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ABSTRACT

Background: Suffering from multiple sclerosis (MS) appears to have ramifications not only
for emotional well-being and emotion regulation but also for interoceptive awareness and its
constituent elements. This study aimed to assess the intricate interplay between interoceptive
awareness and emotion dysregulation, with a particular emphasis on the potential moderating
influence of MS.

Methods: The population of this cross-sectional study consisted of all MS patients and their
healthy caregivers and/or companions who visited MS clinics at Emam Khomeini and Sina
Hospitals in Tehran. Utilizing purposive sampling based on inclusion criteria, a sample of 429
individuals was selected, comprising 161 relapsing-remitting MS (RRMS) patients and 268
healthy individuals. Data analysis was conducted using descriptive statistics and hierarchical
regression analysis subsequent to the completion of the multidimensional assessment of
interoceptive awareness version-2 (MAIA-2) and the difficulties in emotion regulation scale
(DERS).

Results: The results revealed a significant and negative association between all facets of
interoceptive awareness and emotional regulation challenges for both MS patients and healthy
individuals (r=-0.12 to -0.54, P<0.05). Notably, the moderating impact of MSS on this relationship
exhibited variations across the MAIA-2 subscales (P<0.05).

Conclusion: In addition to unraveling the complex interaction between interoception and
emotion regulation in MS, these findings regarding the possible role of interoceptive awareness
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Introduction

motions play a pivotal role in human

functioning and well-being, making ef-

fective emotion regulation imperative for

managing them [1]. Emotion regulation

pertains to the mechanisms, by which
individuals exert influence over the emergence, inten-
sity, duration and manifestation of their emotions [2].
Emotional dysregulation, however, presents significant
challenges. It encompasses a deficiency in awareness,
understanding, and acceptance of emotions, difficulty in
controlling behaviors when distressed, restricted access
to adaptive strategies and a tendency to avoid emotional
distress [3]. A person’s health status has a significant im-
pact on emotion regulation because illnesses can cause
cognitive-emotional and behavioral changes. A chronic
and progressive illness, such as multiple sclerosis (MS),
presents emotional challenges for individuals, resulting
in a potential negative impact on their emotional well-
being based on its chronicity and their perception of
the disease’s nature, in which the immune system acts
against them [4]. MS is an autoimmune disorder affect-
ing the central nervous system, marked by the demyelin-
ation of nerve fibers, which leads to the disruption of
neural communication. The symptoms of MS are diverse
and can encompass mobility impairments, fatigue, pain
and cognitive dysfunction [5].

MS affects individuals’ emotional functions in two
main ways. As an inflammatory disease, MS is charac-
terized by a loss of white matter throughout the brain and
damage to the emotion regulation networks. It alters in-
dividuals’ ability to self-regulate and process emotion by
altering the subcortical circuitry in the frontal lobe, the
cingulate gyrus, and the insula. Furthermore, impaired
processing speed, active memory capacity and cogni-
tive processes involved in emotion regulation, such as
cognitive reappraisal and attentional deployment, which
require greater cognitive ability, are disrupted in indi-
viduals with MS [6]. Consequently, common emotional
issues, such as depression, irritability, anhedonia, inap-
propriate crying and laughing, severe mood swings, and
a general sense of emotional dysregulation are prevalent
among MS patients. Emotional dysregulation and inef-
fective emotion regulation strategies can result in emo-
tional problems, such as depression, anxiety and stress,
irrespective of the severity of the disease and executive
function capabilities [7].

