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Abstract
Background: Multiple sclerosis (MS) is an immune-mediated demyelinating disease of the central nervous system (CNS).
Recently, numerous studies have shown that MS disrupts a number of social cognitive abilities, including empathy, theory of mind
(ToM), and facial emotion recognition. In contrast to well-documented deficits in the core social cognitive domains of ToM and facial
emotion recognition, it is not clear the broad and specific subcomponents of empathy processing affected. In addition, the specific
subcomponents of ToM affected in MS are also unclear. The aim of this study is to conduct a systematic review and meta-analysis to
characterize the performance of empathy and ToM in MS.

Methods: A systematic literature search will be performed for eligible studies published up to July 1st, 2020 in 3 international
databases (PubMed, Web of Science, and Embase). The work such as article retrieval, screen, quality evaluation, data collection will
be conducted by 2 independent researchers. Meta-analysis will be performed using Stata 15.0 software.

Results: The results of this study will be published in a peer-reviewed journal.

Conclusions: This meta-analysis will provide a high-quality synthesis from existing evidence for the performance of empathy and
ToM in MS.

PROSPERO registration number: INPLASY202070029.

Abbreviations: CI = confidence intervals, CNS = central nervous system, HC = healthy controls, MeSH = Medical Subject
Heading, MS = multiple sclerosis, NOS = Newcastle-Ottawa Scale, PPMS = progressive primary MS, PRISMA-P = Preferred
Reporting Items for Systematic Reviews and Meta-Analyses Protocols, ToM = theory of mind.
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1. Introduction

Multiple sclerosis (MS) is an immune-mediated demyelinating
disease of the central nervous system (CNS),[1] which is
characterized by the occurrence of widespread lesions or plaques
in the brain and spinal cord.[2,3] Due to these unpredictable
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lesions, MS results in overburdening patients and extensive
clinical manifestations, including muscle weakness, sensory
deficits, fatigue, and cognitive impairment.[4]

InMS patients, cognitive impairment is common, that not only
includes deficits in abilities assessed by traditional neuropsycho-
logical batteries, such as executive functioning, information
processing speed, attention, and memory,[5,6] but also often
deficits in social cognition.[7–11] Social cognition is a basic mean
for people to perceive, process, and interpret social information,
which has a drastic impact on interpersonal communication and
quality of life.[12–15] Social cognition is not a unitary skill, but a
multidimensional construct that involves empathy, theory of
mind (ToM), and facial emotion recognition.[16]

Empathy, one core domain of social cognitive, refers to the ability
to understand and identify themental states of others, as well as our
ability to share the feelingsof others.[17] It is amultifaceted construct,
including the cognitive and affective subcomponents of empathy.
The cognitive empathic referring to the ability to understand what
others’ are feeling, and the affective empathic describing one’s
emotional response to theperceived situationof another.[18,19]These
2 aspects of empathy rely on different brain structures, and take
different developmental pathways.[18] This is significant in clinical
practice, as anydeficit in cognitive empathyor affective empathy can
lead to atypical emotional reactions, but clinical treatment
implications are different.[17,20] To our knowledge, there has been
no meta-analytic study to quantitatively test the magnitude and
significance of any MS-related effects in empathy.
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Like empathy, ToM is another core domain of social cognitive,
which is the ability to attribute mental states to others, and to use
the attributions to understand and predict behavior.[21,22] For
ToM, the affective and cognitive subcomponents could be
identified by content of the stimuli used in ToM tasks.[23]

Cognitive ToM requires an understanding of another’s thoughts,
intentions, and beliefs, affective ToM is concerned with
understanding what another is feeling.[24] To our knowledge,
2 recent meta-analyses have found evidences of moderate sized
ToM deficits in patients withMS.[25,26] However, it was not clear
whether these defects were attributable to both or only one
subcomponent, as no specific analysis was conducted for
cognitive ToM or affective ToM.
Notably, there are differences between affective ToM and

cognitive empathy in definition,[27] but these 2 constructs are
difficult to be distinguished at a purely behavioral level of
assessment, as they both involve an attribution of another’s
emotional state.[28] Besides, in recent studies, the overlap between
affective ToM and cognitive empathy has often been not-
ed.[20,29,30] Therefore, we consider that affective ToM and
cognitive empathy are 2 interchangeable terms in this paper.
In sum, we will conduct a systematic review and meta-analysis

to systematically characterize the performance of empathy and
ToM in MS. The quantitative analysis will be conducted by
incorporating both empathy and ToM as a broad construct.
Besides, we will conduct specific analysis for the overlapping
components (affective ToM and cognitive empathy) and separate
components (affective empathy and cognitive ToM). In addition,
wewill evaluate potential moderators of impairments observed in
these individuals to help explain any variability between studies.
Our meta-analysis will be helpful to promote a more compre-
hensive and nuanced understanding of how these 2 core domains
of social cognitive are affected in MS.
2. Methods

