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Abstract Despite the high relevance of emotion pro-
cessing for social functioning, the study of the impairment
of facial affect in multiple sclerosis (MS) has received little
attention. Previous research reported evidence for emotion
processing deficits but the nature and extent are not fully
explained. Thirty-five MS patients underwent dedicated
neuropsychological assessment of emotion processing
using two facial affect recognition tasks and self-report
measures of alexithymia. For comparison, healthy partici-
pants served as controls. Relative to healthy controls, MS
patients were impaired in facial affect recognition on four
of the six Ekman basic emotions, except happiness and
disgust. The MS patients were more alexithymic than the
healthy controls. These data provide evidence for deficits in
the recognition of emotional face expressions and emo-
tional introspection.
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Introduction

The ability to recognize emotions from facial expressions
is crucial for social functioning in everyday life. More
recently, it was shown that empathy is an important social
skill involving the left inferior frontal and medial frontal
cortex [1, 2]. Although mood impairments are common in
MS [3], the study of emotion processing and its abnor-
malities in MS has received little attention.

MS is a progressive disease of the central nervous sys-
tem primarily leading to white matter changes but
involving the cerebral cortex as well [4]. In fact, the grey
matter involvement and the loss of nerve fibers are con-
sidered to cause sensorimotor, visual, and cognitive deficits
in chronic MS patients [5]. The first report on impairments
in facial affect recognition in MS patients attributed them
to a general impairment in facial perception [6]. More
recently, it was argued that patients with MS have distur-
bances in emotion processing [7, 8]. Also, evidence was
found for deficits in the identification of emotional states
from prosodic cues [9]. Beyond results of impaired facial
affect recognition, the presence of alexithymia was also
advocated in MS patients [10]. Alexithymia is a dimen-
sional normal distributed personality trait characterized by
difficulties identifying, understanding, and describing
emotions [11]. Previous research found the prevalence of
alexithymia in French MS patients to be two times elevated
as compared to the general population [12]. Furthermore,
alexithymia has been found to be particularly present in
patients with psychosomatic disorders [13]. Therefore,
alexithymia may have a large impact on patients’ self-
perception, regulation of emotion, control of behavior, and
the interaction with other people.

Since MS patients are known to be impaired in regula-
tion of emotion and, thus, in the control affective behavior
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we designed this study to examine the level of emotion
processing in MS patients. Specifically we were interested
in the performance test of facial affect recognition and self-
report measures of emotion. We hypothesized that MS
patients are impaired in recognizing emotions from human
facial expressions. Also, we wished to explore if this
socially relevant deficit is related to alexithymia in MS
patients. To substantiate our hypotheses, MS patients’ data
were compared to those of healthy controls.

Methods
Patients

In this prospective study, 42 patients with chronic MS were
consecutively entered into the study between February
2008 and December 2009. Seven patients were excluded
from data analysis due to pathological results on the Ben-
ton Facial Recognition Test (BFRT, see below). The large
majority of the remaining MS patients (83%) suffered from
secondary progressive MS, while five had relapsing
remitting MS and one primary progressive MS. All patients
received immunomodulatory treatment, predominantly
mitoxantrone (80%) [14] but as well cyclophosphamide
(9%), cortisone (9%) and natalizumab (3%). Mean years of
disease duration was 9.2 years (SD 8.4). Patients’ age of
symptom onset was 35.2 years (SD 11.1), and the mean
age of diagnosis was 39.5 years (SD 12.2). The median
score of the Expanded Disability Status Scale (EDSS) was
6.0 (range 0-7.5), indicating a “disability severe enough to
preclude full daily activities” [15]. MS patients scored
within the normal range on the Mini Mental Status
Examination Test (MMSE) [16], M = 29.1, SD 1.2.
Exclusion criteria were a deficit in the recognition of
neutral facial expressions, indicated by a pathological score
on the BFRT, an inability of writing and drawing with the
dominant hand, as well as a history of major mental illness
and a history of neurological disease other than MS.
Healthy controls served as a control group. Descriptive
statistics of the MS patients and the control group are
presented in Table 1.

