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Multiple sclerosis (MS) is an inflammatory disease of the central nervous system
leading to physical and cognitive disability. The impact of the disease on social
cognition has only come to light quite recently. The aim of this study was to evaluate
the social cognition abilities of MS patients and their links with characteristics of
the disease, such as physical disability, cognitive impairment and disease duration.
The performances of a group of 64 MS patients were compared with that of 30
matched healthy individuals in facial emotion recognition and Faux Pas tasks as
well as on a battery of standardized neuropsychological tests.
The MS patients performed worse than the control group in the recognition of the
expressions of fear and anger and in the interpretation of faux pas. The impairment
in social cognition increased with overall disease course. Executive impairment did
not correlate with the performance in the social cognition tests.
Our results show that emotional impairment is observed at early stages of the
disease in the absence of cognitive dysfunction, even if social cognition abilities
worsen with the progression of MS. These data highlight the need to attempt to
identify these impairments in clinical practice.
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MS is the most common chronic inflammatory
disease of the nervous system in young adults.
Two subtypes of MS onset have been described:
relapsing-remitting (RRMS; 85%) and primary
progressive (15%). MS is a major cause of physi-
cal disability in young adults (Pugliatti et al., 2006;
Tullman, 2013). Cognitive dysfunctions and mood
disorders occur in a large proportion of MS patients
(Chiaravalloti & DeLuca, 2008; Montreuil & Pel-
letier, 2011; Rao, Leo, Bernardin, & Unverzagt,
1991). Cognitive deficits mainly affected include
executive functions, memory, attention and infor-
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mation processing speed. The most frequently de-
scribed mood disorders are depression and anxiety
(José Sá, 2008; Kinsinger, Lattie & Mohr, 2010).
However, some behavioural changes presented by
MS patients, such as relationship problems, irri-
tability, inexplicable states of agitation and also
disinhibition, have received little attention (Chiar-
avalloti & DeLuca, 2003; Lima et al., 2007). While
these behavioural changes might represent reac-
tions to lifestyle changes induced by the disease,
they could also be the result of changes in social
cognition.
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Social cognition is the ability to analyse and in-
terpret relevant social stimuli in order to adapt be-
havioural responses in a way that is consistent with
the context (Adenzato, Cavallo, & Enrici, 2010;
Adolphs, 2009; Brüne & Brüne-Cohrs, 2006). In
additional to cortical areas (e.g., the prefrontal cor-
tex), social cognitive processing is subsumed by
activation of a broad subcortical neuronal network
(Adolphs, 2009). MS leads to lesions in white mat-
ter that may disrupt this network, thereby impairing
the process. Researchers have only recently started
to assess social cognition in MS and investigations
have primarily focused on the recognition of basic
emotional facial expressions and the assessment
of Theory of Mind abilities (ToM, the capacity
to attribute affective and cognitive mental states
to others). Among these studies, some that have
specifically explored the ability to attribute mental
states to others have, despite methodological dif-
ferences, found impairments in MS patients com-
pared to controls in both verbal (Banati et al., 2010)
and non-verbal tasks (Banati et al., 2010; Henry
et al., 2009; Ouellet et al., 2010). The same results
have also been found using more naturalistic tasks,
such as the video-based instrument, the Movie for
the Assessment of Social Cognition, which is de-
signed to approximate the demands of everyday
social interaction (Kraemer et al., 2013; Pöttgen
et al., 2013). Moreover, impaired facial emotion
recognition has been reported in MS (Phillips et al.,
2011; Prochnow et al., 2011) in connection with the
emotions of both anger and fear (Henry et al., 2009;
Henry et al., 2011; Krause et al., 2009). Sadness
recognition is also affected, albeit to a lesser extent
(Krause et al., 2009). Using functional Magnetic
Resonance Imagery (MRI), these latter authors ob-
served a decrease of cerebral activation in the in-
sula and ventro-lateral prefrontal cortex among pa-
tients who exhibited a deficit in the recognition
of emotions compared to unimpaired patients and
controls.

The factors responsible for these impaired so-
cial cognition abilities are not still fully under-
stood. The links between social cognition and other
cognitive functions, in particular executive func-
tions, remain controversial (Eslinger et al., 2007;
Lough et al., 2006). In MS, some authors have
found a correlation between ToM performance and
executive functions (Banati et al., 2010; Ouellet
et al., 2010), such as, for example, verbal fluency
(Henry et al., 2009), while others have not (Di
Bitonto et al., 2011; Henry et al., 2011). Differ-
ences in the employed methodologies, heterogene-
ity of the population studied and the small sample
sizes used in certain studies may explain some of
this divergence (Kraemer et al., 2013; Ouellet et al.,
2010; Prochnow et al., 2011). Moreover, the pro-

gression of the disease, as reflected by disease du-
ration and physical disability, may increase social
cognition impairment. Indeed, even though numer-
ous studies have identified cognitive impairments
as of the onset of the disease (e.g., Deloire et al.,
2005), the prevalence of cognitive impairments is
higher during its later stages (progressive forms,
Huijbregts et al., 2006) and appears to increase
with disease duration (Chiaravalloti & DeLuca,
2008).

We hypothesize that social cognition changes
as a function of the progress of the disease, as in-
dicated by the study conducted by Banati et al.
(2010), which showed that the progression of clin-
ical symptoms influences the ability to attribute
mental states. The aim of Banati et al. study was
not to specifically analyse social cognition abilities
(including facial emotion recognition assessment)
of patients with RRMS. For these reasons, Banati
et al. (2010) state that no definitive conclusions
can be made about patients with RRMS. In RRMS,
disease duration, level of disability and cognitive
impairment are variable. Moreover, clinical fea-
tures like disease duration or level of disability are
only moderately correlated. Exploring the relation-
ship between social cognition and other cognitive
functions in MS, taking into account the clinical
features of the disease seems necessary to deepen
our knowledge of social cognition deficits in
RRMS.

