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Ataxia in Patients with Multiple Sclerosis: A Brief Review

® Ela Simay Zengin

Izmir University of Economics Medical Point Hospitals Group, Clinic of Neurology, Izmir, Turkey

11 ™ S

Ataxia is a significant and often debilitating symptom characterized by the impaired coordination of voluntary muscle movements. It frequently
occurs in patients with multiple sclerosis (MS) and profoundly impacts their quality of life. This comprehensive review explores the multifaceted
nature of ataxia, including its diverse etiologies such as central nervous system lesions, medication side effects, nutritional deficiencies, and
hereditary conditions, as well as its association with various diseases. A detailed examination of ataxia’s correlations with neuroanatomy revealed
its complex relationship with cerebellar pathology. This emphasized the critical role of the cerebellum and its associated pathways in coordinating
voluntary movements. The manifestation of ataxia in MS were examined, highlighting its prevalence, impact on disability and life quality, and the
pathological underpinnings within cerebellar structures. Diagnostic approaches, including the International Cooperative Ataxia Rating Scale, Scale
for the Assessment and Rating of Ataxia, and nine-hole peg test for assessing upper limb dexterity, were discussed. Furthermore, the treatment
strategies were critically reviewed. Although long-term effective options are currently lacking, specific pharmacological agents and rehabilitation
techniques have demonstrated some benefits. The review findings indicate that further studies are required to better understand ataxia's dynamics,
treatment efficacy, and overall impact on patients with MS. Additionally, there is a pressing need for advancements in management and therapeutic
approaches.

Keywords: Ataxia, movement disorders, multiple sclerosis, review

ataxia, rigidity, choreoathetosis and tremor (6). Different types
of ataxia can often occur in the same patient due to similar or
overlapping causes (5). The following are the possible causes of
ataxia: Focallesions of the central nervous system (such as tumor,
stroke, and MS), alcohol, antidepressants, antiepileptic drugs,
intoxication, radiation, vitamin B12 deficiency, thyroid diseases,
head trauma, celiac disease (gluten ataxia), hereditary disorders
(such as Friedreich ataxia, ataxia-telangiectasia, Niemann-Pick
disease, and fragile X-related ataxia/tremor syndrome), Arnold-
Chiari malformation, Wilson's disease, and metabolic disorders
(such as succinic semialdehyde dehydrogenase deficiency).

Introduction

Traditionally, movement disorders were considered to be
uncommon in multiple sclerosis (MS) (1). However, the true
prevalence and incidence of movement disorders in MS
remain unknown because most previous reports have been
retrospective studies, small case series, or review articles (2,3).

Ataxia, which is characterized by impaired coordination of
voluntary muscle movements, may be the main complaint
of the patient or one of several accompanying symptoms.
It is often caused by cerebellar dysfunction or pathologies
in the vestibular or proprioceptive afferent pathways to the

cerebellum. However, when considered in more detail, ataxia Localization of Lesion Associated with Ataxia

is a coordination disorder caused by abnormalities in different
components of the nervous system, including the brain,
spinal cord, peripheral nerves, and nerve roots (4). In addition,
hypomyelination with atrophy of the basal ganglia and
cerebellum, a recently defined and incompletely understood
disorder, has been associated with the development of dystonia,

Establishing a direct relationship between the clinical features
of cerebellar pathologies and the cerebellar anatomy can be
challenging (7,8). Lesionslocatedinthe midline of the cerebellum
typically cause gait ataxia, truncal ataxia, and titubation.
However, involvement of the paravermian region is associated
with speech disturbances. Lesions in the posterior cerebellum
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or the flocculonodular lobe can induce vertigo, ataxia, and eye
movement abnormalities. Furthermore, lesions in the ipsilateral
cerebellar hemispheres have been associated with limb ataxia
(7-10). A crucial aspect of coordinating voluntary movements
is the cerebellum’s role in integrating sensory pathways. Thus,
demyelinating lesions affecting either the central or peripheral
sensory pathways, as well as the vestibular system, can lead to
sensory ataxia (7,8,11). The clinical findings of ataxia and their
correlation with neuroanatomy have been described in Table 1.