The capacity to recognize and comprehend emotions
has been linked to the ability to identify bodily sensa-
tions, a concept known as interoception [8]. Interocep-
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tive awareness refers to the ability to perceive and rec-
ognize internal bodily sensations and signals, such as
heartbeat, breathing, hunger, and pain. It involves being
aware of and accurately interpreting these bodily sen-
sations, which can provide valuable information about
one’s physical and emotional state [9]. This concept is
based on James and Lange’s theory of emotion, which
posits that, regardless of how emotions are triggered,
they result in changes in the body—including facial
expressions, tone of voice, body gestures, heart rate
rhythm, muscle tension, digestive activity, and hormonal
levels—and subsequently trigger sensory perceptions of
these changes [10]. These conceptualizations emphasize
that physiological changes are integral to the recogni-
tion and understanding of emotions. They enhance the
capacity to respond physiologically to emotions and to
modulate them effectively. This process includes being
aware of one’s emotional states, identifying emotional
triggers, and understanding the root causes of particular
emotional reactions [11]. Elevated levels of interocep-
tive awareness are linked to improved skills in emotion
regulation, as individuals with a profound comprehen-
sion of their emotions are better equipped to control them
[12]. In contrast, individuals with restricted interoceptive
awareness may find it challenging to recognize and gov-
ern their emotions, which could result in increased dif-
ficulties in emotion regulation [13]. Lower interoception
scores are associated with alexithymia, emotion dys-
regulation, and depression [14]. The multidimensional
assessment of interoceptive awareness (MAIA) is one of
the most widely used self-report questionnaires to mea-
sure interoception, which includes several dimensions,
including noticing, not-distracting, not-worrying, atten-
tion regulation, emotional awareness, self-regulation,
body listening, and trusting [15].

Interoceptive awareness has been investigated in vari-
ous mental health conditions. In individuals with alcohol
use disorder, higher interoceptive accuracy is linked to
improved acceptance of negative emotions, while higher
interoceptive sensibility is associated with difficulties
in impulse control during negative emotions [11]. Chil-
dren with autism spectrum disorder exhibit comparable
interoceptive awareness but demonstrate enhanced sus-
tained attention to internal cues [16]. Individuals with
schizophrenia exhibit deficits in interoceptive accuracy
and sensibility but not in interoceptive awareness [17].
In those with anorexia nervosa and their relatives, certain
aspects of interoceptive awareness, such as increased
bodily sensations and diminished trust in their bodies,
may contribute to the symptomatology and elevate the
risk of developing the disorder [18]. Research on intero-
ceptive awareness disorder in MS is limited and exist-
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ing studies predominantly focus on its neuroanatomical
aspects, such as the damage to brain regions involved in
interoceptive awareness and its correlation with fatigue
in MS patients [19]. However, research has shown dif-
ficulties in the awareness of emotions and their bodily
symptoms and worries about bodily symptoms, which
often is associated with anxiety and difficulties in self-
regulation in MS patients [20].

In addition to emotional dysregulation, individuals
with MS may also experience alterations in their ability
to recognize and process internal bodily signals. Intero-
ceptive awareness, which depends on the integration of
multisensory bodily signals, is compromised in MS due
to disruptions in multisensory integration, particularly in
brain regions associated with the immune system. Giur-
gola et al. [21] found impaired multisensory integration
in relapsing-remitting MS patients, indicating a signifi-
cant impact on interoceptive processing. Moreover, vari-
ous studies have reported changes in the perception of
physiological bodily signals among MS patients, includ-
ing disruptions in olfaction, taste, body temperature pro-
cessing, chronic pain, and fatigue. These disruptions are
linked to mechanisms involved in interoceptive aware-
ness processing, such as the monitoring of autonomic
bodily information. Additionally, structural alterations
have been observed in key brain regions responsible
for processing internal bodily signals, notably the right
insula and anterior cingulate cortex (ACC), in individu-
als with MS [22]. These structural changes reflect dis-
turbances in the internal processing system, ultimately
leading to alterations in interoceptive awareness [21].

It appears MS not only causes emotional problems
and disorders of emotional regulation but also affects
the body’s awareness and its components. The impact
of MS on emotion regulation becomes particularly im-
portant as studies have shown that emotional awareness
and emotional control difficulties negatively affect the
well-being of healthy individuals and clinical popula-
tions. As a result of emotional dysregulation, individuals
with MS may have difficulty with other social and occu-
pational functions, treatment adherence, life quality and
life satisfaction [23]. A number of studies utilizing self-
report measures of emotional dysregulation suggest that
MS patients use ineffective emotion regulation strategies
during stressful diagnosis and treatment situations. Con-
sequently, using body-based approaches and increasing
interoceptive awareness can improve emotion regulation
mechanisms and reduce emotional problems such as
anxiety and depression in MS patients [24].
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In some clinical and non-clinical populations, links
have been established between interoception and emo-
tion regulation difficulty; however, MS’s moderat-
ing role has not been explored. The MAIA, version 2
(MAIA-2) questionnaire has not yet been used to ex-
amine the moderating effect of MS on interoceptive
body awareness and emotional regulation compared to a
healthy group. Thus, in this study, we examined the rela-
tionship between interoceptive awareness and difficulty
regulating emotions among patients with MS compared
to healthy individuals. This study aimed to determine
whether MS acts as a moderator between interoceptive
awareness and difficulty regulating emotions. This study
provides important insights into the relationship between
these constructs. Furthermore, it can be utilized to priori-
tize interventions for this specific population and to em-
phasize the importance of paying attention to bodily and
interoceptive awareness in order to manage emotional
problems in this population.