The aims of this study were to evaluate so-
cial cognition in a large cohort of RRMS patients,
and more specifically with reference to the recog-
nition of basic emotional facial expressions and
ToM stories tasks, and to assess the link with other
cognitive functions and disease progression. To
do so, we used a rapid experimental procedure
that can be readily adopted for clinical use. We
expected that MS patients would perform worse
than healthy participants on social cognition mea-
sures. Moreover, we hypothesized that patients
with cognitive deficits, a higher degree of neu-
rological disability and a longer disease duration
would have more severe deficits in social cognition
measures.

Method
Participants
The patients of the study met the following inclu-
sion criteria: (i) RRMS defined according to the
revised McDonald criteria (Polman et al., 2005);
(ii) a baseline physical disability score (Expanded
Disability Severity Scale, EDSS) between 0 and
5.5 (Kurtzke, 1983); (iii) Schooling in France. The
non-inclusion criteria were: (a) a previous history



TABLE 1
Demographic, Clinical, Cognitive and Behavioural Characteristics of Patients with Multiple Sclerosis (MS) and
Healthy Participants

Significance of
MS patients HP between-group
(n = 64) (n = 30) difference
Mean Mean z statistic;
(SD) (SD) chi-square

Demographic data Age (years) 42.5 (10) 38.6 (13.8) − 1.75
Gender F: 50 (78%)

M: 14 (22%) F: 21 (70%)
M: 9 (30%) 0.7

Education (years) 10.8 (3) 12.4 (3) 1.76
Clinical data EDSS score 2.4 (1.8) – –

Disease duration (years) 9.1 (5) – –
Cognitive data FIQ (WAIS-R 7SF) 94 (11.7) – –

VIQ 92.4 (11.2) – –
PIQ 96.5 (12.9) – –
Digit symbol subtest 10.2 (3,3) – –
Phonemic fluency 17.2 (7.6) 18.1 (6.5) 1.02
Semantic fluency 20.1 (6.1) 22.0 (4.7) 1.84
Brixton 16.9 (8.6) 12.2 (5) − 2.45∗∗

Digit span forward 6.1 (1.1) 6.4 (1.2) 1.21
Digit span backward 4.7 (1.3) 4.8 (1.3) 0.45

Behavioural data Depression
(BDI-FS; 0–21) 2.3 (2.6) 0.8 (1.1) −3.08∗∗

Fatigue
(EMIF-SEP; 0–100) 79.4 (37.8) - -

Note: FIQ: Full Intelligence Scale; VIQ: Verbal Intelligence Scale; PIQ: Performance Intelligence Scale; BDI-FS: Beck
Depression Inventory – Fast Screen; EMIF-SEP: Échelle modifiée d’impact de la Fatigue – Sclérose en Plaques; HP: Healthy
Participants. SD: Standard deviation.
∗∗p < .01.

of other neurological disease (e.g., severe head
trauma, encephalitis etc.); (b) visual impairments
that made it impossible to perform the tests; (c) a
history of major psychiatric illness excepted ma-
jor depressive disorders and anxiety disorders con-
trolled by medication (according to the Axis I cri-
teria of the Diagnostic and Statistical Manual of
Mental Disorders – Fourth Edition); (d) alcohol
or drug abuse; (e) recent treatment with corticoids
(less than four weeks prior to the evaluation), in
order to avoid any effect of treatment on emotional
state. The patients for the study were recruited
from the departments of Neurology of Reims and
Besancon in France. The patients’ performances
on social cognition tasks and executive measures
were compared with those of healthy participants
matched for age, gender and education level. The
characteristics of the population are presented in
Table 1.

Measures

Functional Measure
This scale is the most widely used to quantify dis-
ability in MS. The EDSS scale ranges from 0 to
10 in 0.5 unit increments (except from level 0 to
level 1). Level 0 corresponds to the absence of
clinical symptoms. Levels 1.0 to 4.5 refer to MS
patients who are able to walk without an aid and
is based on measures of impairment using 8 func-
tional systems: (1) Pyramidal - weakness or dif-
ficulty moving limbs, (2) Cerebellar – ataxia (un-
steadiness of gait), loss of coordination or tremor,
(3) Brainstem - problems with speech, swallowing,
eye movements (double vision or jerky eye move-
ments), (4) Sensory - numbness or loss of sensa-
tions, (5) Bowel, bladder and sexual function, (6)
Visual function – reduction or loss of vision or
a blind spot (scotoma), (7) Cerebral (or mental)



functions and fatigue (8) other. EDSS steps 5.0 to
9.5 are defined by the impairment to ambulation
and usual equivalents in functional systems scores
are provided.

General Cognitive and Psychological
Assessment
Wechsler adult intelligence scale-revised (WAIS-
R). The abbreviated seven subtests form of the
WAIS-R (WAIS-R 7SF; Ward, 1990; Wechsler,
1981) was used in order to estimate verbal (VIQ),
performance (PIQ) and full intelligence quotients
(FIQ). The seven WAIS-R subtests used in this
short form were Information, Digit Span, Arith-
metic, Similarities, Picture Completion, Block De-
sign and Digit Symbol. The Digit Span subtest is
divided into Digit Span Forward and Digit Span
Backward. Digit Span Backward provides a mea-
sure of working memory and Digit Symbol a
measure of processing speed, while Similarities
and Picture Completion assess abstract reasoning.
Given the good standardization of the WAIS-R, it
was administered to MS patients only. A subtest
score in at least the 9th percentile below the mean
normative values was defined as impaired. Given
the WAIS-R is an older version of the WAIS test, a
less conservative cut-off value of 9% was used to
minimise the likelihood of patients with cognitive
impairment being misclassified as non-cognitively
impaired (such a scenario might occur if a more
conservative cut-off of 2 or 5% was used) due to
known Flynn Effects (average IQ increases three
points per decade; Flynn, 2009).

