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Abstract

The aim of this study was to compare executive functioning and anxiety in patients
with relapsing-remitting and progressive multiple sclerosis. This quantitative study
employed a causal-comparative design. The statistical population consisted of
patients with multiple sclerosis who were members of the MS Association of Fars
Province. A total of 60 participants were selected through convenience sampling and
divided into two groups of 30 (relapsing-remitting and progressive). Data were
collected using the Behavioral Rating Inventory of Executive Function — Adult
Version (self-report form) and the Beck Anxiety Inventory. Data were analyzed using
descriptive statistics and inferential tests including independent samples t-test and
multivariate analysis of variance (MANOVA) using SPSS version 28. The results
revealed a significant difference between the two groups in total executive
functioning (t = -3.18, p = 0.002), with the progressive group showing greater
impairment. Significant differences were also observed in behavioral regulation (p =
0.006) and metacognitive indices (p = 0.002). Conversely, total anxiety scores were
significantly higher in the relapsing-remitting group (t = 4.95, p = 0.001). Multivariate
analyses indicated significant group differences in cognitive-emotional (p = 0.005),
cardiopulmonary (p = 0.019), and neuro-sensory symptoms (p = 0.001), while
differences in motor and severe anxiety symptoms were not significant. The findings
suggest that different disease courses of multiple sclerosis are associated with distinct
patterns of cognitive impairment and anxiety, with progressive patients exhibiting
greater executive dysfunction and relapsing-remitting patients experiencing higher
anxiety.
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EXTENDED ABSTRACT

Introduction

Multiple sclerosis (MS) is a chronic, immune-mediated, and neurodegenerative disorder of the central nervous
system characterized by demyelination and progressive neuronal damage, leading to a wide spectrum of
physical, cognitive, and psychological impairments. Beyond its well-documented neurological manifestations,
MS has increasingly been recognized as a condition with profound neuropsychological consequences,
particularly in domains such as executive functioning and emotional regulation (Mohr & Cox, 2001; Rao,
1995). Executive functions, which include higher-order cognitive processes such as planning, inhibition,
cognitive flexibility, working memory, and self-monitoring, are essential for adaptive functioning in daily life.
Impairments in these functions are commonly observed in individuals with MS and are associated with reduced
quality of life, decreased independence, and impaired social functioning (Chen & Goverover, 2021; Grech et
al., 2015).

The heterogeneity of MS, particularly in terms of disease course, provides a unique context for examining
variations in neuropsychological and emotional outcomes. The two primary clinical phenotypes—relapsing-
remitting MS (RRMS) and progressive MS—differ not only in their neurological progression but also in their
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psychological and cognitive profiles. Progressive MS is often associated with continuous neurological decline,
potentially leading to more severe and persistent cognitive impairments, especially in executive domains
(Vagias et al.,, 2024). In contrast, RRMS is characterized by episodic exacerbations and remissions,
introducing a level of unpredictability that may contribute to heightened psychological distress, particularly
anxiety.

Anxiety is among the most prevalent psychological conditions in MS populations, with substantial evidence
indicating elevated rates compared to the general population (Shafiee et al., 2023; Zhang et al., 2023). The
etiology of anxiety in MS is multifactorial, encompassing biological, psychological, and social determinants.
Factors such as uncertainty about disease progression, fear of disability, and fluctuating symptom patterns have
been identified as key contributors to anxiety in this population (Singh et al., 2024). Moreover, anxiety has
been shown to negatively affect cognitive performance, particularly executive functions, thereby creating a
bidirectional relationship between cognitive impairment and emotional distress (Margoni, Preziosa, et al.,
2023; Margoni, Rocca, et al., 2023).

Emerging research highlights the importance of examining the interplay between executive functioning and
anxiety in MS. Executive dysfunction may impair an individual’s ability to regulate emotions, cope with stress,
and adapt to the challenges of chronic illness, thereby exacerbating anxiety symptoms. Conversely, chronic
anxiety may consume cognitive resources and impair attentional control, further deteriorating executive
functioning (Patel, 2018). Interventions targeting these domains, such as cognitive rehabilitation and
psychological therapies, have demonstrated promising results in improving both cognitive and emotional
outcomes in MS patients (Afshari et al., 2024; Feizipour et al., 2019).