Symptoms of Ataxia

Patients may present with different forms of ataxia such as
postural/balance disorder, ataxic gait, sensory ataxia, truncal
ataxia, limb ataxia, dysdiadokinesia (dysrhythmokinesia),
intrinsic tremor, dysmetria, dysarthria, nystagmus, paroxysmal
ataxia and dysarthria (PAD), and ataxic hemiparesis. A healthy
individual can maintain a stable standing position if their feet
are placed less than 12 cm apart. Furthermore, they can remain
in a fixed position with their feet together or in tandem for
>30 seconds. However, a patient with posture/balance issues
cannot maintain these positions. An abnormal posture without
motor weakness or involuntary movements may be indicative
of cerebellar ataxia or sensory ataxia.

Gait ataxia, which is a lack of coordination in the lower limbs, is
caused by cerebellar pathologies or decreased proprioceptive

inputs. Individuals may experience a feeling of unsteadiness,
a desire to hold on to walls or furniture, or need to keep their
feet wide apart, causing an unsteady gait. A worsening in gait
disturbance without visual cues (such as walking with eyes
closed or in the dark) is indicative of sensory or vestibular ataxia.
In patients with cerebellar pathologies, the gait ataxia is similar
regardless of visual cues (5).

Patients may present with truncal ataxia, a swaying sensation
while sitting or standing (especially with arms extended
forward), and titubation. Intentional tremors are caused by an
instability in the proximal part of the limb, and its amplitude
increases toward the end of a voluntary movement. This is
usually evaluated by finger-to-nose and heel-to-shin tests.
MS-related tremors have postural and intrinsic components.
Furthermore, because these features significantly affect the
daily functioning of patients with MS-related tremors, these
patients are more likely to be unemployed or retired (12).

Ataxia-associated oculomotor disturbances may present as
saccadic dysmetria (eye movements exceeding or lagging
behind the target), nystagmus (rapid and involuntary eye
movements, especially during lateral gaze) and saccadic
intrusions during slow pursuit eye movements (13).

PAD was first proposed by Parker in 1946 (14). It is characterized
by short-term stereotypical episodes of speech impairment

Table 1. Correlation between neuroanatomy and the clinical features of ataxia (5)

Neuroanatomy

Function

Ataxia or ataxia-like features arising due to

Cerebellar hemisphere, including dentate
nuclei

Integration of sensory input and motor
planning for the coordination of complex
tasks

damage of the particular region

Ipsilateral limb ataxia, dysdiadochokinesia,
dysmetria, intention tremor, and scanning
speech

Midline cerebellar structures (vermis, fastigial
and interposed nuclei, vestibulocerebellum,
and paravermis)

Motor execution, rapid and slow eye
movements, balance, lower extremity
coordination, and vestibular function

Gait ataxia and imbalance, truncal ataxia,
dysmetria, ocular findings, head bobbing,
and vertigo

Posterior lobe (flocculonodular lobe)

Integration of information from the
vestibular nuclei

Nystagmus, postural instability, and gait
ataxia

Cerebral cortex (frontal lobe)

Planning and initiation of gait

Frontal ataxia (Bruns apraxia), and magnetic
gait (different from ataxic gait). Associated
pathology in this region can worsen the
ataxia

Brainstem (vestibular nuclei, inferior olivary
nuclei, pontine nuclei, and cerebellar
peduncles)

Relay of signals in and out of the
cerebellum

Ataxia associated with cranial nerve
dysfunction and motor-sensory deficits

Spinal cord [cuneate fasciculus, gracile
fasciculus, and spinocerebellar tracts (mossy
fibers)]

Conduction of sensory pathways

Sensory ataxia

Musculoskeletal system (gluteal muscles)

Stabilization of the weight-bearing hip

Waddling gait rather than ataxia. Associated
pathology in this region can worsen the
ataxia

Peripheral sensation system and visual
system

Proprioception and visual cues,
respectively

Sensory ataxia with Romberg sign can
worsen cerebellar ataxia

Vestibular system (labyrinth of the inner ear,
vestibular nerve, and vestibular nuclei)

Sense of balance and special orientation
and maintaining equilibrium

Disequilibrium, loss of balance associated
with dizziness and vertigo, tinnitus, hearing
impairment, and nystagmus
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that may be accompanied by clumsiness in the extremities,
feeling of lightheadedness, and unsteady gait. PAD is one of the
paroxysmal symptoms in patients with MS. The other symptoms
include tonic spasms, trigeminal neuralgia, Lhermitte’s sign,
paroxysmal pruritus, and other sensory symptoms. These
symptoms are usually of sudden onset and short duration (5-
15 s), and they may manifest more than one time per hour. In
most of the reported cases of PAD, the lesion responsible has
been detected in the midbrain, in or near the red nucleus, and
in the cerebellum or cerebellar peduncles. Thus, PAD appears to
develop due to pathologies of the cerebello-thalamo-cortical
pathways (15-18).

