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Abstract: Being exposed to fear signals makes us feel threatened and prompts us to prepare an adaptive
response. In our previous studies, we suggested that amygdala (AMG) and premotor cortex (PM) play a
role in the preparation of the observers’ motor response required by the situation. The present experiment
aimed at assessing how interindividual differences in alexithymia—a personality trait associated with
deficits in emotional reactivity and regulation—influence the neural network associated with the percep-
tion of fear. Using fMRI, we scanned 34 healthy subjects while they were passively observing fearful
body expressions. Applying a dimensional approach, we performed correlation analyses between fear-
related brain areas and alexithymia scores among all participants. Using a categorical approach, we con-
ducted a between-group comparison (13 high vs. 12 low-alexithymia subjects). Our results were three-
fold. First, the right AMG activity in response to fearful stimuli was negatively correlated with the level
of difficulty to identify emotions. Second, PM activity was linked to reduced subjective emotional reactiv-
ity. Third, the between-group comparison revealed greater activity in anterior cingulate cortex (ACC) for
high than low-alexithymia scorers. Moreover, the relationship between ACC and PM was in opposite
direction in individuals with high (negative link) and low (positive link) alexithymia. Therefore, com-
pared to our previous findings, we hereby further reveal how ACC interacts with PM to sustain self-regu-
lation of one’s own emotional state in response to threatening social signals. Moreover, this neural
mechanism could account for the description of the ‘‘cold-blooded’’ personality of individuals with alexi-
thymia. Hum Brain Mapp 00:000–000, 2010. VC 2010 Wiley-Liss, Inc.
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INTRODUCTION

Fearful expressions, and more specifically whole body
expressions of fear, convey information not only about the
other’s state of mind but also about the actions undertaken
by the frightened person. Such characteristic fearful behav-
ior communicates a strong fear signal to observers. When
facing such fearful signal, one has to rapidly understand it
and initiate an adaptive reaction [Darwin, 1872; de Gelder
et al., 2004; Frijda, 1986; LeDoux, 1995]. In our previous
fMRI studies investigating the neural bases of perceiving
whole body expressions of fear and anger [Grèzes et al.,
2007; Pichon et al., 2008, 2009], we showed that the
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*Correspondence to: Julie Grèzes, Laboratoire de Neuroscience
Cognitive, INSERM U960, and DEC, Ecole Normale Supérieure,
29 Rue d’Ulm, 75005 Paris, France. E-mail: julie.grezes@ens.fr

Received for publication 11 February 2009; Revised 14 October
2009; Accepted 21 October 2009

DOI: 10.1002/hbm.20953
Published online in Wiley InterScience (www.interscience.wiley.
com).

VC 2010 Wiley-Liss, Inc.



perception of threat signals is associated with increased ac-
tivity in superior temporal sulcus (STS), amygdala (AMG),
inferior frontal cortices, and premotor cortex (PM) and
suggested that AMG and PM play a role in the prepara-
tion of the observers’ motor response required by the sit-
uation. This adaptive response entails to identify the
emotional expression one observes in the other and to self-
regulate one’s own emotional state accordingly, two mech-
anisms that are supposed to be impaired in individuals
with alexithymia [Berthoz et al., 2002; Lane et al., 1997;
Luminet et al., 2003; Moriguchi et al., 2006, 2008].

Investigating the influence of interindividual differences
in alexithymia level, in a population free of any psychiatric
or neurological disorders, on the neural bases of the per-
ception of fearful social cues is a promising model for
relating patterns of brain activations with key components
of social-cognition processing. Indeed, alexithymia is a
personality construct that encompasses a cluster of charac-
teristics reflecting impaired emotion processing and regu-
lation. All leading alexithymia researchers agree that this
personality construct encompasses both affective and cog-
nitive dimensions. Yet, the exact number of essential fea-
tures of alexithymia has been debated. For Bermond and
colleagues notably, reduced capacities for emotionalizing
(the ease by which one experiences an emotional feeling or
becomes emotionally aroused by emotion inducing events)
is an essential element of the alexithymia phenomenon
[Bermond et al., 1999]. Among the alexithymia dimensions,
the affective ones reflect difficulties in differentiating and
reporting emotional feelings and reduced subjective emo-
tional excitability to emotion-inducing events, whereas the
cognitive ones concern preoccupations with the details of
external events and limited imaginative capacity [Lumley
et al., 2007; Sifneos, 1973]. Recent neuroimaging studies on
socioaffective processing in alexithymia have stressed the
implication of specific brain areas, including anterior cin-
gulate cortex (ACC) [Kano et al., 2003, 2007; Moriguchi
et al., 2007] (see Fig. 1), medio-frontal gyrus [Berthoz et al.,
2002; Mantani et al., 2005; Mériau et al., 2006; Moriguchi
et al., 2006], parietal and premotor [Karlsson et al., 2008;
Moriguchi et al., 2008; Reker et al., 2009 fusiform gyrus
[Eichmann et al., 2008; Reker et al., 2009] as well as insula
[Kano et al., 2007; Moriguchi et al., 2008; Reker et al., 2009;
Silani et al., 2008], and AMG [Kugel et al., 2008; Li and
Sinha, 2006; Reker et al., 2009]. Among those studies, few
have investigated alexithymia related to threat stimuli:
Kano et al. [2003] applied angry faces, Mériau et al. [2006]
used fear and angry faces, and Moriguchi et al. [2007]
showed pain pictures.

Although alexithymia includes dimensions related either
to restricted emotional awareness or to a concrete thinking
style [Bermond et al., 1999; Haviland, 1998; Sifneos, 1996],
previous neuroimaging studies have tended to consider
alexithymia as a single construct. Only Kugel et al. [2008]
and recently Reker et al. [2009] have tested the influence
of its various dimensions independently. Both studies
revealed a specific association between AMG activity and

the level of difficulty in identifying feelings in response to
masked sad faces.

