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Abstract The objective of this study is to evaluate the

relationship between social cognition (SC) and cognitive

impairment in persons with multiple sclerosis (PwMS). A

prospective study was conducted in 60 PwMS, 30 with

relapsing-remitting MS (RRMS), 15 with secondary pro-

gressive MS (SPMS) and 15 with primary progressive MS

(PPMS), and in healthy subjects (HS). All subjects were

assessed by the Bordeaux Social Cognition Evaluation

Protocol (PECS-B) (facial emotion recognition, theory of

mind, emotional awareness and cognitive and affective

alexithymia), by a large neuropsychological battery and by

questionnaires (depression and anxiety). 43.3% of PwMS

were impaired for at least one SC test. The proportion of

PwMS with at least two impaired SC tests was similar in all

three phenotypes (20%). Mean scores differed significantly

between PwMS and HS only for the Reading the Mind in

the Eyes Test, a test of Theory of Mind (ToM). ANOVA

analyses showed an effect of phenotype on emotional

awareness scores with lower scores in PPMS as compared

to RRMS. ToM performance was significantly correlated

(r2 = 0.56) with executive functions, working memory and

episodic memory scores. SC impairment was found in all

phenotypes and was more prominent in cognitively

impaired MS patients. Executive functions, and working

and episodic memory performance accounts for approxi-

mately 50% of ToM performance. Emotional awareness is

more impaired in progressive MS.

Keywords Multiple sclerosis � Cognition � Social
cognition � Theory of mind � Executive function

Introduction

Social cognition (SC) refers to the cognitive processes

necessary for interpersonal relationships [1]. It relies on the

capacity to recognize and interpret interpersonal cues that

guide social behaviour [2]. SC has been separated in var-

ious domains, such as theory of mind (ToM), empathy,

emotion processing, social knowledge and social percep-

tion, with overlapping among those terms. Emotional

processing refers to perceiving and using emotions,

including identifying, understanding and managing emo-

tions [3]. It can be assessed by face emotion recognition,

affective prosody recognition, emotional awareness and

alexithymia scales. ToM, also called mental state attribu-

tion, mentalizing or mind reading, could be separated into

cognitive ToM and affective ToM [2]. Cognitive ToM

refers to the ability to make inferences about mental states

(intentions, dispositions, and beliefs) of other people.

Affective ToM is the ability to make affective inferences

about what another person is thinking or feeling and

requires empathy [1].

SC has been assessed in several studies in multiple

sclerosis (MS) investigating facial emotion recognition,

affective prosody, ToM (cognitive ToM and affective

ToM), empathy, decision making and alexithymia
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suggesting that in addition to the classical domains of

cognitive dysfunction, individuals with MS also have

impaired social cognition [4–6].

However, these studies yielded contradictory results

concerning the relationships between cognitive impairment

(CI) and SC in MS. It remains unclear if a specific SC

impairment exists in MS or if the observed deficits are

mainly secondary to cognitive impairment (CI) [4]. Indeed,

data obtained in different pathologies suggested that SC

impairment could be, at least in part, associated with CI,

such as in executive functions (EF) [4–6]. Moreover, most

of the studies were performed only in relapsing-remitting

MS (RRMS) and little is known about SC performances of

persons with progressive MS.

The main objective of this prospective study was to

evaluate the relationship between several dimensions of SC

and CI in people with MS (PwMS). The secondary

objective was to describe the frequency and the charac-

teristics of SC impairment in PwMS compared to healthy

subjects (HS) matched for age, education and gender and to

study the effect of clinical phenotype of three groups of

PwMS, one with RRMS, one with primary progressive MS

(PPMS) and the last one with secondary progressive MS

(SPMS).

Subjects and methods

The study was conducted at the MS clinic of the Bordeaux

University Hospital between March 2013 and June 2014

according to the declaration of Helsinki. Bordeaux ethical

committee (Comité de protection des personnes) has

approved the use of human subjects for this study and all

patients and subjects gave informed written consent.