Executive functions. For the evaluation of exec-
utive functions, all the participants completed the
Brixton Spatial Anticipation test (Burgess & Shal-
lice, 1997) together with measures of phonemic
and semantic fluency (using R and Fruits respec-
tively, Cardebat, Doyon, Puel, Goulet, & Joanette,
1990).

Brixton spatial anticipation test. This task pro-
vides a measure of rule deduction and mental flex-
ibility (i.e., the capacity to detect a rule, to fol-
low it and to change it in order to adopt a new
rule), which is often impaired in MS (Drew, Tip-
pett, Starkey, & Isler, 2008). Participants were pre-
sented with a 56-page stimulus booklet. Each page
contained an array of 10 circles (two rows of five
circles) which were each numbered from 1 to 10.
On each page, one circle was filled in with a black
colour. The position of this filled circle changed
from one page to the next, according to a series of
simple rules that varied without warning. On each
page, participants were asked to point to where
they thought the filled circle would be on the next

page based on the rule inferred from the previous
pages. Responses were considered correct if they
followed the present rule, and on trials where the
rule changed, a response was correct if it followed
where the black dot would have next moved if the
rule had not changed. This test did not require a
complex verbal or motor response by the subject
or any visual evaluation of colours and was not
subject to any time constraints. The psychometric
properties of the Brixton test are reported as ade-
quate (Cronbach’s alpha =.71; Burgess & Shallice,
1997). The total number of errors across 55 trials
was used as the outcome measure.

Fluency test. Phonemic and semantic fluency test-
ing require the activation of the process involved
in initiating and monitoring executive functions
(Rosser & Hodges, 1994). Fluency tests are one of
the most sensitive measures of executive dysfunc-
tion in MS (Wishart and Sharpe, 1997; Zakzanis
et al., 2000). The validity and reliability of ver-
bal fluency are high (respectively around .70 and
.74). For each condition (phonemic and seman-
tic), the participants were given two minutes to
produce as many exemplars as possible (using the
probes: r and fruits, respectively). The patients’
performances were then compared with those of
the healthy participants.

Beck depression inventory-fast screen (BDI-FS).
From the 13-item short form Beck Depression
Inventory (BDI-II; Beck, Steer, & Brown, 1996,
French translation; Pichot & Lempérière, 1964),
we derived the 7-item short form BDI-FS (Beck,
Steer, & Brown, 2000) to evaluate depressive
symptoms. The BDI-FS is a short version of the
BDI-II with only seven items. Scoring is similar
to the BDI-II. The BDI-FS was developed specif-
ically for evaluating depression in patients whose
behavioural and somatic symptoms are attributable
to medical that may confound the diagnosis of
depression. Because neurological manifestations
of MS (fatigue, poor concentration) overlap with
those of depression, BDI-FS score has been pre-
ferred. The BDI-FS shows a good concurrent and
discriminative validity in MS (Benedict, Fishman,
McClellan, Bakshi & Weinstock-Guttman, 2003).
The score varies between 0 and 21. The patients’
scores were compared with those of the healthy
participants.

Échelle modifiée d’Impact de la fatigue – sclérose
en plaques (EMIF-SEP). Fatigue was measured
using the French version of the Modified Fatigue
Impact Scale (Debouverie, Pittion-Vouyovitch,
Louis, & Guillemin, 2007). The EMIF-SEP is a
self-report questionnaire assessing the perceived
impact of fatigue on four dimensions (cognitive,



physical, social role and psychological) that was
developed exclusively for use in MS. EMIF-SEP
is composed of 40 items. Each item is rated on a
five-point scale ranging from 0 to 4 (3 = it’s al-
ways true, 2 = it’s sometimes true, 1 = it’s some-
times wrong, 0 = it’s always wrong). The fatigue
score can vary from 0 (no fatigue) through to 123
(high degree of fatigue). The score is converted
into a percentage. Each dimension has a high in-
ternal consistency (Cronbach’s alpha > .80). The
test-retest reliability is satisfactory (all intra-class
correlation coefficients are above .70; Debouverie
et al., 2007).

Social Cognitive Testing
Faux pas tasks. These tasks are similar to the
one described by Baron-Cohen, O’Riordan, Stone,
Jones, and Plaisted (1999). These tests assess sub-
tle ToM abilities and can be administered success-
fully at the age of around 9–11 years. The subject
must detect whether someone unintentionally says
something which will hurt the feelings of another
person. To understand that a faux pas has occurred,
one has to represent two mental states: a cognitive
mental state and an affective mental state. In order
to attribute a cognitive mental state, it is necessary
to understand that the person making the faux pas
does not know that they should not speak as they
do. In order to attribute an affective mental state it
is necessary to understand that the person hearing
the faux pas would feel insulted or hurt.

In this study, two scenarios involving a faux
pas were presented. These scenarios are extracted
from a French battery of social cognition assess-
ment (Ehrlé, Henry, Pesa & Bakchine, 2011). Nor-
mative values were collected from 150 healthy par-
ticipants between 20 and 69 years old (data not
published). To verify the reliability, we computed
Cronbach’s alpha for the faux-pas items included in
this study (not including the comprehension item).
Cronbach’s alpha was excellent (α = .90). Each
story was followed by a faux pas detection ques-
tion and three other questions: (i) the faux pas
detection question evaluated whether the subject
correctly detected the faux pas and identified who
made it. Correct answers indicated that the sub-
ject correctly detected and identified the faux pas;
(ii) the false belief question checked that the sub-
ject had understood that the faux pas was a conse-
quence of the speaker’s false belief; (iii) there was
an intention-related question to assess the subject’
understanding that the faux pas was unintentional;
(iv) finally, there was a question relating to story
comprehension (comprehension question). Correct
answers were rated 1, incorrect answers were rated
0. The maximum score a subject could achieve in

each task was 4. The maximum score for the two
stories was 8.