This study aimed at investigating the influence of inter-
individual differences in alexithymia on the neural net-
work associated with the perception of fearful body
expressions. Our goal was twofold: to identify brain acti-
vations specific to individuals displaying the characteristic
combination of dimensions observed in alexithymia and to
assess independently the influence of affective and cogni-
tive dimensions of alexithymia on the fear network. In line
with previous studies and the present meta-analysis (see
Fig. 1), we expected to replicate a group effect in medial
prefrontal regions when perceiving threatening stimuli.
Moreover, we expected to identify the relations between
the alexithymia dimensions and brain activity in areas con-
stituting the fear network, such as those previously
revealed by Kugel et al. [2008] and Reker et al. [2009]
between the difficulties in identifying feelings and the
level of AMG activity. For this purpose, we selected partic-
ipants in a nonclinical population with a questionnaire
investigating five of the core facets of alexithymia (Ber-
mond–Vorst Alexithymia Questionnaire). We put together

Figure 1.

Alexithymia-related activations during emotional tasks. The acti-

vations’ peak of 14 studies revealed during either direct compar-

ison between alexithymic and non-alexithymic groups or

correlation analyses with alexithymia scores (BVAQ-B or TAS-

20) was superimposed on sagittal sections of the MNI brain,

one for the medial frontal cortex (x ¼ 0, anterior cingulate cor-

tex and superior medial frontal gyrus) and one for the amygdala

(x ¼ 20); (1) [Berthoz et al., 2002a]; (2) [Huber et al., 2002];

(3) [Kano et al., 2003]; (4) [Leweke et al., 2004]; (5) [Mantani

et al., 2005]; (6) [Mériau et al., 2006]; (7) [Li and Sinha, 2006];

(8) [Kano et al., 2007]; (9) [Moriguchi et al., 2007]; (10) [Fre-

wen et al., 2008]; (11) [Kugel et al., 2008]; (12) [Silani et al.,

2008]; (13) [Reker et al., 2009]; (14) this study; PTSD, posttrau-

matic stress disorder; *used ROI approach, and therefore coor-

dinates were not available.
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a sample representative of the alexithymia scores’ distribu-
tion in the population at large, with the objective of adopt-
ing both a dimensional approach to estimate the link
between each of the five alexithymia dimensions and fear-
related brain areas and a categorical approach to test the
effect of the high versus low levels of global alexithymia.

MATERIALS AND METHODS

Participants

We screened 201 young men for alexithymia using the
Bermond–Vorst Alexithymia Questionnaire [BVAQ-B,
Zech and Luminet, 1999]. This procedure enabled to select
34 right-handed men free of any history of neurological or
psychiatric disorder and free of fMRI-related exclusion cri-
teria, who accepted to participate in the fMRI study. Fol-
lowing the routinely legal procedure for fMRI studies, all
subjects met a medical doctor before the scan. This proce-
dure allowed to verify inclusion criteria, such as right-
handedness as assessed by the Edinburgh Handedness
Scale [Oldfield, 1971] and good or corrected (with contact
lens) visual acuity. In-line with our objectives, we first
built two groups with maximally divergent BVAQ-B
scores: the high-alexithymia (13 HA) and low-alexithymia
(12 LA) groups had BVAQ-B scores that were respectively
above the 75th (>51) and below the 25th (<46) percentiles
of the BVAQ-B scores’ distribution of the initial 201 men
sample. Finally, only nine men with an intermediate score
could be recruited to built the third group (46 < BVAQ-B
< 51). All the participants gave their informed written
consent. The study was approved by the local Ethics Com-
mittee and was conducted in accordance with the Declara-
tion of Helsinki.

Self-Report Questionnaires

In-line with the consensus that alexithymia includes at
least four core facets [Lumley et al., 2007; Sifneos, 1996],
we used the BVAQ unlike most of previous neuroimaging
studies, which used the TAS-20 (see below). Our choice
was based on the fact that in addition to measure the lack
of imaginative/fantasmatic capacity, this questionnaire
includes a supplementary dimension: the absence of sub-
jective reactions when facing an emotional event. More-
over, this instrument is more independent of current
dysphoric affects than the TAS-20 [e.g. Berthoz et al., 2000;
Kooiman et al., 2002; Lumley et al., 2007].

The participants completed French versions of the fol-
lowing self-report questionnaires:

• The Bermond-Vorst Alexithymia Questionnaire version
B [BVAQ-B, Zech and Luminet, 1999] includes 20
items that measure five dimensions; three dimensions
that Bermond and colleagues labeled affective: difficul-
ties verbalizing emotional experience (B1), poor insight

into one’s emotional experiences (B3), low-emotional
reactivity to emotion-inducing events (B4), and two
dimensions that Bermond and colleagues labeled cog-
nitive: poor daydreaming, lack of fantasies (B2) and
difficulties analyzing one’s own emotional states and
reactions (B5). For French samples, the upper and
lower BVAQ-B cutoff scores are respectively [Deborde
et al., 2008]: BVAQ-B � 53 and BVAQ-B � 43. Among
the 34 study participants, the BVAQ-B total scale dem-
onstrated satisfying internal consistency (Cronbach’s a
¼ 0.71). Whereas this was the case for the BVAQ-B B1
(Cronbach’s a ¼ 0.75), B2 (Cronbach’s a ¼ 0.68) and
B5 subscales (Cronbach’s a ¼ 0.61), BVAQ-B B3 (Cron-
bach’s a ¼ 0.38), and B4 subscales (Cronbach’s a ¼
0.43) showed lower internal consistencies.

• The 20-item Toronto Alexithymia Scale [TAS-20, Loas
et al., 1995] captures two affective and one cognitive
alexithymic features, respectively: difficulties identify-
ing feelings (T1, equivalent to B3), difficulties describ-
ing feelings (T2, equivalent to B1), and a concrete
thinking style (T3, equivalent to B5). For French sam-
ples, the upper and lower TAS-20 cutoff scores are,
respectively, [Loas et al., 1996]: TAS-20 � 56 and TAS-
20 � 44.

