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Abstract: Background: Relapsing-Remitting Multiple Sclerosis (RRMS) is characterized by new or
recurrent episodes of neurological dysfunction followed by partial or complete recovery. A remark-
able non-motor symptom of the disease is the impairment of Social Cognition, and in particular the
impairment of Theory of Mind (ToM) that shows the highest frequency of dysfunction; Objective:
To quantify the deficits in both cognitive and affective ToM in patients with RRMS, and to analyze
the relationship between ToM, longer disease duration and gender; Methods: In our study, we ad-
ministered the «Faux Pas» test to 20 patients with RRMS to assess both cognitive and affective ToM;
Results: Our patients showed more prominent deficits in cognitive ToM in comparison to affective
ToM. It was also found that the disease duration has an important impact on ToM; Conclusions:
RRMS affects ToM, especially cognitive ToM, whilst the longer the duration of RRMS the greater
the impairment of ToM.

Keywords: multiple sclerosis; relapsing-remitting; social cognition; theory of mind; cognitive theory
of mind; affective theory of mind; faux pas

1. Introduction

Multiple Sclerosis (MS) is an autoimmune, demyelinating and neurodegenerative
disease of the Central Nervous System (CNS). It is characterized by autoimmune pro-
cesses, neuroinflammation, demyelination, neurodegeneration and remyelination [1,2].
Relapsing-Remitting Multiple Sclerosis (RRMS) is the predominant phenotype of MS and
is characterized by new or repeated episodes of neurological dysfunction, lasting from a
few days to several months, followed by partial or complete recovery [3-5].

The symptoms of MS depend on the phenotype of the disease, as well as the location
of the lesion. As the disease proceeds, symptoms become more permanent and can lead
to progressive disability [6]. Clinical symptoms of MS include both motor and non-motor
dysfunction [2,7]. One of the most important non-motor symptoms is cognitive impair-
ment [8]. This symptom can occur in all stages of the disease, even the earliest, and can be
a key factor of disability, social impairment and poor quality of life [9]. However, the non-
motor symptoms are not given the same attention as the motor symptoms [2] and only
the last decades did cognitive deficits begin to be considered as a frequent symptom of
the disease [10].

One of the cognitive functions affected by the diffuse pathologic processes seen in
the MS is social cognition [11,12]. Social cognition (SC) is defined as the neurocognitive
ability required to process social information [13], and involves the encoding, representa-
tion and interpretation of information regarding other people and the self [14,15]. SC is a
multi-dimensional construct that includes Theory of Mind (ToM), empathy, and social
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perception of emotions from prosody, facial and body gestures [14,16]. The two core as-
pects of SC are Facial Emotion Recognition and ToM, which collectively drive interper-
sonal skills [17], such as empathy, and may have important implications on social func-
tioning [18].

One of the core aspects of SC is ToM, that is the ability to interpret and infer the
intentions or feelings of others based on their behavior [11,19,20], and to understand that
others have their own beliefs, intentions and emotions that may differ from one’s own
[21,22]. ToM consists of two components: cognitive ToM, which is the ability to under-
stand the beliefs, thoughts and intentions of others, and affective ToM, which is the ability
to understand the emotional state of others [15,23].

Social cognitive impairment is common in patients with MS and affects all stages of
the disease and all types of clinical course, even Clinically Isolated Syndrome (CIS) [23],
with ToM dysfunction, among SC aspects, showing the highest frequency of impairment
[24], and mainly cognitive ToM [10]. Additionally, research shows that long disease du-
ration, increasing disability and fast progression of the disease are factors associated with
greater deficits in ToM [13,25], whereas regarding the gender differences in ToM, females
appear to have less deficits in this ability in comparison to males [26]. Hence, recent stud-
ies highlight the presence of social cognitive deficits in MS as an unveiled signature of the
disease pathology [27].