Facial emotion recognition task. This task was
derived from the Facial Expressions of Emotion:
Stimuli and Tests (Young, Perrett, Calder, Spren-
gelmeyer, & Ekman, 2002). The stimuli consisted
of a series of 60 black-and-white photographs of
the same female face displaying the six primary
emotions (anger, disgust, fear, surprise, sadness,
and happiness) as described by Ekman and Friesen
(1976). The pictures were presented on a com-
puter screen in a 4×3-inch format. Each face was
presented once, for 5 s, and was followed by a
screen displaying six boxes bearing the names of
the six basic emotions. The participants were asked
to point to the label that best described the facial
expression shown on the screen. The testing phase
was preceded by a short training phase. During
the testing phase, the 60 faces were presented in a
pseudo-random order in which the same emotion
was never presented three times in succession. The
participants were allowed to take as much time as
they needed to make their decision but received no
feedback. One point was attributed for each cor-
rect answer. The maximum score was 10 for each
emotion, and 60 for the whole task.

Procedure
Patients were invited to participate during the
course of their regular appointments in the neu-
rology department at the university medical cen-
tre. The healthy participants were recruited from
hospital staff or by means of an announcement.
All subjects gave written informed consent and
the study was conducted in accordance with the
Helsinki Declaration. All the participants com-
pleted several cognitive measures, a self-report
measure of depression and fatigue, as well as a
measure of facial emotion recognition and ToM.
The duration of the protocol was 1h30 for the pa-
tients and 30 minutes for the healthy participants.

Statistical Analysis
All statistical analyses were performed using JMP
software (SAS Institute Inc. Copyright C©2010, Ver-
sion 9.0.0). Non-parametric statistical tests were
used due to the nonhomogeneity of variances and
non-normality of the distributions. An alpha level
of .05 was selected for the two pairwise compar-
isons. A Mann–Whitney U test was performed to
compare the two groups in terms of demographics,
cognitive measures and performance on the so-
cial cognition tests. The chi-square test was used
for categorical variables. The relationship between
age, sex, years of education, disease duration,



TABLE 2
Performances of MS Patients and Healthy Participants On the Emotion Recognition Test and the Faux Pas Test

Significance of
MS patients HP between-group
(n = 64) (n = 30) difference1

Mean (SD) Mean (SD) z statistic

Emotion recognition test (global score) 51.64 (2.1) 56.70 (6.2) 4.29∗∗∗

Faux pas test (global score) 6.56 (2.1) 7.43 (1.3) 2.52∗

Faux pas detection question 3.09 (1.4) 3.66 (0.7) 2.06
False belief question 1.92 (0.3) 1.93 (0.4) 0.54
Intention-related question 1.48 (0.7) 1.83 (0.4) 2.32∗

Comprehension question 1.89 (0.4) 2.00 (0.0) 1.71

Note: HP: Healthy Participants; SD: Standard deviation.
1Mann–Whitney U-test; ∗∗∗p < .001, ∗p < .05.

EDSS, executive function and social cognition was
determined using Spearman correlations.

In order to examine the impact of cognitive
abilities, we formed two patient groups. We used
the same type of procedure as Rao et al. (1991).
More specifically, a participant was deemed to have
failed a test if his or her score was at least the
9th percentile below the mean normative values
(see Measures). Subjects who failed two tests or
more were defined as cognitively impaired (CI-
MS) and those who failed less than two tests were
considered to be cognitively preserved (CP-MS).
For the analysis, we evaluated both the number of
subjects fulfilling our criterion for cognitive im-
pairment and the number of tests failed by each
subject.

Severity (disability) level was assigned to one
of two groups based on EDSS: moderate (EDSS
0–3) vs. more severe (EDSS 3.5–5.5) disability.
This corresponds to the idea of a two-stage phys-
iopathology for the disease, which comprises an in-
flammatory stage and a degenerative stage (Leray
et al., 2010). Short-term (0–7 years) and long-
term (8 or more years) MS subgroups were cre-
ated on the basis of the median values of the whole
MS group. MS subgroups and healthy participants
were compared using the Kruskall–Wallis test.
p values for the Steel–Dwass–Chritchlow–Fligner
post-hoc test were calculated. Applying Bonfer-
onni corrections to the three pairwise comparisons
yielded an adjusted critical p value of .01.

Results
Sixty-four patients with a diagnosis of RRMS ac-
cording to the revised McDonald criteria (Pol-
man et al., 2005) and an EDSS score � 5.5 and
30 healthy participants participated in this study.

The healthy participants had no history of neuro-
logical disease, psychiatric illness or drug abuse.
The MS and control groups did not differ signifi-
cantly with respect to gender distribution, age and
years of education (Table 1). Descriptive data and
comparison statistics for performance in standard
neuropsychological tests and self-report question-
naires scores are summarised in Table 1. Mean IQ
scores were in the average range for MS patients
(standard score = 90–109; 25–75th percentile), as
defined by Wechsler (1981). No patient exhibited
an impaired performance level (> 9th percentile)
on the full scale IQ estimate. Moreover, mean digit
symbol subtest scores were in the average range
for MS group (Table 1). On the measures of execu-
tive functions, MS patients performed significantly
worse than healthy participants on the Brixton test
(p < .01). No difference was observed between
these two groups for phonetic and semantic flu-
ency, or for verbal working memory (measured by
backward digit span) performances. In addition,
the MS patients scored significantly higher than
the healthy participants on the BDI-FS (p <.01).
However, the scores were low (mean = 2.3) and
point to a minimal level of depressive symptoms
among the patients. These results are summarized
in Table 1.

Faux Pas Task
As opposed to the healthy participants, analyses
using Mann–Whitney U found that MS patients
performed significantly worse in the Faux pas tests
(p <.02) (see Table 2). The MS group achieved sig-
nificantly lower scores than the control group on
the intention-related question (p =.02), whereas
the same participants were able to respond cor-
rectly to the faux pas detection question (p =.09),
as shown in Table 2. The absence of a significant



FIGURE 1

Performances of MS patients and healthy participants (HP) on facial emotion recognition task.

difference on the comprehension question suggests
that the difficulties encountered by the MS patients
in the Faux Pas tasks were not related to language
or working memory difficulties.