• The 13-item Beck Depression Inventory [BDI-13, Collet
and Cotraux, 1986] measures the level of current
depression.

• The Spielberger State-Trait Anxiety Inventory Form-Y
[Bruchon-Schweitzer and Paulhan, 1993]: the first 20
items ask subjects to report the extent of their anxiety
at present (STAI-S); the last 20 items ask respondents
to indicate the intensity of their anxiety in general
(STAI-T).

Self-Report Questionnaires’ Statistical Analyses

To adopt a dimensional approach, we performed corre-
lation analyses between the self-report scores among all
the participants (n ¼ 34). As the scores were found not
normally distributed using a Shapiro–Wilk test, we used
nonparametric Spearmann’s coefficients of correlation. To
adopt a categorical approach, we performed a Mann–
Whitney test to estimate the effect of alexithymia category
(HA vs. LA) on these scores.

fMRI Stimuli and Experimental Design

Subjects were first scanned and then performed a behav-
ioral experiment on the same materials.

Materials

Recording of stimuli involved 12 professional actors (six
females, six males), performing the neutral action of open-
ing a door in front of them, react to a specified encounter
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and close the door again. The fear version of the scenario
required actors to react to something or someone that
frightened them. Importantly, faces were blurred such that
only information from the body was available. Static mate-
rials of fearful and neutral actions were obtained by select-
ing the frame at the perceived apex of each video-clip.
Details can be found elsewhere [see Grèzes et al., 2007;
Pichon et al., 2008].

fMRI experimental design

Here, the analyses focus on the comparison between
fearful and neutral body expressions. The full experiment
was however a 2 � 2 factorial design consisting in neutral
and fearful body actions presented in either still or
dynamic format. Each experiment included two scanning
sessions. During each session, a total of 136 stimuli were
presented: 24 stimuli of each category (dynamic fear, static
fear, dynamic neutral, and static neutral), 10 oddball stim-
uli (Odd) (upside-down video-clips), and 30 null events
(black screen). A stimulus lasted 3 s and was followed by
a black screen of 600 ms. Order of stimuli was fully
randomized. Subjects performed an oddball task: they
were asked to press the button each time an upside-down
video-clip appeared, so that trials of interest were unconta-
minated by motor response.

fMRI data acquisition

Images were acquired using a 3-T whole-body imager
equipped with a circular polarized head coil. For each par-
ticipant, we first acquired a high-resolution structural T1-
weighted anatomical image (inversion-recovery sequence,
1 � 0.75 � 1.22 mm) parallel to the AC–PC plane, covering
the whole brain. For functional imaging, we used a T2*-
weighted echo-planar sequence at 36 interleaved 3.5-mm-
thick axial slices with 1-mm gap (TR ¼ 2995 ms, TE ¼ 35
ms, flip angle ¼ 80�, FOV ¼ 19.2 � 19.2 cm, 64 � 64 ma-
trix of 3 � 3 mm voxels). For each session, 173 volumes
were acquired.

fMRI Statistical Analyses

Image analysis was performed with SPM2 (www.fil.ion.
ucl.ac.uk/spm). The first four volumes of each functional
session were discarded to allow for equilibration effects.
The remaining 169 functional images were reoriented,
slice-time corrected to the middle slice, and spatially real-
igned to the first volume. These images were normalized
to the standard MNI template and subsampled at an iso-
tropic voxel size of 2 mm. The normalized images were
smoothed with an isotropic 6-mm FWHM Gaussian
kernel.

Statistical analysis was also carried out using SPM2. At
the first level, the five following conditions were modeled
for each session and subject: two where subjects saw static
or dynamic fearful body expressions (Fs and Fd, respec-

tively), two where subjects saw dynamic or static neutral
body expressions (Ns and Nd, respectively), and one with
the oddball stimuli. Null events were implicitly modeled.
The BOLD response to the stimulus onset for each event-
type was convolved with a canonical hemodynamic
response function of 3 s. Also included for each subject
session were six covariates capturing residual movement-
related artefacts (three rigid-body translations and three
rotations determined from initial image coregistration),
and a single covariate representing the mean (constant)
BOLD signal over scans. The data were high-pass filtered
with a frequency cut-off at 128 s.

We first performed a random effect whole-brain analysis
(ANOVA implemented in SPM2). For each subject at the
first-level, we created images of parameter estimates con-
sisting in means of linear contrasts for each condition (Fd,
Fs, Nd, and Ns). These four contrast images were then
entered into a second-level random effect analysis consist-
ing in an ANOVA within-subjects (n ¼ 34). A nonspheric-
ity correction was applied for variance differences
between subjects.

The main effect Fear versus Neutral (independently of
whether the stimuli where static or dynamic) was calcu-
lated [(Fs þ Fd) � (Ns þ Nd)]) to reveal the previously
identified fear network [Grèzes et al., 2007; Pichon et al.,
2009].

Then, the effect of alexithymia was investigated.
First, using a region of interest (ROI) approach, the

links between the levels of activity in 12 brain areas of
the fear network and self-report scores was examined.
The choice of these 12 regions was based on previous
studies showing consistent activation of these brain areas
in response to the perception of threatening bodily
expressions [Grèzes et al., 2007; Pichon et al., 2008,
2009]. These ROIs (10-mm radius spheres), centered on
peak coordinates revealed in the main effect of fear
(Fear vs. Neutral), were extracted for each individual
mean contrast values (MarsBaR software). Correlation
coefficients between individual mean values and BVAQ-
B scores were calculated. When a correlation was signifi-
cant, equivalent correlation analyses were performed
with TAS-20 scores.