Multiple Sclerosis and Ataxia

Ataxia is a common symptom in demyelinating diseases. It
manifests in different forms at any time during the disease
course in approximately 80% of the patients, and it significantly
affects the patients’ quality of life (5,19). A recent retrospective
analysis of 123 patients with demyelinating disease-related
movement disorders identified ataxia as the predominant
movement disorder (20). The presence of cerebellar dysfunction
significantly exacerbates disability rates, diminishes mobility,
and compromises the quality of life (21). Furthermore, the
development of cerebellar dysfunction within the first two
years after disease onset is associated with a 20% increase in
overall future disability (22).

MS-associated cerebellar pathology can arise from alterations
in the microstructure of the cerebellar cortex, cerebellar
nuclei, and the white matter of the cerebellar peduncles (23-
26). Infratentorial lesions have been associated with persistent
disability (27). Recent studies have demonstrated that lesions
are more prevalent in the pons and cerebellar peduncles than
in the other areas among individuals with clinically isolated
syndrome (CIS), which often precedes MS (28,29). Furthermore,
autopsies have revealed that 38.7% of the cerebellar cortical
area can undergo demyelination in patients with MS. In
severe cases of MS, >90% of the area may be involved (30).
Cerebellar dysfunction may present during acute relapses
or, more frequently, as a result of progressive decline in
advanced MS (31). The development of cerebellar symptoms
in MS is associated with a heightened risk of transitioning to
a progressive disease trajectory (32). Furthermore, a reduced
cerebellar volume and increased T2 lesion load are associated
with greater cognitive and motor challenges, as well as
increased clinical disability as determined by the Expanded
Disability Status Scale (33).T2 lesions in the middle and superior
cerebellar peduncles are commonly found in patients with
MS, and they are associated with disease severity and upper
limb functionality (31). Furthermore, the cerebellar cortex
undergoes demyelination, which becomes more pronounced
in individuals with progressive MS (30). However, patients with
earlier stages of MS and CIS, exhibit reduced cerebellar white

Ela Simay Zengin. Ataxia in Patients with Multiple Sclerosis: A Brief Review

matter and overall brain volume when compared with healthy
individuals (34).

Clinical manifestations of cerebellar dysfunction, such as
tremors, limb and gait ataxia, and dysarthria, tend to persist
following a relapse more frequently than sensory alterations
(21,35). This poses a significant challenge to the management
and contributes to increased morbidity.

Any injury that interferes with the communication pathways
between the cerebellum and higher cortical regions may
partially account for the cognitive impairments in patients with
MS. These clinically present as executive dysfunction, decline in
memory, and language capabilities (36).

Assessment of Ataxia

Clinical scales are essential for the initial assessment and
scoring of disease severity, monitoring of progression, and
quantification of therapeutic outcomes. Several scales exist for
the clinical assessment of cerebellar symptoms. Some scales
have been specifically designed and validated for particular
cerebellar disorders such as Friedreich ataxia. Other scales
effectively identify cerebellar symptoms, irrespective of the
underlying causes (37).

Ataxiais a prevalentissue among patients with MS, necessitating
the use of appropriate scales to comprehensively evaluate
this condition. When evaluating ataxia-related symptoms in
patients with MS, the International Cooperative Ataxia Rating
Scale (ICARS) and Scale for the Assessment and Rating of Ataxia
(SARA) are reliable (37). ICARS rates ataxia-related symptoms
on the basis of 19 items under four subscales (posture and
gait disturbances, kinetic functions, speech disturbances, and
oculomotor disturbances). Although semi-quantitative, ICARS
depends on the subjective grading of clinicians (38). Similarly,
SARA is a semi-quantitative assessment tool. However, it is
much simpler and less time consuming than ICARS (39). The
upper limb dexterity and effects of ataxia can be effectively
and directly assessed in individuals with MS via the nine-hole
peg test (9HPT) (40). This test can accurately differentiate
between controls and people with MS with varying degrees
of impairment. As part of the MS functional composite, the
9HPT is commonly included with tasks related to walking, visual
abilities, and cognition (41).