Facial Emotion Recognition Task
The results of the Mann–Whitney U test revealed
that patients with MS performed significantly
poorer than the healthy participants on the emotion
facial recognition task (p <.001) (see Figure 1).
The recognition of fear (p <.001) and anger
(p <.001) were impaired in the MS patients. No
differences between MS patients and healthy par-
ticipants were observed with regard to the recog-
nition of disgust (p =.47), happiness (p =.58) and
surprise (p =.15).

Spearman’s correlations were calculated to test
the association: (i) between Faux Pas tasks and fa-
cial emotion recognition performances, in order
to examine if these two processes are related; (ii)
between the measures of social cognition (facial
emotion recognition and Faux Pas tasks) and clini-
cal features of the disease (EDSS, disease duration,
EMIF-SEP, or BDI-FS), in order to explore the role
of disability, disease duration and symptoms of de-
pression in social cognition and (iii) between social
cognition performances and demographic factors
(age, sex, education level). Only two correlations
were observed: a positive correlation between fear
recognition and performance in the Faux Pas tasks
(rho = .26; p <.03) and between anger recogni-
tion and performance in the Faux Pas tasks (rho =
−.21; p <.03). No other significant correlation was
observed. We also examined the link between more
general cognitive functions (executive functioning,

speed of information processing) and social cogni-
tion. No significant correlation was observed in the
MS or the control group. As no significant correla-
tion between social cognition, clinical features of
the disease (EDSS, disease duration) or cognitive
performances was observed, no regression analy-
sis has been performed. The correlations for MS
group are summarized in Table 3.

Effect of Cognitive Impairment on Social
Cognition
To assess whether performance on either of the
social cognition measures was related to more
general cognitive functioning, the MS group was
split into two groups based on cognitive abilities.
As a result, CI-MS (performances below the 9th
percentile on at least two tests) and CP-MS pa-
tients were compared. Their performances were
also compared to those of healthy participants
(Table 4). No difference in terms of age, education
level, EDSS and disease duration was observed
between the subgroups of MS and healthy par-
ticipants (See Table 4). The performances of the
CI-MS patients in the Faux Pas tasks were sig-
nificantly lower than those of the control group.
By contrast, the CP-MS patients achieved perfor-
mances that were statistically similar to those of
the control group. No difference was detected be-
tween CI-MS patients and CP-MS patients in social
cognition measures.

Effect of Physical Disability
The MS group was also subdivided in terms
of physical disability: moderately disabled



TABLE 3
Spearman’s Correlations Between Social Cognition Test with Other Clinical, Behavioural and Cognitive
Measures for MS Groups

Group Faux pas task Emotion recognition test

Clinical data EDSS − 0.11 0.10
Disease duration 0.06 0.21

Behavioural data BDI-FS − 0.21 − 0.20
EMIF-SEP − 0.16 − 0.13

Cognitive measures VIQ 0.20 − 0.05
PIQ 0.17 − 0.07
FIQ 0.18 − 0.07
Brixton − 0.14 0.08
Phonemic fluency 0.13 − 0.04
Semantic fluency 0.22 − 0.16
Digit forward 0.08 0.13
Digit backward 0.22 − 0.07

Note: FIQ: Full Intelligence Scale; VIQ: Verbal Intelligence Scale; PIQ: Performance Intelligence Scale; BDI-FS:
Beck Depression Inventory – Fast Screen; EMIF-SEP: Échelle modifiée d’impact de la Fatigue – Sclérose en
Plaques.

TABLE 4
Effect of Cognitive Abilities on Social Cognition and Depression

Significance of
CI-MS CP-MS HP between-group
(n = 20) (n = 44) (n = 30) difference1

Mean (SD) Mean (SD) Mean (SD)

Age (years) 41.5 (8.9) 42.7 (10.2) 38.6 (13.8) ns
Education (years) 11.3 (3.5) 10.6 (2.2) 12.4 (3) ns
EDSS score 2.8 (1.8) 2.1 (1.6) - ns
Disease duration (years) 8.2 (3.7) 9.4 (5.8) - ns
Facial emotions
Anger 7.1 (2.4) 6.8 (2.8) 9.2 (1.3) CI-MS < HP∗∗∗; CP-MS < HP∗∗∗

Fear 6.5 (2.4) 6.8 (2.7) 9.2 (1.1) CI-MS < HP∗∗∗; CP-MS < HP∗∗∗

Faux pas test 5.3 (2.9) 6.9 (1.5) 7.4 (1.2) CI-MS < HP∗∗

Depression (BDI-FS) 3.4 (2.9) 1.9 (2.4) 0.8 (1.1) ns

Note: CI: Cognitively Impaired; CP: Cognitively Preserved, HP: Healthy Participants; BDI-FS: Beck Depression Inventory-Fast
Screen; SD: Standard Deviation; ns = not significant. 1Kruskall–Wallis test; ∗∗∗p < .001, ∗∗p < .01.

(moderate-EDSS: 0–3) and more severely disabled
patients (more severe-EDSS: 3.5–5.5). Analyses
using post-hoc Kruskall–Wallis tests found no dif-
ferences in terms of age and education were ob-
served between the subgroups of MS and healthy
participants (See Table 5). No significant differ-
ence was observed for educational level or gender
between the ‘moderate-EDSS’ and ‘more severe-
EDSS’ MS groups. However, the ‘more severe-
EDSS’ MS group was older and had experienced a
longer period of illness than the ‘moderate-EDSS’
MS group.

