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ABSTRACT 

 

Background: Alexithymia, a personality construct first described in patients with 

psychosomatic disorders, refers to the inability to interpret and verbalize one’s feelings 

and to distinguish them from bodily sensations. Research into the neural basis of 

alexithymia suggests that this personality construct is associated with abnormal brain 

function during the processing of emotions. However, little is known about how 

alexithymia manifests at the structural brain level. 

 

Methods: The present study used voxel-based morphometry (VBM) to investigate 

differences in gray matter volume between 20 individuals scoring high on alexithymia 

compared to 20 individuals with low alexithymia scores on the Toronto Alexithymia Scale 

(TAS-20), reflecting the cognitive alexithymia dimension. In a subset of 32 subjects, we 

further tested the specific impact of the affective alexithymia dimension as assessed with 

the Bermond-Vorst Alexithymia Questionnaire (BVAQ). 

 

Results: Our results reveal significantly larger gray matter volumes of the right posterior 

insula in female and male high-scorers versus low-scorers on the TAS-20 (cognitive 

alexithymia). Affective alexithymia scores were not associated with significant differences 

in gray matter volume in the present sample. 

 

Conclusions: Given the role of the insula in the representation of bodily states and its 

involvement in psychosomatic function with autonomic regulation, we conclude that the 

right insula, particularly its posterior part, may be a key correlate of cognitive alexithymia. 

More specifically, we suggest that a greater relevance of bodily sensations during 

emotional processing in cognitive alexithymia may be associated with enlarged right 

posterior insula volume. 
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INTRODUCTION 

Alexithymia is a personality construct first discovered in patients with psychosomatic 

disorders (Sifneos, 1973). The term is derived from the Greek and when literally translated 

means “no words for feelings”. Over the last four decades, numerous studies have shown 

that with a prevalence rate of up to 10 percent, alexithymia is a major risk factor for a 

variety of psychiatric and medical disorders, such as anxiety, panic disorder, dissociative 

disorders, hypertension, and chronic pain (Taylor, 2000). 

The following five characteristics define alexithymia: difficulty identifying, analyzing, 

and verbalizing one’s feelings, and difficulty emotionalizing and fantasizing (Sifneos, 1973; 

Taylor et al., 1997). The first three characteristics refer to the cognitive dimension of 

alexithymia, the latter two to its affective dimension (Vorst & Bermond, 2001). Though 

alexithymia comprises deficits at both dimensions, the existing alexithymia literature has 

largely focused on its cognitive dimension as most studies used the 20-item Toronto-

Alexithymia Scale (TAS-20) for alexithymia assessment, which comprises only its cognitive 

dimension (difficulty identifying, analyzing, and verbalizing feelings). However, the 

importance of the affective alexithymia dimension (difficulty emotionalizing and 

fantasizing) has recently been pointed out, and preliminary findings indicate that the two 

alexithymia dimensions may be differentially related to emotional processing (Bermond et 

al., 2010; Moormann et al., 2008). 

 Deficits in emotional processing associated with alexithymia comprise difficulty 

identifying facial expressions of emotion (Prkachin et al., 2008; Swart et al., 2009), 

matching verbal and non-verbal emotional stimuli (Lane et al., 1996), an impaired 

memory for emotion words (Luminet et al., 2006), and a reduced sensitivity to emotional 

speech and music (Goerlich et al., 2011). Neuroimaging studies using functional magnetic 

resonance imaging (fMRI) and positron emission tomography (PET) have implicated 

several brain areas in deficient emotion processing associated with this personality 

construct. Lane and colleagues (1997a) suggested that the core deficit of alexithymia lies 

in the conscious awareness and experience of emotion, mediated by the anterior cingulate 
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cortex (ACC). Indeed, altered activation of the ACC was observed in several subsequent 

studies investigating the impact of alexithymia on the processing of facial and bodily 

expressions of emotion (e.g., Berthoz et al., 2002; Kano et al., 2003; Pouga et al., 2010), 

emotional film clips (Karlsson et al., 2008), pain-related images (Moriguchi et al., 2006), 

and during the imagination of autobiographic events (Mantani et al., 2005). In addition to 

the ACC, other emotion-related regions associated with emotion processing deficits in 

alexithymia include the posterior cingulate cortex for autobiographic imagery (Mantani et 

al., 2005), the amygdala for masked emotion faces (Kugel et al., 2008; Reker et al., 2010) 

and fearful bodily expressions (Pouga et al., 2010), and the insula for masked (Reker et al., 

2010) as well as unmasked emotion faces (Kano et al., 2003), emotional film clips (Karlsson 

et al., 2008), pain-related images (Moriguchi et al., 2006), and during empathy for familiar 

others in painful situations (Bird et al., 2010). 