Subjects

Consecutive PwMS, fulfilling McDonald criteria [7], aged

18–60, native French speakers and diagnosed with RRMS,

PPMS or SPMS could be included. Exclusion criteria

included psychiatric comorbidity or history, current or past

alcohol or drug abuse, Mini Mental State (MMS) \24;

Expanded Disability Status Score (EDSS)[6, neurological

impairment precluding performing NP or SC testing and

relapse in the previous month.

HS were recruited specifically by the Psychology Lab-

oratory of Bordeaux University and four groups were

matched for age, gender and education to PwMS. Exclu-

sion criteria for HS included psychiatric or neurologic

comorbidity or history, current or past alcohol or drug

abuse. Subjects did not receive compensation.

Measures

SC measures

The Bordeaux Social Cognition Assessment Protocol

(PECS-B), validated for French speaking subjects, was

used [8]. This battery addresses the different dimensions of

SC.

– ToM was assessed by three tests, the Faux Pas test, [9]

the Attribution of intentions test [10] and the Reading

the Mind in the Eyes test [11].

– Facial emotion recognition was assessed by the Faces

test adapted from Baron-Cohen [12] (forced or free

choice) [8].

– Emotional awareness was assessed using the Levels of

Emotional Awareness Scale (LEAS) [13]. Three scores

were derived: self awareness, other awareness (aware-

ness of emotions of other people) and total emotional

awareness score.

– Emotional fluency was assessed with the emotional

fluency task of the PECS-B [8].

– Alexithymia was assessed using the Bermond–Vorst

Alexithymia Questionnaire [14].

Neuropsychological (NP) testing

Cognitive functioning was assessed using the following NP

tests and scores

– Episodic memory: French adapation of the Grober and

Buschke Free and Cued Selective Reminding Test [15]

called ‘‘Épreuve de rappel libre/rappel indicé à 16

items’’ (RL-RI 16) and forward digit span [16].

– Working memory: backward and forward digit span

[16] and PASAT 3 s [17].

– Information processing speed (IPS): digit symbol [16],

Computerized Speed Cognitive Test� (CSCT) [18], D2

test, a letter cancellation test (numbers of items

analysed) [19], Stroop 45- colour denomination; Stroop

45-reading [20].

– Attention: D2 test, a crossing test measuring selective

and sustained attention and visual scanning speed (error

percentage) [19].

– Executive functions: verbal fluency [21], Wisconsin

card sorting test [22], and Stroop 45 inhibition score

[20].

Psychological evaluation

Depression was assessed using the Beck Depression

Inventory (BDI) [23] and anxiety using State form and
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Trait form of the State-Trait Anxiety Inventory (STAI-S,

and STAI-T) [24].

Procedure

After signature of the consent form, patients had the fol-

lowing assessments: clinical neurological examination, NP

testing and SC testing. Patient reported outcomes (BDI,

STAI) were filled after the clinical examination. All

assessments were performed by the same neurologist.

Analysis and statistics

Statistical analyses were performed using Statview for

Windows. A p level of 0.05 represented statistical

significance.

Baseline characteristics between groups were compared

using Student’s t test or the Mann–Whitney U test when

appropriate.

A SC and NP test was considered to be impaired if one

of the calculated scores for this test was\5th percentiles of

the matched HS scores (-1.64 SD). Patients were con-

sidered cognitively impaired for a given SC or NP domain

if they were impaired for at least one score of this domain,

except for IPS, where considering the greater number of

tests used for this domain, two impaired tests were

required.

Z scores were calculated for each NP and SC test and

domain using the HS data as a reference sample. Values of

SC and NP scores of PwMS and HS group were compared

using Student’s t test or the Mann–Whitney U test when

appropriate according to normality assessed by the Kol-

mogorov–Smirnov test. Bonferroni correction for multiple

comparisons of mean SC scores was applied and a p value

\0.0045 was retained as significant. Considering the lim-

ited sample size in subgroups the comparison was only

carried out for the whole PwMS group to HS. To study the

effect of clinical phenotype (RR, PP and SP) on SC scores,

ANOVA analysis was carried out. For significant results a

post hoc, Least Significant Difference (PLSD) of Fisher

was carried out to compare phenotypes.