Methods

This cross-sectional study employed a purposive sam-
pling strategy to recruit a cohort of 429 participants.
Among all MS patients who visited Emma Khomeini
and Sina Hospitals, we specifically targeted individuals
diagnosed with RRMS. Concurrently, healthy subjects
were recruited through purposive sampling from healthy
caregivers and/or companions of MS patients, ensuring
matching in age, education level and gender with the MS
patient group. All questionnaires were computerized and
completed online via a secure digital survey platform
(Porsall). RRMS patients at these clinics were first re-
ferred to the researcher by a neurologist. Afterward, the
researcher offered a concise overview of the research
goals to both patients and their caregivers or compan-
ions. Those willing to participate and meet the inclusion
criteria were chosen. They were then provided with a se-
cure online survey link to engage in the study and asked
to complete the questionnaires during their clinic visit.
Inclusion criteria for healthy participants necessitated an
age range between 18 and 45 years old, the absence of
physical and neurological disease and psychiatric dis-
orders, and no history of substance abuse. MS patient’s
inclusion criteria considered age range between 18 and
45, diagnosis confirmation of RRMS by a neurologist,
absence of psychotic psychiatric disorders, exclusion of
other neurological diseases and no history of substance
abuse. Participants, both patients and healthy individuals
were apprised of the voluntary nature of their involve-
ment, with the option to decline participation and as-
surance of confidentiality for all provided information.
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The conclusive dataset comprised 161 individuals with
RRMS and 268 healthy counterparts, forming the basis
for subsequent analyses.

Research tools

MAIA-2

The original MAIA measures multiple dimensions of
interoception bodily awareness developed by Mehling et
al. [15]. It consists of 32 items and eight distinct sub-
scales: 1) Noticing (i.e. the self-reported tendency to be
aware of one’s body sensations, regardless of how com-
fortable or uncomfortable they are); 2) Not-distracting
(i.e. the tendency to not ignore pain or uncomfortable
body sensations); 3) Not-worrying (i.e. the tendency to
not worry or feel distressed about pain or uncomfortable
sensations); 4) Attention regulation (i.e. the ability to pay
attention to bodily sensations); 5) Emotional awareness
(i.e. the extent to which emotional states are perceived
as connected to bodily sensations); 6) Self-regulation
(i.e. the ability to use attention to bodily sensations (e.g.
breathing-as a regulatory pathway of distress); 7) Body
listening (i.e. listening actively to the body for insight);
and 8) Trusting (i.e. the extent to which the body is expe-
rienced as trustworthy). The MAIA-2 includes five addi-
tional items over the MAIA, which improve the MAIA’s
internal consistency and reliability. MAIA-2 retains the
eight subscales of the original but contains 37 items.
Three new items have been added to the not-distracting
scale: 1) I try to ignore pain (R); 2) I push discomfort
away by focusing on something else (R); and 3) When
I feel unpleasant body sensations, I occupy myself with
something else so I do not have to feel them (R). On the
not-worrying scale, the two new items are 1) I can stay
calm and not worry when I have discomfort or pain, and
2) When I am in discomfort or pain, I cannot get it out of
my mind (R). Reverse scoring is indicated by R. MAIA-
2 items range from zero “never” to five “always,” with
nine reversed items (items 5, 6, 7, 8,9, 10, 11, 12 and 15
are reversed). Cronbach’s a determined MAIA-2’s reli-
ability. The number of items varies for each subscale:
noticing (four items, 0=0.64), not-distracting (six items,
0=0.74), not-worrying (five items, 0=0.67), attention
regulation (seven items, 0=0.83), emotional awareness
(five items, 0=0.79), self-regulation (four items, a=0.79),
body listening (three items, a=0.80) and trusting (three
items, 0=0.83). The arithmetic average of the items is
taken to calculate the subscale scores. The higher the
score, the better the self-reported interoception [25]. The
Persian version of MAIA-2 also exhibited significant di-
vergent validity (-0.20 to -0.59) with the difficulties in
emotion regulation scale (DERS) and significant conver-
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gent validity (0.18 to 0.38) with the mindful attention
awareness scale, both at the 0.01 significance level. The
reliability of the Persian version of the questionnaire,
with Cronbach’s o ranging from 0.58 to 0.88, is satisfac-
tory [26]. According to Cronbach’s a, this questionnaire
had an internal consistency of 0.90 in the present study.