Regarding the question whether alexithymia is linked to neural hypo- or 

hyperactivity during emotional processing, functional imaging studies have provided 

mixed results. Some studies reported an increase of neural activity associated with high 

alexithymia scores (e.g., Berthoz et al., 2002; Kano et al., 2007; Karlsson et al., 2008; 

Mériau et al., 2006; Pouga et al., 2010), whereas others observed decreased neural activity 

as a function of alexithymia (e.g., Huber et al., 2002; Kano et al., 2003; Kugel et al., 2008; 

Mantani et al., 2005; Reker et al., 2009). Taken together, several studies have shown that 

alexithymia is associated with abnormal brain function during emotional processing. 

However, little is known about how alexithymia manifests at the structural brain level. 

Gündel and coworkers were the first to investigate the structural correlates of 

alexithymia. Based on Lane’s hypothesis of a core deficit in the conscious awareness of 

emotions mediated by the anterior cingulate cortex, they tested the association between 

alexithymia and surface areas of the left and right anterior and posterior cingulate gyri 

(Gündel et al., 2004). They found that only the surface of the right anterior cingulate 

gyrus (ACG) correlated with TAS-20 alexithymia scores in male and female subjects, 

indicating a larger surface of the right ACG in alexithymia. However, when controlling for 

scores on the additionally administered Temperament and Character Inventory (TCI) 

questionnaire, this association remained significant only in men. The authors interpreted 
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these results based on findings of strong positive correlations between alexithymia and 

dissociation (Grabe et al., 2000; Zlotnick et al., 1996), which indicate difficulties 

integrating memories and feelings into current awareness common to both alexithymia 

and dissociation. Referring to the role of the ACC in inhibitory control preventing the 

retention of unwanted memories (Andersen & Green, 2001), the authors suggested that 

larger ACG surfaces in alexithymia could represent a dysfunctional organization of a 

neuronal inhibitory system in the allocation of attentional resources to internal and 

external emotional cues, particularly in men. 

The first VBM (voxel-based morphometry study) in alexithymia was conducted by 

Borsci and colleagues (Borsci et al., 2009). In contradiction to the finding by Gündel and 

colleagues, the results of this study indicated that TAS-20 alexithymia scores in female 

participants were associated with smaller ACC volumes. Further, alexithymia correlated 

negatively with volumes of the middle temporal gyrus, the anterior insula, the 

orbitofrontal cortex, and the superior temporal sulcus. Comparing these regions with 

those identified by functional MRI studies on emotion processing in alexithymia, the 

authors concluded that alexithymia is associated with smaller volumes of the same 

anterior brain regions that showed abnormal activation during functional processing of 

emotions. In contrast, a further VBM study failed to identify any differences in gray or 

white matter volume as a function of TAS-20 alexithymia scores in male participants 

(Heinzel et al., 2011). 

Likewise using VBM, Kubota and coworkers observed that TAS-20 alexithymia 

scores correlated negatively with volumes of the bilateral ventral striatum and left ventral 

premotor cortex in healthy controls, and were negatively associated with volumes of the 

left supramarginal gyrus in patients with schizophrenia (Kubota et al., 2011). Different 

findings were presented by Zhang and colleagues, who compared gray matter density as a 

function of alexithymia in smokers and nonsmokers (Zhang et al., 2011). TAS-20 

alexithymia scores were found to correlate significantly with gray matter density in the 

left insula in smokers but not in nonsmokers. The authors suggested the small range of 

TAS-20 scores in the nonsmoker control group (mean: 33.4, SD: 5.6) as a reason for the 
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lack of correlation with insular density in this particular sample. Their finding of increased 

insular density is in line with functional MRI studies reporting increased insular activation 

during the viewing of pain-related images (Moriguchi et al., 2006) and emotional film 

clips (Karlsson et al., 2008). Karlsson and coworkers had speculated that increased activity 

of the insula could be indicative of hyperactive bodily brain regions during emotional 

processing, possibly related to the alexithymic tendency to somatize feelings. In 

agreement with this suggestion, Zhang and colleagues interpreted their finding of 

increased gray matter density in the insula to reflect a greater reliance on bodily 

sensations during the experience of emotion in alexithymia. 

