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ABSTRACT

Introduction and Purpose: Cognitive impairment (CI) is a frequent and often overlooked symptom of multiple sclerosis
(MS). It significantly affects patients' quality of life, limiting daily functioning, independence, and social and professional
engagement. While it can appear at any stage of the disease, it is particularly prevalent in progressive forms. The aim of this
review is to present a comprehensive overview of cognitive dysfunction in MS, including its origins, clinical presentation,
assessment, and management strategies.

Description of the State of Knowledge: CI in MS arises from complex interactions involving immune-mediated
inflammation, neurodegeneration, and structural and functional brain changes. It typically affects information processing
speed, attention, memory, and executive functions. Various risk factors contribute to its severity, including disease
phenotype, age, comorbidities, and lifestyle factors. Despite its high prevalence, CI is underdiagnosed due to limited routine
screening. Standardized cognitive assessment tools are increasingly used in clinical practice to support timely diagnosis and
monitoring of cognitive decline. Both pharmacological and non-pharmacological approaches, particularly cognitive
rehabilitation, have demonstrated beneficial effects.

Conclusions: Cognitive impairment should be recognized as a core symptom of MS and addressed through regular screening
and individualized treatment. Early detection, interdisciplinary care, and patient education are key to reducing its impact and
improving long-term outcomes.

e-ISSN: 2544-9435 1



4(48) (2025): International Journal of Innovative Technologies in Social Science

KEYWORDS
Multiple Sclerosis, Cognitive Dysfunction, Cognition, Processing Speed, Quality of Life, Risk Factors

CITATION

Matgorzata Le$nik, Rafat Kusmider, Hubert Kostka, Damian Dolata, Adrian Zagorski, Patrycja Wierzbowska, Jadwiga Kleinrok,
Anna Bereta-Kosta$. (2025) Cognitive Impairment in Multiple Sclerosis: From Pathophysiology to Treatment - a Literature
Review. International Journal of Innovative Technologies in Social Science. 4(48). doi: 10.31435/ijitss.4(48).2025.4313

COPYRIGHT

© The author(s) 2025. This article is published as open access under the Creative Commons Attribution 4.0
International License (CC BY 4.0), allowing the author to retain copyright. The CC BY 4.0 License permits the content
to be copied, adapted, displayed, distributed, republished, or reused for any purpose, including adaptation and commercial
use, as long as proper attribution is provided.

1. Introduction and purpose

Multiple sclerosis (MS) is a chronic autoimmune inflammatory disease affecting the central nervous
system (CNS), characterized by demyelination, axonal loss, and neurodegeneration [1, 2, 3] caused by the
interaction of genetic predisposition and environmental factors [3]. It predominantly affects young adults
between 20 and 40 years old [4] and represents one of the leading causes of neurological disability worldwide,
with an estimated 1 to 2.5 million people affected globally [5, 6]. Women are nearly 2.5 times more likely to
develop MS than men [5].

Multiple sclerosis is a clinically heterogeneous disease with several distinct subtypes, each characterized
by different patterns of disease progression and symptomatology [6]. In about 85% of patients, the first
manifestation of SM is clinically isolated syndrome (CIS) [7] which is a monosymptomatic attack suggestive
of MS but not meeting full diagnostic criteria [8]. Studies show that between 60% and 70% of CIS patients
develop clinically definite MS within 20 years [7]. Radiologically isolated syndrome refers to patients with no
clinical manifestations of MS, despite abnormalities consistent with the diagnosis on MRI [1].

The most common subtype is relapsing-remitting MS (RRMS), accounting for approximately 85% of
cases at onset. RRMS is marked by clearly defined relapses with full or partial recovery and periods of
remission between attacks [9]. This subtype is diagnosed ini ndividuals showing multiple lesions in the central
nervous system and experiencing neurologic symptoms that occur at different times [1].