DERS

The DERS was developed by Gratz and Roemer in
2004. On a five-point Likert scale (ranging from zero
(almost never [0-10%]) to five (almost always [91—
100%]), higher scores indicate greater difficulty in emo-
tion regulation (i.e. total score from 36 to 180). Six com-
ponents make up this questionnaire: 1) Nonacceptance
of emotional responses, 2) Difficulty engaging in goal-
directed behavior, 3) Difficulty controlling impulses, 4)
Lack of emotional awareness, 5) Limited access to emo-
tion regulation strategies and 6) Lack of emotional clar-
ity. Using factor analysis, six factors were identified. The
results show that this scale has a high internal consisten-
cy of 0.93 and all six scales have a Cronbach’s a >0.80
[27]. Previous research has confirmed the construct and
predictive validity of the model in clinical and non-clin-
ical samples. According to Besharat [28], Cronbach’s
a coefficients for the components of this questionnaire
ranged from 0.73 to 0.92, and the re-test reliability was
also between 0.69 and 0.87. The convergence and dis-
criminant validity of a differentiating emotion regulation
difficulty scale were calculated and confirmed using the
mental health inventory, cognitive emotion regulation
questionnaire, and positive and negative affect sched-
ule for various samples from clinical and non-clinical
groups at the same time. Using factor analysis and in-
ternal consistency coefficients, the test results were also
valid and reliable and >0.93 [27]. In addition, the Persian
version of the DERS had an internal consistency of 0.79
to 0.92. In the present study, the internal consistency of
this questionnaire was 0.94 using Cronbach’s o method.

Results

In the present study, which sought to determine the
moderating role of MS in the relationship between in-
teroceptive awareness and emotion regulation difficulty,
429 people were examined. A sample of the present
study, in terms of health condition (suffering from MS
or not), consisted of 161 MS patients (37.5%) and 268
healthy people (62.5%). In terms of gender, 345 cases
were women (80.4%) and 84 cases were men (19.6%),
and in terms of education level 49 cases (11.4%) had di-
ploma, 11 people (2.6%) had an associate degree, 69 cas-
es (16.1%) had bachelor’s education, 84 cases (19.6%)
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Table 1. Descriptive statistics and correlation of predictor variables with difficulty in emotion regulation

Variables MeanzSD Skewness Kurtosis r
1 Difficulty in emotion regulation 96.24+22.92 0.274 -0.408 1
2 Noticing 13.93+3.47 -1.101 1.915 -0.122°
3 Not-distracting 13.59+5.75 0.32 -0.358 -0.135™
4 Not-worrying 11.36+4.44 -0.152 -0.215 -0.434™
5 Attention regulation 21.08+6.3 -0.536 0.122 -0.541™
6 Emotional awareness 19.5+3.71 -1.098 2.968 -0.132™
7 Self-regulation 11.27+4.01 -0.265 -0.182 -0.473™
8 Body listening 8.3743.2 -0.227 -0.322 -0.481"
9 Trusting 9.7843.48 -0.47 -0.108 -0.469™

*P<0.05, “P<0.01. LERLL,

had master’s education, 180 cases (42%) had doctorate
education and 36 cases (8.4%) were missing. Regard-
ing the marital status, 215 individuals (51.1%) were
single, and 214 people (49.9%) were married. Also, the
Mean+SD of the age of the participants were 33.27 and
7.58, respectively.

In Table 1, the indicators of central tendency and dis-
persion, as well as the correlation of research variables,
are presented.

