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Alexithymia influences brain activation during emotion
perception but not regulation

Jorien van der Velde,' Paula M. Gromann,> Marte Swart,” Durk Wiersma, Lieuwe de Haan,’ Richard Bruggeman,4
Lydia Krabbendam,” and André Aleman"®

"Neuroimaging Center, University of Groningen, University Medical Center Groningen, 9713 AW Groningen, The Netherlands, *Department of
Educational Neuroscience, Faculty of Psychology and Education, VU University Amsterdam, 1081 BT Amsterdam, The Netherlands, *Lentis, Center
for Mental Healthcare, 9725 AG Groningen, The Netherlands, *Department of Psychiatry & Rob Giel Research Center, University Medical Center
Groningen, 9713 GZ Groningen, The Netherlands, 5Department of Psychiatry, Academic Medical Center Amsterdam, University of Amsterdam, 1105
AZ Amsterdam, The Netherlands and *Department of Experimental Psychology, University of Groningen, 9712 TS Groningen, The Netherlands

Alexithymia is a psychological construct that can be divided into a cognitive and affective dimension. The cognitive dimension is characterized by
difficulties in identifying, verbalizing and analysing feelings. The affective dimension comprises reduced levels of emotional experience and imagination.
Alexithymia is widely regarded to arise from an impairment of emotion regulation. This is the first functional magnetic resonance imaging (fMRI) study to
critically evaluate this by investigating the neural correlates of emotion regulation as a function of alexithymia levels. The aim of the current study was to
investigate the neural correlates underlying the two alexithymia dimensions during emotion perception and emotion regulation. Using fMRI, we scanned
51 healthy subjects while viewing, reappraising or suppressing negative emotional pictures. The results support the idea that cognitive alexithymia, but
not affective alexithymia, is associated with lower activation in emotional attention and recognition networks during emotion perception. However, in
contrast with several theories, no alexithymia-related differences were found during emotion regulation (neither reappraisal nor suppression). These
findings suggest that alexithymia may result from an early emotion processing deficit rather than compromised frontal circuits subserving higher-order

emotion regulation processes.

Keywords: alexithymia; emotion processing; emotion regulation; amygdala; neuroimaging

Alexithymia (‘no words for feelings’) is a psychological construct char-
acterized by difficulties in identifying and describing one’s feelings, and
in distinguishing them from bodily sensations of arousal. Individuals
with high scores on alexithymia may further show a lack of imagin-
ation and an externally oriented thinking style with a lack of intro-
spection (Sifneos, 1973; Vorst and Bermond, 2001). Alexithymia can
be divided into an affective and a cognitive dimension (Vorst and
Bermond, 2001). The cognitive alexithymia dimension comprises the
subscales difficulties in identifying, analysing and verbalizing feelings,
while the affective dimension consists of the subscales emotionalizing
(the degree to which someone is emotionally aroused by emotional
stimuli) and fantasizing (the degree to which someone is inclined to
imagine). Based on these dimensions, Bermond proposed to distin-
guish two subtypes of alexithymia [Type I and Type II; (Bermond
et al., 2007)]. Type I alexithymia is characterized by high scores on
both dimensions (i.e. lower cognitive emotional processing capacities
and lower emotional arousal). Type II is characterized by high scores
on the cognitive dimension, but normal or even low scores on the
affective dimension (i.e. lower cognitive emotional processing capaci-
ties, but normal or heightened emotional arousal). Recent studies have
suggested that the two alexithymia dimensions might be differently
related to the development of psychopathology (Moormann et al,
2008; Van der Meer et al., 2009). Therefore, it is of relevance to gain
insight into the neural bases underlying these two dimensions.
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Individuals with high scores on alexithymia experience difficulties in
emotion processing. Furthermore, alexithymia is generally regarded to
be an emotion regulation impairment (Taylor et al., 1997; Taylor and
Bagby, 2004; Aleman, 2005; Wingbermiihle et al., 2012). However, as
far as we know, the neural correlates of emotion regulation in alex-
ithymia through functional neuroimaging have not yet been
investigated.

Emotion processing can be seen as a three-phase process with (i) the
identification of the emotional significance of a stimulus, (ii) the gen-
eration of an affective state and (iii) emotion regulation (Phillips et al.,
2003). Previous research has suggested that problems in emotion pro-
cessing related to alexithymia may already occur during the first two
phases of emotion processing. For example, individuals with high
scores on alexithymia show deficits in the identification of facial ex-
pressions (Swart et al, 2009; Grynberg et al., 2012) and declined at-
tention towards emotional stimuli (Mueller et al., 2006). Furthermore,
studies have indicated that individuals with high scores on alexithymia
differ in their physiological responses to emotional stimuli (Roedema
and Simons, 1999; Bermond et al., 2010), which might reflect differ-
ences in the generation of affective states. Phillips and colleagues
(2003) suggested that a ventral system, including the amygdala,
insula, ventral striatum, ventral anterior cingulate cortex (ACC) and
the ventral prefrontal cortex, is involved during the first two phases of
emotion processing. Previous studies investigating alexithymia-related
brain activation have reported activation differences in this system
(Bermond et al, 2006; van der Velde et al., 2013). As far as we
know, only one study examined the neural correlates of the two alex-
ithymia dimensions separately through functional magnetic resonance
imaging (fMRI) during emotion processing (Pouga et al., 2010), link-
ing the cognitive dimension to lower amygdala activation and the
Emotionalizing factor of the affective dimension to higher ACC and
lower premotor activation. This indicates that the cognitive and affect-
ive alexithymia dimensions may be associated with separable neural
correlates during the first two phases of emotion processing.