In sum, previous studies on the structural correlates of alexithymia have produced 

equivocal results. This may in part be due to differences in alexithymia scores in the study 

samples: in three out of the five previous studies (Gündel et al., 2004; Kubota et al., 2011; 

Zhang et al., 2011), no participant reached the clinical cut-off score on the TAS-20 

indicating actual alexithymia (> 61) as defined by Taylor and colleagues (1994a,b). The two 

studies that also included participants with alexithymia scores exceeding the clinical cut-

off tested only female (Borsci et al., 2009) or only male participants (Heinzel et al., 2011), 

so that results may not be generalizable across gender. A further limitation of these 

previous studies is that all of them used only the TAS-20 scale, which assesses only the 

cognitive alexithymia dimension. Since there is evidence that difficulty emotionalizing 

and fantasizing (affective alexithymia) may differentially affect the processing of emotions 

(Bermond et al., 2010; Moormann et al., 2008), the lack of controlling for scores on the 

affective alexithymia dimension may have confounded previous findings, and the impact 

of the affective alexithymia dimension of brain structure has remained unknown. 

In the present study, we attempted to overcome these limitations. We used VBM to 

first investigate the impact of the cognitive alexithymia dimension (i.e., difficulty 

identifying, analyzing, and verbalizing feelings) on gray matter volume in 40 female and 

male age- and education-matched individuals with either low scores (< 35, Low ALEX 

group) or scores equal to or higher than the clinical cut-off (≥ 61, High ALEX group) on 

the TAS-20 alexithymia questionnaire. In addition, we tested the impact of the affective 

alexithymia dimension (i.e., difficulty emotionalizing and fantasizing) on gray matter 
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volume as assessed with the BVAQ (Bermond-Vorst Alexithymia Questionnaire, Vorst & 

Bermond, 2001) in a subset of 32 subjects. Based on the existing neuroimaging literature 

on alexithymia, we hypothesized gray matter differences in emotion-related brain areas 

previously suggested to alter in structure and function in alexithymia, such as the anterior 

cingulate cortex, the amygdala, and the insula. We further hypothesized a discriminable 

impact of affective alexithymia on gray matter volume. 

 

METHODS 

Subjects 

Subjects were recruited via the psychology subject pool of Harvard University. Only right-

handed, fluent English speaking subjects aged above 18 years with no neurological or 

psychiatric condition in present or past were invited to the scan session as assessed via a 

phone interview. Further exclusion criteria were: loss of consciousness resulting from 

head injury, psychological problems that caused the student to seek medical attention 

(such as feelings of depression, anxiety or any other current or past emotional problems), 

substance abuse or dependence, and significant vision problems. MRI safety screening was 

further included in the phone interview, and repeated directly before the scan session.  

Forty subjects (19 male) were selected based on their scores on the alexithymia 

questionnaire TAS-20 and were assigned to a group of high-scorers (≥ 61, High ALEX) or 

low-scorers (< 35, Low ALEX) on cognitive alexithymia. The Low ALEX group consisted of 

20 students (9 male) with TAS-20 scores ranging from 20 to 35 (mean 27.65, SD 3.82). 

TAS-20 scores in the High ALEX group (N = 20, 10 male) ranged from 61 to 77 (mean 

67.20, SD 7.48). Subjects gave informed consent before the scan session. The study 

protocol was approved by the International Review Board (IRB) of Harvard University. 

Subjects received a compensation of $25/hour for the scan session. 
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Alexithymia Questionnaires 

Toronto Alexithymia Scale (TAS-20) 

The TAS-20 is the most widely used measure of alexithymia with a demonstrated validity, 

reliability, and stability. The scale consists of 20 self-report items rated on a 5-point Likert 

scale (1: strongly disagree, 5: strongly agree), with five negatively keyed items. 

The TAS-20 comprises three subscales assessing alexithymia at a cognitive level: (1) 

difficulty identifying feelings (e.g., “I often don’t know why I’m angry”), (2) difficulty 

describing feelings (e.g., “I find it hard to describe how I feel about people”), and (3) 

externally oriented thinking (e.g., “I prefer talking to people about their daily activities 

rather than their feelings”). Possible scores range from 20 to 100, higher scores indicate 

higher degrees of alexithymia. Individuals with TAS-20 scores lower or equal to 51 are 

considered non-alexithymic, a score from 52 to 60 indicates moderate alexithymia. The 

clinical threshold for alexithymia is a score of 61. TAS-20 scores, indic 

The main MR data group analysis (High ALEX group vs. Low ALEX group) was based 

on scores on the TAS-20 scale, reflecting the cognitive dimension of alexithymia, in order 

to analyze differences in gray matter volumes between high-scorers and low-scorers on 

cognitive alexithymia. 