Over time, many individuals with RRMS transition into secondary progressive MS (SPMS), which is
defined by a gradual accumulation of disability with or without superimposed relapses. This progression
typically begins about 20 years after the initial RRMS diagnosis.[10 ,9]

Another form, primary progressive MS (PPMS), occurs in about 10-15% of patients [6] and is
characterized by continuous worsening of neurological function from disease onset, without distinct relapses
or remissions [9]. PPMS tends to affect men and women more equally and usually has a later onset compared
to RRMS ,with a peak in the fifth and sixth decades [11].

Less commonly, progressive-relapsing MS (PRMS) is described, in which patients experience steady
progression of disability from the beginning of the disease, combined with occasional acute relapses [9].

Cognitive impairment is a frequent and impactful symptom in MS, being considered one of the most
important determinants of the quality of life (QoL) [6]. It occurs in approximately 43% to 70% of patients
across all disease stages and phenotypes [3] making MS one of the leading causes of neurological impairment
in 20 to 40-yea-rold age group in developed countries [4,12]. Cognitive deficits may appear early in the disease
course, or even more than a year prior to any other symptoms [4]. CI affects several domains, including
attention, information processing speed, memory, executive functions, although language abilities tend to
remain relatively preserved [5].

Cognitive impairment in MS is important due to its major impact on patients ’quality of life, daily
activities, and social relationships [13]. It often results in decreased independence, challenges at work and
social settings [13], and is commonly linked to symptoms like fatigue and depression [5,14]. Despite its
prevalence and impact, cognitive impairment is often underdiagnosed and remains a major unmet therapeutic
challenge in MS care.

The purpose of this article is to provide an up-to-date overview of cognitive impairment in MS,
including its pathophysiology ,clinical presentation, diagnostic tools, and treatment approaches. It emphasizes
the importance of early detection, highlights key risk and protective factors, and seeks to enhance
understanding and improve patient care.
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2. Description of the state of knowledge

2.1. Pathophysiology

2.1.1. Neuroinflammation and metabolic dysregulation

Multiple pathogenic mechanisms contribute to CI in MS with immune cell activation (T-cells, B-cells,
microglia) and as a result neuroinflammation, being considered essential in this process [6, 15, 16]. T-cells
may turn autoreactive when an unidentified antigen is displayed to them by molecules of the major
histocompatibility complex (MHC) class II [9]. Autoreactive T-cells migrate into lymphatic tissues, where
they multiply and then move into the bloodstream. After activation, these T-cells bind to adhesion molecules
and start producing matrix metalloproteinases (MMPs). MMPs contribute to the disruption of the blood-brain
barrier. Once inside the central nervous system (CNS), the T-cells encounter antigen-presenting cells (APCs)
and begin to proliferate .Self-reactive T-cells stimulate B-cells to produce antibodies that pass through the non-
functional blood-brain barrier, leading to the production of antibodies targeting myelin. Furthermore,
antibodies activate the complement system, resulting in further damage to the myelin sheath [9]. Self-reactive
T-cells also engage with and activate microglial cells, intensifying inflammation and promoting oxidative
stress [6]. These inflammatory responses are believed to be the primary drivers behind relapse episodes [9].

Other pathomechanisms that are also considered in the development of CI in patients with MS include
dysfunction of the gut-brain axis caused by gut dysbiosis and altered GABA and glutamate (Glu) metabolism
in the thalamus and hippocampus. Reduced GABA ratios in the thalamus and reduced Glu and glutathione
(GSH) levels in the hippocampus are associated with poorer verbal and visuospatial memory, as well as slower
processing speed. Changes in GABA levels are linked with reduced functional connectivity (FC) in cognitive
brain networks (e.g., default mode network, DMN), contributing to memory deficits [6].

2.1.2. Gray matter (GM) lesions

In CIS patients, brain atrophy is less pronounced and less consistently linked to cognitive deficits;
however, up to one-third exhibit reduced cognitive performance ,particularly in visuospatial functions ,which
correlates with white matter volume loss.

In patients diagnosed with MS, impairments in specific cognitive functions correlate with the location
of CNSatrophy.

» Cortical GM atrophy, especially in frontal, temporal, and parietal lobes, is linked to deficits in
executive function, attention, and verbal memory.