Treatment of Ataxia

The treatment of ataxia is symptomatic and multidisciplinary.
The treatment options include pharmacological drugs,
occupational therapy, speech therapy, and rehabilitation.
However, despite the numerous treatment-related studies,
no single treatment has proved efficacious. In a Cochrane-
collaborative systematic review of several randomized
controlled trials (including placebo-controlled or drug-
controlled trials), the results of 172 patients with ataxia or
tremor were included. In this review, the methods of only
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ten studies were appropriate. Furthermore, a wide range of
therapeutic drugs, including baclofen, pyridoxine, isoniazid,
and cannabis, were investigated. The review revealed that
no treatment modality, including thalamotomy, deep brain
stimulation, physiotherapy and neurorehabilitation, was
effective against MS-related ataxia in the long-term. However,
the included studies had significant limitations, including
their small sample size and inability to quantify treatment
benefits (19). In a randomized controlled study conducted in
2020, which included 48 patients with upper extremity ataxia,
levetiracetam significantly improved the upper extremity
symptoms and dexterity, which was assessed via the 9PHT (38)
(Table 2).

Inacomprehensive review by Chasiotis et al. (38) in 2023, sixnon-
pharmacological interventional studies on the rehabilitation
of cerebellar ataxia in patients with MS were analyzed (39). Of
the six studies, three were randomized controlled trials that
included two rehabilitation protocols. One protocol was task-
oriented training (kinematic exercises involving routine daily
life tasks) (40,41), and the other was functional rehabilitation
training (42). The remaining three studies were pilot studies
with small sample sizes (10-20 participants) that examined the
following protocols: combination of NDT-Bobath approach
and traditional physiotherapy (43), reeducation using robotic
and visual biofeedback (a physiotherapy technique that helps
patients control their muscles by visualizing muscle activity
in real time) (44), functional rehabilitation (45). The review
by Chasiotis et al. (38) revealed that the patient’s symptoms
and quality of life improve when a combination of different
rehabilitation techniques is used to treat ataxia. Furthermore,
the symptoms significantly improved when evenly distributed
external torso weights and dynamic plasters were used for the
treatment of trunk and extremity tremors (46,47).

In conclusion, although ataxia is very common in patients with
any stage of MS and throughout the disease course, studies in
this field are insufficient. Ataxia typically manifests a few months
afteraspinal or brainstem/cerebellar relapse. However, they may
occasionally be the presenting symptom of a relapse. Failure to
recognize MS as a potential cause of new-onset movement
disorder can lead to delays in the diagnosis and initiation of
disease modifying therapy (47). Therefore, more studies on the

Table 2. Treatment modalities for patients with multiple
sclerosis-related ataxia (20)

Treatment

modality Options

Balance-based torso weighting and task-

Physical oriented and core-stability exercises

Carbamazepine, levetiracetam, phenytoin,

Pharmacological - - . .
9 acetazolamide, lacosamide, and fingolimod

Thalamic deep brain stimulation and

surgical thalamotomy
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frequency, pattern and severity of ataxia, associated factors,
MRI features, and treatment modalities of MS-related ataxia are
required.
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Effects of Motor Imagery Training on Health-related Quality of Life
in Persons with Multiple Sclerosis: A Narrative Review

® Turhan Kahraman

Izmir Katip Celebi University Faculty of Health Sciences, Department of Physiotherapy and Rehabilitation, Izmir, Turkey
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Multiple sclerosis (MS) is a chronic autoimmune disorder that impacts the central nervous system. It typically develops during young adulthood,
substantially impacting the health-related quality of life (HRQoL) through physical, cognitive, and psychosocial dysfunction. Recent breakthroughs
in medical and rehabilitative approaches stress the need to enhance HRQoL for MS patients. Motor imagery (MI) training, involving the mental
rehearsal of physical movements without actual execution, has emerged as a promising rehabilitation technique. This method activates neural
circuits analogous to those during physical movement and improves motor function and psychological well-being in diverse neurological conditions,
including MS. This narrative review synthesizes existing research on the effects of Ml training on HRQoL in MS patients. Studies consistently report
enhancements in motor function, including improved walking and reduced symptoms of fatigue and depression following MI interventions.
Despite differing protocols and methodologies, the findings collectively suggest that Ml training can enhance HRQoL in MS patients. Implementing
Ml training presents difficulties, including standardizing protocols, ensuring patient adherence, and addressing cognitive impairments influencing
training effectiveness. In conclusion, Ml training exhibits potential to enhance HRQoL in MS patients by addressing both physical and psychological
aspects of the disease, thereby boosting overall well-being and functional independence.