All of the participants gave informed written consent to
participate in the study and none of the participants had
visual disturbances that would interfere with testing.
Experiments were approved by the local ethics committee
and conducted according to the Declaration of Helsinki.

Procedure and measures
After providing demographic information, all participants

completed self-report measures of depressiveness (BDI,
Beck’s Depression Inventory) [17] and alexithymia (TAS-
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Table 1 Study population

Multiple sclerosis Healthy controls P

n 35 61

Sex
Male 65.7% 60.7% ns
Female 34.3% 39.3%

Age
M 48.2 335 <0.001
SD 10.2 11.5
Range 22-69 18-57

Years of education
M 10.8 12.6 0.001
SD 2.7 24
Range 8-17 9-17

20, Toronto Alexithymia Scale) [11, 18]. MS patients
completed the Benton Facial Recognition Test (BFRT)
[19] measuring recognition of neutral faces from various
perspectives and the Faces Symbol Test (FST) [20], a
screening instrument for cognitive impairment in MS that
requires drawing of easy-to-draw, simple geometric sym-
bols beneath corresponding male and female heads.

To measure facial affect recognition, the Test of Per-
ceptual Competence of Facial Affect Recognition (PCFAE,
developed by Ingenhag, Schifer and Franz in 2007,
unpublished) and the Ekman-60-Faces test [21] were used.
For PCFAE, participants were presented with a series of
morphed faces showing emotional facial expressions of
sadness, anger, fear, disgust, happiness or surprise on a
computer screen in random order. Each morph sequence
consisted of 30 images, each of which was presented for
750 ms. In each sequence, the facial expression slightly
changed starting from a neutral expression to the fully
developed expression of emotion. The faces were taken
from the averaged Karolinska Directed Emotional Faces,
http://www.facialstimuli.com/index_files/Page502.htm and
every emotion was presented four times, twice with a
female face and twice with a male face. Participants were
required to press the space bar with their right index finger
as soon as they had detected one of the six emotional
expressions mentioned. Then they were asked to select the
emotion by clicking at the corresponding label in a new
window. If the space bar was not pressed until the end of
the morph sequence, the selection window opened auto-
matically. Thus, the PCFAE comprised two distinct mea-
the number of correctly identified emotional
expressions (accuracy) and the number of the image (1-30)
shown when the emotion was detected (index image). As
for the wvalidity, significant correlations were found
between the PCFAE and the Ekman-60-Faces-Test [21],
r = 0.35. The reliability is specified with an internal
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consistency of 0.75 and a split-half reliability of 0.82 [22].
The Ekman-60-Faces test consisted of 60 faces of the
Ekman and Friesen [21] series presenting the same six
basic emotions. On a computer screen, each picture was
presented for 5 s followed by a forced-choice menu to
indicate the emotion detected.

Altogether, testing took between 1.5 and 2 h. Therefore,
the order of tests was varied in a pseudorandom fashion
across subjects.

Previously, the sample data were tested for normal
distribution using the Kolmogorov—Smirnov test and
homogeneity of variance using the Levene test. For com-
parison of the patient groups, a t test for independent
samples with TAS-20 as the dependent variable and group
as the independent variable and a Mann—Whitney U non-
parametric test with BDI as the dependent and group as the
independent variable were conducted. Additionally, a
MANCOVA with group as the between-subjects variable,
PCFAE accuracy (except sadness and surprise accuracy)
and index scores, as well as the Ekman-60-Faces test score
as within-subjects variables and age, education, BDI, and
TAS-20 as covariates was conducted. Due to inhomogenity
of variances, group differences for PCFAE accuracy sad-
ness and surprise were tested with Kruskal-Wallis non-
parametric test.

Results

In Table 2, the mean scores and the results of inferential
statistical tests comparing MS patients and healthy controls
are presented for the self-report measures BDI, TAS-20,
FST, and BFRT.