» Thalamic atrophy is a consistent marker of CI, correlating with processing speed, memory, and global
cognition. Subregions connected to the frontal and temporal cortex show particular relevance.

* Hippocampal atrophy is associated with impaired episodic and visuospatial memory.

* Putamen and pallidum atrophy contribute to slowed cognitive speed, particularly in later disease
stages.

* Cerebellar GM reduction correlates with poorer visuospatial and information processing
performance [6].

Patients with deficits across multiple cognitive domains often show widespread cortical GM atrophy

[6].

2.1.3. White matter (WM) lesions

CI in MS is strongly associated with myelin loss and increased myelin heterogeneity. The best
predictors of CI are:

* WM lesions in the :right longitudinal fasciculus (100%), left anterior thalamic radiation (93%), left
posterior corona radiata (78%), left medial lemniscus (74%), left inferior longitudinal fasciculus (70%), left
optic radiation (69%), right middle cerebellar peduncle (60%), right optic radiation (53%),

* reduced fractional anisotropy (FA), indicating microstructural abnormalities of white matter, in
regions such as: in the splenium of the corpus callosum (64%), left optic radiation (53%), body of the corpus
callosum (52%) and fornix (51%).

Atrophy of the corpus callosum is also reported to be significantly associated with CI in MS [6].
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2.2. Risk factors of CI in MS

Although the pathogenesis of MS is primarily considered autoimmune[17 ,16] , various genetic and
environmental factors also play significant roles in influencing both disease onset and progression, as well as
the development of cognitive impairment [17].

Significant predictors of CI in MS are genetic susceptibility, older age at disease onset, higher EDSS scores,
lower physical activity in childhood, lower premorbid IQ, lower educational level and comorbid neuropsychiatric
illness [6]. Male MS patients appear to exhibit greater impairments across multiple cognitive domains—such as
verbal memory, executive functions, attention, memory, visuospatial processing, and information processing speed-
compared to female patients [18, 19]. Cardiovascular risk factors have been linked to increased brain lesion burden
and accelerated brain atrophy in individuals with multiple sclerosis [17]. Notably, elevated cholesterol levels have
been associated with poorer performance in verbal learning skills [20]. Some studies reported impaired glucose
metabolism and hyperinsulinemia in MS patients compared to the general population, which may result in
neurodegeneration and cognitive dysfunction [21]. Among lifestyle-related risk factors, smoking has been identified
as both a susceptibility factor for the development of MS and a prognostic indicator associated with accelerated
disease progression. Furthermore, smoking has been linked to greater lesion burden, increased brain atrophy, and a
higher risk ofCI in individuals with MS [17] .Patients with MS who use cannabis exhibit greater cognitive
impairment compared to non-users. Cannabis use may further disrupt cerebral compensatory mechanisms, which
are already compromised in individuals with MS [22]. A history of thyroid disease has been associated with poorer
cognitive performance [17].

Certain factors have also been identified as having a protective influence on the development of
cognitive deficits in MS. In female patients hormonal (estroprogestinic oral contraceptives) therapy resulted
in reduction in CI prevalence [23]. Physical activity is associated with increased hippocampal volume,
improved white matter integrity, and more efficient white matter functioning. Consequently, exercise may
enhance cognitive performance and memory, potentially through its impact on hippocampal function. In
individuals with MS, physical activity may offer neuroprotective benefits against cognitive dysfunctions and
could act synergistically with cognitive rehabilitation in those with established deficits [17]. Increasing
evidence suggests that early initiation of appropriate disease-modifying therapy in early stages of RRMS may
help stabilize cognitive function or potentially lead to cognitive improvement [4].