Recent advancements in therapeutic approaches, including acceptance and commitment therapy and
compassion-focused therapy, have shown effectiveness in reducing anxiety and enhancing psychological
flexibility in individuals with MS (Azizpour et al., 2025; Pakenham et al., 2025). Additionally, digital and
web-based interventions have emerged as accessible and effective tools for managing psychological
symptoms, including anxiety and depression, in this population (Fleming et al., 2025). These developments
underscore the need for a nuanced understanding of how cognitive and emotional factors interact across
different MS phenotypes.

Despite the growing body of literature, there remains a gap in comparative studies that simultaneously examine
executive functioning and anxiety across different types of MS. Most existing studies have focused on either
cognitive or emotional aspects in isolation, limiting the ability to understand their combined impact.
Furthermore, individual differences, such as personality traits and environmental stressors, may influence both
cognitive and emotional outcomes, adding complexity to the clinical presentation of MS (Heidler et al., 2025;
Vaheb, 2024).

Given these considerations, the present study aims to provide a comparative analysis of executive functioning
and anxiety in individuals with relapsing-remitting and progressive MS, thereby contributing to a more
integrated understanding of neuropsychological and emotional functioning in this population.

Methods and Materials

The present study employed a quantitative, applied research design using a causal-comparative (ex post facto)
approach. The statistical population consisted of patients diagnosed with multiple sclerosis who were members
of the MS Association of Fars Province. All participants had a confirmed diagnosis of MS by a neurologist,
documented in their medical records. The sample included 60 patients, divided equally into two groups: 30
individuals with relapsing-remitting MS and 30 individuals with progressive MS.

Participants were selected through convenience sampling based on predefined inclusion criteria, including
confirmed diagnosis of MS, at least one year since diagnosis, stable pharmacological treatment, physical
stability at the time of assessment, no corticosteroid treatment within the past five to six months, and informed

AR



f)lgq o ylous ‘f)l.gg 080

consent to participate. Individuals with severe psychiatric disorders requiring immediate clinical intervention
were excluded.

Data were collected using two primary instruments. Executive functioning was assessed using the Behavioral
Rating Inventory of Executive Function — Adult Version (self-report form), which measures various domains
such as behavioral regulation and metacognitive processes. Anxiety was assessed using the Beck Anxiety
Inventory, a widely used self-report measure evaluating the severity of anxiety symptoms.

Data analysis was conducted using descriptive and inferential statistics. Descriptive statistics included
measures such as mean, standard deviation, minimum and maximum scores, skewness, and kurtosis. Inferential
analyses included independent samples t-tests to compare overall scores between groups and multivariate
analysis of variance (MANOVA) to examine differences in subscales. All analyses were performed using SPSS
version 28, with a significance level set at p < 0.05.

Findings

The results indicated significant differences between the two groups in executive functioning and anxiety.
Patients with progressive MS demonstrated significantly higher mean scores in total executive functioning,
indicating greater impairment compared to the relapsing-remitting group. This pattern was consistent across
both behavioral regulation and metacognitive indices.

In contrast, patients with relapsing-remitting MS reported significantly higher levels of overall anxiety
compared to those with progressive MS. Further analysis of anxiety subscales revealed that cognitive-
emotional symptoms, cardiopulmonary symptoms, and neuro-sensory symptoms were significantly higher in
the relapsing-remitting group. However, no significant differences were observed between the groups in motor
symptoms or severe anxiety-related symptoms such as fear of losing control.

MANOVA results confirmed significant group effects on executive functioning subscales, particularly
behavioral regulation and metacognitive functioning, with moderate effect sizes. Similarly, significant group
differences were observed in several anxiety subscales, with the largest effect size found in neuro-sensory
symptoms.

Descriptive statistics indicated that the distribution of scores was approximately normal, and assumptions for
parametric tests were met. Overall, the findings suggest a differential pattern of cognitive and emotional
functioning between the two MS phenotypes.

Discussion and Conclusion

The findings of this study highlight a distinct pattern in which progressive MS is associated with greater
executive dysfunction, while relapsing-remitting MS is linked to higher levels of anxiety. This divergence may
be explained by differences in disease trajectory. Progressive MS involves continuous neurological
deterioration, which likely contributes to more severe and persistent impairments in executive functioning. In
contrast, the episodic and unpredictable nature of relapsing-remitting MS may foster uncertainty and
anticipatory anxiety, leading to elevated emotional distress.