Second, using a categorical approach, to compare emo-
tional processing in high-alexithymia (13 HA) and low-
alexithymia (12 LA) subjects, we created images of param-
eter estimates for the contrast Fear versus Neutral actions
[(Fs þ Fd) � (Ns þ Nd)] for each subject at the first level.
Then, these contrast images were entered into an ANOVA
with two groups comprising a factor. A nonsphericity cor-
rection was applied for variance differences between
groups. We finally calculated the contrasts between groups
to reveal brain areas that were significantly more activated
in one group compared to the other.

All statistical parametric maps were thresholded at k ¼
10 voxels, P � 0.001 (uncorrected). These maps were
overlaid on the MNI template and labeled using the atlas
of Duvernoy [1999] and the anatomy toolbox
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(www.fzjuelich.de/ime/spm_anatomy toolbox; [Eickhoff
et al., 2005]).

Behavioral Experiment

We performed a recognition task after the scan to check
that, in subclinical subjects, there was no difference in per-
formances [recognition rates and reaction times (RT)]
between high- and low-alexithymia subjects. Participants
were presented the same stimuli again and instructed to
determine whether the emotion portrayed by the body
expressions was fear or neutral. The percentage of correct
emotion recognition (ER) and their corresponding RT were
calculated.

Statistical analyses of behavioral data

First, we performed Spearmann correlations between ER
and RT and alexithymia total scores (BVAQ-B, TAS-20).
Second, repeated measures ANOVA [Group (HA vs. LA)
� Emotion (Fear vs. Neutral)] were calculated for both ER
and RT. Greenhouse–Geisser adjustment of degree of free-

dom was performed, when appropriate, and adjusted
P values were reported.

RESULTS

Self-Report Scores (n 5 34, Table I)

We found a positive correlation between the BVAQ-B
and TAS-20 total scores (r ¼ 0.542, P ¼ 0.001) and their
corresponding factors (B1/T2: r ¼ 0.702, B3/T1: r ¼ 0.717,
B5/T3: r ¼ 0.717; all P < 0.001). Regarding the associations
between alexithymia and dysphoric affects, we found a
positive correlation between TAS-20 total and BDI-13
scores (r ¼ 0.455, P ¼ 0.007), TAS-20 total, and STAI scores
(TAS-20/STAI-S: r ¼ 0.458, P ¼ 0.006; TAS-20/STAI-T: r ¼
0.410, P ¼ 0.016). This was not the case for BVAQ-B scores
(BVAQ-B/BDI-13: r ¼ 0.227, P ¼ 0.196; BVAQ-B/STAI-S: r
¼ 0.232, P ¼ 0.187; BVAQ-B/STAI-T: r ¼ �0.055, P ¼
0.757). Regarding the alexithymia subscores, only those
measuring the difficulties in identifying feelings were cor-
related with dysphoric affects’ scores (B3/BDI-13: r ¼
0.419, P ¼ 0.014; B3/STAI-S: r ¼ 0.552, P ¼ 0.001; B3/
STAI-T: r ¼ 0.480, P ¼ 0.004; T1/BDI-13: r ¼ 0.513, P ¼

TABLE I. Participant self-report questionnaires’ scores and after-scan task performances (n 5 34)

Mean (SD)
Mann–Whitney testa

(n ¼ 25)

All (n ¼ 34) LA (n ¼ 12) HA (n ¼ 13) Z P

Age 21.26 (2.39) 20.08 (1.08) 21.93 (2.89) �2.010 0.060
Psychometric data
BVAQ-B 48.06 (10.85) 36.17 (3.81) 59.15 (5.78) �4.248 �0.001
B1 12.06 (3.66) 9.17 (3.16) 14.31 (2.32) �3.419 �0.001
B2 8.18 (3.49) 6.25 (2.14) 10.38 (4.01) �2.502 0.011
B3 9.32 (2.54) 7.75 (2.99) 10.31 (1.44) �2.199 0.030
B4 10.06 (3.29) 7.92 (2.81) 12.23 (2.35) �3.285 �0.001
B5 8.44 (3.81) 5.08 (0.67) 11.92 (3.17) �4.304 �0.001

TAS-20 47.23 (12.53) 38.00 (12.32) 54.46 (9.45) �2.997 0.002
T1 16.09 (5.71) 14.50 (7.01) 17.15 (4.49) �1.718 0.087
T2 14.09 (4.94) 11.25 (5.41) 16.23 (4.19) �2.263 0.022
T3 17.06 (5.21) 12.25 (3.22) 21.97 (3.75) �3.897 �0.001

BDI-13 1.76 (2.16) 0.83 (1.53) 2.15 (2.76) �1.475 0.205
STAI
State (STAI-S) 31.68 (9.32) 27.42 (8.21) 33.08 (9.07) �1.662 0.098
Trait (STAI-T) 37.59 (10.47) 36.58 (12.26) 35.77 (7.57) �0.436 0.689
Behavioral data
Recognition (%) 85.96 (3.91) 86.20 (5.14) 85.79 (3.57) �0.545 0.611
Fear 77.30 (7.25) 79.17 (8.43) 74.94 (6.46) �1.582 0.123
Neutral 94.61 (6.57) 93.23 (8.57) 96.64 (4.28) �1.116 0.264

Reaction time (ms) 565.42 (116.41) 582.83 (86.06) 555.04 (158.51) �0.653 0.538
Fear 561.95 (110.76) 572.25 (91.85) 558.12 (148.63) �0.272 0.810
Neutral 568.90 (131.87) 593.41 (93.66) 551.96 (178.58) �0.870 0.406

Note: SD, standard deviation; HA, group with high alexithymia; LA, group with low alexithymia; B1 ¼ T3, difficulty in verbalizing
emotions; B2, difficulty in fantasizing; B3 ¼ T1, difficulty in identifying emotions; B4, low-emotional reactivity; B5¼T3, concrete thinking
style.
aNonparametric test for the comparison between HA and LA groups.
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TABLE II. Brain regions showing amplitude effects when subjects (n 5 34) perceived Fearful versus Neutral bodily

expressions and fear-related areas differently activated between groups with high and low alexithymia