Keywords: Multiple sclerosis, motor imagery, quality of life, rehabilitation, walking

Introduction due to its extensive array of impairments and limitations. These

factors raise concerns regarding the right to a healthy life, which
is considered one of the most fundamental human rights. The
primary objective of treatment and management in MS, as
with all diseases, should be to enhance the quality of life for
individuals.

Multiple sclerosis (MS) is a chronic autoimmune neurological
disorder characterized by inflammatory demyelination and
axonal damage (1). It is typically diagnosed between the ages
of 20 and 30, when individuals are at their most active in their
social and professional lives (1). An approximated 2.9 million
individuals worldwide are believed to be living with MS, as
indicated by recent epidemiological studies (2).

Previous research on the impact of MS was mainly focused
on impairment and disability (5). However, in 1992, Rudick et
al. (6) conducted a pioneering study that investigated the

Since MS can affect various regions of the central nervous health-related quality of life (HRQoL) in MS patients. This study

system, it causes several symptoms and signs, including motor,
sensory, visual, and autonomic disorders, impairing physical
and cognitive function and adversely influencing employment
(1,3/4). These negative consequences in MS patients result in
activity limitations, participation restrictions, and disability.
Additionally, MS is a chronic disease that frequently features
relapses and unpredictable progression. It substantially impairs
the psychological, social, and economic status of individuals

contrasted patients with MS, inflammatory bowel disease, and
rheumatoid arthritis and discovered that MS patients exhibited
the lowest HRQoL. Similarly, in 1996, Petajan et al. (7) conducted
an innovative randomized controlled trial that studied the
effects of exercise in MS patients. This study indicated that
aerobic exercise training had a beneficial effect on physical
fitness and quality of life. Over the past 30 years, there have
been numerous positive advancements in the medical and
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rehabilitation fields related to MS. As the importance of HRQolL
has increased, its assessment and use as an outcome measure
have become more significant in clinical research, practice, and
health policy decision-making.

Overview of Motor Imagery Training

Motor imagery (MI) training entails the mental rehearsal of
physical movements without performing actual movements
(8). This technique engages neural circuits similar to those that
are activated during the physical execution of movements.
Ml training has been employed in diverse neurological
rehabilitation settings to enhance various functions, primarily
physical function, with promising results (9-11). Ml training is
a low-risk, non-invasive intervention that can be incorporated
into rehabilitation programs to address the physical and psycho-
socioeconomic challenges faced by MS patients (11-13).

The effectiveness of Ml training is based on its ability to trigger
neural plasticity. Neuroplasticity describes the brain’s ability
to reorganize by establishing new neural connections and
modifying cortical organization (14). This is essential in MS,
where demyelination and axonal damage impair normal neural
communication (15). MI training stimulates brain regions
involved in both motor processes, thereby facilitating neural
adaptation and compensatory mechanisms. Studies using
neuroimaging techniques, including functional magnetic
resonance imaging and positron emission tomography, as well
as transcranial magnetic stimulation studies, have demonstrated
heightened activity in the motor and premotor regions of the
brain during Ml (16-19). This heightened activity is comparable
to that observed during actual movement, indicating that Ml
training can enhance motor planning and execution pathways.

Motor function enhancement is one of the primary objectives of
Ml training in MS patients. Mobility and overallindependence are
significantly influenced by motor impairments associated with
MS, including muscle weakness, spasticity, and coordination
difficulties. Several studies have demonstrated that Ml training
can lead to notable improvements in physical function,
particularly in walking ability in MS patients (20-23). These
studies documented increased walking endurance, walking
speed, and resolution of self-reported walking difficulties.
Additionally, Kahraman et al. (21) reported that MI training is
also effective in improving dynamic and static balance, as well
as balance confidence.

Research has demonstrated that symptoms such as depression,
fatigue, cognitive disorders,and sleep disturbances are prevalent
and can exert detrimental effects on daily life as well as social
and professional activities (24,25). Psychosocial well-being can
also be improved through Ml training. Numerous studies have
demonstrated that Ml training substantially improves cognitive
functions, depression, anxiety, and fatigue symptoms (20-23).