No difference was observed between the
‘moderate-EDSS’ and ‘more severe-EDSS’ MS
groups regarding the social cognition tests (Faux
Pas tasks and fear and anger recognition), the Brix-
ton test or depression (BDI-FS). As opposed to
the healthy participants, the patients in the MS
subgroups performed worse in the facial emo-
tion recognition test (Table 5). Only a statistical
trend was observed for the ‘more severe-EDSS’
group compared to healthy participants in Faux
Pas tasks (p =.02). These results seem to indicate
that the MS subjects encountered facial emotion



TABLE 5
Effect of Disability (EDSS) on Social Cognition, Executive Functions and Depression

ms-EDSS M-EDSS Significance of
MS MS HP between-group
(n = 22) (n = 42) (n = 30) difference1

Mean (SD) Mean (SD) Mean (SD)

Age (years) 45.5 (9.3) 39.2 (9.5) 38.6 (13.8) ns
Education (years) 10.6 (2.2) 11.3 (3.5) 12.4 (3) ns
Facial emotions
Anger 6.8 (2.5) 6.8 (2.8) 9.2 (1.3) ms-EDSS < HP∗∗∗; M-EDSS < HP∗∗∗

Fear 6.9 (2.4) 6.6 (2.7) 9.2 (1.1) ms-EDSS < HP∗∗∗; M-EDSS < HP∗∗∗

Faux pas test 6.2 (2.2) 6.6 (2) 7.4 (1.2) ns
Brixton 17.2 (6.5) 15.6 (9.2) 12.2 (5) ms-EDSS < HP∗∗

Phonemic fluency 17.4 (7.9) 17.3 (7.5) 18.1 (6.5) ns
Semantic fluency 18.4 (5.6) 20.9 (6.3) 22.0 (4.7) ns
Depression (BDI-FS) 2.5 (3) 2.2 (2.5) 0.8 (1.1) M-EDSS < HP∗∗

Note: ms-EDSS: More severe-EDSS; M-EDSS: Moderate-EDSS; HP: Healthy Participants; ns = not significant; BDI-FS: Beck
Depression Inventory-Fast Screen; SD: Standard deviation.
1Kruskall–Wallis test; ∗∗∗p <.001, ∗∗p <.01.

recognition difficulties regardless of their disabil-
ity. In the cognitive tasks, no difference was de-
tected in terms of overall degree of intelligence
(FIQ) between the two MS groups (p =.32). The
‘more severe-EDSS’ MS participants performed
worse than the healthy participants in the Brixton
test. The performances of the ‘moderate-EDSS’
group were similar to those of the control group.
These results are summarized in Table 5.

Effect of Disease Duration
The MS group was divided into two subgroups
on the basis of disease duration (0–7 years vs.
8 years and greater). Post-hoc Kruskall–Wallis
test revealed that age, education level and gender
were comparable between the two groups of MS
and healthy participants (Table 6). No significant
difference was observed between the ‘short dis-
ease duration’ and the ‘long disease duration’ MS
groups in terms of the overall scores for the facial
recognition of fear and anger, the Faux Pas test
score, the Brixton executive test score, the BDI-FS
or IQ (FIQ, p =.81).

The ‘short disease duration’ and ‘long disease
duration’ groups achieved lower scores than the
control subjects on the facial emotion recognition
test and the BDI-FS. Only the ‘long disease dura-
tion’ group performed worse than the control group
on the Faux Pas tasks and executive tasks. These
results are presented in Table 6.

Discussion
The aim of our study was to examine socio-
cognitive abilities in RRMS by means of a short ex-
amination suitable for use in clinical practice. We
also examined the effect of the characteristics of the
disease (physical disability and disease duration)
on socio-cognitive abilities. RRMS patients were
significantly less able to recognize facial emotions
than the controls, irrespective of the level of cog-
nitive or physical disability. However, MS patients
with longer disease duration and those with cogni-
tive impairments seem to have more difficulties to
interpret the faux pas.

The difficulties in facial recognition, particu-
larly for fear and anger, irrespective of the severity
of their disability, disease duration or cognitive
impairments, are consistent with previous that also
reported specific impairments of fear and anger
recognition (Henry et al., 2009; Henry et al., 2011;
Prochnow et al., 2011). Prochnow et al. (2011)
found similar difficulties, which also applied to
the recognition of surprise and sadness. Other stud-
ies have not found facial emotion recognition im-
pairments in MS patients (Di Bitonto et al., 2011;
Jehna et al., 2010; Pinto et al., 2012). The fact that
these studies used different patient selection crite-
ria and different methodologies could explain the
apparently contradictory results (small cohort, pos-
itive and negative valence judgments, participants
with very recently diagnosed isolated clinical syn-
drome). Deficits in the recognition of anger and
fear in MS seem to be consistent between studies.
These data may reflect the specific involvement of



TABLE 6
Effect of Disease Duration on Social Cognition, Executive Functions and Depression

Significance of
Lt-MS St-MS HP between-group
n = 33) (n = 31) (n = 30) difference1

Mean (SD) Mean (SD) Mean (SD)

Age (years) 44.5 (9.3) 40.1 (10) 38.6 (13.8) ns
Education (years) 10.7 (2.8) 11.5 (3.4) 12.4 (3) ns
Facial emotions
Anger 6.3 (3) 7.4 (2.3) 9.2 (1.3) Lt-MS < HP∗∗∗; St-MS < HP∗∗∗

Fear 7.3 (2.1) 6.2 (3) 9.2 (1.1) Lt-MS < HP∗∗∗; St-MS < HP∗∗∗

Faux pas test of ToM 6.3 (2.2) 6.7 (2.9) 7.4 (1.2) Lt-MS < HP∗∗∗

Brixton 16.0 (7.2) 16.32 (9.5) 12.2 (5) Lt-MS < HP∗∗

Phonemic fluency 17.7 (8.5) 16.7 (6.5) 18.1 (6.5) ns
Semantic fluency 20.1 (6.4) 20.1 (5.8) 22.8 (4.7) ns
Depression (BDI-FS) 2.8 (3.1) 1.7 (1.9) 0.8 (1.1) ns

Note: Lt-MS: Long-term EDSS; St-MS: Short-term EDSS; HP: Healthy Participants; ns = not significant; BDI-FS: Beck
Depression Inventory-Fast Screen; SD: Standard deviation.
1Kruskall–Wallis test; ∗∗∗p < .001, ∗∗p < .01.

a neural network that contributes to the decoding
of these particular emotional facial expressions.
However, the localization and extent of MS lesions
are highly variable. We would therefore expect dif-
ferent profiles of emotion recognition impairments.
Unfortunately, our study could not explore this is-
sue since MRI data were not available.

