
both showed an association of FFG volume with alexithymia. 
In the FFG, higher alexithymia scores were associated with in-
creased grey matter volume in healthy controls, but with de-
creased volume in patients with MDD. In the patient group, 
the results were stable even when former course of illness, 
psychopharmacological treatment and remission status were 
entered as covariates of no interest. The persistent stability of 
results indicated that the course and severity of depression, as 
well as medication, did not contribute to the differential 
 expression of grey matter volume in the patient group.

The FFG is a brain structure responsible for recognizing 
faces, bodies and body parts.42,43 Structural damage to the 
FFG leads to prosopagnosia, the inability to identify faces.44 
The identification of individuals is important for maintaining 
functional social relationships,45,46 a factor that has been asso-
ciated with better recovery from depression and resilience to 
psychopathology.47 Further, face recognition is an important 
factor that contributes to emotion recognition, which is im-
paired in people with alexithymia.48 Recent research points to 
the avoidance of emotional facial expressions in people with 
high levels of alexithymia compared to those with low alexi-
thymia,49 indicating difficulties with the identification or 
 interpretation of facial affect. This result fits well with our 
finding of lower FFG volume in association with high alexi-
thymia scores in patients with MDD. Facial affect recognition 
might be a promising target for intervention in people with 
high alexithymia. Moreover, functional changes in the FFG 

have been associated with alexithymia.50,51 Our results sup-
port previous studies showing that the FFG is a neuronal cor-
relate of alexithymia.50,52,53 Our analysis revealed a positive 
 relationship between FFG volume and alexithymia in an ROI 
approach. Strengthening this effect, we found a significant 

Fig. 2: The Toronto Alexithymia Scale 20 (TAS-20) correlated with grey matter volume (mean grey matter value of the cluster at 
x = 28, y = −44, z = −16) of the bilateral fusiform gyrus separated by group. Continuous lines represent regression slopes 
separated by group.
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Table 3: Main positive effects of alexithymia on brain structure*

Region k t pFWE

MNI 
coordinates, 

x, y, z

Main effect of alexithymia, independent of group

Left insula 636 3.17 0.024 –34, –8, 10

Right temporal inferior 433 3.27 0.026 56, –3, –32

Left temporal inferior 303 3.31 0.033 –56, –3, –34

Right thalamus 235 2.99 0.044 10, –24, 10

Effect of alexithymia in patients with major depressive disorder

Left insula 45 4.14 0.046 –45, 3, 9

Effect of alexithymia in healthy controls

Right hippocampus, 
thalamus, fusiform gyrus

1846 4.67 0.010 22, –33, 6

Right medial cingulum 205 3.89 0.034 9, –22, 38

Left and right posterior 
cingulum

142 3.55 0.039 6, 0, 15

Right fusiform gyrus 22 3.13 0.049 36, –46, –12

FWE = family-wise error; MNI = Montreal Neurological Institute. 
*Model was an analysis of covariance, with group as a factor and alexithymia sum 
scores as covariates. Age, sex and total intracranial volume were included as 
nuisance regressors. Values represent the main effect of alexithymia on brain 
structure across both groups and in each group in an exploratory whole brain analysis. 
For brevity, the main effects of alexithymia independent of group are reported only 
above a cluster size of 200 voxels. 
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main effect of alexithymia on grey matter volume only in 
healthy controls. The cluster contained approximately 
90 voxels of FFG volume (5% of the cluster). In contrast to 
previous studies, higher volume in the FFG was associated 
with higher alexithymia. Studies showing a positive associa-
tion between alexithymia and brain volume30 looked mainly 
at correlation in a group of participants with lower alexi-
thymia scores, comparable to our group of healthy controls.