2.3 Cognitive reserve (CR)

Cognitive reserve (CR) ,referring to an individual's capacity for cognitive processing and typically
estimated through factors such as years of education, intelligence quotient (IQ), and engagement in leisure
activities ,may account for the variability in cognitive performance among patients with comparable MRI and
clinical profiles [4]. MS patients who demonstrate higher cognitive reserve ,measured through indicators such
as early-life cultural and educational enrichment, occupational achievement, and participation in leisure
activities ,tend to report lower perceived disability, better functional health, and greater overall well-being,
based entirely on self-reported assessments [24]. In patients with low cognitive reserve, participation in
cognitively stimulating activities offered a level of protection comparable to that associated with higher
educational attainment, highlighting the value of cognitive rehabilitation interventions [25]. However,
cognitive enrichment did not significantly influence cognitive performance in individuals with a high level of
education [6].

2.4. Clinical presentation of CI in MS

The severity and prevalence of cognitive impairment differ widely among all subtypes and stages of
MS. Cognitive dysfunction is present in CIS and escalates as the disease progresses, more prominently in
progressive forms of .MSIn fact, CI may precede detectable structural changes on MRI, suggesting its
potential role as an early indicator of disease activity [26]. However, the severity and progression of cognitive
impairment exhibit considerable variability among individuals with multiple sclerosis. In some cases, it
significantly compromises functional independence, although in others, it remains relatively mild and slow to
progress [26].

Studies show that CI is present in:

*  34.5% of patients with CIS,

*  44.5% of patients with RRMS,

* 79.4% of patients with SPMS,

* 91.3% of patients with PPMS [4].
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Most commonly affected cognitive domains in MS are information processing and memory .Other
cognitive symptoms include deficits in complex attention, executive functioning, verbal fluency, visuospatial
perception and social cognition. Information processing deficits are found from the beginning of the disease,
in CIS and RIS patients. Processing speed serves as a fundamental component of higher-order cognitive
functionsthus , its decline adversely affects subsequent cognitive domains such as learning and verbal fluency
[26].

In a representative sample of 291 adult patients with any type of multiple sclerosis, the frequencies of
impairments (varying by test) were as follows:

* -2751% in cognitive processing speed,

* -5456% in visual memory,

* -2934% in verbal memory,

* -1528% in executive function, and

*  22% in visuospatial processing [27].

Basic language, semantic memory, and attention span are rarely impaired (in about 10% of patients with
multiple sclerosis).

MS patients often experience depression (35-50%), anxiety (34-57%) and fatigue (70-75%) in
association with CI [6]. These symptoms may also affect patients ’cognitive functions. They negatively impact
performance of attention, working memory, executive functions and information processing speed [18].
Reduced information processing speed was associated with increased levels of depressive symptoms and
fatigue, diminished verbal fluency, lower short-term memory span, decreased performance in both immediate
and delayed verbal recall [28]. Patients with MSwho exhibit depressive symptoms demonstrate poorer
cognitive performance not only compared to healthy controls but also relative to MS patients without
depressive symptoms .Depression in MS patients is associated with a suicide rate that is twice as high as that
observed in the general population. Risk factors for suicide in MS patients are female sex, young age at onset
of MS, previous history of depression, social isolation, recent functional deterioration and abuse of illicit
substance s[18] .It has also been found that anxiety disorders worsen performance on executive functioning,
visual memory, and information processing speed. Anxiety not only exacerbates CI, but is also associated with
significantly increased fatigue, pain, and sleep problems in affected patients [29] .However, due to the frequent
overlap between depressive and anxiety symptoms, it remains challenging to clearly differentiate the specific
effects of each disorder.

2.5 Differences in cognitive profiles between relapsing-remitting and progressive forms of MS

Patients with relapsing-remitting MS (RRMS) predominantly show learned information retrieval
impairments [6]. In contrast, patients with secondary progressive (SPMS) and primary progressive MS
(PPMYS) display more extensive and severe cognitive deficits [30, 31], particularly in verbal episodic memory,
attention, processing speed, and executive functions. These impairments are evident both when SPMS and
PPMS are grouped together as progressive MS and when analyzed separately, each subtype demonstrating
distinct cognitive profiles. At baseline, patients with SPMS also exhibited significantly higher levels of
depression, anxiety, and fatigue compared to healthy controls [30], consistent with prior research highlighting
the role of psychopathological symptoms in exacerbating CI [18]. Fatigue was elevated across all MS subtypes,
with SPMS patients reporting the highest levels, underscoring its persistent and disabling impact on quality of
life and brain function.