Pearson’s correlation analyses were performed between

SC domains z scores and neurocognitive domains and

psychological z scores and some clinical parameters

(EDSS, disease duration). Multivariate linear analyses were

performed with SC domains as dependent variables and

cognitive domains z scores as independent variables. Only

variables with a p value\0.25 in correlation analyses were

entered into the models. EDSS score was forced in all

models. Additionally, multivariate linear analyses were

performed with SC tests z scores belonging to the SC

domain significantly correlated to NP domains in the first

multivariate analysis as dependent variables and NP

domains z scores as independent variables.

Results

Demographic and clinical characteristics

63 MS patients were screened but three were not included,

one for past alcohol abuse, two for neurological disability

precluding performing NP or SC testing. Thirty PwRRMS,

15 PwPPMS and 15 PwSPMS patients were included. The

HS group included 65 subjects matched for age, gender and

education.

Table 1 summarizes the demographic and clinical

characteristics of these subjects. Age was greater for PPMS

or SPMs as compared to RRMS (p\ 0.01 for both com-

parisons). Disease duration was longer, as expected, in

Table 1 Demographic and clinical characteristics

HS MS RRMS PPMS SPMS

N 65 60 30 15 15

Age

M 43.2 46.5 40.1 54.8 51

SD 9.3 10.6 10.4 11.5 7.3

% Female 71% 58% 87% 60% 53%

Education (years)

M 12.5 12.9 14.2 10.9 12.5

SD 2.8 3.3 3.7 4.6 5.3

EDSS

Median 4 2 4 4

Range 0–6 0–4.5 2.5–6 2.5–6

Disease duration

M 14.4 11.46 10 18.8

SD 9.4 5.6 6.5 10

STAI-S score

M 30.2 33.3 31.9 32.2 37.0

SD 7.3 12.7 10.9 11.4 16.8

STAI-T score

M 39.7 42.5 39.9 43.1 46.9

SD 9.0 11.9 10.9 12.9 12.1

BDI score

M 7.8 10.8* 8.3 13.6 13,1

SD 6.6 7.9 6.9 8.7 7.8

* Baseline characteristics were not significantly different between

PwMS and the matched HS group except for BDI (p\ 0.02).

M mean, SD standard deviation, EDSS expanded disability status

score, PwMS persons with multiple sclerosis, RRMS relapsing-

remitting MS, PPMS primary progressive MS, SPMS secondary

progressive MS, HS healthy subjects, STAI-S state-trait anxiety

inventory–state form, STAI-T State-Trait Anxiety Inventory–Trait

form, BDI beck depression inventory
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SPMS as compared to RRMS and PPMS (p\ 0.01 for both

comparisons). The proportion of women was greater in

RRMS than in SPMS and PPMS (p\ 0.01 for both com-

parisons). Median EDSS was lower in RRMS than in

PPMS or SPMS (p\ 0.001 for both comparisons).

Anova analyses showed a positive effect of phenotype

on BDI (F = 3.39; p\ 0.05) with higher scores in pro-

gressive phenotypes than in RRMS (p\ 0.05 at PLSD

Fisher’s tests for PPMS and SPMS as compared to RRMS).

Only two patients were diagnosed with major depression

according to a BDI score[27 (3%). Six patients out of 60

used antidepressant drugs (10%).

SC results

Among PwMS, 43.3% were impaired for at least one SC

test and 20% for at least two tests, but only 10% were

impaired for at least three tests. The proportions of PwMS

with at least two SC tests impaired were similar in all three

phenotypes (20%). Figure 1 shows the proportion of

PwMS impaired for the different SC domains in the whole

group and in the RRMS, PPMS and SPMS groups. This

figure shows that the proportion of PwMS impaired for

ToM ranged from 20 to 36.7% according to phenotypes

and from 6.7 to 20% for facial emotion recognition. The

Reading the Mind in the Eyes test was impaired in 18.3%,

the Attribution of intention test in 13.3% and the Faux Pas

test in only 5% of PwMS. Emotional awareness impair-

ment is present in 7–27% according to phenotypes and

cognitive alexithymia from 17 to 20%. Affective alex-

ithymia deficits were uncommon (7%).