Brain regions

MNI coordinates

Z score Nb of voxelsx y z

All
L Inferior frontal gyrus, pars orbitalis (BA47) �34 30 2 4.58 45
R Inferior frontal gyrus, pars triangularis (BA45) 52 28 0 6.18 453
L Inferior frontal gyrus, pars triangularis (BA45) �48 24 �6 4.58 45
R Inferior frontal gyrus, pars opercularis (BA44) 54 16 20 3.61 21
L Inferior frontal gyrus, pars opercularis (BA44) �48 14 18 4.63 388
L Supplementary motor area �6 �20 54 5.17 217
R Supplementary motor area 6 �10 70 3.74 17
L Premotor cortex �48 �12 54 4.76 55
R Premotor cortex 58 �2 44 4.11 86
R Middle temporal gyrus 62 42 �2 6.11 2253

R Superior temporal sulcus 52 �28 �10 5.92
R Temporoparietal junction 58 �42 16 5.63
R Temporal pole 48 0 �34 4.49

L Superior temporal sulcus �60 �52 12 5.35 1461
L Temporoparietal junction �56 �50 26 4.24
L Linual gyrus �20 �98 �14 5.71 214
Brain stem 6 �20 �10 5.43 155
L caudate nucleus �6 6 6 3.80 20
R Amygdala/hippocampus 18 �6 �24 3.59 11
L Amygdala �28 0 �26 3.57 13

HA > LA
R Anterior cingulate cortex (BA32) 6 34 24 4.05 27
R Cuneus 16 �64 32 3.95 17

LA > HA
L Inferior Parietal Lobule (BA40) �56 �44 46 4.24 25
L Precuneus (BA7) �12 �68 64 4.21 54
L Superior Parietal Lobule �28 �58 52 4.16 18
R Premotor cortex (BA6) 18 0 70 3.57 11
R Middle temporal gyrus 48 �38 �6 3.46 22

Height and extent threshold: P < 0.001 uncorrected and k ¼ 10 voxels.

TABLE III. Correlations between brain regions showing amplitude effects in response to Fearful versus Neutral

stimuli (fear-related network) and BVAQ-B scores (n 5 34)

Brain regions BVAQ B1 B2 B3 B4 B5

R IFG (BA45) 0.166 0.032 0.039 0.079 0.085 0.079
L IFG (BA45) �0.123 �0.196 0.218 0.055 �0.025 �0.248
R STS �0.123 �0.291 0.162 0.076 �0.118 �0.062
L STS 0.235 0.099 0.175 0.318 �0.005 0.169
R PM �0.309a �0.180 �0.189 �0.136 �0.348* �0.210
L PM �0.037 �0.077 �0.054 0.134 �0.099 0.153
R IFG (BA44) �0.112 �0.157 �0.254 0.122 �0.149 �0.009
L IFG (BA44) �0.020 0.061 �0.032 0.095 0.071 �0.121
R Temporal pole �0.297 �0.169 �0.016 �0.298 �0.227 �0.239
R AMG �0.219 �0.074 �0.093 �0.420* 0.090 �0.185
L AMG �0.155 �0.090 �0.001 �0.329b �0.100 0.061
R ACC 0.377* 0.291 0.066 0.170 0.367* 0.304

*P < 0.05; aP ¼ 0.075; bP ¼ 0.057.
Value: Spearmann coefficients of correlation.
In yellow: correlations that did not survey when controlling for BDI or STAI scores.
Note: B1, difficulty in verbalizing emotions; B2, difficulty in fantasizing; B3, difficulty in identifying emotions; B4, low-emotional reactiv-
ity; B5, concrete thinking style.

r Pouga et al. r



Figure 2.

Correlations between activity in key regions of the fear network and

alexithymia scores. A: The right amygdala (AMG): A1—Group aver-

age activation of amygdala superimposed on a coronal section of the

MNI brain. A2—Negative correlation between AMG activity and

BVAQ-B B3 scores, which measure subjects’ difficulties in identifying

emotions. B: The right premotor cortex (PM): B1—Group average

activation of the PM superimposed on a sagittal section of the MNI

brain. B2—Negative correlation between PM activity and BVAQ-B

B4 scores that measure low emotional reactivity. C: The right ante-

rior cingulate cortex (ACC): C1—Group average activation of ACC

revealed by the comparison between HA and LA groups, superim-

posed on a sagittal section of the MNI brain. C2—Positive correla-

tion between ACC activity and BVAQ-B B4 scores that measure low

emotional reactivity. [Color figure can be viewed in the online issue,

which is available at www.interscience.wiley.com.]
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0.002; T1/STAI-S: r ¼ 0.446, P ¼ 0.008; T1/STAI-T: r ¼
0.606, P < 0.001).

Moreover, we found no significant difference between
the HA and LA groups for the BDI-13 and STAI scores.

Behavioral Measures (Table I)

There was no main effect of Group [FER(1,23) ¼ 0.053, P
¼ 0.820; FRT(1,23) ¼ 0.289, P ¼ 0.596], and no Group x
Emotion interaction [FER(1.88,43.18) ¼ 1.731, P ¼ 0.191;
FRT(3,69) ¼ 0.795, P ¼ 0.501]. The analyses (Mann–Whitney
tests) of each emotion separately (Fear and Neutral)
revealed no group differences in performances (Table I).
No significant correlations were found between the
BVAQ-B total score and recognition rates or reaction times
for fearful [rER ¼ �0.307, P ¼ 0.078; rRT ¼ �0.227, P ¼
0.197) or neutral stimuli (rER ¼ 0.236, P ¼ 0.180; rRT ¼
�.253, P ¼ 0.149). Similarly, no significant correlations
were found between TAS-20 scores and behavioral
measures.

fMRI Data

ANOVA within group: Main effect of Fear

(n 5 34, Table II)

Whole body expressions of fear induced greater activa-
tion in bilateral inferior frontal gyrus (IFG), STS, supple-
mentary motor area (SMA), PM, AMG, temporoparietal
junction (TPJ), and right temporal pole (TP).