 

Bermond-Vorst Alexithymia Questionnaire (BVAQ) 

It has been suggested that alexithymia comprises two related, but distinct types (Bermond 

& Vorst, 2001, Bermond et al., 2006). Type I alexithymia is thought to be characterized by 

a general lack of responsiveness to emotion at both the level of conscious awareness of 

emotion (i.e., high scores on the cognitive alexithymia dimension) and the level of 

emotional experience (i.e., high scores on the affective alexithymia dimension). In 

contrast, in type II alexithymia, the level of emotional experience is assumed to be intact 

or heightened (i.e., low scores on the affective alexithymia dimension), whereas the ability 

to cognitively access and verbalize feelings is impaired (i.e., high scores on the cognitive 

alexithymia dimension). The TAS-20 assesses only the cognitive alexithymia dimension. 
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To assess the affective dimension (i.e., difficulty emotionalizing and fantasizing), we 

included the Bermond-Vorst Alexithymia Questionnaire (BVAQ).  

The BVAQ is a 40-item self-report scale, which consists of five subscales with eight 

items per scale. The five subscales of the BVAQ are: 1) (Difficulty) Verbalizing one’s own 

emotional states, (2) (Difficulty) Identifying the nature of one’s own emotions, (3) 

(Difficulty) Analyzing one’s own emotional states, (4) (Difficulty) Fantasizing: the degree 

to which someone is inclined to imagine, day-dream, etc., and (5) (Difficulty) 

Emotionalizing: the degree to which someone is emotionally aroused by emotion-

inducing events (Vorst & Bermond, 2001). Answers are scored on a 5-point Likert scale (1 = 

certainly does not apply to me, 5 = certainly applies to me). This five-subscale structure of 

the BVAQ corresponds to the original description of alexithymia by Nemiah and Sifneos 

(1970) and Sifneos (1973), who had defined the alexithymia concept by the following 

features: reduced capacities in emotionalizing, fantasizing, identifying emotions, 

verbalizing emotions, and pensé opératoire (externally oriented thinking) or analyzing 

emotions. 

The three subscales identifying, analyzing, and verbalizing feelings assess the 

cognitive alexithymia dimension. Substantial overlap between the cognitive subscales of 

the BVAQ and the TAS-20 – reflected in a high correlation between the sum scores on 

these three BVAQ subscales and the TAS-20 sum score (r = .80, Vorst & Bermond, 2001; 

see also Berthoz et al., 2000) – indicates that these scales measure the same features 

(Vorst & Bermond, 2001). The two BVAQ subscales emotionalizing and fantasizing assess 

the affective dimension of alexithymia. Higher scores on the cognitive alexithymia 

dimension indicate lower abilities to interpret, analyze, and verbalize one’s feelings; 

higher scores on the affective alexithymia dimension indicate lower abilities to 

emotionalize and fantasize. 

The validity of this two-factor structure of the BVAQ with an affective dimension 

versus a cognitive dimension of alexithymia has been demonstrated by factor-analyses in 

six languages and seven populations (Bermond et al., 2007; see also Bailey et al., 2008; 

Bekker et al., 2007). A validated English version of the BVAQ was used to assess scores on 



Chapter 6 

 

the affective alexithymia dimension in the present study, which were then included as a 

regressor in a second MR data analysis testing the impact of affective alexithymia scores 

on gray matter volumes in a subset of 32 subjects. 

Image acquisition and analysis 

MRI data were acquired with a 3-T Siemens Magnetom TrioTim scanner at the Center for 

Brain Science (CBS) of Harvard University. A 32-channel RF head coil was used to acquire 

whole-brain T1-weighted structural images (MPrages) for VBM analyses (1-mm3 isotropic 

voxels, TR = 2.53 s, TE = 10.3 ms, flip angle = 7º, FOV = 256mm, 1mm slice-thickness). 

VBM analysis 

Preprocessing 

Data were preprocessed using the SPM8 software (Wellcome Department of Imaging 

Neuroscience Group, London, UK; http://www.fil.ion.ucl.ac.uk/spm) running under 

MATLAB 2009b (The MathWorks, Natick, MA, USA) and the VBM8 toolbox (Gaser, 

2009). That is, within the same generative model model (Ashburner & Friston, 2005), 

images were reoriented to the intercommissural plane, corrected for field intensity 

inhomogeneities, spatially normalized into standard space, and segmented into gray 

matter (GM), white matter (WM) and cerebrospinal fluid (CSF). The segmented tissue 

was then modulated with Jacobian determinants. Because normalization expands some 

brain regions and contracts others, modulation scales by the amount of expansion or 

contraction. Consequently, the total volume of gray matter in modulated images remains 

the same as the original images. Finally, the modulated gray matter volumes were 

smoothed with a Gaussian kernel of 8 mm full width at half maximum (FWHM). An 8 mm 

smoothing kernel is optimal for detecting morphometric differences in both large and 

small neural structures (White et al., 2001; Honea et al., 2005). Larger smoothing kernels 