Table 2 summarizes scores for SC tests for each domain

in the whole group of PwMS and for each phenotype.

PwMS had significantly lower performances than HS for

the Reading the Mind in the Eyes test (ToM) (p = 0.0026).

The other scores were not different between PwMS and HS

after correction for multiple comparisons.

Anova analyses showed a positive effect of phenotype

for emotional awareness, for LEAS total score (F = 3.18;

p\ 0.05), and other awareness score (F = 5.51;

p\ 0.01). Fisher’s PLSD test between PP and RRMS

showed a significant difference (p\ 0.05 for LEAS total

score and 0.01 for other awareness score) showing lower

emotional awareness scores in PPMS than in RRMS. A

trend was observed (p = 0.08) for the faux pas test with

lower scores in PPMS than RRMS (PLSD Fisher’s test

p\ 0.01).

NP assessment

The proportions of PwMS in the whole group and for each

phenotype with CI for each cognitive domain are presented

in Fig. 2.

Correlation analyses

Table 3 presents the univariate linear analyses between SC

performances in the different domains and clinical and

cognitive performances. Multivariate analyses showed a

significant correlation (R2 = 0.56; p\ 0.0001) between

ToM z score with executive functions, working memory

and episodic memory z scores. No clinically relevant cor-

relation was observed between other SC domains and NP

domains z scores. R2 values were, respectively, 0.086 for

the correlation between facial emotion recognition z score

and episodic memory z score (p\ 0.05), and 0.103 for the

correlation between emotional awareness z score and IPS z

score (p\ 0.05). Alexithymia did not correlate with any

NP domain. Clinical scores (BDI, STAI S and T, EDSS and

disease duration) did not correlate significantly with any

SC domain in multivariate analyses.

For a better understanding of the correlation we per-

formed additional multivariate linear analyses with indi-

vidual SC test z scores of the main domain showing

Fig. 1 Proportion of persons

with multiple sclerosis impaired

for the social cognition

domains: PwMS persons with

multiple sclerosis, RRMS

relapsing-remitting MS, PPMS

primary progressive MS, SPMS

secondary progressive MS, ToM

theory of mind
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significant correlation in the first analysis (ToM) as

dependant variables and NP domain z scores as indepen-

dent variables. Table 4 presents the univariate linear

analyses between the 3 ToM tests z scores and NP domains

z scores. Working memory (p\ 0.001) and attention

(p\ 0.05) accounts for approximately 34% of Reading the

Mind in the Eyes test z scores (R2 = 0.337). Working

memory accounts for 27% of Attribution of intentions test

z scores (R2 = 0.269; p\ 0.001). Finally, Executive

functions and episodic memory accounts for 21% of the

Faux pas test scores (R2 = 0.215; p\ 0.05).

Discussion

This prospective study showed that whatever the clinical

phenotype, a significant number of PwMS have impairment

in tasks assessing SC. Impairment could occur for any of the

Table 2 Social cognition scores (mean ± SD)

Domains Tests PwMS

(n = 60)

HS

(n = 65)

RRMS

(n = 30)

PPMS

(n = 15)

SPMS

(n = 15)

Theory of mind Faux pas 82.2 ± 12.9 84.6 ± 16.1 88.9 ± 13.7 79.9 ± 11.6 87.2 ± 10.7