The observed differences in executive functioning align with the understanding that neurodegenerative
processes disproportionately affect brain regions responsible for higher-order cognitive control in progressive
MS. Impairments in planning, inhibition, and cognitive flexibility may reduce patients’ ability to manage daily
tasks and adapt to changing conditions. On the other hand, the heightened anxiety observed in relapsing-
remitting MS may reflect the psychological burden of unpredictability, including fear of relapse and
uncertainty about the future.

The interaction between executive functioning and anxiety is also noteworthy. Executive dysfunction may
impair emotional regulation, making individuals more vulnerable to anxiety. Conversely, chronic anxiety may
deplete cognitive resources, further exacerbating executive deficits. Although these variables manifested
differently across groups, their interplay remains clinically significant.
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These findings underscore the importance of tailored interventions. Patients with progressive MS may benefit
more from cognitive rehabilitation programs aimed at enhancing executive functioning, while those with
relapsing-remitting MS may require interventions targeting anxiety management, such as psychological
therapies and stress-reduction techniques. A comprehensive, individualized approach that addresses both
cognitive and emotional domains is essential for improving overall functioning and quality of life in individuals
with MS.

In conclusion, this study provides evidence for differential patterns of executive functioning and anxiety across
MS phenotypes, emphasizing the need for integrated and phenotype-specific clinical strategies.

&b w56
References

Afshari, A., Esmaeli, A., & Asadnia, S. (2024). Cognitive - Behavioral Therapy in Reducing Pathological Anxiety
and Worry Levels among Patients with Multiple Sclerosis with Symptoms of Generalized Anxiety Disorder.
Health Psychology, 12(48), 49-60. https://doi.org/10.30473/hpj.2024.66450.5704

Azizpour, A., Azmoudeh, M., Ayromlou, H., & Hoseini Nasab, S. D. (2025). The effectiveness of acceptance and
commitment therapy and compassion-focused therapy on death anxiety and fear of falling in patients with
multiple sclerosis: A quasi-experimental study [Research]. Journal of Rafsanjan University of Medical Sciences,
23(8), 677-690. https://doi.org/10.61186/jrums.23.8.677

Chen, M. H., & Goverover, Y. (2021). Self-awareness in multiple sclerosis: Relationships with executive functions
and affect. European Journal of Neurology, 28(5), 1627-1635. https://doi.org/10.1111/ene.14762

Fahy, A. (2024). Anxiety in People With Multiple Sclerosis During the COVID-19 Pandemic: A Mixed-Methods
Survey. Rehabilitation Psychology, 69(2), 118-128. https://doi.org/10.1037/rep0000528

Feizipour, H., Sepehrianazar, F., Issazadegan, A., & Ashayeri, H. (2019). The effectiveness of cognitive
rehabilitation on processing speed, working memory capacity, executive function, and quality of life in multiple
sclerosis patients: A quasi-experimental study. Studies in Medical Sciences, 30(10), 804-818.
https://lumj.umsu.ac.ir/article-1-4688-en.html

Fleming, M., Grazioli, R., & Other, A. (2025). Meta-analysis of the efficacy of web-based psychological treatments
for anxiety, depression, fatigue and quality of life in multiple sclerosis patients. Journal of Technology in
Behavioral Science. https://doi.org/10.1007/s41347-025-00488-0

Grech, L. B., Kiropoulos, L. A., Kirby, K. M., Butler, E., Paine, M., & Hester, R. (2015). The effect of executive
function on stress, depression, anxiety, and quality of life in multiple sclerosis. Journal of Clinical and
Experimental Neuropsychology, 37(5), 549-562. https://doi.org/10.1080/13803395.2015.1037723

Heidler, F., Hecker, M., Frahm, N., Baldt, J., Streckenbach, B., & Meil3ner, J. (2025). Trauma Burden Affected
People with Multiple Sclerosis During SARS-CoV-2 Pandemic. Journal of clinical medicine, 14(8), 2665.
https://doi.org/10.3390/jcm14082665

Jeng, B.,J,C. K. L., E, S. J., &Motl, R. W. (2025). Sedentary behavior, physical activity, and health-related quality
of life in adults with multiple sclerosis. Disability and Rehabilitation, 1-7.
https://doi.org/10.1080/09638288.2025.2481981