Only a small number of MRI studies have in-
vestigated neuronal activation patterns in emotion
processing tasks in MS patients (Jehna et al., 2011;
Krause et al., 2009; Passamonti et al., 2009). These
studies report the involvement of ventrolateral pre-
frontal cortex in MS patients. This region is also
associated with more general cognitive processes
such as working memory, maintaining attention or
planning (Passingham, Toni, & Rushworth, 2000).
MS patients are often impaired on these cognitive
processes (selective attention, working memory).
Consequently, impairments in the recognition of
facial emotions in MS may not be specific to emo-
tional information processing. They may depend
on task complexity and the integration of infor-
mation. In our study, we assessed these processes
and, in particular, working memory and process-
ing speed, and did not find any correlation between
these processes and facial emotion recognition per-
formances. This suggests that emotion decoding
impairments were not the result of a reduced infor-
mation processing speed or reduced working mem-
ory capacity in our sample. Our study confirms the
presence of these deficits at an early stage of the
disease even in the absence of cognitive impair-
ment.

In our study, we found that the patients per-
formed significantly worse only on the intention-
related question asked following Faux Pas stories.
This indicates that the MS patients correctly de-
tected the faux pas, but erroneously interpreted it
as an intentional utterance. These data are consis-
tent with previous findings (Banati et al., 2010)
indicating that MS patients achieve lower global
scores in Faux Pas tasks. However, most other
studies have only analysed the global score and
the authors have concluded that MS patients have
impaired faux pas detection (Banati et al., 2010).
In our study, we analysed the scores of each ques-
tion and our results highlight the subtle deficits
that can be revealed by a detailed analysis of the
answers. This deficit could lead to misinterpreta-
tions of real-life social situations and impair the
quality of social interactions. Unlike in the case of
emotion recognition, we found an effect of disabil-
ity and executive impairments on performance in
Faux Pas tasks.

In our study, we investigated the impact of the
characteristics of the disease (physical disability,
disease duration and cognitive impairment) on so-
cial cognition abilities. Our sample, which was
larger than that used in other studies, enabled us
to form groups based on illness duration and phys-
ical disability. Even though, in the MS literature,
the relationship between disability and cognitive
decline is unclear, the results of our study reveal
differences in faux pas performances. Cognitive
impairment and disease duration seem to be asso-
ciated with the performance of patients in the Faux



Pas test. MS patients with longer disease duration
and those with cognitive impairments both per-
formed worse than patients with shorter disease
duration and without cognitive impairment. This
deficit could not be explained by other clinical
characteristics such as physical disability, inten-
sity of fatigue or depression. However, this results
should be interpreted with caution in our study.
Indeed, to have an assessment applicable in clin-
ical practice, we evaluated patients on two Faux
Pas stories only. Our results provide some indica-
tion that faux pas interpretation may be impaired
in MS patients. Other studies with more faux pas
items are needed to confirm these results.

By contrast, the impaired recognition of fear
and anger could be detected even during the very
early stages of the disease, regardless of cognitive
abilities, disease duration and physical disability.
Faux Pas tasks might be more dependent on the
integrity of executive processes than facial emo-
tion recognition. Several studies (e.g., Banati et al.,
2010) have shown a link between executive func-
tions (working memory, mental flexibility,...) and
performance in Faux Pas tasks. The correlations
between executive functions and facial emotion
recognition tasks are less often reported (Henry
et al., 2009). Recent research used more ecological
ToM tasks with real life conversation vignettes and
compare performance of these ToM tasks under
higher executive demands to those with traumatic
brain injury and lower executive demand. These
studies showed that ToM impairments in everyday
communication may be due to working memory
demands (Honan, McDonald, Gowland, Fisher, &
Randall, 2015; McDonald et al., 2014).

Facial emotion recognition and Faux Pas tasks
are two different but overlapping aspects of social
cognition. Facial emotion recognition requires the
ability to infer the emotional states of others from
facial expressions. Faux Pas tasks require the abil-
ity to ascribe both cognitive and affective mental
states. It is possible that our results may be due to
the fact that the attribution of affective mental states
may be disrupted in the early stages of the disease,
while it is only later that the disruption of cogni-
tive mental states occurs. Our study cannot answer
this question because we did not perform separate
analyses of the attribution of affective and cogni-
tive mental states in our Faux Pas tasks. However,
Roca et al. (2014) did conduct such an analysis and
revealed a disruption in the attribution of cognitive
mental states in the absence of any disruption to the
attribution of affective mental states in a small co-
hort with very low disability. These results suggest
that the underlying cognitive ToM network might
tend to be disrupted in MS. However, this assump-
tion is not consistent with the impaired recognition

of fear and anger observed in our own and in other
studies (Henry et al., 2009; Prochnow et al., 2011).
Recognizing facial emotions requires the attribu-
tion of affective mental states. If these attributions
are impaired in MS patients, we should find deficits
in affective ToM as assessed in the Faux Pas test. It
is possible that the affective ToM process involved
in Faux Pas tasks is different from that involved in
facial emotion recognition tasks. The heterogene-
ity of MS, even when studying one and the same
form of the disease, makes comparisons between
samples difficult. These differences require further
studies exploring social cognitive abilities based
on the use of tests designed to distinguish between
cognitive and affective mental states, such as the
Yoni task (Shamay-Tsoory, Simone, & Aharon-
Peretz, 2007).