Attribution of intentions 12.3 ± 2.2 12.7 ± 1.9 12.5 ± 2.6 12.6 ± 1.4 11.6 ± 1.8

Eyes test 21.9 ± 4.1** 24.0 ± 3.2 21.8 ± 4.7 21.4 ± 3.5 22.6 ± 3.7

Facial emotion

recognition

Free recall 9.4 ± 4.0 8.4 ± 2.4 9.5 ± 4.1 9.4 ± 3.3 9.1 ± 4.6

Forced choice 15.6 ± 2.5 16.2 ± 2.0 15.9 ± 2.2 14.9 ± 3.7 15.6 ± 1.5

Emotional awareness LEAS total score 55.1 ± 5.4 57.6 ± 7.1 56.6 ± 4.8 52.5 ± 5.6 54,7 ± 5.4

LEAS self awareness 48.3 ± 6.4 48.4 ± 10.2 49.7 ± 6.2 45.5 ± 6.0 48.1 ± 6.7

LEAS other awareness 45.2 ± 7.0 47.4 ± 7.0 47.6 ± 6.0 40.8 ± 7.4 44.9 ± 6.5

Emotional fluency Emotional fluency total 87.6 ± 15.6 84.9 ± 16.8 90.9 ± 13.1 82.9 ± 19.2 85.7 ± 15.7

Emotional fluency, 3rd

level

66.5 ± 21.4 66.8 ± 17.5 67.1 ± 19.0 70.0 ± 21.5 61.7 ± 26.1

Alexithymia BVAQ total score 46.8 ± 9.8 45.2 ± 8.2 45.8 ± 10.4 47.9 ± 8.3 47.5 ± 10.7

BVAQ cognitive score 28.0 ± 7.1 26.0 ± 5.9 27.7 ± 8.3 29.0 ± 5.9 27.8 ± 5.7

BVAQ affective score 18.8 ± 4.9 19.1 ± 5.2 18.2 ± 5.1 18.9 ± 3.4 19.7 ± 5.9

p values when compared the PwMS whole group to matched HS groups: ** p\ 0.0045

LEAS Levels of Emotional Awareness Scale, BVAQ Bermond–Vorst Alexithymia Questionnaire

Fig. 2 Proportion of persons

with multiple sclerosis with

impaired cognition. PwMS

persons with multiple sclerosis,

RRMS relapsing-remitting MS,

PPMS primary progressive MS,

SPMS secondary progressive

MS, CI cognitive impairment
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SC domains that we studied, ToM, facial emotion recogni-

tion, emotional awareness and alexithymia, but was more

frequent for ToM. Although some differences exist between

the three phenotypes, each type of impairment can occur in

the three groups. ANOVA analyses showed, however, that

emotional awareness scores were lower in PPMS as com-

pared to RRMS. The proportions of PwMS with at least two

SC tests impaired were 20% in all three phenotypes, which is

relatively low. Finally, the main result of this study was that

ToM performance correlated significantly with cognitive

performance in particular executive functions, episodic

memory andworkingmemory. Other SC domains correlated

poorly or did not correlate with cognitive performance.

In this study, ToM impairment was observed in 28% of

PwMS, with the proportion of impaired subjects reaching

approximately 35% in RRMS and SPMS. When comparing

ToM test scores between PwMS and HS, only the scores

for the Reading the Mind in the Eyes Test were signifi-

cantly lower and this test was the most frequently SC

impaired test in this sample. Several studies explored ToM

impairment in MS [4–6]. Among SC domains, ToM shows

the highest frequency of impairment [6]. These studies

suggested that MS patients may have difficulties in cog-

nitive ToM tests or in the attribution of intentions or

thoughts, such as false belief tasks [25, 26] or in the

reading the mind in the eyes test [27, 28]. Some studies

used tests that assess both cognitive and affective ToM,

such as the Faux Pas test, and found lower scores in PwMS

than in controls [25, 26, 28–30]. We did not find frequent

impairment at the Faux Pas test. However, impairment at

the Faux Pas test was significant only in patients with CI in

one study [29], in patients with high disability in another

Table 3 Univariate analyses between SC domains z scores, clinical scores and cognitive performances