The results of the 7 test and Mann—Whitney U test
indicated significant group differences for BDI (p < 0.001)
and TAS-20 (p = 0.013), see Table 2. MS patients were
significantly more depressed compared to healthy controls.
According to the cut-off scores, 17.1% of the MS patients

were classified as depressed, 28.6% as moderately
depressed, and 45.7% showed no signs of depression (8.6%
missing). As expected, in the healthy control group, the
majority (75.4%) had no mood disturbances. 21.3% were
classified as moderately depressed and a minority of 3.3%
showed signs of depression. Moreover, MS patients were
significantly more alexithymic than healthy controls. In the
MS group, 37.1% had low alexithymia, 37.1% had mod-
erate alexithymia, and 25.7% had high alexithymia. Of the
healthy controls, 23.0% had low alexithymia, 21.3% had
moderate alexithymia, and 16.4% had high alexithymia
(cut-off scores were calculated according to Franz et al.
[11]). MS patients recognition of neutral faces was unim-
paired as measured by the BFRT (80% normal range, 20%
borderline). On the FST (information processing speed,
working memory, sustained attention), patients scored
below average.

As Fig. 1 shows, the results of the MANCOVA and
Kruskal-Wallis nonparametric test indicated significant
main effects for the following PCFAE measures: total
accuracy, fear accuracy, surprise accuracy, anger accuracy,
sadness accuracy, total index, fear index, surprise index,
anger index, sadness index, as well as the Ekman-60-Faces
test (MANCOVA total accuracy F(5/93) = 4.23,
p = 0.002; fear accuracy F(5/93) =4.23, p = 0.002;
anger accuracy F(5/93) = 5.16, p < 0.001; total index
F(5/93) = 2.99, p = 0.015; fear index F(5/93) = 3.14,
p = 0.012; surprise index F(5/93) = 3.44, p = 0.007;
anger index F(5/93) = 2.75, p = 0.024; sadness index
F(5/93) =3.01, p=0.015; Ekman-60-Faces test
F(5/93) = 5.68, p < 0.001; Kruskal-Wallis test PCFAE
sadness accuracy p = 0.003; surprise accuracy p = 0.017).
The groups did not differ significantly in accuracy and
indices of disgust and happiness. MS patients were less
accurate on all PCFAE-measures mentioned above com-
pared to healthy controls (Fig. 1). That was valid for the
total scores as well as for fear, surprise, anger, and sadness
separately. As for the response duration (index measures),

Table 2 Performance on the self-report measures, the FST, and the BFRT

Measure Multiple sclerosis patients Healthy controls Group differences
M SD M SD D

BDI* 11.44 7.65 6.07 5.51 <0.001

TAS-20" 48.31 13.10 4225 10.24 0.013

BFRT® 43.66 2.87

FST¢ 5.85 3.23

Values reported are raw scores. Group differences were calculated with # test for independent samples (TAS-20) and Mann—Whitney U test (BDI)

? The BDI cut-off scores are 0-9 not depressed, 10—18 mild-moderate depression, 19-29 moderate-severe depression, 30-63 severe depression

® The TAS cut-off scores are <51 no alexithymia, 52—60 possible alexithymia, >61 alexithymia
¢ The BFRT cut-off score is <38 impaired, 3940 borderline, >41 unimpaired

4 The FST cut-off score is >3 s/item impaired, n = 25
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Fig. 1 Group differences on PCFAE sub scores and Ekman-60-Faces
Test (mean and standard deviation raw scores) for multiple sclerosis
patients (MS) and healthy controls (HC)

MS patients detected emotional face expressions of fear
and of surprise faster than healthy controls. Compared to
healthy controls, MS patients’ response duration was slo-
wed for sadness and anger. MS patients recognized sig-
nificantly less facial expressions of emotion on the Ekman-
60-Faces test compared to healthy controls.