This study has several limitations. The control
and patient samples could be increased in order
to permit better comparisons between subgroups
(e.g., duration of the disease, EDSS, cognitive
functioning). Larger samples might also reveal ad-
ditional profiles. In our sample, the ‘more severe-
EDSS’ group was older than the ‘moderate-EDSS’
group, thereby limiting the interpretation of the
results. The relationship between socio-cognitive
abilities, neuropathology and disease progression
remains to be established. Our sample only con-
tained patients with RRMS. To avoid the risk of
misclassifying patients and include patients with
secondary progressive MS, EDSS was limited to a
maximal value of 5.5. This inclusion criteria could
be too restrictive. It would be interesting to repli-
cate this research without this limit and extent it
to other clinical forms of the disease since dis-
ability disrupted some aspects of social cognition
in our study. The use of an older version of the
WAIS-R is also a limitation, despite the use of
a less conservative cut-off value. In addition, we
used only two Faux Pas stories to provide social
cognition assessment applicable in clinical prac-
tice but this approach is unusual. Our results pro-
vide some indication that ToM may be impaired in
RRMS but it needs to be verified in future studies
with more faux pas items. In addition to these be-
havioural data, it seems important to include a more
systematic neuroimaging investigation in order to
explore anatomo-functional correlations. Another
limitation of our study lies in the lack of measures
to assess the functional impact of these disorders
during the daily life of MS patients. We consider
this important because social cognition disorders
can impair everyday social functioning and thus
thereby impairing the effectiveness of rehabilita-
tion activities undertaken during the course of the
disease (Wolwer & Frommann, 2011). Such mea-
sures would also help assess the need to develop



specific approaches to rehabilitation with regard
to the socio-cognitive aspects. More studies are
needed to better define the social cognition diffi-
culties in this population before starting to consider
rehabilitation-related aspects.

Social cognition impairments are associated
with disturbances to interpersonal functioning such
as poor communication and inappropriate social
behaviour. Although this deficit is not the only one
to affect MS patients it still needs to be better de-
fined since all studies assessing the attribution of
mental states in MS have found impairments (Ba-
nati et al., 2010; Henry et al., 2009; Henry et al.,
2011; Ouellet et al., 2010). However, this area re-
mains unexplored and further studies are needed.
If cognitive disorders are a major factor limiting
employment status and social functioning, disor-
ders affecting social cognition could be even more
critical. Indeed, many studies of other neurological
and psychiatric diseases have highlighted the sig-
nificant impact of these disorders on individuals’
social functioning. Thus, it is important to integrate
the assessment of social cognition in clinical evalu-
ation. The methodology used in this study permits
a relatively rapid assessment of ToM abilities (<
20 minutes) compared to the experimental tests ad-
ministered in other studies. However, 20 minutes
of assessment during routine clinical practice is
still too long.

Although the SDMT is an effective brief
screening operation for detecting cognitive im-
pairment in MS (Deloire et al., 2006), we do
not have any screening test for behavioural dis-
turbances comparable to the Neuropsychiatric In-
ventory in the case of neurodenegenerative dis-
eases. The Neuropsychiatric Inventory was devel-
oped to provide a means of assessing neuropsychi-
atric symptoms and psychopathology of patients
with Alzheimer’s disease and other brain disor-
ders. This scale may be useful in the assessment
of behavioural changes in several areas (Delu-
sions, Hallucinations, Agitation/Aggression, Ela-
tion/Euphoria, Apathy/Indifference, Disinhibition,
Irritability/Lability, . . . ).

A tool such as Barrow Neurological Institute
Screen for Higher Cerebral Functions (BNIS, Pri-
gatano, 1991) could be used in MS. In addition
to assessing cognitive functions (language, orien-
tation, concentration, visuospatial function, mem-
ory), the BNIS provides an assessment of affect (af-
fective expression, spontaneous emotion, emotion
perception and mood control). The BNIS is easy
and fast to administer (13.8 minutes for neurolog-
ical and psychiatric populations and 11.8 minutes
for healthy participants, Prigatano et al., 2013).
Furthermore, several studies (Boosman, Visser-
Meily, Post, Duits, and van Heugten, 2013; Pri-

gatano et al., 2014; Redfors et al., 2014) have
shown that the BNIS is more sensitive than the
MMSE in various neurological diseases (brain in-
jury, stroke) that share characteristics with MS
(e.g., slowing of processing speed). This screen-
ing tool might be of value in MS for the detection
of both cognitive and behavioural disturbances and
in helping to select patients for testing on the basis
of a more complete cognitive and affective battery.

In summary, our results are the first to show, in
a RRMS sample, a heterogeneity of social cogni-
tion impairments based on the progression of the
disease and cognitive impairment. Indeed, facial
affect recognition is impaired regardless of sever-
ity of physical disability, disease duration or cog-
nitive impairments, thus suggesting that there is an
affective ToM deficit at an early stage of MS. At the
same time, performance on Faux Pas tests seems
to be impaired in patients with a longer disease
duration or patients with cognitive deficits, thus
suggesting that cognitive ToM deficits occur later.
Banati et al. (2010) have already shown that pa-
tients with a shorter disease duration score higher
on affective ToM. However, these authors did not
investigate the cognitive components of ToM. In
order to corroborate our results, further studies are
required to investigate social cognition abilities in
different forms of the disease and with different
degrees of severity. Impairments to facial affect
recognition and ToM may exacerbate the difficul-
ties some patients experience in maintaining effec-
tive interpersonal relationships. It therefore seems
crucial for clinicians to investigate these aspects
and to take them into account in the patient’s care.
Before initiating social cognition rehabilitation in
MS, it is necessary to perform additional investiga-
tions in order to find out more precisely the nature
of social cognition impairments as well as their
functional outcomes.
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