© The Author (2014). Published by Oxford University Press. For Permissions, please email: journals.permissions@oup.com
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Emotion regulation, the third phase of emotion processing, is
defined as the inhibition or modulation of the affective state and the
emotional response (Phillips et al., 2003). Gross (1998) described re-
appraisal and suppression, two often applied and widely studied regu-
lation strategies. Reappraisal is a strategy used to change the initial
emotional response in such a way that it decreases (e.g. making a
negative stimuli less negative), while suppression focuses on inhibiting
emotional expressive behavior (e.g. not showing how you feel) (Gross,
1998). Aleman (2005) proposed that alexithymia would be related to
difficulties in emotion regulation. Indeed, several studies suggested
that individuals with alexithymia seem to apply more suppression, a
less efficient strategy, while applying less reappraisal in comparison
with non-alexithymic subjects (Swart et al, 2009; Kessler et al., 2010;
Wingenfeld et al., 2011; Stasiewicz et al., 2012). However, others have
failed to show this association (Geenen et al., 2012; Weiss et al., 2012).
During reappraisal, activation in the ventromedial prefrontal cortex
and in a dorsal system, including the inferior frontal gyrus, the
dorsal ACC and the dorsal medial frontal cortex, increases [for
meta-analysis, see (Diekhof et al., 2011)]. By increasing activation in
these areas, amygdala activation is consequently reduced, resulting in
lower negative affect. Research on suppression indicates increased ac-
tivation in areas involved in inhibitory control, such as the dorsolateral
prefrontal cortex (DLPFC), supplementary motor area, inferior par-
ietal cortex and the precuneus (Goldin et al., 2008; Vanderhasselt ef al.,
2012). The increased activation in these areas probably results in the
restricted facial expression during suppression (Vanderhasselt et al.,
2012). Alexithymia-related activation differences during emotion regu-
lation are not yet investigated through fMRI. However, an electroen-
cephalography (EEG) study indicated that during reappraisal, P3
amplitudes in the DLPFC, fusiform gyrus and inferior temporal
gyrus decrease in a low alexithymia group, but not in a high alexithy-
mia group (Pollatos and Gramann, 2012). Furthermore, during sup-
pression event-related potentials are negatively correlated to
alexithymia (Walker et al., 2011). These findings suggest that alexithy-
mia might be related to differential brain activation patterns during
emotion regulation.

The current study is the first fMRI study on emotion regulation in
alexithymia. We aimed to investigate neural correlates as a function of
the cognitive and affective alexithymia dimensions during the different
phases of emotion processing. To this extent, we presented 51 subjects
differing in alexithymia scores with an emotion regulation task. The
task consisted of an emotion perception part in which subjects viewed
negative or neutral pictures, followed by an emotion regulation part
where subjects were instructed to either attend to, reappraise or sup-
press the emotional content of the picture. We hypothesize that the
two alexithymia dimensions are associated with separable neural cor-
relates. We suggest that during the first two phases of emotion pro-
cessing, the cognitive alexithymia dimension will be associated with
decreased activation in brain areas involved in the identification of
emotions (such as the amygdala) while the affective dimension is pro-
posed to be associated with activation in areas involved in emotional
awareness (such as the ACC). During reappraisal we expect to find
lower activation in the dorsal system (e.g. DLPFC) associated with the
cognitive dimension, as reappraisal can be seen as a cognitive task
(Ochsner and Gross, 2005).

METHOD

Participants

Fifty-one healthy subjects were included from a multi-center
(Groningen and Amsterdam) add-on study from the GROUP project
[Genetic Risk & Outcome of Psychosis, (Korver et al, 2012)]. This
sample did not overlap with previous fMRI studies from our group
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(Swart et al., 2011; Liemburg et al., 2012; Goerlich Dobre et al, 2014).
Participants reported no presence or history of any neurological or
psychiatric disorder, which was confirmed with a diagnostic interview.
Furthermore, there were no psychotic or mood disorders present in the
first-degree relatives of the participants. Demographic variables are
presented in Table 1.

Behavioral measurements
Diagnostic interviews

During the assessment of the GROUP study (max. 2 years prior to the
fMRI scan), all participants were screened with a diagnostic interview.
The SCAN interview [Schedules for the Clinical Assessment of
Psychiatry (Wing et al, 1990)] was used to assess the current psychia-
tric state and psychiatric history of all the participants from the
Groningen sample. For the sample from Amsterdam, the CASH
[Comprehensive Assessment of Symptoms and History (Andreasen
et al., 1992)] was applied for assessing diagnosis and psychopathology.
When participants had been given a clinical diagnosis, they were
excluded from the study. Prior to the fMRI session, participants
were asked if there were any changes in their psychological well-
being since the last GROUP assessment. If participants reported rele-
vant changes in mood, psychotic symptoms or anxiety, they were
excluded from the study.