Longitudinal observations revealed cognitive improvement in RRMS patients, particularly in tasks
involving verbal memory and attention. While the exact cause remains unclear, potential contributing factors
include cognitive recovery during disease stability, effects of cognitive reserve, or treatment-related
improvements. In contrast, no significant cognitive gains were observed in SPMS and PPMS groups,
suggesting that progressive neurodegeneration may diminish cognitive plasticity and limit response to
repetition or stabilization. Moreover, psychological symptoms and fatigue remained relatively stable over time
across all subgroups, indicating their entrenched nature within the disease process. These findings emphasize
the importance of early cognitive assessment and individualized intervention strategies, particularly in
progressive MS, where the burden of CI is greater and less amenable to spontaneous recovery [30].
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2.6. Effects of relapse

Clin MS is generally characterized by a gradual decline, however growing evidence suggests that acute
cognitive deterioration may also manifest during disease relapses [33 ,6 ,32]. This phenomenon, referred to as
inflammatory cognitive relapse (ICR), is defined as an acute worsening of cognitive function in the context of
active disease, occurring independently of physical neurological symptoms [34]. ICRs are not linked to
changes in mood, fatigue, or self-perceived cognitive performance. They may present as marked, yet transient,
declines in cognitive functioning, typically followed by partial recovery at follow-up. Neuropsychological
assessment is essential to confirm cognitive relapse and to exclude alternative explanations such as depression,
fatigue, or psychosocial stressors. Cognitive relapses are characterized by abrupt but reversible impairments
in neurocognitive function, occurring without concurrent neurological deficits [6].

2.7 Diagnostics

2.7.1. MRI assessment

Compared to cognitively stable individuals, patients who experienced cognitive decline exhibited more
pronounced structural brain abnormalities at baseline, including greater lesion volume, reduced white matter
integrity, and lower volumes of both cortical and deep grey matter. Cross-sectional analyses identified deep
grey matter volume as the strongest MRI correlate of cognitive performance at baseline, whereas cortical grey
matter volume emerged as the most robust baseline MRI predictor of future cognitive decline. More severe
structural damage at baseline predicted a higher probability and rate of cognitive decline during follow-up. In
early-stage MS, CI was primarily associated with reductions in white matter integrity (for global cognitive
decline) and deep grey matter volume (for declines in information processing speed). In contrast, cortical
atrophy was the dominant predictor of cognitive decline in more advanced relapsing-remitting and progressive
forms of the disease. Furthermore, regression models incorporating regional MRI measures of brain structure
accounted for substantially more variance in cognitive outcomes than models relying solely on global brain
metrics, underscoring the added value of assessing region-specific damage in understanding and predicting
cognitive trajectories in multiple sclerosis [12].

The ability to accurately predict cognitive decline in individual patients using MRI alone remains
limited. Among the various MRI-derived parameters, grey matter atrophy has demonstrated the strongest and
most consistent association with future cognitive impairment. Evidence suggests that individuals presenting
with more extensive grey matter damage at the initial assessment are more likely to experience progressive
cognitive deficits over time [1].

In addition to structural damage, recent studies using resting-state functional MRI have examined altered
connectivity in grey matter regions such as the thalamus, hippocampus, and cortex in patients with cognitive
impairment in multiple sclerosis. While some studies report increased functional connectivity- possibly
reflecting compensatory mechanisms in early disease ;others show decreased connectivity, likely indicating
network failure in later stages. Despite inconsistent findings, these studies suggest that cognitive decline in
MS is linked to progressive disruption of brain network function [1].