(10-12 mm) are likely to miss group differences in small structures, whereas smaller 

kernels (4-6 mm) can produce false positive findings (Honea et al., 2005). Homogeneity 
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check identified one outlier (> 2 SD from the mean), and the corresponding subject was 

excluded from subsequent analyses. The normalized, modulated, and smoothed gray 

matter segments of the remaining 39 (18 male) subjects were used to conduct the 

statistical analyses outlined below. 

 

Statistical analysis 

Whole brain voxel-by-voxel statistical analyses of gray matter volume were performed 

using the VBM8 software in SPM8 implemented in Matlab. The main analysis (cognitive 

alexithymia) was performed using a flexible factorial design with the factors group (Low 

ALEX vs. High ALEX) and gender (female vs. male), with total brain volume (TBV, the 

sum of gray matter and white matter) included as a covariate of no interest. This group 

analysis tested for gray matter volume differences in high-scorers versus low-scorers on 

cognitive alexithymia as assessed by the TAS-20 questionnaire. Results were masked with 

a gray matter mask produced by averaging the GM-segmented anatomical images of the 

39 subjects included in the analysis. 

Scores on the BVAQ (Bermond-Vorst Alexithymia Questionnaire) were additionally 

available for 32 of the 39 subjects, allowing for a further analysis (affective alexithymia) 

specifically testing the impact of the affective alexithymia dimension on gray matter 

volume. Scores on the affective alexithymia dimension as assessed with the BVAQ for this 

subset (N = 32, 13 male) ranged from 20 to 70 (mean: 48.28, SD 10.34). See table 2 for 

demographic characteristics of alexithymia groups in analysis 1 and 2. Both analyses were 

conducted with an initial threshold of puncorr < 0.001 and an extent threshold of k = 20 

voxels. Correction at the cluster level was then applied using a threshold of pFWE < 0.05 

(family-wise error corrected for multiple comparisons).  



Chapter 6 

 

RESULTS 

Behavioral data 

There were no significant between-group differences in total brain volume in the 

cognitive alexithymia analysis (Low ALEX: mean 1522.80, SD 66.05, High ALEX: mean 

1504.78, SD 67.65, t(37) = 0.85 , p = 0.39) and the affective alexithymia analysis (Low ALEX: 

mean 1520.29, SD 78.45, High ALEX: mean 1514.54, SD 56.45, t(29) = 0.24 , p = 0.81). 

Further, age did not significantly differ between groups in the cognitive alexithymia 

analysis (Low ALEX: mean 26.75, SD 7.48, High ALEX: mean 23.70, SD 5.48, t(37) = 1.47, p 

= 0.15) and the affective alexithymia analysis (Low ALEX: mean 28.00, SD 7.88, High 

ALEX: mean 23.44, SD 5.56, t(29) = 1.84, p = 0.08). 

T-tests further revealed that scores on the affective subscale of the BVAQ differed 

significantly between groups (Low ALEX: mean 54.71, SD 7.23, High ALEX: mean 43.29, SD 

9.72), revealing significantly lower scores at the level of emotional experience, indicative 

of higher abilities to emotionalize and fantasize, in the High ALEX compared to the Low 

ALEX group (t(29) = 3.68, p < 0.001). This result was confirmed by Pearson’s correlations 

showing a significant negative correlation between TAS-20 scores (cognitive alexithymia) 

and the affective alexithymia BVAQ subscale (r = -.55, p = 0.002), suggesting that high-

scorers on cognitive alexithymia (High ALEX) experienced emotions significantly stronger 

than low-scorers (Low ALEX). This indicates a selection bias toward type II alexithymia in 

our sample, defined to be characterized by a low degree of conscious awareness of 

emotions accompanied by a normal or heightened degree of emotional experience 

(Bermond et al., 2006). Note that this selection bias poses a limitation to the 

generalizability of the results reported here, in that the present results can only account 

for type II alexithymia. 

As TAS-20 cognitive alexithymia scores and BVAQ affective alexithymia scores 

correlated negatively and were thus not orthogonal in our sample, the Gram-Schmidt 

Orthogonalization procedure (Wilf, 1962) was used to orthogonalize affective with 

cognitive alexithymia scores. This procedure ensured that covariance between the two 
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alexithymia dimensions was removed and that exclusively the additive effect of affective 

alexithymia on gray matter volume was tested in analysis 2. 