Social cognition has a huge impact on interpersonal communication and subse-
quently on quality of life (QoL) [5,16,28]. More specifically, social cognitive abilities are
important for maintaining social relationships and, consequently, for preserving the
wider social network, which contributes to the patient's QoL [13]. Humans are profoundly
social beings, therefore successful social communication is essential for their well-being
[23]. Additionally, preserved social cognition has been found to contribute to long-term
maintenance of QoL [13]. Therefore, continuous and correct screening for such deficits is
important to improve patients' QoL [16], as the early detection of the deficits and the ad-
equate rehabilitation of social cognition could help patients enjoy a satisfying social life
for a longer period [23].

Nevertheless, social cognitive impairment remains a neglected aspect of cognitive
impairment in MS, even though there is potential prognostic significance for social func-
tioning and QoL of patients with MS [17,18].

The aim of our study was to assess ToM in patients with RRMS and to investigate the
differences between cognitive and affective ToM performance by administering the «Faux
Pas» test. Furthermore, we studied the effect the duration of RRMS and the gender of the
patient have on ToM. We decided to study further this ability since, only the last few dec-
ades have scientists begun to conduct research studies on SC in MS, and little is known
about the impact of MS on SC regarding the Greek area.

2. Materials and Methods

2.1. Study population

Patients with a definite diagnosis of RRMS from the Special Multiple Sclerosis Out-
patient Clinic of 1%t Neurology Clinic of AHEPA University Hospital took part in our
study.

Inclusion criteria for our patients were the age between 18-65 years old, the Northern
Greek origin, the fluency in Greek, and the absence of other chronic diseases or any other
psychiatric disorder.

2.2. Social cognitive testing

Our participants underwent the neuropsychological test that was selected to evaluate
global functioning of ToM and shows sensitivity to the impairment of both cognitive and
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affective ToM. Specifically, we administered the «Faux Pas» test validated and performed 97
in Greek. 98
«Faux Pas» is a verbal test [16] that evaluates both cognitive and affective ToM [29]. 99
In the test, the examiner reads aloud 20 short vignettes to the participant, who is at the 100
same time given the written version of each story in front of them in order to reduce their 101
memory load. In 10 of the stories, a person commits a social faux pas, an indecency, by 102
unintentionally saying something distressing or offensive to another person. In the re- 103
maining 10 stories no faux pas is committed [10]. There is no time limit, therefore partici- 104
pants are allowed to read the stories as many times as necessary to fully comprehend them 105
[30]. At the end of each story, the participant is asked whether anything inappropriate 106
was mentioned [31]. Correct answers were rated 1, incorrect answers were rated 0 [17]. 107
The maximum score at the «Faux Pas» test is 80 points [32]. 108
A faux pas occurs when someone says something they should not have said, not 109
knowing or realizing that they should not have said it. To understand that a faux pas has 110
occurred, one must perceive two mental states: the cognitive state and the emotional state. 111
In order to attribute a cognitive state, it must be understood that the person who says 112
something socially inappropriate does not comprehend that he should not say it. Then, in 113
order to attribute an emotional state of mind, it must be understood that the person hear- 114
ing it would feel offended or hurt [33]. Thus, the «Faux Pas» test requires the simultaneous 115
understanding of multiple mental states (i.e., intentions, emotions, beliefs) in everyday 116
social situations [30]. 117
Therefore, the «Faux Pas» test is a good measure of subtle ToM deficits [33]. In par- 118
ticular, cognitive ToM is assessed in the false belief question (question #5), which evalu- 119
ates whether participants understand the false beliefs of the person who committed a faux 120
pas, whereas affective ToM is assessed in the affective question (question #6), which eval- 121

uates whether participants understand how the person in the story would feel [30]. 122
2.3. Data collection 123
124

In our study, we administered 4 vignettes of the «Faux Pas» test, two of which were 125
control stories and the other two were faux pas stories. The stories were presented alter- 126
nately, in order to avoid any influence the order of the story presentation might have on 127
the study results. 128

The social cognitive assessment was held in person. Patients were tested individu- 129
ally. They were given a sheet with the «Faux Pas» stories printed on and were asked to 130
pay attention to the examiner’s narration and following questions. The administration of 131