Bermond—Vorst Alexithymia Questionnaire

The Bermond—Vorst Alexithymia Questionnaire (BVAQ) is a 40-item
self-report scale used to assess alexithymia. The BVAQ consists of five
subscales (eight items per scale), Identifying, Verbalizing, Analysing,
Emotionalizing and Fantasizing as defined by Nemiah and Sifneos
(1970). Answers were rated on a five-point Likert scale (1 = certainly
does not apply to me, 5=-certainly does apply to me), with higher
scores indicating more pronounced alexithymic characteristics.
Previous studies have confirmed the five-factor structure of the
BVAQ and have shown that the BVAQ has good psychometric proper-
ties (Zech et al., 1999; Berthoz et al., 2000; Vorst and Bermond, 2001).

Using the BVAQ, a second-order distinction can be made in which
the subscales Emotionalizing and Fantasizing are grouped into an
affective dimension, and the subscales Identifying, Verbalizing and
Analysing feelings into a cognitive dimension of alexithymia. The
validity of this two-factor structure has been demonstrated by factor
analyses (Bailey and Henry, 2007; Bekker et al., 2007; Bermond et al.,
2007). However, others failed to provide support for this two-factor
structure (Bekker et al, 2007; Bagby et al, 2009). In the current
sample, the existence of the cognitive dimension was supported by
significant correlations between the three sub-factors of the cognitive
dimension (r=.44 till .65; P <.001). However, the two sub-factors of
the affective dimension were not correlated to each other (r=.07;
P=.62). Therefore, the Emotionalizing and Fantasizing sub-factors
were treated as separate variables, in line with the approach of previous
studies (Bekker et al., 2007; Goerlich-Dobre et al., 2014). In 2008,
Deborde and colleagues developed cut-off scores based on the
BVAQ-B. The BVAQ-B is a shorter version of the BVAQ, which is
calculated by summing up the scores on items 21 through 40 (Zech
et al., 1999). To give an indication of severity of alexithymia in our
sample, BVAQ-B scores were calculated. A score of 53 or higher indi-
cates high alexithymia, while scores of 43 or lower indicate low alex-
ithymia (Deborde et al., 2008).

Emotion Regulation Questionnaire

The use of the emotion regulation strategies, reappraisal and suppres-
sion, was assessed through the Emotion Regulation Questionnaire
(ERQ) (Gross and John, 2003). The ERQ consists of 10 items of
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Table 1 Mean scores of demographic data, questionnaire data and rating scores on the emotion requlation task and the associations with alexithymia
Demographic or behavioral variable Mean (D) Statistics Cognitive dimension Statistics Emotionalizing® Statistics Fantasizing
Gender (n male) 28 t=128 pP=21 u=177 P =.006* t=-—.98 P=233
Handedness (n right) 44 t=-—.26 P=.79 U=133 P=.56 t=.23 P=.82
Scanner site (n Groningen) 24 t=-—.86 P=.40 U=312 P=.32 t=-.26 P=.80
Age (years) 37.1 (10.3) r=-.16 P=.25 p=—.01 P=.95 r=.15 P=230
Education (years) 17.1 (0.8) r=-—.14 P=34 p=—.06 P=.70 r=-1 P=.42
ERQ
Reappraisal 5.0 (1.0) r=-.16 P=.25 p=.18 P=2 =.07 P=.
Suppression 2.8 (1.2) r=.63 P <.001** p=.20 P=.16 r=-.19 P=.18
PANAS
Positive affect 32.7 (6.0) r=-.16 P=.26 p=—.07 P=.62 r=.16 P=.28
Negative affect 13.1 (4.5) r=-—.09 P= p=—234 P=.02* r= P=.06
Rating scores
Attend neutral 1.1(0.2) p=.21 P=.15 p=-—1 P=4 r=-—.06 P=.60
Attend negative 26 (0.5) p=—.02 P= p=—28 P=.04* r=—.04 P=.80
Reappraise 2.1 (0.6) p=.02 P= p=-.16 P=.27 r=-1 P=.62
Suppress 2.4 (0.6) p=.06 P p=-—13 P=237 r=-—.8 P=231

*Non-parametric testing due to non-normality; *significant at P < .05, not surviving multiple comparison correction; **significant at P <.001 (controlled for multiple comparisons).
ERQ, Emotion regulation questionnaire; PANAS, Positive and negative symptom scale; SD, standard deviation.

which four examine suppression and six examine reappraisal. On a
seven-point scale subjects had to rate to what extent a certain state-
ment applied to them (strongly disagree till strongly agree). The ERQ
has been proven to be a reliable and valid measure of emotion regula-
tion (Gross and John, 2003). To get a clear view on the relationship
between the two strategies, the total scores of both subscales were
divided by the number of items per subscale.