 

 

 

Imaging data 

For the contrast High ALEX > Low ALEX (cognitive alexithymia), voxel-by-voxel whole 

brain ANOVA (N = 39, 19 male) revealed significantly larger gray matter volumes in one 

cluster with peak GM differences in the right posterior insula (puncorr < 0.001), which 

 TAS-20 

Mean (SD) Range 

BVAQ Affective 

Mean (SD) Range 

Age 

Mean (SD) Range 

Total Brain Volume  

Mean (SD) Range 

Analysis 1: 

TAS-20 Groups 

    

Low ALEX (N = 20) 

 

 

 

 

26.8 (4.6) 20-34    - 26.8 (7.5) 19-47 1522.8 (66.1) 

1422.5-1650.6 

High ALEX (N = 19) 67.2 (7.5) 61-77 - 23.7 (5.5) 18-41 1504.8 (67.7) 

1342.9-1632.1 

Analysis 2: 

Affective Alexithymia 

    

Low ALEX (N = 14 ) 26.3 (3.5) 20-34 54.7 (7.2) 43-70 28.0 (7.9) 19-47 1520.3 (78.5) 

1342.9-1650.6 

High ALEX (N = 17) 67.1 (4.7) 61-77 43.3 (9.7) 20-56 23.4 (5.6) 18-41 1514.5 (56,5) 

1408.0-1604.0 

Area (aal) Brodmann’s Area x y z T score PFWE value Puncorr value 

Insula R BA 13 35 

30 

39 

-16 

-34 

-37 

21 

22 

16 

3.35 0.05 0.001 

Table 1. Demographic characteristics of alexithymia groups in analysis 1 (TAS-20 group analysis) and 
analysis 2 (affective alexithymia analysis). 

Table 2. Gray matter volume differences in the TAS-20 group comparison High ALEX > Low ALEX. 
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extended to the rolandic operculum, superior temporal gyrus, and Heschl’s gyrus in the 

right hemisphere (BA 13, figure 1 left, table 1). This suggests that high scores on cognitive 

alexithymia were associated with significantly larger right gray matter volume of the right 

posterior insula (figure 1, right). This difference remained significant after family-wise 

error correction for multiple comparisons at the cluster level (pFWE < 0.005). 

No other clusters differed in GM volume between the Low ALEX and the High ALEX 

group at a threshold of puncorr < 0.001 (cluster level). There was no interaction between 

group and gender at a threshold of puncorr < 0.001, suggesting that enlarged insular gray 

matter volumes were present in both female and male participants. The contrast Low 

ALEX > High ALEX revealed no significant differences at puncorr < 0.001. 

Voxel-by-voxel whole brain ANOVA in a subset of 32 subjects (13 male), for which 

scores on the BVAQ were additionally available revealed no significantly activated voxels 

for the interaction of affective alexithymia scores with gray matter volume at a threshold 

of puncorr < 0.001, suggesting that scores on the affective alexithymia dimension were not 

associated with differences in gray matter volume in the current sample.  

  

 

 

Figure 1. Left: Difference in gray matter volume for the contrast High ALEX > Low ALEX overlaid in 
MRIcron on a gray matter template (sagittal, coronal, and axial slice) produced by averaging GM 
segments of all subjects. Peak difference was identified in the right insula (35, -16, 21). Results are 
family-wise error corrected for multiple comparisons at pFWE < 0.005 cluster level with an underlying voxel 
level of puncorr < 0.001. Right: Right insula mean GM volume comparison between the Low ALEX and the 
High ALEX group. Results are significant at p < 0.005, error bars indicate standard error. 
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DISCUSSION 

The present study investigated the structural brain correlates of alexithymia in a group of 

female and male individuals scoring above the clinical threshold for alexithyma in 

contrast to a group of individuals with low alexithymia scores. We found that irrespective 

of gender, high scores on cognitive alexithymia were related to significantly larger gray 

matter volume in the right posterior insula. Affective alexithymia scores were not 

associated with significant gray matter volume differences in the current sample. 