«Faux Pas» test took approximately 10 minutes. 132
3. Results 133

All statistical analyses performed in our research were carried out using the statistical 134
software platform SPSS 27. 135
3.1. Demographic data 136

20 patients with RRMS voluntarily participated in the study. Specifically, the sample 137
consisted of 9 men (45%) and 11 women (55%). The participants originated from the geo- 138
graphical regions of Macedonia and Thrace, and more precisely from the prefectures of 139
Thessaloniki, Komotini and Florina. 140

The age of the participants ranged from 18 to 65 years old (M. =43.94, S.D. =12.53) 141
(Table 1) and the percentages distributed in the following way: the group age 18-35 as- 142
sembles 20% of the sample, the groups 36-45 and 46-55 gather 25% respectively, and group 143
age 56-56 20% (Table 2). 144

145
146
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Table 1
Means and Standard Deviation
N Valid 18
Missing 2
Mean 43,94
Std. Deviation 12,530

Table 2
Age: Frequencies and percentages

Percent Valid Percent Cumulative

Frequency Percent
Valid 18-35 4 20,0 222 222
36-45 5 25,0 27,8 50,0
46-55 5 25,0 27,8 77,8
56-65 4 20,0 222 100,0
Total 18 90,0 100,0
Missing System 2 10,0
Total 18 90,0

Regarding the educational level of the participants, 35% of the sample consisted of
high school graduates and 35% of bachelor’s graduates, gathering together the majority
of the participants (Table 3).

Table 3
Education: Frequencies and percentages

Percent Valid Percent Cumulative
Frequency

Percent
Valid Primary School 1 5,0 5,0 5,0
Graduate
Junior High School 5,0 5,0 10,0
1
Graduate
High School Grad- - 35,0 35,0 45,0
uate
Bachelor’s Degree 7 35,0 35,0 80,0
Master’s Degree 3 15,0 15,0 95,0
Doctor’s Degree 1 5,0 5,0 100,0
Total 20 100,0 100,0
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Finally, regarding the professional status of the participants, most of the 161
participants worked as civil servants (30%) and private employees (30%), however, a 162
significant percentage of the participants were unemployed (20%) (Table 4). 163

164
Table 4 165
Profession: Frequency and percentages 166
Percent Valid Percent Cumulative
Frequency
Percent
Valid Civil Servant 6 30,0 30,0 30,0
Private Employee 6 30,0 30,0 60,0
Freelancer 1 50 50 65,0
Unemployed 4 20,0 20,0 85,0
Retired 3 15,0 15,0 100,0
Total 20 100,0 100,0
167
3.2. Neuropsychological Data 168

As shown in Table 5 and Table 6, almost all participants answered correctly to the 169
Control Stories of the «Faux Pas» test. However, one participant answered incorrectly to 170

both vignettes by recognizing a non-existent faux pas. 171
172
173
Table 5 174
Frequencies and percentages of the 1%t Faux Pas Story 175
Percent Valid Percent Cumulative
Frequency
Percent
Valid Incorrect 1 50 5,0 50
Correct 19 95,0 95,0 100,0
Total 20 100,0 100,0
176
177
Table 6 178
Frequencies and percentages of the 34 Faux Pas Story 179
Percent Valid Percent Cumulative
Frequency
Percent
Valid Incorrect 2 10,0 10,0 10,0
Correct 18 90,0 90,0 100,0
Total 20 100,0 100,0

180
181

As shown in Table 7 and Table 8, 8 participants respectively answered correctly to all 182
questions of the Faux Pas Stories. However, in each faux pas story there was one partici- 183
pant who answered incorrectly to the vignette by not recognizing the existent faux pas. 184
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Table 7
Frequencies and percentages of the 2nd Faux Pas Story