Positive and Negative Affect Scale

The positive and negative affect scale (PANAS) (Watson et al., 1988)
was used to measure the current affective state. The scale consists of 10
positive affect items (reflecting the extent to which a person feels
enthusiastic, active and alert) and 10 negative affect items (reflecting
distress, anger, fear and guilt). Participants rated on a five-point scale
to what extent they experienced certain mood states. The PANAS has
been proven to be a reliable and valid measure of positive and negative
affect (Crawford and Henry, 2004).

Emotion regulation task

The emotion regulation task [adapted from (Ochsner and Gross,
2005)] consisted of four conditions, Attend Neutral, Attend
Negative, Reappraise and Suppress. The stimuli were 66 negative
(mean valence: 2.54, mean arousal: 5.83) and 22 neutral pictures
(mean valence: 5.10, mean arousal: 3.26) from the International
Affective Picture System. Each trial was constructed as follows. First,
a picture appeared with the instruction ‘view’ (View condition, 2s).
After that, the word ‘view’ changed in one of the following instruc-
tions: ‘reappraise’, ‘suppress’ or ‘attend’ (Regulation condition, 4s).
Reappraise meant that the participants had to reappraise the picture
in such a way that it became less emotionally disturbing. During sup-
pression, subjects were instructed to refrain from expressing their
emotions, in a way that bystanders would not be able to read their
emotions by looking at their face. During attend, participants just had
to look closely at the picture and not change the way they were feeling.
The 22 neutral pictures were always paired with the ‘attend’ instruc-
tion. Negative pictures could be paired with either reappraise (22
pictures), suppress (22 pictures) or attend (22 pictures). Following
regulation, a black screen appeared (2s). Subsequently, participants
were asked to rate how negative they were feeling on a four-point
scale (I =not negative at all; 4 =extremely negative) (3s). After

rating negative affect the word ‘relax’ appeared (4s) allowing partici-
pants to relax, followed by a black screen (0.5s) to alert participants
the next trial was coming. A single trial lasted for 15.5s. After 9 or 10
trials, a fixation cross appeared for 20s. The trial order was rando-
mized using a randomized block design.

Prior to the fMRI scan, a short training was given to teach the
application of reappraisal and suppression strategies. During this train-
ing, participants practiced the different strategies on negative pictures
by telling the researchers how they would apply the strategy.

Data acquisition

MRI data were acquired using two 3.0-Tesla whole body scanners
(Philips Intera, Best, The Netherlands) located at the University
Medical Center Groningen and at the Academic Medical Center in
Amsterdam. Both systems were equipped with an 8-SENSE head coil
and scan parameters were set identical. The functional images were
acquired by a T2-weighted echo producing 37 slices 3.5 mm thick with
no gap. The images were slightly tilted (30 degrees) to prevent artifacts
due to nasal cavities. The functional scans were made in the axial plane
[TR=2s; TE=30s; flip angle (o) =70 FOV =224.0, 129.5, 224.0;
in-plane resolution 64 x 62 pixels; isotropic voxels of 3.5 mm] and
were scanned interleaved. The T1-weighted anatomical image (170
slices; isotropic voxels of 1mm; TR=9ms; TE=3.54ms; o=38"
FOV 256 mm) was acquired in the bicommissural plane, covering
the whole brain.

Statistical analyses

Behavioral analyses were performed using SPSS 20 (SPSS Inc., Chicago,
IL, USA). To calculate the main effect of condition on the negative
affect rating scores from the emotion regulation task, a Friedman’s
ANOVA was applied due to non-normality of the ratings scores.
Post hoc analyses were performed with a Wilcoxon signed-rank test
and corrected for multiple testing using a Bonferroni correction. To
examine the effect of alexithymia on the rating scores, non-parametric
Spearman’s correlations were performed. To examine whether the
cognitive alexithymia dimension and the Fantasizing sub-factor were
associated with demographic variables, ERQ scores and PANAS scores,
two-sample #-tests and Pearson correlations were performed. The asso-
ciations with the Emotionalizing sub-factor were calculated using
non-parametric tests due to non-normality of this sub-factor. For all
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calculated associations with alexithymia, the significance level was set
at P<.001 to control for multiple testing (Bonferroni correction for 39
tests). Furthermore, Spearman’s correlations were performed between
the ERQ reappraisal and suppression scores and the negative affect
rating scores of the emotion regulation task. For these analyses, the
threshold was set to P<.006 (correcting for eight tests).

The fMRI data were analysed using Statistical Parametric Mapping
(SPM 8) (www.fil.ion.ucl.ac.uk) using Matlab 7 (The MathWorks Inc.,
Natick, MA, USA). Before processing the data, all images were checked
for artifacts. Slice timing was applied to the functional images and the
functional data were spatially realigned, resliced and coregistered.
The anatomical data were segmented. To enhance the accuracy of
inter-subject alignment, the Diffeomorphic Anatomical Registration
Through Exponentiated Lie algebra (DARTEL) approach was used to
create a grey matter template based on the grey matter segmented
images of all subjects. This created template was used to normalize
the functional images to and affine-transform them into Montreal
Neurological Institute (MNI) stereotactic space. Data were smoothed
with a full-width half-maximum Gaussian kernel of 6 mm. Subject
head movement greater than 3 mm in more than one direction resulted
in exclusion of the data.