According to Table 1, all interoceptive awareness
components had an inverse and significant relationship
with difficulty in emotion regulation. Also, among the
components of interoceptive awareness, attention regu-
lation, body listening, and self-regulation had the highest
correlation with emotion regulation difficulties. Before
analyzing the data, the assumptions of normality were
checked. The skewness and kurtosis indices were in-
vestigated to assess the normality of the distribution of
the variables. Chou and Bentler [29] consider a cutoff
point of +3 to be appropriate for the skewness value.
For the kurtosis index, values exceeding =10 are gen-
erally problematic in multivariate research. The values
obtained for the skewness and kurtosis indicated that
the assumption of normality is fulfilled. Examining the
correlation matrix between the observed variables indi-
cated the absence of multi-collinearity between them.
The correlation coefficients for research variables were
<0.80. Correlation coefficients >0.85 create problems in
the correct estimation of the model by creating multiple
collinearity problems. Also, to check the hypothesis of
non-collinearity, the variance inflation factor (VIF) and

tolerance index were also used, with none of the toler-
ance index values being <0.40. Furthermore, none of the
VIF values exceeded 10; based on this, it is possible to
ensure the assumption of non-collinearity.

Hierarchical regression was used to determine the mod-
erating effect of health condition (suffering from MS or
not) between interoceptive awareness components with
emotion regulation difficulty, so that in the first block,
variables of gender and interoceptive awareness com-
ponents (separately) were entered into the regression
equation, and in the second block, the interaction vari-
able was entered into the regression equation. To avoid
increasing the number of tables, only the second block
of hierarchical regression analysis results for each of the
interoceptive awareness components is presented sepa-
rately in Table 2.

As can be seen in Table 2, the interaction effect of health
conditionxnoticing played a significant role in predict-
ing emotion regulation difficulty (f=-0.695, t=-2.778).
Hence, it can be stated that MS plays a moderating
role in noticing and emotion regulation difficulty. The
results of the regression slope comparisons of emotion
regulation difficulty based on noticing in the MS group
(b=0.084, P=0.853) and the healthy group (b=-1.673,
P=0.001) showed that the intensity of the relationship in
the healthy group was more than MS group.

The interaction effect of health conditionxnot-
distracting played a significant role in predicting emo-
tion regulation difficulty (=-0.639, t=-3.269). Hence, it
can be stated MS plays a moderating role between not-
distracting and emotion regulation difficulty. The results
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Table 2. Hierarchical regression coefficients of the moderating role of health condition (suffering from MS or not) in the rela-
tionship between interoceptive awareness components with emotion regulation difficulty

Predictors Variables R AdR? F b B t P
Health condition 24.218 0.512 2.678 0.008
Noticing Noticing 0.18 0.026 4,75 1.841 0.279 1.836 0.067
Health conditionxnoticing -1.757 -0.695 -2.778 0.006
Health condition 16.579 0.351 2.965 0.003
Not-Distracting Not-distracting 0.206 0.036 6.252°"" 1.384 0.347 2.242 0.025
el o elpire 1246 0639 3269  0.001
distracting
Health condition 1.775 0.038 0.316 0.752
Not-worrying Not-worrying 0.435 0.184 33.103™ -1.82 -0.352 -2.408 0.016
Health conditionxnot- 0268  -0.106  -0.586  0.558
worrying
Health condition 6.367 0.135 0.973 0.331
A Attention regulation 0.544 0291  59.455™" -1.449 0399  -3.052  0.002
regulation
Health condltlopxattentlon -0.341 0213 1151 0.25
regulation
Health condition 17.003 0.36 1.387 0.166
Emotional Emotional awareness 0154  0.017 3.44° 0.668 0.108 0.65 0.516
awareness
Health conditionxemotional 0.936 0.44 1.532 0.126
awareness
Health condition -10.148 -0.215 -1.718 0.087
Self-regulation Self-regulation 0.482 0.227 42.858™" -4.363 -0.763 -5.184 0.001
et iEn anelioneris 1.021 0399 2043 0042
regulation
Health condition 1.497 0.032 0.272 0.786
Body listening Body listening 0.481 0.226 42.659™" -3.173 -0.444 -3.112 0.002
Health |C.°”d'.t'°”"b°dy -0.169 005  -0275 0784
istening
Health condition -2.966 -0.063 -0.5 0.617
Trusting Trusting 0.47 0.216 40.256™" -3.326 -0.506 -3.601 0.001
Health conditionxtrusting 0.149 0.047 0.263 0.793
AdR? Adjusted R-squared. LLED L

s

*Statistically significant at the 5% level (P<0.05), “Statistically significant at the 1% level (P<0.01).