Theory of mind Facial emotion recognition Emotional awareness Alexithymia

IPS R = 0.48*** R = 0.207� R = 0.321* R = 0.246�

Attention R = 0.404** R = 0.212� R = 0.207 R = 0.025

Executive functions R = 0.513*** R = 0.201� R = 0.121 R = 0.09

Episodic and short-term memory R = 0.576*** R = 0.294* R = 0.217� R = 0.249�

Working memory R = 0.65*** R = 0.194� R = 0.276* R = 0.166�

STAI-S R = 0.245� R = -0.217� R = 0.014 R = -0.208�

STAI-T R = 0.236� R = -0.61 R = -0.122 R = 0.222�

BDI R = 0.33* R = 0.148 R = -0.057 R = 0.205�

EDSS R = -0.231� R = -0.093 R = -0.32* R = -0.047

Disease duration R = -0.11 R = 0.142 R = -0.122 R = 0.111

All scores were z scores except for EDSS and disease duration

p values in univariate analyses: * p\ 0.05; ** p\ 0.01; *** p\ 0.001; � p\ 0.25 and[0.05

IPS information processing speed, STAI-S and STAI-T State form and Trait form of the State-Trait Anxiety Inventory, BDI Beck Depression

Inventory, EDSS Expanded Disability Status Score

Table 4 Univariate analyses between ToM test z scores, clinical scores and cognitive performances

Reading the Mind in the Eyes test Attribution of intentions Faux pas

IPS R = 0.265* R = 0.443*** R = 0.326*

Attention R = 0.42** R = 0.287* R = 0.076

Executive functions R = 0.364** R = 0.372** R = 0.36**

Episodic and short-term memory R = 0.427** R = 0.416** R = 0.379**

Working memory R = 0.536*** R = 0.518*** R = 0.27*

STAI-S R = 0.21� R = 0.264* R = -0.009

STAI-T R = 0.246� R = 0.196� R = 0.002

BDI R = 0.245� R = 0.245� R = 0.236�

EDSS R = -0.039 R = -0.224� R = -0.283*

Disease duration R = 0.085 R = -0.145 R = 0.039

All scores were z scores except for EDSS and disease duration

p values in univariate analyses: * p\ 0.05; ** p\ 0.01; *** p\ 0.001; � p\ 0.25 and[0.05

IPS information processing speed, STAI-S and STAI-T State form and Trait form of the State-Trait Anxiety Inventory, BDI Beck Depression

Inventory, EDSS Expanded Disability Status Score
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[28], and in one study, the impairment concerned only the

cognitive ToM part of the Faux Pas test [30]. Interestingly,

the Faux Pas test scores were lower in PPMS in our pop-

ulation. No other effect of phenotype was observed on

ToM tests. Two studies using the Movie for the Assess-

ment of Social Cognition found that identification of

thoughts and intentions and emotion identification were

both significantly impaired in MS [26, 31]. A recent study

used a dynamic task, the Awareness of Social Inference

Test (TASIT), testing the ability of individuals with MS to

understand and interpret lies and sarcasm [32].

The frequency of impairment in other SC domains (facial

expression recognition, emotional awareness and alex-

ithymia) varied between 10 and 15% in our sample, and sig-

nificantly lower scores for emotional awareness were

observed than in HS. These impairments occurred in all

phenotypes, but 27% of PPMS patients had impaired facial

expression recognition and alexithymia. Emotional recogni-

tion was investigated in several studies in MS using various

methodologies [4]. Several studies [25, 28, 33–36] consis-

tently found significant differences between PwMS and HS

for facial emotions recognition. To our knowledge, emotional

awarenesswas not studied inMSpreviously. Interestingly,we

observed that impairment at the LEASwas not rare inMS and

an effect of phenotypewas confirmedbyANOVA for the total

score andmore specifically for the scoremeasuring emotional

awareness about other persons showing poorer performances

at the test in PPMS as compared to RRMS. In the PPMS and

SPMS groups, 13.3–20% of subjects were impaired in this

test. This suggests that this domainmust be taken into account

in SC assessment in MS in particular in progressive MS.