Sixteen task-related regressors were modelled with a boxcar function
convolving a haemodynamic response function. The regressors View
and Relax were divided into View/Relax neutral and View/Relax nega-
tive. The other regressors—Regulation, Linger and Rating—were sub-
divided into a Reappraise, Suppress, Attend Negative and Attend
Neutral part. Additionally, the realignment parameters and the first
derivatives thereof were entered as covariates to correct for the effects
related to head motion (Friston et al., 1996). Five contrasts were made
for each participant: (i) View Neutral versus Baseline; (ii) View
Negative versus View Neutral; (iii) Attend Negative versus Attend
Neutral; (iv) Reappraise versus Attend Negative; (v) Suppress versus
Attend Negative.

To examine task-related activation, one-sample t-tests were con-
ducted. Sex, handedness and scanner site (Amsterdam vs Groningen)
were entered as covariates of no interest. To examine the effect of the
cognitive alexithymia dimension on task-related activity (positive and
negative correlations), the demeaned scores of the cognitive dimension
of the BVAQ were entered as a covariate of interest in a whole brain
multiple regression analyses with sex, handedness, site and the sum of
the Emotionalizing and Fantasizing sub-factors as nuisance variables.
Additional regression models were created for the three cognitive sub-
scales of the BVAQ separately as covariates of interest to explore
whether the observed correlations with the cognitive dimension were
driven by specific subscales. To examine brain activation related to the
affective alexithymia dimension (positive and negative correlations),
two separate multiple regression models were created for the
Emotionalizing and Fantasizing sub-factors. In both models, the cog-
nitive dimension, sex, handedness and site were included as nuisance
variables.

To limit possible false positives due to multiple comparisons, effects
had to meet P<.05 family-wise error (FWE) corrected at the cluster
level to be considered statistically significant (initial height-threshold
for all the analyses was set at P<.001). Because of specific hypotheses
regarding the amygdala, a small volume correction (SVC) was applied
if this region would not show in the whole-brain analyses.

RESULTS
Behavioral results
Alexithymia scores

Mean alexithymia scores, range and internal consistencies of the BVAQ
are presented in Table 2. Alexithymia was not significantly related to

J. van der Velde et al.

any of the demographic variables, including sex, handedness, age and
scanner site (see Table 1 for test statistics). The Fantasizing and
Emotionalizing sub-factors were not significantly correlated to the
cognitive dimension (r=—.13, P=.38; r=.08, P=.61, respectively).
Of our 51 participants, 12 participants could be classified as alexithy-
mic and 24 as non-alexithymic as indicated by the cut-off scores of
Deborde et al. (2008) based on the recalculated scores of the BVAQ-B
(Zech et al., 1999).

The cognitive dimension was positively correlated with the ERQ
suppression scores, but not with ERQ reappraisal. The Fantasizing
and Emotionalizing sub-factors did not correlate significantly with
either reappraisal or suppression. Furthermore, no significant correla-
tions were found between PANAS positive or negative factors and
alexithymia, except from a small negative correlation between the
Emotionalizing sub-factor and negative affect (not surviving multiple
comparison correction) (see Table 1).

Rating scores of emotion regulation task

A significant main effect of condition (Attend Neutral, Attend
Negative, Reappraise and Suppress) was observed on the ratings of
the emotion regulation task [x%(3) =106.55, P<.001]. Post hoc tests
revealed that negative stimuli were rated more negatively than neutral
stimuli (Z=6.15, P<.001). Furthermore, the participants were able to
reduce their negative affect through reappraisal (Z=—5.24, P<.001)
and suppression (Z=—3.02, P=.003) in comparison with attending
negative stimuli. The cognitive dimension, Fantasizing and
Emotionalizing, were not significantly associated with any of the
rating scores, except for a small negative correlation between negative
affect scores during attend and the Emotionalizing factor (not surviv-
ing multiple comparison correction) (see Table 1). The correlation
between the ERQ reappraisal subscale and the rating scores of negative
affect after reappraisal was marginally significant (p = —.356; P=.01,
not reaching our threshold of P<.006). No other significant correla-
tions were found between the ERQ and rating scores (P>.1).

NEUROIMAGING RESULTS

Main effects of emotion regulation task

The first two seconds of viewing a negative picture compared with
viewing a neutral picture revealed higher activation in various emotion
processing areas, such as the right fusiform gyrus, left anterior insula,
left middle cingulate gyrus, the bilateral inferior and superior parietal
gyrus and the right amygdala (see Figure 1A; for more specific details
and a full overview of the results, see Supplementary Table S1). The left
amygdala reached significance after applying a SVC (k=29; —16, —2,
—14 [x, v, z]; Z=4.33). The four seconds of attending to a negative
picture (after two seconds of viewing) yielded significantly higher

Table 2 Mean, standard deviation, range and Cronbach’s alpha of the alexithymia scores