Turhan Kahraman. Motor Imagery and Quality of Life

Walking speed and fatigue were the most improved outcome
measures, as reported by four studies (20-23), followed by
walking endurance (20,22,23) and self-reported walking
difficulties (20-22) as reported by three studies (Figure 1).

Outcome Measures to Assess Health-related
Quality of Life in the Reviewed Studies

Several questionnaires, including the Multiple Sclerosis
International Quality of Life Questionnaire (MusiQol), the
Multiple Sclerosis Impact Scale-29 (MSIS-29), the Short Form
Health Survey-36 (SF-36), and the EuroQol 5-Dimension (EQ-5D)
questionnaire, have been employed across the reviewed studies
when evaluating HRQoL in MS patients. It is crucial to consider
the strengths and limitations of each of these instruments
when interpreting the results and selecting suitable measures
for future research.

MusiQolL is explicitly designed for MS patients, capturing the
distinctive challenges and experiences associated with the
disease (26). This specificity increases its relevance and sensitivity
to alterations in HRQol in MS patients. It offers a comprehensive
evaluation of HRQol, encompassing a wide variety of life
domains, such as psychological well-being, relationships, and
daily activities. The detailed nature of MusiQol can be tedious for
certain patients, particularly those with cognitive impairments
or severe disabilities, which may impact response rates and data
accuracy. It may not be appropriate for comparisons with the
general population norms or individuals with other chronic
conditions due to its MS-specificity.

Like MusiQol, MSIS-29 is designed for MS patients; however, it is
more concise and uncomplicated, which facilitates completion
by the participants (27). It specifically assesses the physical and
psychological impact of MS, which are essential components of
HRQoL in this demographic. MSIS-29 may not adequately address
other aspects of HRQolL, such as social relationships or economic
factors, despite its success in capturing physical and psychological
effects. Additionally, a study indicated that MSIS-29 may be
restricted in its ability to evaluate alterations associated with
disease-modifying therapies in patients with minimal disability (28).

Walking speed

Fatigue

Walking endurance
Self-reported walking difficulties
Cognitive functions

Depression

Dynamic balance

Static balance

Balance confidence

Anxiety

Figure 1. Number of studies reporting substantial improvement
in different study outcome measures following motor imagery
training
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SF-36 is a HRQoL instrument that is extensively used across
different populations and conditions, including MS (29,30). Its
comprehensive validation facilitates reliable comparisons with
the general population data and other disease groups. It assesses
multiple dimensions of health, including physical functioning,
pain, general health perceptions, and mental health, providing
a comprehensive assessment of HRQoL. SF-36 may conceivably
underestimate the impact of MS on certain aspects of life by
overlooking some MS-specificissues as a generic measure. While
its broad applicability and exhaustive nature render it valuable,
the SF-36 scoring process can be complex. The calculation of
its eight subscales and two summary measures (physical and
mental health) is particularly complex, necessitating meticulous
interpretation to prevent errors or inconsistencies (31).

EQ-5D is a simple instrument that can be rapidly administered,
making it suitable for use in large studies or clinical settings
where time is limited (32). It offers a single utility score that can
be employed in cost-effectiveness analyses, which is valuable
for health economics and policy decision-making. The simplicity
of EQ-5D comes at the expense of depth. It covers only five
dimensions (mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression), which may result in the neglect of
other critical components of HRQoL in MS patients (33).

Each of these HRQol questionnaires has its own unique set
of strengths and limitations, rendering them appropriate for
different research or clinical contexts. The selection of the
instrument, the characteristics of the MS population being
evaluated, and the HRQoL aspects that are most pertinent to
the intervention or outcome under investigation should be
determined by the specific objectives of the study. To achieve
a thorough understanding of the influence of Ml training on
the HRQoL in MS patients, it would be beneficial to integrate
disease-specific instruments with generic measures. This
method strikes a balance between the comprehensive insights
offered by specialized instruments and the more general,
analogous data from general assessments.

Health-related Quality of Life Improvements
After Motor Imagery Training

Quality of life is a multifaceted concept that encompasses
physical health, psychological state, social relationships, and
environmental factors (34). Enhanced physical and cognitive
functions, along with improved psychosocial well-being,
contribute to a more holistic sense of health and fulfillment.
Ml training has been shown to significantly improve HRQoL in
individuals with MS, despite the fact that HRQoL has not been
the primary outcome measure in previous studies (20-23).