Correlation analyses (n 5 34, Table III, Fig. 2)

We observed significant negative correlations between
the BVAQ-B B3 score (difficulties in identifying emotions)
and right AMG activity (and a trend with left AMG, P ¼
0.057), between TAS-20 total and T1 (similar to B3) scores
and right AMG activity (TAS-20/rAMG: r ¼ �0.436, P ¼
0.010; T1/rAMG: �0.469, P ¼ 0.005), between the BVAQ-B
B4 score (low-emotional reactivity) and right PM activity,
and a trend between BVAQ-B total score and PM activity
(r ¼ �0.309, P ¼ 0.075).

As B3 and T1 factors were linked to BDI-13 scores on
the one hand, and AMG activity was linked to BDI-13
scores (r ¼ �0.421, P ¼ 0.013), on the other hand, we per-
formed partial correlations (controlling for BDI-13 scores)
and found that the link between B3 scores and AMG activ-
ity disappeared (r ¼ �0.211, P ¼ 0.238, ddl ¼ 31). The link
between TAS-20 scores and AMG activity was reduced
and remained as a trend only after controlling for depres-
sivity (r ¼ �0.326, P ¼ 0.064, ddl ¼ 31), whereas the link
between T1 scores and AMG activity remained (r ¼
�0.355, P ¼ 0.043, ddl ¼ 31).

As multiple correlation analyses were computed
between psychological measurements and hemodynamic
response in 12 different ROIs, the possibility of false posi-
tives was increased. However, a more conservative cor-
rected threshold would raise the risk of false negatives.
Importantly, although the present correlational results pro-
vide useful information on the features of hemodynamic
response in each ROI in an exploratory manner, they are
only suggestive values and need to be replicated in future
studies.

ANOVA between groups (13 HA vs. 12 LA; Table II)

The between-group comparison for the main effect of
Fear revealed greater activations in HA than LA in right
ACC (BA24/BA32) and cuneus. Conversely, the LA acti-
vated significantly more than the HA the right PM, as well
as the left precuneus, inferior parietal lobule, superior pa-
rietal lobule, and postcentral gyrus.

From the literature and the present meta-analysis (see
Fig. 1), we had a priori hypothesis on the link between
alexithymia and ACC only, and therefore further investi-
gated this region exclusively. First, in the two groups sepa-
rately, we examined the ACC level of activity in our two
conditions of interest (Fear and Neutral) relative to

Figure 3.

Correlations between three key brain areas (ACC, PM, and

AMG) in high and low-alexithymia scorers. Correlation analyses

between AMG (top) and PM (bottom) activities and ACC activ-

ity in subjects with high alexithymia (in red) and low alexithymia

(in blue). The dots correspond to subjects’ mean contrast values

in a 10-mm ROI (AMG and PM) for the contrast Fear versus

Neutral relative to the mean contrast values in the ACC ROI

extracted from the same contrast. Note that the slopes

between ACC and PM are significantly different between the

two groups and in opposite direction (HA: r ¼ �0.525; LA: r ¼
0.419), whereas the slopes between ACC and AMG did not

differ between the two groups.
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baseline (indexed by the beta values). We observed that
beta values were negative when compared with the base-
line. In HA, activity was higher for Fear than Neutral,
whereas in LA, activity was lower for Fear than Neutral.
Second, correlation analyses with the five BVAQ-B dimen-
sions scores in the whole sample (n ¼ 34) showed that
ACC activity was positively correlated with BVAQ-B total
scores, which was driven by a significant correlation with
B4 scores (low-emotional reactivity) only (Table III). One
limit of these results is the use of self-report question-
naires. Indeed, providing information about ones’ own dif-
ficulties in socioaffective behaviors raises the problem of
the capacity of subjects to report such difficulties without
exaggerating or underreporting them. This can result in
distorted responses. Studies in which both self- and ob-
server-evaluations are used will be more illuminating.

Brain areas intercorrelations (see Fig. 3)

We observed correlations between alexithymia scores
and activity in right AMG and PM as well as stronger acti-
vation in HA compared to LA in the ACC. As both AMG
and PM have strong connections with ACC [see Amodio
and Frith, 2006 for review], the link between ACC and
AMG activities, and between ACC and PM, were explored
here. Correlation analyses on all participants revealed no
significant association. We then performed correlation
analyses within HA and LA groups separately. We found
no link between AMG and ACC activity in response to
fearful stimuli in either groups (HA: r ¼ 0.196, P ¼ 0.503;
LA: r ¼ �0.224, P ¼ 0.484). However, we found a trend
for a negative correlation between ACC and right PM ac-
tivity in HA (r ¼ �0.525, P ¼ 0.065) but not in LA (r ¼
0.419, P ¼ 0.175). More importantly, the slopes were signif-
icantly different between the two groups (an univariate
ANOVA with group as a random factor, ACC activity as
the covariate and PM activity as the dependent variable
revealed a significant Group � ACC activity interaction:
F(1,21) ¼ 6.205, P ¼ 0.021).

DISCUSSION

The goal of this study was to assess the relations
between individual differences in alexithymia and the neu-
ral activations triggered by observing threatening emo-
tional actions. We used the BVAQ-B multidimensional
questionnaire to select the study participants. Moreover,
alexithymia was also assessed with the TAS-20, and the
BDI-13 and the STAI were used to measure dysphoric
affects. Perceiving fearful body actions was associated
with activations in bilateral STS, AMG, IFG, SMA, PM,
TPJ, and TP, a fear-related network similar to that
reported in our previous fMRI studies [de Gelder et al.,
2004; Grèzes et al., 2007].