Variable Mean (SD) Range Cronbach’s alpha
Affective dimension
Emotionalizing 20.0 (3.9 13-27 .54
Fantasizing 21.6 (7.3) 9-40 87
Cognitive dimension 48.0 (13.7) 26-84 90
Identifying 13.8 (5.3) 8-29 78
Verbalizing 18.9 (6.4) 9-35 .86
Analysing 15.3 (5.0) 8-28 81
Recalculated BVAQ-B 44.5 (8.6) 29-62 73

BVAQ, Bermond—Vorst alexithymia questionnaire; SD, standard deviation.
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Fig. 1 Main effects of emotion processing and emotion regulation. (A) Increased activation during negative picture viewing compared with neutral picture viewing. (B) Increased activation during the 3rd till
6th second of attending a negative picture compared with a neutral picture. (C) Increased activation during the reappraisal of a negative picture compared with attending. (D) Increased (red) and decreased
(blue) activation during the suppression of a negative picture compared with attending. Results are displayed at P <.001, with a P < .05 FWE correction at cluster level and overlaid on a MNI template brain.

activation in the left medial frontal gyrus, left middle and inferior
frontal gyrus and the bilateral angular and inferior parietal gyrus, in
comparison with attending a neutral picture (see Figure 1B and
Supplementary Table S1). Reappraising negative pictures in compar-
ison with the attending condition yielded, amongst others, higher acti-
vation in the left inferior frontal gyrus, bilateral dorsal medial
prefrontal cortex and dorsal ACC (see Figure 1C and see
Supplementary Table S1 for full details on all the significant findings).
No activation decreases were found for any of the abovementioned
contrasts. Suppressing compared with attending negative pictures,
led to higher activation in the bilateral insula, supramarginal gyrus,
bilateral middle cingulate gyrus, right middle frontal gyrus and the
right superior frontal gyrus. Furthermore, activation was lower in
the bilateral occipital cortex and the left postcentral gyrus (see
Figure 1D and Supplementary Table S1).

Alexithymia-related brain activation

During the contrast ‘view negative > view neutral’ the cognitive dimen-
sion of alexithymia was associated with lower activation in the left
inferior parietal cortex, the left fusiform gyrus and the bilateral pre-
cuneus (see Figure 2A and Table 3). This decrease in activation was
driven by the sub-factor Identifying and the sub-factor Verbalizing.
Verbalizing was associated with lower activation in the right precu-
neus, left fusiform gyrus and the right postcentral gyrus (see Figure 2B
and Table 3). The Identifying sub-factor correlated negatively with
various emotion processing areas, such as the bilateral inferior frontal
gyrus, left parietal cortex, the right precuneus, the right supramarginal
gyrus and left superior temporal cortex (see Figure 2C and Table 3).
The amygdala was not found to be significantly correlated to alexithy-
mia in the whole brain analyses. However, significant lower activation
in the right amygdala in association with the Identifying subscale was
reached after applying a SVC (k=25; 28,0, —12 [x, y, z]; Z=4.12). No
positive correlations were found with the cognitive dimension.
Furthermore, the Fantasizing and Emotionalizing sub-factors did not
correlate (positive nor negative) with brain activation during negative

emotion picture viewing. Scatterplots of all alexithymia-related brain
activation differences are depicted in Supplementary Figures S1-S3.
The Identifying sub-factor contained one outlier (>3 s.d.). To examine
the influence of this outlier, the Cook’s distance was calculated and the
scatterplots were visually inspected. This procedure resulted in the
exclusion of two findings (depicted in red, in Supplementary
Figure S2). No significant alexithymia-related activation (positive
nor negative) was found during the Attend, Reappraise or Suppress
condition with either the cognitive dimension nor the Fantasizing and
Emotionalizing sub-factors.

DISCUSSION

The aim of the current study was to examine neural correlates as a
function of alexithymia during emotion perception and regulation.
Furthermore, we wanted to investigate whether these neural correlates
differed for the cognitive dimension and the sub-factors of the affective
alexithymia dimension. Our results indicate that the cognitive alexithy-
mia dimension is associated with lower activation in a widespread
emotion attention and recognition network during the initial phase
of emotion perception. No alexithymia-related brain activation differ-
ences were found in a later phase of emotion regulation.

Basic emotion processing

Our emotion perception task reliably activated key regions that have
been shown to be involved in emotion processing, such as the amyg-
dala, insula and medial prefrontal cortex (Phan et al., 2004; Fusar-Poli
et al., 2009). In association with cognitive alexithymia (Identifying sub-
factor), we found lower activation in a part of the ventral system as
defined by Phillips and colleagues (2003), namely the right amygdala,
during emotion perception. This is in concordance with previous stu-
dies that also reported negative correlations between right amygdala
activation and the Identifying sub-factor (Kugel et al., 2008; Pouga
et al., 2010; Reker et al., 2010). The amygdala is an important area
in directing bottom-up attention towards emotional
(Vuilleumier, 2005). When presented with a relevant stimulus, the

stimuli
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Fig. 2 Alexithymia-related brain activation differences during emotion processing and expressive suppression. (A) Decreased activation during negative picture viewing associated with the cognitive
alexithymia dimension. (B) Decreased activation during negative picture viewing associated with the Verbalizing subscale. (C) Decreased activation during negative picture viewing associated with the Identifying
subscale. Results are overlaid on an MNI template brain and displayed at P <.001, with a P <.05 FWE correction at cluster level, except for the amygdala (right picture under C), which displays the result of

the SVC.

amygdala becomes activated and subsequently activates occipital areas
directing visual attention towards the stimulus (Vuilleumier, 2005;
Jacobs et al., 2012). Therefore, lower activation in this area might
indicate that attention is less automatically directed towards emotional
stimuli in alexithymia and might explain the emotional attention def-
icits in alexithymia as reported by various behavioral studies (Suslow
et al., 2003; Mueller et al., 2006).