Spearman correlation analysis between the PCFAE total
scores and socio-demographic variables (age, education,
symptom onset, diagnosis onset, and disease duration) and
the other cognitive or emotional measures (BDI, TAS-20,
MMSE, BFRT, FST) within the MS group yielded no
significant correlations except for diagnosis onset
(r=-0.335, p=0.049) and the FST (r= —0.481,
p = 0.015). The Ekman-60-Faces test was significantly
correlated with education (r = 0.411, p = 0.008), age
(r = —0.355, p = 0.037), diagnosis onset (r = —0.405,
p = 0.016), symptom onset (r = —0.406, p = 0.017) and
the PCFAE (r = 0.638, p < 0.001).

@ Springer

To explore the relation of the impairment of facial affect
recognition to the neurological impairment further, MS
patients were divided into two subgroups according to their
EDSS score (n =9, EDSS <4 and n = 26, EDSS >4).
Descriptively, MS patients with an EDSS >4 were slower
on the FST, overall facial affect recognition (PCFAE total
index) and recognition of disgust (PCFAE disgust index).
Calculation of effect sizes yielded strong effects for FST
(d = 0.95) and PCFAE disgust index (d = 0.84) and a
moderate effect for PCFAE total index (d = 0.51), while
no differences between groups were found by the Kruskal—
Wallis test.

Discussion

The present study shows that patients with chronic MS and
a moderate neurological deficit as assessed with the EDSS
but normal neutral face recognition (BRFT) suffered from
marked abnormalities of affect recognition in faces. As a
group, the MS patients were more alexithymic than the
healthy controls as measured by a self-report standardized
questionnaire. Also, the MS patients made significantly
more mistakes in both facial affect recognition tasks
(PCFAE and Ekman-60-Faces test). In detail, MS patients
performed less accurately than healthy controls on the
PCFAE emotions fear, surprise, anger, and sadness, while
they did not differ from healthy controls on disgust and
happiness. The total percentage of errors was higher in MS
patients compared to healthy controls. Compared to healthy
controls, MS patients needed less time until they detected
an emotion during the morphing sequence. In detail,
response duration was speeded up when detection of fear
and surprise was required and slowed when anger and
sadness were presented. In general, our results are in line
with recent findings of other authors [7, 23, 24], but they
also extend those of others. To our knowledge, there is only
one recently published study that examined facial affect
recognition separately for six basic emotions and found a
selective impairment in the detection of angry and fearful
faces [8]. Our results show an impairment in detecting
emotions from facial expressions, which might reflect the
widespread lesions caused by MS. Similar lesion patterns
might appear in other neurological or psychiatric condi-
tions leading to similar impairment patterns. For example,
there is evidence for deficits in emotion recognition in
temporal lobe epilepsy with medial temporal sclerosis [25],
Huntington’s disease [26], and dysfunctional theory of
mind processing in Parkinson’s disease [27]. It should be
noted, however, that our neurologically more severely
affected MS patients fared less well in recognizing emo-
tions in human face expressions than the neurologically
less severely affected MS patients. This impairment,



J Neurol (2011) 258:1683-1688

1687

however, was not a general deficit of emotion processing or
face recognition. Notably, this socially relevant impairment
in recognizing emotions in human facial expressions was
associated to alexithymia in the majority of our patients.