Consistent with our hypothesis, we showed that alexi-
thymia in MDD was associated with decreased volume in the 
FFG. This could be explained by different mechanisms. One 
possibility is the neurotoxicity hypothesis: that within depres-
sion, changes in the activation of the hypothalamic–pituitary–
adrenal axis lead to prolonged secretion of glucocorticoids, 
which increase ordinary attrition of brain structures.54 In con-
trast, the vulnerability hypothesis states that the structural 
brain alterations precede the onset of depression and are a re-
sult of risk factors such as childhood maltreatment or alexi-
thymia.4 Hence, lower volume in the hippocampus might be a 
result of the transdiagnostic risk factor childhood maltreat-
ment rather than depression itself. In contrast to the main 
 effect of maltreatment, which manifested similarly in healthy 
controls and people with MDD, alexithymia showed distinct 
associations with FFG volume that was dependent on diag-
nostic status. Major depressive disorder might lead to a differ-
ent expression of alexithymia and hence a different expression 
of neurobiological alterations associated with alexithymia. 
However, a coping mechanism in healthy controls might also 
lead to different expression of FFG volume. People with alexi-
thymia might rely on face recognition to ease the identifica-
tion of emotions, which could explain increased volumes in 
this area and compensate for the alexithymia. Thus, we specu-
late that this correlate is associated with protection rather than 
vulnerability to depression. However, we only can hypothe-
size about the relationship between structural correlates and 
brain function. As well, it remains unknown how the the on-
set of depression affects the relationship between FFG volume 
and alexithymia. Lower FFG volume might still precede de-
pression in people with alexithymia if compensatory mecha-
nisms lead to increased stress over the long term. Surpris-
ingly, we also found the negative association between 
alexithymia and FFG volume when we limited the analysis to 
patients with MDD in remission who showed significantly 
lower alexithymia scores than patients with acute MDD. If 
alexithymia were a state in patients with MDD, we would as-
sume that the structural correlates of alexithymia would not 
be present in patients with MDD in remission. One explana-
tion for this finding could be the fact that remitted patients 
still showed higher alexithymia scores than healthy controls, 
suggesting a trait characteristic of alexithymia. Nonetheless, 
in patients with MDD, it remains unknown whether the nega-
tive relationship between alexithymia and FFG volume is al-
ready present before the onset of MDD, or whether it is a re-
sult of MDD. In addition, we revealed a relationship between 
higher alexithymia and lower FFG volume in the acute MDD 
group that showed a trend toward significance. Unfortu-
nately, we had only 16 patients with acute MDD in our study. 
Considering the high correlation between the mean cluster 

value and alexithymia in the acute MDD group, it is possible 
that the effect would have been significant in a bigger sample 
of patients with acute MDD. A stable negative relationship 
between alexithymia and FFG volume in acute and remitted 
patients compared to a positive relationship in healthy con-
trols would indicate that the relationship of alexithymia with 
grey matter volume is dependent on a lifetime diagnosis of 
MDD but not dependent on acute depression status. It re-
mains difficult to draw conclusions about the state versus trait 
debate with respect to alexithymia. A larger sample is needed 
to statistically fortify this hypothesis. Hence, lower FFG vol-
ume could be a precursor of MDD, or a result of MDD, or 
both. Two questions following from our interpretation should 
be further investigated in well-powered longitudinal studies 
using healthy controls with high alexithymia as a risk popula-
tion for MDD: (1) Do healthy individuals with high alexi-
thymia scores already show a negative association between 
alexithymia and FFG volume; or (2) Does the relationship 
 between alexithymia and FFG volume reverse after the onset 
of MDD?

Our results contribute to the debate about treatment 
 approaches that target transdiagnostic processes such as 
emotion perception in depression. Applying neurobiological 
correlates of depression, research can further resolve the het-
erogeneity of the MDD diagnosis and contribute to a tailored 
approach in psychiatry and psychotherapy. Because patients 
with MDD and alexithymia are prone to a worse course of 
disease and higher suicidality, MDD-specific treatment of 
these patients needs further adjustment. The FFG and its 
functional role could be a promising target for developing 
prevention and intervention methods for people with alexi-
thymia. Functional neuroimaging studies show that the FFG 
is involved in the recognition of faces11 and emotion recogni-
tion,55 which is compromised in patients with MDD and in 
healthy people with alexithymia. A targeted intervention 
could train facial affect recognition to ease the identification 
and description of emotion, which might lead to lower avoid-
ance of emotional content.