Percent Valid Percent Cumulative

Frequency Percent
Valid All answers incorrect 1 50 50 50
3 answers incorrect 1 50 5,0 10,0
2 answers incorrect 2 10,0 10,0 20,0
1 answer incorrect 8 40,0 40,0 60,0
All answers correct 8 40,0 40,0 100,0
Total 20 100,0 100,0
Table 8

Frequencies and percentages of the 4t Faux Pas Story

Percent Valid Percent Cumulative

Frequency Percent
Valid All answers incorrect 1 50 5,0 50
2 answers incorrect 5 25,0 25,0 30,0
1 answer incorrect 6 30,0 30,0 60,0
All answers correct 8 40,0 40,0 100,0
Total 20 100,0 100,0

Moreover, to assess cognitive and affective ToM, we examined the participants’ in-
correct answers to the Faux Pas Stories, specifically the answers given at Question 5 (Q5)
and Question 6 (Q6) of the vignettes, since Q5 evaluates the participant’s ability to per-
ceive if the faux pas happens unintentionally (cognitive ToM), and Q6 evaluates the par-
ticipant’s ability to perceive how the person in the story would feel (affective ToM).

As shown in Table 9, 6 participants answered incorrectly to Q5 of the first Faux Pas
Story, 4 participants answered incorrectly to Q6, whereas one participant answered both
Q5 and Q6 incorrectly.

Table 9
Frequencies and percentages of Q5 and Q6 in 2n¢ Faux Pas Story

Percent Valid Percent Cumulative

Frequency Percent
Valid Q5 and Q6 Incorrect 1 91 9,1 91
Q6 Incorrect 4 36,4 36,4 45,5
Q5 Incorrect 6 54,5 54,5 100,0
Total 1 100,0 100,0
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However, in the second Faux Pas Story, 5 participants answered incorrectly to Q5, 207
and one participant answered both Q5 and Q6 incorrectly, with Q6 not having been an- 208

swered incorrectly by the other 10 participants (Table 10). 209
210
211
Table 10 212
Frequencies and percentages of Q5 and Q6 in 4t Faux Pas Story 213
Frequency Percent
Valid Q5 and Q6 Incorrect 1 9,1
Q6 Incorrect - -

Q5 Incorrect 5 45,5

Total 11 100,0
214
215

Furthermore, to evaluate the relationship between ToM and the RRMS duration, we 216
executed the Pearson Correlation Coefficient to find the statistically significant correlation 217
between the disease duration and the «Faux Pas» test performance. 218

As shown in Table 11, there is a statistically significant negative correlation between 219
the RRMS duration and the total performance at the «Faux Pas» test (r = -.548, p <.05), 220
meaning that the participants who lived with RRMS for a longer period, performed worse 221

at the «Faux Pas» test. 222
223
Table 11 224
Correlation between the variables 225
Years living Total Score Faux
with RRMS Pas
- "
jvelj}isl{lgl\l/r; ;g Pearson Correlation 1 ->48
Sig. (2-tailed) - .012
N 20 20
Total Score Pearson Correlation -.548* 1
Faux Pas
Sig. (2-tailed) .012 -
N 20 20
*. Correlation is significant at the 0.05 level (2-tailed). 226
227
228

Moreover, we performed the Simple Linear Regression to predict the deficits in ToM 229
depending on the duration of RRMS. In the statistical analysis, the RRMS duration was 230

the predictor variable, whereas the ToM performance was the dependent variable. 231
Based on the results of the Simple Linear Regression analysis (r2=.3, beta =-.548, t =- 232
2.8, p < .05) (Table 12), we concluded that the RRMS duration negatively predicts ToM 233
deficits by 30%. 234
235
236
Table 12 237
Simple Linear Regression values 238
» beta t p-value
Years living -2.777 012

with RRMS 300 -548
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Finally, in order to detect the gender differences of RRMS participants at the «Faux 239
Pas» test performance, we applied the Independent Samples t-test analysis. In the statisti- 240
cal analysis, the participants’ gender was the grouping variable, whereas the total «Faux 241