Our critical findings are threefold. First, the level of dif-
ficulty in identifying emotions was negatively linked to

AMG activity, a structure known to play a critical role in a
brain network mediating automatic fear responses [Ama-
ral, 2003; Blanchard and Blanchard, 1972; LeDoux, 2000].
Second, both alexithymia total scores and low emotional
reactivity scores were negatively related to PM activity, a
structure implicated in motor simulation [Rizzolatti et al.,
2001] and in motor preparation [Hoshi and Tanji, 2004;
Passingham, 1993], whereas only low emotional reactivity
scores were negatively related to ACC activity. Finally,
using a categorical approach, we showed that high-BVAQ-
B scorers, when compared with low-BVAQ-B scorers, had
similar levels of dysphoric affects and similar behavioral
performances, but they had stronger ACC activity. Differ-
ent patterns of correlation between ACC and PM activities
were found among these two groups. We suggest that
these results may reflect an altered control of adaptive be-
havioral response to negative emotional signals in high-
alexithymia subjects.

We first show that the more subjects report difficulties
in identifying emotions, the less activity is observed in
AMG during the perception of fearful behaviors (see Fig.
2). An extensive body of research has established that
lesions of AMG or temporal pole in nonhuman primates
[Amaral, 2003; Blanchard and Blanchard, 1972; LeDoux,
2000] and in humans [Adolphs and Tranel, 1999; Adolphs
et al., 1994, 1995, 2001; Calder et al., 1996] cause severe
deficits in recognizing aversive emotions, especially fear.
In line with this, our result suggests that subjects who ex-
perience difficulties in emotional insight have an impaired
sensitiveness to socially threatening stimuli. This is con-
sistent with works that investigated how participant’s sub-
jective evaluation of emotional signals influenced brain
responses to these cues [Canli et al., 2000; Garavan et al.,
2001; Phan et al., 2003]. Notably, AMG was found less
activated when subjects rated as low their emotional reac-
tions to specific pictures [Canli et al., 2000]. This is also in
line with what has been recently suggested by Bylsma
et al.’s review [Bylsma et al., 2008]: they proposed that the
blunted response of AMG in depressive adults to fearful
stimuli could be seen as the neural basis of a reduced
emotional reactivity. In this study, we show that the link
between the level of AMG activation and the difficulties in
identifying feelings was partially explained by the depres-
sion levels of the participants. Further studies, also using
eye movements and autonomic responses recordings,
could help to clarify whether the negative relation between
subjective difficulties in identifying one’s own emotion
and AMG activity reveal reduced appraisal or reactivity to
emotional stimuli.

The second main finding is that the more subjects show
global alexithymia, the less there is activity in PM during
fear perception (see Fig. 2). More specifically, lower PM
activity was linked to reduced subjective emotional reac-
tivity. It has been shown in macaque monkeys and in
humans that PM is involved during the execution and the
observation of an action [diPellegrino et al., 1992; Fogassi
et al., 1998; Grafton et al., 1996; Grèzes et al., 2003; Keysers
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and Gazzola, 2007; Rizzolatti et al., 1996]. The automatic
activation of motor representations or simulation during
action observation is considered crucial for the under-
standing of others’ motor behaviors [Gallese et al., 2004;
Grèzes and Decety, 2001; Sommerville and Decety, 2006].
It has been recently suggested that by itself this simulation
process is also an essential component for understanding
other’s emotions [Carr et al., 2003; Gallese et al., 2004;
Preston and e Waal, 2002]. One possible explanation for
the diminished PM activity is related to a reduced reso-
nance to emotional actions. But two studies [Karlsson
et al., 2008; Moriguchi et al., 2008], using video-clips of
human actions and emotions (positive and negative), have
shown the reverse pattern, that is, greater activity in the
premotor and sensorimotor cortex in high-alexithymia
scorers (than in low-alexithymia scorers), which has been
hypothesized to reflect a tendency, in high-alexithymia
scorers, to experience physical sensations in emotional sit-
uations [Karlsson et al., 2008], or an overtendency to simu-
late other’s behaviors [Moriguchi et al., 2008].

Nevertheless, besides their communicative function,
emotions are also adaptive by preparing the organism for
behavioral response to the current environment [Darwin,
1872; Frijda, 1986; LeDoux, 1995]. Our study indeed con-
firmed that both PM and AMG are activated by socially
threatening body expressions [de Gelder et al., 2004;
Grèzes et al., 2007; Pichon et al., 2008]. The PM is known
to be implicated in externally driven actions [Hoshi and
Tanji, 2004; Passingham, 1993], and its present activation
could also reflect the preparation of an adapted motor
action [Hoshi and Tanji, 2004] in response to the percep-
tion of fear signals. Here, the observed coordinates (zMNI:
44) are located at the border between ventral and dorsal
PM [Tomassini et al., 2007], whereas the ones found by
Morigushi et al. ([2008]; zMNI: 72) and Karlsson et al.
([ 2008]; zMNI: 65) are located exclusively in dorsal PM.
The difference in localization may be due to the fact that
Morigushi et al. [2008] have used nonemotional videos
(goal-directed movements) and Karlsson et al. [2008]
pooled emotions together, irrespectively of their valence.
In the current study, the PM coordinates are similar to
those reported in previous research during observation of
threatening expressions [Whalen et al., 2001, zMNI ¼ 46;
Grèzes et al., 2007, z ¼ 40; Pichon et al., 2008; z ¼ 52;
Pichon et al., 2009; z ¼ 52]. Moreover, in monkey, stimula-
tion of this part of the PM (the polysensory zone PZ in the
dorsal part of F4) elicits protective movements [Graziano
and Cooke, 2006]. Because the AMG plays a critical role in
initiating adaptive behavioral response to the perception
of social signals via its connections with subcortical areas
and PM cortex [Amaral and Price, 1984; Avendano et al.,
1983], another possible explanation for the observed
diminished PM activity is that of an attenuated tendency
to react appropriately to social situations. Yet, both of the
above-mentioned mechanisms could account for the lack
of expressiveness that has been described in alexithymia
[Taylor et al., 2008].