Furthermore, we found lower activation in association with cogni-
tive alexithymia in several other emotion processing areas, such as the
inferior parietal lobe, the superior temporal cortex, the somatosensory
cortex and the parahippocampal gyrus, which is in accordance with
previous findings (Kano et al, 2003; Duan et al, 2010; Reker et al,
2010). According to Adolphs (2002a,b), all of these regions are
involved in emotion recognition. After the fast direction of attention
involving the amygdala and occipital cortex, the superior temporal
cortex and hippocampal formation become activated to retrieve con-
ceptual knowledge about the emotion and to generate an emotional
reaction (Adolphs, 2002b). Subsequently, connections to, amongst
others, the motor and somatosensory areas lead to emotional aware-
ness and recognition (Adolphs, 2002a). These results might explain the
worse performance of alexithymic individuals on emotional percep-
tion and recognition tasks (Lane et al, 1996; Swart et al., 2009) and
might account for the problems in recognizing feelings in themselves
and others.

Furthermore, the DLPFC, part of the dorsal system, was less acti-
vated during emotion perception. Together with the lower activation
found in the inferior parietal lobe this might suggest less functioning of
the frontoparietal attention network (Corbetta, 1998; Corbetta et al.,
2008). When attention is not automatically directed towards emo-
tional stimuli, visual attention can be enhanced by this top—down
attention network (Ochsner et al, 2009). Lower activation in this

network could suggest that individuals with higher scores on alexithy-
mia are overall less inclined to direct their visual attention towards
emotional stimuli.

In contrast to our hypotheses, we did not find any significant asso-
ciations between the Fantasizing or Emotionalizing sub-factors of the
affective dimension and brain activation during emotion perception,
while previous studies did suggest specific neural correlates to underlie
this dimension (Pouga et al., 2010; Goerlich et al., 2012). These find-
ings are in accordance with the EEG study of Goerlich and colleagues
(2012) in which the cognitive dimension was associated with larger
early N1 potentials, while the affective dimension did not influence
these early brain potentials. It is possible that the lower activation in
the early emotional attention regions is specifically underlying the
problems in the cognitive processing of emotion, such as identifying,
and that it is less important for the guidance of physiological responses
to emotions (e.g. emotion arousal). However, Goerlich and colleagues
(2012) showed that the affective dimension was specifically related to a
reduction of brain potentials in a later phase of emotion processing
(e.g. P3), while we were unable to show activation differences related to
either the cognitive or affective (Emotionalizing and Fantasizing)
dimension in a later phase of emotion processing (the Attend condi-
tion). It could be that these effects were too subtle to detect in the
current task. Future research combining fMRI and physiological data
could give more insight into these processes. Furthermore, research
applying tasks specifically designed to generate affective states or
imagination (for example Aust et al, 2014; Mantani et al., 2005;
Karlsson et al., 2008) might be useful to gain more insight into the
neural correlates of the Emotionalizing and Fantasizing sub-factors.
Distinguishing neural correlates related to either the cognitive or affec-
tive alexithymia dimension is important to further disentangle
alexithymia-related brain activation patterns.
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Table 3 Summary of significant findings of neural correlates associated with alexithymia
during negative emotion processing

Brain region Hemisphere ~ k voxels MNI coordinates z
X y z
View Negative > View Neutral
Negative correlation with cognitive dimension
Inferior parietal gyrus L 146 —52 -30 46 467
Precuneus R 160 8 N 52 467

10  —66 58 3.9

8§ —62 36 374

Fusiform gyrus L 197 —30 —36 —20 460
—-16 =20 —12 384

—-20 —40 —20 3.8

Precuneus L 144 —12 —46 64 394
4 =50 64 3.66

—-28 38 66  3.61

Negative correlation with identifying

Superior temporal gyrus L 94 —56 —6 0 530
Inferior parietal gyrus L 338 —52 —28 48 472
—50  —28 38 407

—40 48 56 371

Middle and inferior frontal L 152 —34 36 18 470
gyrus —44 34 22 377
—44 32 30 370

Inferior frontal gyrus and R 140 Y] 10 34 445
precentral gyrus 38 16 30 346
56 10 40 324

Supramarginal gyrus and R 231 5 —44 46 443
inferior parietal gyrus 56  —48 40 392
54 =36 40 376

Parahippocampal gyrus and L 261 —10 —24 =24 42
Cerebellum -8 =34 =26 412
-2 =20 -2 384

Middle temporal gyrus R 97 5 —16 =10 420
46 -0 —10 344

60 —8 —4 3.7

Precuneus R 149 2 —66 4 386

4 —60 36 3.85
10 —66 58 3.73
Negative correlation with verbalizing

Precuneus and superior R 162 8 =N 52 477
parietal gyrus 20 —68 56 374
20 —60 62 3.64

Fusiform gyrus L 135 —28 =36 =20 472
34 -4 -2 397

Postcentral gyrus R 155 52 -20 4 377

50 28 52 364
40 -2 48 349

L, left; R, right.