2.7.2 Screening and monitoring tools in MS associated CI

There are several neuropsychological tests that can be used to assess cognitive decline in people with
MS. Current guidelines recommend that, at a minimum, patients should undergo a baseline cognitive screening
using the Symbol Digit Modalities Test (SDMT) or another validated tool, as part of regular monitoring and
care. Annual re-evaluation using the same cognitive screening tool is recommended, or more frequently if
needed, to: detect signs of active disease; monitor treatment effects, such as starting or changing disease-
modifying therapies or recovering from a relapse; track the progression of cognitive impairment; and identify
any new cognitive symptoms.

For adults aged 18 and older, a more detailed cognitive assessment is advised for anyone who shows
impairment on initial screening or experiences noticeable decline, especially if there are concerns about
comorbidities or the individual is applying for disability due to cognitive impairment [26].
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2.7.3. Symbol Digit Modalities Test (SDMT)

The Symbol Digit Modalities Test (SDMT) is the most widely utilized screening instrument for the
detection of cognitive impairment in individuals with MS. It primarily assesses information processing
speed—the cognitive domain most frequently affected in MS. The SDMT is brief (approximately 5 minutes),
easy to administer, and demonstrates high sensitivity to cognitive deficits [35]. It is recommended as a core
cognitive outcome measure in both clinical trials and routine practice. Moreover, it has been identified as a
strong neuropsychological predictor of employment status and is sensitive to fluctuations in cognitive function
during clinical relapses, including both relapses with physical symptoms and isolated cognitive relapses not
reflected by changes on the Expanded Disability Status Scale (EDSS) [26].

2.7.4 Brief International Cognitive Assessment for MS (BICAMS)

BICAMS is a standardized and validated battery developed for quick cognitive screening in MS,
consisting of three tests:

* Symbol Digit Modalities Test (SDMT) - assesses information processing speed;

» California Verbal Learning Test- Second Edition (CVLT-II) (or its international versions) - assesses
verbal learning and memory;

* Brief Visuospatial Memory Test- Revised (BVMT-R) - assesses visuospatial memory.

BICAMS can be administered in about 15 minutes and is suitable for clinical settings ,requires no
specialist equipment and no specialist expertise in cognitive assessment [36].

It has been translated and culturally adapted for use in 26 countries to date. BICAMS demonstrated
validity as a measure of cognitive functioning in individuals with multiple sclerosis on a global scale. Across
diverse languages, cultures, and geographic regions, BICAMS effectively distinguishes cognitive impairment
in people with MS compared to healthy control groups [37].

2.7.5 Minimal Assessment of Cognitive Function in MS (MACFIMS)

A more comprehensive battery (90 minutes) assessing a wider range of cognitive domains:

e SDMT- processing speed

e CVLT-II - verbal memory

* BVMT-R - visuospatial memory

* Controlled Oral Word Association Test (COWAT) - verbal fluency

e Paced Auditory Serial Addition Test (PASAT) - working memory and attention

* Delis-Kaplan Executive Function System Sorting Test - executive functions

* Judgment of Line Orientation - visuospatial processing

MACFIMS is useful in research and specialized cognitive assessment, but less practical for routine
clinical use due to its length [13].

Early assessment of cognitive function in multiple sclerosis has been shown to not only identify
individuals with existing cognitive impairment but also to predict future cognitive decline, functional
limitations, and overall disease progression. As such, detecting cognitive changes at an early stage may enable
more timely and targeted therapeutic interventions [26].

2.8. Treatment

2.8.1 Pharmacological therapy

Early initiation of appropriate disease-modifying therapies (DMTs) in the initial stages of RRMS may
contribute to the stabilization or even improvement of cognitive function [38]. Certain DMTs have also
demonstrated potential cognitive-enhancing effects ,particularly high-efficacy DMTs [5, 39]. The mechanisms
underlying the potential cognitive benefits of disease-modifying therapies (DMTs) are not yet fully understood. It
is hypothesized that DMTs may enhance cognitive function primarily through their anti-inflammatory effects-
particularly by improving the efficiency of neural networks or by slowing brain atrophy, which currently represents
the most reliable correlate of cognitive impairment [40, 41]. For symptomatic treatment, dalfampridine is currently
the only medication supported by strong evidence for its beneficial effects on cognitive function [50]. Medications
traditionally used for dementia) acetylcholinesterase inhibitors, memantine, donepezil, gink(go biloba, as well as
stimulants, have been largely dismissed following two meta-analyses that found no significant evidence of their
effectiveness in treating cognitive impairment in MS [42, 43].
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2.8.2. Non-pharmacological therapy