Third, high-alexithymia subjects had greater ACC activ-
ity than low-alexithymia subjects. Lane et al. [1997] have
conceptualized alexithymia as a poor capacity to con-
sciously experience emotional feelings and coined the term
‘‘blindfeel’’ (i.e., the emotional equivalent of blindsight;
[Lane et al, 1997]). Furthermore, they speculated it would
be associated with an abnormal participation of the ACC
during emotional arousal on the basis that the level of ac-
tivity in dorsal ACC to emotion-inducing stimuli was
related to high-emotional awareness [Lane et al., 1998; see
also McRae et al., 2008].

Yet, only low-negative associations were reported
between alexithymia and level of emotional awareness
scores [e.g., Berthoz et al., 2000; Bydlowski et al., 2005;
Lane et al., 2000]. Using group comparisons or correlation
analyses, all the previous studies revealed associations
between ACC activation and alexithymia (see Fig. 1).
Nonetheless, it should be noted that 50% of them reported
a negative link, 40% a positive link, and 10% showed both
type of associations (i.e., high-alexithymia individuals acti-
vated more the rostral ACC, whereas low-alexithymia
ones activated more its dorsal part, [Moriguchi et al.,
2007]). In line with the results of Moriguchi et al. ([2007];
processing of pictures depicting painful actions), we
observed greater rostral ACC activity in the high-alexithy-
mia group. So far, in previous studies that have used
emotional facial expressions, alexithymia was associated
either with greater dorsal ACC (12 12 48) ([Mériau et al.,
2006]; implicit processing of the emotional faces) or with
lower dorsal ACC (14 6 48) activity ([Kano et al., 2003];
explicit recognition of angry faces). Hence, the extent to
which these discrepancies are related to the experimental
variables, including tasks and stimuli, and the gender
of the study participants should be addressed in future
studies.

In the current study, ACC hyperactivity is located at the
boundary between anterior part of rostral ACC (arACC),
which is particularly activated by emotional tasks, and
posterior part of rostral ACC (prACC), which is mostly
activated by cognitive tasks [Amodio and Frith, 2006; Bush
et al., 2000]. This subregion of ACC, for which we found a
main effect of alexithymia trait, is considered crucial for
efficient interactions between affective and cognitive proc-
esses [Amodio and Frith, 2006]. It was previously revealed
during voluntary suppression of unpleasant affects elicited
by aversive pictures [Phan et al., 2005] and during explicit
control of subjective emotional arousal induced by threat-
ening stimuli [Ochsner et al., 2004; Rubino et al., 2007].
Here, the more activity in this region, the less participants
reported being emotionally aroused (BVAQ B4 score). In
line with those findings, we suggest that higher ACC ac-
tivity in high-alexithymia individuals may reflect a mecha-
nism restricting the harmful, unpleasant impact of a
negative event. Alexithymia is indeed known to be associ-
ated with maladaptive coping strategies, notably emotional
inhibition and immature defensive styles [Helmes et al.,
2008]. Consistently, our results further revealed that the
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relationship between ACC and PM is in opposite direction
in high-alexithymia subjects (r ¼ �0.525) and in low-alexi-
thymia subjects (r ¼ 0.419) (see Fig. 3). This is not the case
for the link between ACC and AMG [but see Mériau et al.,
2006]. Both ACC and PM were found to be related to poor
emotional reactivity (B4), whereas the AMG was found to
be related to poor emotion identification (B3 and T1). As
the part of medial prefrontal cortex, for which we found a
group effect, has robust connections with premotor areas
in monkeys [Barbas et al., 1999], we propose the present
ACC/PM link in high-alexithymia individuals could sus-
tain inhibitory control of adaptive behavioral response to
threatening emotional signals.

Finally, our results further demonstrate that alexithy-
mia is a valid model for investigating the neural corre-
lates of individual differences in inner emotional
experiences and behavioral socioaffective skills. Alexithy-
mia has been reported in about 15% of the normal pop-
ulation and is considered a vulnerability factor for
various medical and psychiatric disorders [Taylor and
Bagby, 2004]. Our study showed that, in nonclinical
population, individuals who display prototypic alexithy-
mia seem to overregulate their emotional state, in ab-
sence of any instruction, when confronted to emotional
stimuli. We believe it would be informative to examine
whether this strategy of regulation is similar in healthy
and clinical individuals with alexithymia. In fact, regard-
ing our results and the different models of alexithymia
that have been proposed, it is plausible that high-alexi-
thymia subjects in nonclinical population use an inhibi-
tory strategy when faced to emotional events, whereas
high-alexithymia patients in clinical populations are no
more able of self-regulation.

CONCLUSION

Being exposed to fear signals makes us feel threatened
and prompts us to prepare an adaptive response. Our pre-
vious studies [de Gelder et al., 2004; Grèzes et al., 2007;
Pichon et al., 2008] suggested that AMG and PM play a
role in the preparation of the observers’ motor response
required by the situation. Using interindividual differences
in alexithymia, a personality trait associated with deficits
in emotional reactivity and emotion regulation, this study
further reveals how anterior cingulate cortex interacts with
PM to sustain self-regulation of one’s own emotional state
in response to threatening social signals. On the behavioral
level, this neural mechanism could account for the descrip-
tion of the ‘‘cold-blooded’’ personality and ‘‘stiff wooden
posture’’ of prototypic individuals with alexithymia [Tay-
lor et al., 1997].
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