Further research should evaluate the effect of psychotherapy 
and/or prevention that focuses on facial emotion recognition 
and regulation on the FFG. Considering the often-reported neg-
ative interpretation bias in facial affect recognition in patients 
with MDD,56 an intervention that modulates affect recognition 
itself should also be considered for further investigation.

In contrast to our findings for the FFG, we observed no 
changes to the ACC in either group. This finding was in line 
with a recent meta-analysis that also reported no structural 
alterations in the ACC associated with alexithymia.12 One 
reason might be the heterogeneity of reported volumetric 
changes in the ACC. Structural changes of other parts of the 
cingulate cortex, including the posterior and medial cingu-
late cortex, have been reported previously and were repli-
cated in the present work.57,58 As well, we identified the 
 insula and the inferior temporal lobe as structural brain 
 correlates of alexithymia. The insula was identified as a 
structural brain correlate in a recent meta-analysis, further 
strengthening the relationship between structural alter-
ations in the insula and behavioural changes similar to 
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 alexithymia.12 The inferior temporal lobe has been identified 
as a structural correlate of alexithymia in a general popula-
tion sample,52 a finding we replicated in this study. In con-
trast to previous results, our results indicate a positive rela-
tionship between brain volumes in the respective brain 
structures and the intensity of alexithymia.

Limitations

This work had several limitations. Because alexithymia is 
highly prevalent in clinical populations, especially in patients 
with MDD, it is very probable that our MDD group reached 
higher scores of alexithymia than our control group. Because 
of the naturalistic nature of our sample, we did not screen for 
alexithymia beforehand. Future studies should include 
healthy controls with increased alexithymia scores to further 
investigate the relationship between alexithymia and grey 
matter volume, as well as the transition from high risk status 
to the onset of depression.

The interaction we found was not present when we mod-
elled alexithymia as a quadratic function. However, based on 
our current sample, we cannot conclude that the relationship 
between alexithymia and grey matter volume is best repre-
sented by a quadratic function. Our sample consisted of 
MDD patients and healthy controls who differed signifi-
cantly in mean alexithymia score; thus, drawing conclusions 
from the relationship between squared alexithymia and FFG 
grey matter volume would mean drawing conclusions from a 
spurious correlation.

We could not find a group difference in grey matter vol-
ume between patients with MDD and healthy controls. This 
might have been because more than two-thirds of our MDD 
sample were in a remitted state during the study. Although 
few studies have reported brain structural differences 
 between patients with MDD in remission and healthy con-
trols,59 we failed to identify those in our sample. However, 
we conducted this investigation in a small sample of pa-
tients with a mixed clinical course of disease and different 
mood states. Previous studies that analyzed structural dif-
ferences between patients with MDD in remission and 
healthy controls were well designed to find this effect. For 
example, one study investigated unmedicated partici-
pants.59 In another study addressing structural brain altera-
tions in patients with MDD, Schmaal and colleagues used a 
sample of 2148 patients, resulting in rather small effect 
sizes.60 Our sample size might have been too low to detect 
small effect sizes, especially when applying rigorous α cor-
rection procedures.

Conclusion

Our study investigated how healthy controls and patients 
with MDD differed in brain structural alterations associated 
with alexithymia. Our aim was to find brain structural cor-
relates of alexithymia in MDD and brain structural correlates 
that were differentially associated with alexithymia in 
healthy controls and patients with MDD. We observed that 
FFG volume was differentially associated with alexithymia in 

healthy controls and patients with MDD. We hypothesize 
that a different mechanism contributes to the structural brain 
alterations associated with alexithymia in patients with MDD 
compared with healthy controls.
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