Alexithymia has been widely studied in MS [36, 37]. It has

been defined as difficulties in expressing one’s emotions. The

frequency of alexithymia in MS varies according to country

and methodology, but all these studies used the Toronto

Alexithymia Scale. Previous studies in French PwMS had

prevalence from 23.2 to 30% [37, 38]. Using the BVAQ,

which is probably less sensitive, we observed a frequency of

12% in thewhole group, but 27% inPPMS.TheBVAQallows

differentiating a cognitive dimension, known to be similar to

the TAS, and a psychological dimension. We observed that

PwMs were essentially impaired for the cognitive dimension.

In the present study, using a large cognitive battery, we

found a significant correlation between executive function-

ing, episodic and working memory and ToM scores. The

strength of the correlation was quite high because scores in

these domains accounts for more than 50% of ToM impair-

ment. These correlations were observed for the three ToM

tests used in this study: the Reading theMind in the Eyes test,

the Attribution of Intention test and the Faux Pas test, but

with interesting differences. The Reading the Mind in the

Eyes test can be considered as a task that measures cognitive

ToM because it includes only complex mental states that

involve the attribution of a belief or intention, a cognitive

mental state [11]. The performance in the Eyes test and the

Attribution of intentions test, two tasks measuring cognitive

ToM, correlate significantly with working memory and with

attention. The Faux Pas test, which studies both cognitive

and affective ToM, correlates significantly with executive

functioning and episodic memory.

These results are in agreement with several studies

showing some correlations between ToM tasks and cogni-

tive performance although recent meta-analyses and review

showed that contradictory results have been reported [4–6].

One study found that only patients with CI have difficulties

in Strange Stories tasks, the Faux Pas task and the Con-

versations and Insinuations video task [29]. In one study, the

correlation between ToM impairment and performance in

processing speed, memory and executive function tasks was

observed, but ToM impairment remained significant in

PwMS without CI compared to HS [31]. A recent study

found correlations between TASIT scores and IPS, working

memory, learning and memory, and premorbid IQ [32].

However, other studies reported negative results. One study

testing 25 PwMS found a correlation between ToM scores

with the Stroop test, but not with working memory and set

shifting tests [26], and other studies did not find any corre-

lations [28, 30, 36], including the only study in pediatric-

onset MS [39]. In this small sample, IPS performances

measured by the Symbol Digit Modalities test did not

account for the differences in ToM performance [39]. These

discrepancies between studies are probably due to method-

ological differences (samples, cognitive tests used). The

association of SC with CI is supported by other works

outside MS. A review of ToM and executive functions [40]

suggested an association between the two, but not for a

specific elementary executive process.

In our study, emotion recognition and alexithymia did not

correlate with cognitive performance, in spite of a quite large

NP investigation. Some authors found correlations between

emotional recognition and IPS [25, 36], working memory

[34, 36], and sustained attention [36], although other authors

did not find such a correlation [28]. In another study [27], in

which, although no overall group differences in facial affect

recognition was identified, specific difficulties were observed

in decoding two facial emotions: anger and fear and were

related to cognitive domains, especially IPS.

SC impairment occurs in all clinical phenotypes of MS,

with a higher frequency for ToM impairment, which appears

to be linked to cognitive performance, mainly working

memory, executive functions and episodic memory. This

association between ToM, working and episodicmemory and

executive functioning may have important consequences for

themanagement of PwMS. Indeed, ToMevaluation should be

performed when neuropsychological testing discloses

impairment in one of these domains. Emotional awareness
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appears also to be an important aspect of SC dysfunction,

especially in progressive MS and concerning emotional

awareness about other persons. This can have consequences in

daily lives of PwMS and deserves further studies.

The study has some limitations. The sample size of the

two groups according to MS phenotypes is small limiting

the power of the comparison between them. However, we

were able to show effect of phenotypes using ANOVA.

Another limitation is the cross-sectional design. A longi-

tudinal design is necessary for definitely demonstrating a

causal relationship between CI and SC performances.

The consequences of these deficits in the daily life of

patients, especially in their interpersonal relationships,

warrant specific studies in MS to evaluate the usefulness of

specific management programs.
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