Pas» test performance was the test variable. 242

However, in our analysis we found no statistically significant effect of the RRMS pa- 243
tients” gender on ToM. 244
4. Discussion 245

The aim of our study was to investigate the relationship between Social Cognition 246
(Theory of Mind) and Multiple Sclerosis (Relapsing-Remitting). Secondly, we wanted to 247
examine the differences between RRMS patients’ Cognitive Theory of Mind and Affective 248
Theory of Mind in terms of the «Faux Pas» test performance. In addition, we aimed to 249
study the effect of the patients’ gender and the duration of the disease on Theory of Mind. 250

Regarding the relationship between ToM and RRMS, the results of our research 251
showed that the performance of most participants was slightly to considerably deficient. 252
Our finding is consistent with other studies, which suggest that RRMS shows deficits in 253
ToM, even though not as great as the deficits due to progressive MS [13], and that ToM 254
can be impaired even in the early stages of RRMS [14]. A possible interpretation of this 255
finding could be the fact that the pathologic processes observed in RRMS, particularly the 256
neurodegeneration that is present from the early stages of the disease, could be responsi- 257
ble for the impairment of ToM [34]. 258

Moreover, concerning cognitive and affective ToM and RRMS, the participants of our 259
research showed more deficits on cognitive ToM ability in contrast with affective ToM. 260
This finding is in accord with existing literature referring to cognitive ToM ability being 261
more impaired than affective ToM in patients with RRMS [10]. A probable explanation of 262
this finding could be the fact that the brain regions associated with cognitive ToM (frontal 263
regions) are affected earlier by RRMS than the brain regions associated with affective ToM 264
(temporal regions) [28]. 265

Furthermore, with respect to the RRMS duration and ToM ability, the results of our 266
research suggested that the disease duration has a negative impact on ToM performance. 267
This result is in line with other studies referring to more prominent deficits in ToM in 268
patients with longer disease duration [23, 27]. One possible interpretation of this research 269
finding could be the fact that the neurodegeneration occuring in RRMS has a significant 270
impact on ToM functioning [11]. 271

Finally, as far as the RRMS patients” gender and ToM ability are concerned, the non- 272
statistically significant results of our analysis did not allow us to make any conclusions 273
regarding the gender effect on ToM ability. However, this result is inconsistent with ex- 274
isting literature mentioning that women perform better than men at the «Faux Pas» test, 275
thus demonstrating fewer deficits in ToM compared to men [26]. 276

Several limitations of the present study are to be considered. One limitation of our 277
study was the sample size that is relatively small (20 participants), due to the special con- 278
ditions arising from the COVID-19 pandemic. The small sample size limits the validity of 279
the results and any population generalizability. Another shortcoming was the small num- 280
ber of «Faux Pas» test Stories administered (4), which may not represent the participants’ 281
ToM ability to a large extend. Ultimately, a further limitation of our research was the 282
cross-sectional type of study, as specific age groups were studied and compared in a spe- 283
cific period. This method does not allow the accurate demonstration of the changes over 284
time. Future longitudinal research could be conducted to represent the social cognitive 285
changes of MS patients occurring with time. Future research including the other pheno- 286
types of MS is also needed to better understand the impairment of ToM, and subsequently 287
the impairment of SC, in MS. 288

Despite the limitations, the results of this study could be useful to both scientists and 289
health professionals. The aim of our research was to inform and raise awareness among 290
experts regarding the social cognitive deficits of patients with MS, an aspect of the disease 291
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that remains overlooked despite its prognostic value [17,18]. Therefore, it is necessary to
integrate the evaluation of social cognition in the main neuropsychological assessment of
MS patients, and encourage the continuous and correct screening, in order to facilitate the
early detection of the deficits and to preserve the social cognitive ability for a longer pe-
riod and, subsequently, the satisfactory QoL [13,16,23].

5. Conclusions

In conclusion, RRMS negatively affects ToM, especially cognitive ToM. We also con-
clude that the longer the duration of RRMS the greater the impairment of ToM.
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