Emotion regulation

To our knowledge, this is the first fMRI study on emotion regulation
and alexithymia. During reappraisal, participants activated a large part
of the dorsal system, such as the left inferior frontal gyrus and the
dorsal ACC, which is in accordance with previous fMRI studies on
reappraisal (Diekhof et al., 2011). We hypothesized that during reap-
praisal, activation in this dorsal system would be lower in individuals
with high alexithymia scores. However, we were unable to find any
alexithymia-related activation differences. This result is in accordance
with a recent EEG study that also did not find any differences in brain
potentials during reappraisal associated with alexithymia (Walker
et al., 2011). However, another study reported that low alexithymia
was related to reduced P3 and slow wave potentials (Pollatos and
Gramann, 2012). These divergent results might be explained by the
fact that part of the regions in which decreased brain potentials were
found (fusiform gyrus and inferior temporal gyrus) are not generally
activated during reappraisal (Diekhof et al., 2011). Furthermore, these
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regions were not activated in the main effect of the current reappraisal
paradigm, which might explain the lack of an association between
alexithymia and these areas in the current study. The lack of alexithy-
mia-related activation differences during reappraisal together with the
fact that participants with high alexithymia scores were able to down-
regulate their negative affect through reappraisal as indicated by the
rating scores, suggests that individuals with alexithymia are able to use
cognitive reappraisal, at least when they are explicitly trained and cued
to do so.

The fMRI results of the main effect of suppression were in accor-
dance with previous literature (Goldin et al., 2008; Vanderhasselt et al.,
2012). In relation to alexithymia, no significant activation differences
were found. This finding is in contrast with an EEG study in which
lower P2, N2 and late positive potentials were found in association
with cognitive alexithymia during suppression (Walker et al., 2011).
The discrepancy between the findings of the current study and the
study of Walker and colleagues might be explained by the use of
a different questionnaire (TAS-20). However, it is unlikely that this
difference can fully explain the different findings, as the TAS-20
total score and BVAQ cognitive dimension are highly correlated
(Vorst and Bermond, 2001). In line with the current fMRI results,
no differences in rating scores after suppression were found. This
indicates that individuals with higher alexithymia scores were capable
of decreasing negative affect through suppression which was also found
in the study of Walker ef al. (2011). Therefore, these results indicate
that individuals with alexithymia do not seem to be impaired in the use
of suppression. Future research is necessary to see if this finding can
be replicated.

Limitations and future implications

Some limitations of the current study should be addressed. First, we
did not include depression or anxiety measures, despite the fact that
correlations between these and alexithymia have been found (Berthoz
et al., 1999). We should note, however, that none of our subjects had a
clinical psychiatric diagnosis of mood disorder or otherwise.
Moreover, alexithymia was not related to positive or negative affect
prior to scanning, as measured with the PANAS. Second, our results
indicate neural correlates to differ already early in time during emotion
processing in alexithymia. However, due to the low temporal resolu-
tion of fMRI, it is not possible to indicate that these differences already
occurred very early. Therefore, we suggest that future studies combine
EEG and fMRI to gain both good temporal and spatial resolution.
Third, the regulation blocks in the current task were too short to
calculate reliable connectivity patterns. We suggest that future research
should apply tasks with longer regulation periods to examine func-
tional connectivity patterns associated with alexithymia during emo-
tion regulation. Furthermore, the rating scale of negative affect during
the emotion regulation task might not have been sensitive enough to
detect associations with alexithymia. Use of a larger scale may over-
come this. Finally, the neural correlates were examined through a
dimensional approach. Although some of the participants exceeded
the cut-off score for clinical alexithymia [N=12; >53 (Deborde
et al., 2008)], participants were not specifically selected on this criter-
ion and no high vs low alexithymia comparison could be made (due to
low power). Therefore, future research is necessary to examine whether
the intact functioning of emotion regulation areas also applies to clin-
ical alexithymia.

CONCLUSIONS

The results of this study showed that the cognitive dimension, but not
the sub-factors of the affective dimension of alexithymia, seems to
affect emotion processing during the perception but not the regulation
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phase. Activation was lower in a widespread emotional attention and
emotional recognition brain network, probably underlying emotional
attention and identification deficits in alexithymia. Activation of
neural networks during the later phase of emotion regulation did
not differ, which is at odds with views of alexithymia as an emotion
regulation deficit. In sum, these results suggest that alexithymia may
result from an early emotion processing deficit instead of deviant
activation in networks subserving emotion regulation. Further research
is necessary to investigate whether individuals with high alexithymia
scores are also capable of regulating their emotions in daily life.

SUPPLEMENTARY DATA
Supplementary data are available at SCAN online.
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