Cognitive rehabilitation and physical exercise have emerged as promising non-pharmacological
interventions for addressing ClI in individuals with MS [44]. Cognitive rehabilitation can lead to improvements
in verbal and visual memory, information processing speed, and QoL [45]. Similarly, home-based programs
such as the Integral Cognitive Rehabilitation Program (ICRP), which target both restorative and compensatory
mechanisms, have shown potential in enhancing cognitive function and slowing the progression of cognitive
decline in MS [46]. A 2024 meta-analysis reviewed 19 clinical trials and found moderate-to-strong evidence
for improvements in specific cognitive outcomes such as PASAT performance, though effects on measures
like the SDMT and overall disability were less conclusive [47]. Patient-reported outcomes highlight perceived
improvements in everyday functioning, self-efficacy, and quality of life following cognitive training—even
when objective performance gains are limited—suggesting that subjective measures should be included in
future studies [48].

3. Conclusions

The severity and prevalence of cognitive impairment differs widely among all subtypes and stages of
MS. Cognitive dysfunction is present in CIS and escalates as the disease progresses, more prominently in
progressive forms of .MSIn fact, CI may precede detectable structural changes on MRI, suggesting its
potential role as an early indicator of disease activity [26]. However, the severity and progression of cognitive
impairment exhibit considerable variability among individuals with multiple sclerosis. In some cases, it
significantly compromises functional independence, although in others, it remains relatively mild and slow to
progress. [26]

Studies show that CI is present in:

*  34.5% of patients with CIS,

*  44.5% of patients with RRMS,

*  79.4% of patients with SPMS,

*  91.3% of patients with PPMS [4].

Most commonly affected cognitive domains in MS are information processing and memory .Other
cognitive symptoms include deficits in complex attention, executive functioning, verbal fluency, visuospatial
perception and social cognition. Information processing deficits are found from the beginning of the disease,
in CIS and RIS patients. Processing speed serves as a fundamental component of higher-order cognitive
functions- its decline adversely affects subsequent cognitive domains such as learning and verbal fluency. [26]

In a representative sample of 291 adult patients with any type of multiple sclerosis, the frequencies of
impairments (varying by test) were as follows:

* -2751% in cognitive processing speed,

* -5456% in visual memory,

*  -2934% in verbal memory,

* -1528% in executive function, and

*  22% in visuospatial processing [27].

Basic language, semantic memory, and attention span are rarely impaired (in about 10% of patients with
multiple sclerosis).

MS patients often experience depression (35-50%), anxiety (34-57%) and fatigue (70-75%) in
association with CI [6]. These symptoms may also affect patients cognitive functions. They negatively impact
performance of attention, working memory, executive functions and information processing speed [18].
Reduced information processing speed was associated with increased levels of depressive symptoms and
fatigue, diminished verbal fluency, lower short-term memory span, decreased performance in both immediate
and delayed verbal recall [28]. Patients with MSwho exhibit depressive symptoms demonstrate poorer
cognitive performance not only compared to healthy controls but also relative to MS patients without
depressive symptoms .Depression in MS patients is associated with a suicide rate that is twice as high as that
observed in the general population. Risk factors for suicide in MS patients are female sex, young age at onset
of MS, previous history of depression, social isolation, recent functional deterioration and abuse of illicit
substance [18] .It has been found that also anxiety disorders worsen performance on executive functioning,
visual memory, and information processing speed. Anxiety not only exacerbates CI, but is also associated with
significantly increased fatigue, pain, and sleep problems in affected patients [29] .However, due to the frequent
overlap between depressive and anxiety symptoms, it remains challenging to clearly differentiate the specific
effects of each disorder.
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