Our finding of enlarged insula volume in high-scorers on alexithymia corroborates 

and extends previous reports of insular involvement in emotion processing deficits 

associated with alexithymia. Decreased insular activity was observed in individuals scoring 

high on alexithymia in response to angry (compared to neutral) facial expressions of 

emotion (Kano et al., 2003) as well as in response to masked happy and sad facial 

expressions (Reker et al., 2010). The majority of studies reporting differences in insular 

activity as a function of alexithymia, however, reported increased insular activity during 

emotional processing. Left anterior insular activity predicted alexithymia scores in healthy 

individuals as well as in patients with Autism Spectrum Disorders (ASD) during an 

empathy for pain paradigm (Bird et al., 2010). Further, emotional film clips elicited 

increased bilateral insular activity along with increased activity of sensory and motor 

cortices in high-scorers compared to low-scorers on the TAS-20 scale (Karlsson et al., 

2008). The authors interpreted this finding as indicative of an over-activation of bodily 

brain regions in alexithymia, possibly reflecting the alexithymic tendency to experience 

physical symptoms during emotional processing (i.e., to somatize feelings). 

Previous studies have further indicated a specific role of the right insula during 

emotional processing in alexithymia, in agreement with the present finding of increased 

insular gray matter volume lateralized to the right hemisphere. High-scorers on 

alexithymia, compared to low-scorers, showed increased right insular response to images 

depicting hands and feet in painful situations (Moriguchi et al., 2007). Right posterior 

insular activity was positively correlated with alexithymia scores in patients with post-
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traumatic stress disorder (PTSD) while participants listened to scripts of traumatic 

autobiographic events compared to neutral scripts (Frewen et al., 2008). In a PET study 

investigating the relation of alexithymia to visceral hypersensitivity, individuals scoring 

higher than the clinical cut-off on the TAS-20 alexithymia scale showed hyperactivity of 

the right insula during colonic extension (Kano et al., 2007). The authors concluded that 

alexithymic individuals may be more aroused by the interoception of unpleasant feelings 

than non-alexithymics, thereby displaying more autonomous responses reflected in 

increased right insula activity, supporting the hypothesis that alexithymia exacerbates 

physical illness due to an amplification of unpleasant internal signals. 

Taken together, a number of functional neuroimaging studies have shown that the 

insula plays a critical role during deficient emotion processing in alexithymia. While 

hitherto reported findings of studies on the cerebral morphology of alexithymia shape up 

as rather inconsistent, an increase of insular gray matter density as a function of 

alexithymia was observed in a previous VBM study (Zhang et al., 2011), interpreted to 

reflect a greater reliance on bodily sensations during the experience of emotion in 

alexithymia, as previously speculated by Karlsson and coworkers (Karlsson et al., 2008). 

The present finding of increased insular volume in high-scorers on alexithymia 

corroborates this conclusion. 

Indirect support for a relation between insular structure and alexithymia stems from 

a VBM study investigating the structural correlates of emotional intelligence (Takeuchi et 

al., 2010), a construct closely and inversely related to alexithymia (Parker et al., 2001). 

Takeuchi and colleagues found that high intrapersonal emotional intelligence (i.e., high 

self-insight, self-motivation, and self-control) was associated with reduced gray matter 

density in the right insula. This result was observed in a large sample including 55 female 

and male subjects and corrected for multiple comparisons. Given that alexithymia is 

characterized by low intrapersonal emotional intelligence (Fukunishi et al., 2001, Parker et 

al., 2001), our finding of increased right insular volume is in agreement with this result. In 

summary, the present finding of significantly increased insular volume in individuals 

scoring above the clinical threshold for alexithymia (a TAS-20 score ≥ 61) corroborates 

previous findings of aberrant insular structure and function in alexithymia. 
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Based on the idea that the perception of real or simulated bodily states is an important 

aspect during the experience of emotion, the insula has been recognized as a relevant 

region for the processing of emotions (James, 1884; Damasio, 1999; Adolphs et al., 2000; 

Craig, 2002, 2009). Insular cortex is thought to function as a center of multimodal 

convergence that relays information from unimodal sensory, visual, and auditory cortices 

to higher-order association cortex, allowing these regions to modify autonomic and 

visceral outflows (Mesulam & Mufson, 1982; 1985). It is therefore one of the brain regions 

involved in the direct representation of bodily states. In other words, the insular cortex is 

involved in psychosomatic function with autonomic regulation (see also Penfield & Faulk, 

1955). 