2.1. Study registration

This systematic review has been registered on INPLASY
(INPLASY202070029, URL = https://inplasy.com/inplasy-
2020-7-0029/), which was reported based on the guidelines of
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses Protocols (PRISMA-P) statement.[31]
2.2. Ethical approval

Ethical approval is not required because the data used in this
paper are from published studies without the involvement of
individual or animals experiments.
2.3. Criteria of selection for study
2.3.1. Criteria for inclusion. Studies were considered eligible for
inclusion if the study compared MS participants with a matched
healthy controls group, the study had to assess empathy
performance or ToM performance using standard measures,
sufficient data to calculate effect sizes and standard errors of the
empathy or ToM were reported, the study was published in a
peer-reviewed journal in English. Studies were considered eligible
for exclusion if the study with the patient samples was overlapped
with another one with a larger sample size, the study lacked a
healthy controls (HC) group, the study with a sample size under
10will be excluded to ensure the reliability of the outcome,[21] the
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publication was not an original type, such as research protocols,
letters, conference abstracts, reviews, and editorials.

2.3.2. Criteria for exclusion. Studies were considered eligible for
exclusion if the study with the patient samples was overlapped
with another one with a larger sample size, the study lacked an
HC group, the study with a sample size under 10 will be excluded
to ensure the reliability of the outcome,[21] the publication was
not an original type, such as research protocols, letters,
conference abstracts, reviews, and editorials.

2.3.3. Types of participants. Patients diagnosed with MS will
be included in the study. Patients with other serious complica-
tions, a history of brain surgery, or other serious neurodegenera-
tive diseases will be excluded from this study.

2.3.4. Types of interventions. We will mainly study the
performance of empathy and ToM between MS patients and
healthy controls.

2.3.5. Type of comparators. We will choose healthy controls.

2.3.6. Types of outcomemeasures.Main results: the measures
of empathy Science and Embase. The search is from inception to
July 1st, 2020 with no restriction of publication dates. In
addition, other resources will be searched manually, such as the
references of all included studies.
2.4. Data sources
2.4.1. Electronic searches. Three electronic databases
(PubMed, Web of Science, and Embase) have to be searched
from inception to July 1st, 2020. There were no restrictions of the
age of patients or phenotype of MS for inclusion. In addition,
other resources will be searched manually, such as the references
of all included studies.

2.4.2. Search strategy. Search terms are related to MS and
empathy/ToM. Related Medical Subject Heading (MeSH) terms
and synonyms in various combinations are used as search
strategies. The terms to be used in relation to the disease include
multiple sclerosis, MS, and clinically isolated syndrome. The
terms to be used in relation to the empathy/ToM include social
cognition, theory of mind, ToM, mentalizing, mentalizing, facial
expression∗, prosody, pragmatic impairment, non-literal lan-
guage, sarcas∗, lie∗, joke∗, empath∗, perspective taking, and
Peer-Report Social Functioning Scale. The search strategy in the
PubMed, Web of Science, and Embase databases are shown in
Table 1.
2.5. Data collection and analysis
2.5.1. Selection of studies. The study selection process will be
presented in the following PRISMA flow diagram (Fig. 1). We
will manage all literatures by using EndNote software, V.X9
(United States). Two investigators will independently review and
screen the literature based on predetermined inclusion and
exclusion criteria. If there is a disagreement between the 2
investigators, we will discuss to solve it. If there are still
objections, the third reviewer will analyze them. The reasons for
the excluded articles will be recorded.

2.5.2. Assessment of quality in included studies. We will use
the Newcastle-Ottawa Quality Assessment Scale (NOS) to assess
the quality of all included studies.[32]
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Figure 1. Flow diagram of stu

Table 1

Represents the search strategy for PubMed database.