Moreover, the impairment in facial affect recognition
can result from a general deficit in facial perception, as
suggested by Beatty et al. [6], or reflect an impairment of
emotion processing. None of the explanations can be ruled
out completely by this study since we did not concentrate
on the processing of neutral faces here. However, contrary
to Beatty et al., our study only included MS patients who
scored within the normal range of the Benton Facial Rec-
ognition Test. The deficit in our patients, therefore, argues
for an emotional rather than a perceptual deficit. This is in
line with results of neuroimaging studies examining the
processing of emotional facial expressions. In a PET study,
Kano et al. [28] found differential activation patterns in
alexithymic versus normally empathic subjects while
viewing emotional faces. In alexithymics, regional cerebral
blood flow was decreased in the interior and middle frontal
corteXx, the orbitofrontal cortex, the inferior parietal cortex
and the occipital cortex in the right hemisphere and
increased in the superior frontal cortex, the inferior parietal
cortex, and the cerebellum in the left hemisphere compared
to normally empathic subjects. For angry and sad faces, a
negative correlation was found between regional cerebral
blood flow in the inferior and superior frontal cortices, the
orbitofrontal cortex and parietal cortex in the right hemi-
sphere, and TAS-20-scores. Other authors found alexithy-
mia to be associated with less accurate performance in a
facial recognition task [29]. Of the MS patients examined
in our study, 26% were classified as highly alexithymic
(37% as moderately alexithymic) but no significant corre-
lations were found between alexithymia as measured by
TAS-20 and facial affect recognition as assessed with the
PCFAE and Ekman-60-Faces test. It appears likely that
alexithymia and emotional face recognition result from
only partly overlapping lesion patterns which have not
been completely decoded yet. Clearly, there is a periven-
tricular predominance of white matter lesions in MS
affecting also the projections from the superior frontal
gyrus. Nevertheless, the lesion patterns are known to be
highly variable across MS patients affecting different
projections in the differential neuronal networks underly-
ing processing of empathy and recognition of emotional
face expressions. This might explain why no correlations
were found between emotion recognition and alexithymia
in our MS sample.

It was suggested that a large-scale distributed network
provides the basis for intact facial affect recognition [30].
Recent research provides evidence that white matter
damage is able to impair recognition of emotions and that
damage of association fiber tracts, such as the inferior

fronto-occipital fasciculus and the inferior-longitudinal
fasciculus leads to impairments in facial affect recognition
by disrupting signal transduction between visual and
emotion-related cortical areas [31]. Foci of inflammation
are widespread throughout grey and white matter in MS
[32], making it likely that these lesions also affect associ-
ation fiber tracts and neuronal networks involved in the
ability to recognize an emotion from a facial expression.
Notably, patients with polyneuropathy differed neither
from healthy controls nor from MS patients in the degree of
alexithymia and facial affect recognition accuracy in gen-
eral and for fear, anger, surprise, disgust and happiness as
well as overall response duration while their response
durations revealed differential changes in both directions
(slower and faster). Unfortunately, they were older than our
MS patients and healthy controls precluding definite
conclusions.

There are limitations to the study. First, the sample size
was relatively small. Second, as cognitive measures we
used the MMSE, the BFRT, and the FST in our MS
patients. The presence of memory impairment in MS has
often been described [33, 34] and previous research found
evidence for a correlation between facial affect recognition
and information processing speed but not with measures of
memory [8]. However, it appears unlikely that the results
obtained here were confounded by such deficits. Our MS
patients scored under average in the FST that measures
different cognitive domains such as information processing
speed, working memory and sustained attention. Although
many MS patients suffered from motor impairments, this
most likely did not influence the reaction time, since the
patients had their fingers on the push button, which made
their response easy and mainly driven by the speed of the
morphing sequence. Rather, it should be noted that the FST
scores significantly correlated with the PCFAE score. The
PCFAE on the other hand did not require working memory
capacity since directly after the proband detected an
emotion he had to press the push button leading to a
multiple choice menu to select the emotion opens auto-
matically. Therefore, even if we had no further cognitive
data except the FST, accuracy of the PCFAE appeared to
be relatively independent from working memory function,
information processing speed, and motor speed. The FST
provided an insight into general cognitive performance
including sustained attention. Although we cannot exclude
that the sum of all these differences including depressive-
ness, age, and education was relevant for the impairment of
our MS patients as evident in the FST, the patients were
unimpaired in the recognition of neutral faces (BFRT).
Moreover, the deficits in facial affect recognition were
present in the PCFAE as well as in the Ekman-60-Faces
test. Therefore, we would like to suggest that the impair-
ment in the PCFAE and Ekman-60-Faces test in our MS
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patients was likely due to an impairment of emotion
recognition.

Finally, with respect to the fact that our MS patients all

received immunomodulative treatment and their disease
duration was quite long (average 9.9 years), it would also
be interesting for further research to assess facial affect
recognition and alexithymia in earlier stages of the disease.

Conflict of interest The authors declare that they have no conflicts
of interest.
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