Alexithymia was originally discovered in patients with psychosomatic disorders 

(Sifneos, 1973). A defining characteristic of alexithymia is the difficulty to identify feelings 

and to distinguish them from bodily sensations of arousal. Alexithymic individuals fail to 

effectively regulate emotions at a cognitive level but instead tend to somatize their 

feelings, i.e., feelings find expression in bodily states. This becomes further apparent in 

the alexithymic tendency to use somatic terms to describe their feelings (Taylor et al., 

1997). Given this tendency to somatize emotions on the one hand, and the role of the 

insula as a direct representation of bodily states involved in emotional psychosomatic 

processing on the other hand, it appears conceivable that the insula is a key region of 

emotion processing deficits associated with alexithymia. Additional support for a role of 

the insula in emotional psychosomatic processing comes from neuropsychiatric studies 

demonstrating that insular cortex is involved in psychosomatic function in panic disorder, 

mood disorder, post-traumatic stress disorder, eating disorders, and schizophrenia (for a 

review, see Nagai et al., 2007). It should be noted, however, that despite numerous clinical 

reports of somatic tendencies in alexithymia (Taylor, 2000) and a number of studies 

reporting correlations between alexithymia and somatization (e.g., Bankier et al., 2001; 

Lipsanen et al., 2004; Sivik, 1993), the exact relationship between somatic symptoms and 

alexithymia has not yet been clarified (for a quantitative review, see De Gucht & Heiser, 

2003). Unfortunately, tendencies to somatize were not assessed in the current sample. 
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Taken together, we conclude that the right insula may be a key correlate of alexithymia. 

Based on the role of the insula in psychosomatic processing and previous findings of a 

relation between alexithymia and structure and function of the insula, we suggest that a 

greater relevance of bodily sensations during emotional processing in alexithymia may be 

associated with an enlarged right posterior insula volume. 

Regarding the functional segregation of insula portions, the anterior insula has been 

shown to serve as an integration center for the representation and evaluation of 

interoceptive information, whereas posterior insula portions seem more involved in a 

general awareness of one’s own body and in visceral and somatosensory sensations (Craig, 

2002; Adolphs et al., 2000; Karnath et al., 2005; Khalsa et al., 2009). Functional 

neuroimaging studies testing emotional processing in alexithymia generally require 

participants to evaluate emotional interoceptive information, a task mediated by anterior 

insula portions. This could explain why functional differences during emotional 

processing have been mainly observed in the anterior insula in relation to alexithymia, 

whereas the results of the present structural study indicate volume differences in posterior 

insula portions. 

Right posterior insula activity further seems to be specifically modulated by 

attention devoted to experienced unpleasant emotions (Straube & Miltner, 2011). In this 

study, aversive images were presented, and participants were asked to systematically 

increase attention to their own feelings while viewing the images across four conditions (1 

= lowest attention involvement, 4 = highest attention involvement). Irrespective of the 

degree of attention, negative images activated a network of areas including the amygdala, 

anterior cingulate, and the anterior portion of the insula. However, systematically 

increasing attention toward one’s own negative feelings was correlated specifically with 

increased activity in the right posterior insula, accompanied by activity in right primary 

and secondary somatosensory cortices. The authors interpreted this finding to reflect the 

crucial role of the perception of bodily states during the experience of emotion. Increased 

attention to bodily states is a feature of alexithymia, reflected a tendency to somatize 

emotions and to describe feelings using somatic terms (Taylor et al., 1997). Increased 
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attention to bodily states could be one contributing factor to enlarged right posterior 

insula volumes in alexithymia, a speculation awaiting future evidence. 

Limitations 

Alexithymia shows comorbidity with several other emotional disturbances, such as 

depression and anxiety (Taylor, 2000). Though self-reported feelings of anxiety and 

depression were exclusion criteria in the present study, levels of anxiety and depression 

were not formally assessed in our sample. Considering previously reported associations 

between insular activity and anxiety (e.g., Rauch et al., 1997; for a review, see Graeff & Del-

Ben, 2008), we cannot rule out the possibility that anxiety levels may have contributed to 

our finding of larger volumes of the right posterior insula. It would be worthwhile to 

investigate the specific relation between alexithymia, anxiety, and volumes of the right 

insular cortex in future research, as well as the relation between the alexithymic tendency 

to somatize and structure and function of insular cortex. A further limitation of the 

current study is the selection bias toward type II alexithymia. Affective and cognitive 

alexithymia scores were not orthogonal in our sample, and correction for orthogonality 

might have obscured potential effects of the affective alexithymia dimension. Future 

studies should attempt to ensure a wide distribution of affective alexithymia scores in 

order to test differential effects of the two alexithymia dimensions. 

Conclusions 

The results of the present study suggest that the right insula, particularly its posterior 

part, may be a key correlate of alexithymia in male and female individuals. Our finding of 

enlarged right posterior insula volume may be the correlate of a greater relevance of 

bodily sensations during emotional processing in alexithymia, a characteristic feature of 

this personality trait. Further structural and functional imaging studies are needed to 

elucidate the specific role of the right insula in deficits of emotion processing associated 

with alexithymia.  
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