of the regression slope comparisons of emotion regula- able of emotion regulation difficulty (3=0.399, t=2.043).
tion difficulty based on not-distracting in the MS group Hence, MS plays a moderating role between self-regu-
(b=0.138, P=0.622) and the healthy group (b=-1.107, lation and emotion regulation difficulty. The results of
P=0.001) showed that the intensity of the relationship in the regression slope comparisons of emotion regulation
the healthy group was more than MS group. difficulty based on self-regulation in the MS group (b=-
3.138, P=0.001) and healthy group (b=-2.320, P=0.001)
The interaction effect of health conditionxself-  showed that the intensity of the relationship in the MS
regulation played a significant role in predicting the vari- group was more than the healthy group.

I
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Discussion

The present study aimed to investigate the relationship
between interoceptive awareness and difficulty in emo-
tion regulation in individuals diagnosed with MS and
healthy controls. Overall, the results suggest a negative
and significant relationship between all components of
interoceptive awareness and difficulty in emotion regu-
lation, indicating that an increase in interoceptive aware-
ness is associated with a decrease in difficulty in emotion
regulation for both groups.

Interestingly, the moderating effect of MS on this rela-
tionship varied across the subscales of MAIA-2. Specifi-
cally, in the subscales of not-worrying, attention regula-
tion, emotional awareness, body listening, and trusting,
there was no significant difference between the healthy
group and the group diagnosed with MS. This suggests
that individuals with MS experienced similar benefits as
the healthy group in terms of reduced emotion regula-
tion difficulty when they exhibited higher levels of at-
tention regulation, emotional awareness, body listening,
trust, and a lack of worry. In other words, the presence
of MS did not moderate the relationship between these
subscales of interoceptive awareness and difficulty in
emotion regulation. Comparing this finding with previ-
ous related studies, research on the relationship between
interoceptive awareness and emotion regulation in indi-
viduals with MS is limited. However, there have been
studies examining the relationship between interoceptive
awareness and emotion regulation in other populations,
such as individuals with chronic pain, such as fibromyal-
gia [30, 31], chronic low back pain patients (CBP) [32],
and tension headache [33], somatoform disorders [34],
cardiac chest pain [16], and individual with alcohol use
disorder, alexithymia [ 14]. These studies have found that
reduced interoceptive awareness is associated with dif-
ficulties in emotion regulation in these populations. This
result implies that individuals with MS who have higher
levels of interoceptive awareness in these particular ar-
eas may have a similar capacity to regulate their emo-
tions as healthy individuals. With respect to the extended
emotion regulation model by Gross [2], it is reasonable
to argue that interoceptive awareness plays an important
role in the identification of the emotion to be regulat-
ed (or not). Interoceptive accuracy and negative affect
downregulation were linked, according to Fiistos et al.
[24]. Additionally, interoceptive sensibility deficits have
been associated with difficulty regulating emotions in
both sick and healthy populations [35]. It suggests that
certain aspects of interoceptive awareness can have a
positive impact on emotion regulation regardless of the
presence of MS.

March & April 2025. Volume 15. Number 2

However, in the subscales of noticing and not distract-
ing, a significant moderating effect of MS was observed.
In the healthy group, an increase in attention to oneself
and a decrease in distraction were associated with a re-
duction in difficulty in emotion regulation. Surprisingly,
this relationship was not significant in the group diag-
nosed with MS. It appears that the role of inattention and
distractibility in regulating anxiety and other unpleasant
emotions in patients with MS may serve as a defense
mechanism and maladaptive emotion regulation strat-
egy. Studies indicate that individuals with MS utilize
avoidance mechanisms, externally oriented thinking,
distancing themselves from their emotions, and focusing
on external realities instead of inner conflicts and emo-
tions to regulate unpleasant emotions and reduce anxiety
[36, 37]. Therefore, when the mechanism of inattention
and distractibility effectively addresses physical symp-
toms and internal sensations, unpleasant emotions are
temporarily and, in a bad way, regulated. Comparing
these findings with previous research, while increased
attention to oneself and decreased distraction may be
beneficial for emotion regulation in healthy individuals,
this relationship may not hold true for individuals with
MS. Therefore, there may be unique factors specific to
MS that affect the relationship between interoceptive
awareness, and emotion regulation and more research is
needed to understand the dynamics of this relationship.