Margoni, M., Preziosa, P., Rocca, M. A., & Filippi, M. (2023). Depressive symptoms, anxiety and cognitive
impairment: emerging evidence in multiple sclerosis. Translational psychiatry, 13.
https://doi.org/10.1038/s41398-023-02555-7

Margoni, M., Rocca, M. A., & Filippi, M. (2023). Neuropsychiatric disorders in multiple sclerosis: depressive and
anxiety manifestations. Translational psychiatry, 13. https://doi.org/10.1038/s41398-023-02555-7

Mohr, D. C., & Cox, D. (2001). Multiple sclerosis: Empirical literature for the clinical health psychologist. Journal of
Clinical Psychology, 57(4), 479-499. https://doi.org/10.1002/jclp.1042

Pakenham, K. I., Landi, G., Grandi, S., & Tossani, E. (2025). The mediating role of psychological flexibility in the
relationship between resilience and distress and quality of life in people with multiple sclerosis. Journal of Health
Psychology, 29(1), 65-80. https://doi.org/10.1177/13591053231182364

Patel, V. P., Walker, Lisa AS, Feinstein, Anthony. (2018). Revisiting cognitive reserve and cognition in multiple
sclerosis: A closer look at depression. Multiple Sclerosis Journal, 24(2), 186-195.
https://doi.org/10.1177/1352458517692887

Rao, S. M. (1995). Neuropsychology of multiple sclerosis. Current Opinion in Neurology, 8(3).
https://journals.lww.com/co-neurology/fulltext/1995/06000/neuropsychology_of multiple_sclerosis.10.aspx

'Y


https://doi.org/10.30473/hpj.2024.66450.5704
https://doi.org/10.61186/jrums.23.8.677
https://doi.org/10.1111/ene.14762
https://doi.org/10.1037/rep0000528
https://umj.umsu.ac.ir/article-1-4688-en.html
https://doi.org/10.1007/s41347-025-00488-0
https://doi.org/10.1080/13803395.2015.1037723
https://doi.org/10.3390/jcm14082665
https://doi.org/10.1080/09638288.2025.2481981
https://doi.org/10.1038/s41398-023-02555-7
https://doi.org/10.1038/s41398-023-02555-7
https://doi.org/10.1002/jclp.1042
https://doi.org/10.1177/13591053231182364
https://doi.org/10.1177/1352458517692887
https://journals.lww.com/co-neurology/fulltext/1995/06000/neuropsychology_of_multiple_sclerosis.10.aspx

Polex oslo «poler 0533

Shafiee, A., Soltani, H., Teymouri Athar, M. M., & Jafarabady, K. (2023). The prevalence of depression and anxiety
in Iranian MS patients: meta-analysis. Multiple Sclerosis and Related Disorders, 78.
https://doi.org/10.1016/j.msard.2023.104922

Singh, G., Suresh, S., & Other, A. (2024). Anxiety, Depression, and Quality of Life in Multiple Sclerosis: A
Retrospective Study. Multiple Sclerosis and Related Disorders.
https://www.sciencedirect.com/science/article/pii/S2211034823007824

Vagias, H., Byrne, M. L., Millist, L., White, O., Clough, M., & Fielding, J. (2024). Visuo-cognitive phenotypes in early
multiple sclerosis: a multisystem model of visual processing. Journal of clinical medicine, 13(3), 649.
https://doi.org/10.3390/jcm13030649

Vaheb, S. (2024). Multiple Sclerosis and Personality Traits: Associations With Depression and Anxiety. European
Journal of Medical Research, 29(1). https://doi.org/10.1186/s40001-024-01772-0

Zhang, Y., Song, J., Wei, L., Chen, Z., Zhuang, X., & Yi, J. (2023). The prevalence and risk factors of anxiety in
multiple sclerosis: A systematic review and meta-analysis. Frontiers in Neuroscience, 17.

https://doi.org/10.3389/fnins.2023.1120541

\f


https://doi.org/10.1016/j.msard.2023.104922
https://www.sciencedirect.com/science/article/pii/S2211034823007824
https://doi.org/10.3390/jcm13030649
https://doi.org/10.1186/s40001-024-01772-0
https://doi.org/10.3389/fnins.2023.1120541