Number Search terms

#1 Multiple sclerosis
#2 Sclerosis, multiple
#3 Sclerosis, disseminated
#4 Disseminated sclerosis
#5 MS
#6 Multiple sclerosis, acute fulminating
#7 #1 OR #2 OR #3 OR #4 OR #5 OR #6
#8 Social cognition
#9 Theory of mind
#10 ToM
#11 Mentalizing
#12 Mentalizing
#13 Facial expression

∗

#14 Prosody
#15 Pragmatic impairment
#16 Non-literal language
#17 Sarcas

∗

#18 Lie
∗

#19 Joke
∗

#20 Empath
∗

#21 Peer-report social functioning scale
#22 #8 OR #9 OR #10 OR #11 OR #12

OR #13 OR #14 #15 OR #16 OR #17
OR #18 OR #19 OR #20 OR #21

#23 #7 AND #22
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2.5.3. Data extraction and management. A unified data
extraction form will be designed. Two investigators will
independently extract data. The information will include first
author, publication year and title, MS diagnosis criteria,
inclusion/exclusion criteria, number of groups, number of
participants, patients’ age, sex, education level, disease duration,
healthy controls’ age, sex, education level, the measures of
empathy/ToM, the data used for calculating the effect sizes and
standard errors of the empathy/ToM measures. Any disagree-
ment will be discussed between the 2 investigators, and further
disagreements will be arbitrated by the third author.
2.6. Data synthesis and statistical analysis
2.6.1. Measures of treatment effect. Stata 15.0 software
(STATACorp, College Station, TX) will be used for data analysis
and quantitative data synthesis. The mean effect size (Hedge’s g)
and 95% confidence intervals (CI) will be used to evaluate the
performance of empathy and ToM.[33]

2.6.2. Dealing with missing data. For included studies in which
there are missing data or the analysis process is unclear, the
associated risk of bias will be fully considered. The authors will be
contacted via email about information that is not available in the
study. If data are still insufficient after contacting the author, it
will be analyzed using the available data.

2.6.3. Data synthesis. For studies reporting >1 ToM task,
pooled effect size and standard error value were calculated.[34]
dies search and selection.
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Effect sizes <0.5 were considered small, between 0.5 and 0.8
moderate, and >0.8 large.[35] When appropriate, data will be
pooled across studies for meta-analysis using fixed or random
effect models.

2.6.4. Assessment of heterogeneity. We will assess the
heterogeneity by the I2 statistic base on a standard linear
hypothesis with I2<50 indicating low heterogeneity.[36] If I2

value is <50%, we will apply fixed-effects model to
homogeneous data, otherwise the random-effects model will
be applied.

2.6.5. Assessment of publication bias.Wewill use funnel plots
to detect publication bias. If the analysis includes ≥10 studies in
meta-analysis, a test for funnel plot asymmetry using Egger
method will be conducted.[37]

2.6.6. Sensitivity analysis.Wewill conduct a sensitivity analysis
to assess the reliability and robustness of the aggregation results
via eliminating trials with high bias risk. If reporting bias was
found, we will apply the trim-and-fill method to provide effect
sizes adjusted for publication bias.[38]

2.6.7. Subgroup analysis. If the heterogeneity of the results is
high and the data are sufficient, we will perform a subgroup
analysis on the data in order to find the cause of the large
heterogeneity. Subgroup analysis will be performed according to
clinical subtypes (such as clinically isolated syndrome, relapsing-
remitting MS, progressive primary MS, and secondary progres-
sive MS).

2.6.8. Meta-regression analysis.Meta-regression analyses will
be conducted for variables including the age, sex, education level,
and disease duration, with a random-effects model using the
restricted-information maximum likelihood method with the
significance level set at P< .05.
3. Discussion

To our knowledge, this is the first research protocol to examine
the performance of empathy and ToM in MS. In this systematic
review and meta-analysis, the data will provide important
clarifications about how MS affects the 2 core domains of social
cognition. Now, it is well accepted that in many neurological
groups, social cognitive impairment is a key predictor of broader
prognostic outcomes, including mental health, social function,
and quality of life. This meta-analysis will be helpful to promote a
more comprehensive and nuanced understanding of how social
cognitive is affected in MS. Social cognitive training has been
shown to be effective in other disorders[39] and it is hoped that
our result can be helpful for informing the development of similar
interventions for those with MS.
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