In contrast, the self-regulation subscale demonstrated
a significant relationship with difficulty in emotion reg-
ulation for both groups. However, the intensity of this
relationship was stronger in the MS group than in the
healthy group. This implies that self-regulation may play
a more crucial role in emotion regulation for individuals
diagnosed with MS in comparison to others. MAIA-2
defines self-regulation as the ability to regulate psycho-
logical distress by paying attention to body sensations
[15]. It involves listening to the body, identifying bodily
signals, becoming aware of their emotional significance,
not avoiding or worrying about them, and regulating
emotions through the regulation of these body sensa-
tions. According to previous research, MS patients have
difficulty identifying body signals, worry about them,
and prefer to avoid noticing them [36, 38, 39]. There-
fore, it appears that for this population, to benefit from
interoceptive awareness for emotion regulation, it is nec-
essary to develop self-regulation skills so that they can
pay attention to body sensations moment by moment and
nonjudgmentally and understand their emotional signifi-
cance to regulate emotions in a more adaptive manner
[40]. The findings highlight the importance of address-
ing self-regulation abilities in interventions for individu-
als with MS to improve their emotion regulation.
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Overall, these findings enhance our understanding of
the complex relationship between interoceptive aware-
ness and difficulty in emotion regulation among indi-
viduals diagnosed with MS and healthy individuals. The
results underscore the importance of self-regulation in
managing emotions, especially for individuals with MS.
However, ‘noticing’ and ‘not distracting’ were not sig-
nificant within the group diagnosed with MS, contrary
to the healthy group, showing that ‘noticing” and ‘not
distracting’ did not have any impact on emotion regu-
lation for those with MS. The findings suggest that in-
terventions and therapeutic approaches for individuals
diagnosed with MS should be designed to meet their
unique needs. These strategies should focus on enhanc-
ing interoceptive awareness and self-regulation skills to
improve their ability to regulate emotions.

Conclusion

In summary, this research contributes valuable insights
into the intricate interplay of interoceptive awareness
and emotion regulation in MS, emphasizing the need
for tailored interventions that prioritize self-regulation
skills. Psychotherapeutic approaches based on body and
embodiment are those that promote self-regulation and
emotion regulation through bodily awareness and in-
teroceptive awareness. First of all, this is accomplished
through exercises that focus on various sensory sig-
nals, such as bodily sensations, movements and touch,
through practices such as body scanning in mindfulness
exercises, meditation, and other techniques. Second, it is
important to understand authentic emotional responses
and modify and regulate them through sensory experi-
ences, such as breathing, movement, gaze, and touch.
Lastly, a focus will be placed on how discrete emotions
are perceived, expressed, clarified, and regulated. As
part of this final stage, individuals need to establish a
link between their emotions and their goals in order to
achieve a sense of meaning in their lives. Patients with
MS will benefit from these kinds of approaches since
psychological factors can contribute to the precipita-
tion, exacerbation, perpetuation, or amelioration of their
physical symptoms. Furthermore, enhancing physical
skills can result in numerous psychological benefits.

Study limitation

Some limitations must be acknowledged in the present
study. While the current research illuminates the specific
dimension of interoceptive awareness and emotional
challenges in RRMS, it is crucial to recognize that future
inquiries should extend their scope to encompass other
forms of MS and a diverse range of expanded disability
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status scale (EDSS) scores for a more comprehensive
comprehension of the subject matter. A further distinc-
tion between individuals with elevated EDSS scores
and those with lower scores could reveal the nuanced
effects of MS severity and progression on interoceptive
awareness and emotional challenges. With this enhanced
understanding, targeted interventions and support mech-
anisms can be tailored to meet the needs of individu-
als across the spectrum of MS subtypes and disability
levels. Furthermore, in subsequent research endeavors,
it is essential to consider the potential impact of treat-
ment regimens, such as mind-body approaches and
embodiment-based psychotherapy that emphasize body
awareness and its effect on emotional well-being on both
interoceptive awareness and emotion regulation. Provid-
ing individuals with MS with personalized and effective
support, which ultimately enhances their emotional well-
being and quality of life, future studies can contribute to
a more nuanced understanding by considering the im-
pact of therapeutic approaches.
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