Kahraman et al. (21) employed the MusiQol scale to evaluate
HRQoL following an 8-week telerehabilitation-based M|
program for MS patients. Their study demonstrated that this

Turhan Kahraman. Motor Imagery and Quality of Life

intervention significantly improved HRQoL, with a large effect
size (p=0.002, Cohen’s d=1.916). Similarly, Seebacher et al.
(23) used the MusiQol as a secondary outcome measure and
reported that cued Ml training significantly enhanced MusiQol
scores at the fourth week (p<0.001) and follow-up (week
13) (p=0.027) compared to the baseline. Additionally, they
demonstrated that combining cued MI with cued gait training
also improved MusiQol scores at the fourth week (p=0.003) and
week 13 (p=0.036) compared to the baseline.

Ina2019study, Seebacheretal. (20) used the MSIS-29 to evaluate
HRQoL while investigating the effects of a four-week program
that involved music and verbally cued MI, music-cued MI, or Ml
alone in MS patients. They discovered that 78.9% of participants
in the music and verbally cued MI group exhibited clinically
significant improvements in the MSIS-29 physical subscore
(p<0.05), despite not demonstrating improvement in the total
or psychological subscores. No significant improvements were
noted in the other groups in HRQoL.

In a separate 2017 study, Seebacher et al. (22) examined the
impact of 4-week music-cued Ml and metronome-cued Ml on
HRQoL in persons with MS, using diverse tools including the
MSIS-29, SF-36, and EQ-5D-3L. They revealed that both music-
cued and metronome-cued MI significantly enhanced MSIS-
29 physical and psychological subscores, SF-36 physical and
mental subscores, and EQ-5D-3L visual analog scores (p<0.05).

MI training methods and treatments differ across studies. The
therapy sessions are scheduled to last between 17 and 30
minutes, with a frequency of 2 to 6 week. The total treatment
duration is 4 to 8 weeks, resulting in 16 to 24 sessions overall.
Table 1 contains the specifics of the studies that investigated
the impact of Ml training on MS patients'HRQoL.

Clinical Implications

These results underscore the potential of Ml training as a non-
invasive, cost-effective intervention that can improve HRQolL
in MS patients (11). Ml training can contribute to a more
comprehensive approach to MS management by improving
physical and cognitive functions, as well as social and
emotional well-being (Figure 1). Clinicians should contemplate
incorporating Ml training into rehabilitation programs to aid MS
patients in achieving better overall outcomes.

Possible Challenges

Despite its benefits, the implementation of MI training in
clinical practice faces numerous challenges. The necessity of
standardized protocols for ensuring consistent and replicable
results is underscored by the variation in outcome measures,
duration,and delivery modalities of Ml across studies. Additionally,
patient adherence and engagement in Ml training programs can
vary, potentially impacting the efficacy of the intervention.

35



Turhan Kahraman. Motor Imagery and Quality of Life

Ensuring access to technology and the provision of adequate
training for both patients and healthcare providers are critical
factors in the successful incorporation of M| training into
routine care. Moreover, cognitive impairments, disability, and
cognitive fatigue are known to negatively influence MI ability
in MS patients (13). The effectiveness of Ml training may also
be influenced by other factors, including the phenotype of
MS, anxiety, and depression (13). It is essential to resolve these
issues by implementing appropriate precautions and support
mechanisms to increase patient participation and maximize the
benefits of the intervention.

Future Directions

To further substantiate the efficacy of Ml training in enhancing
the HRQoL of individuals with MS, future research should
prioritize large-scale, randomized controlled trials. Investigating
the long-term consequences and identifying optimal training
protocols will be essential for optimizing the benefits of this
intervention on HROQoL.

Developing standardized guidelines and protocols for Ml
training in MS is essential. These guidelines should specify
training frequency, duration, and intensity to ensure consistency
and effectiveness across various clinical settings, ultimately
enhancing HRQol. Furthermore, integrating technological
advancements such as virtual reality, biofeedback, and
telerehabilitation may enhance the delivery and engagement
of MI training. These innovations can increase the accessibility
and efficacy of the training, thereby potentially yielding more
substantial enhancements in HRQoL for MS patients.

It is imperative to recognize that most participants exhibited
minimal levels of disability in the context of the reviewed
studies. This characteristic may restrict the generalizability of
theresultstothe broaderpopulationof MS patients, particularly
those with higher disability levels. Future research should
endeavor to involve a more diverse range of participants,
particularly those with moderate to severe disability.
Expanding the participant pool to encompass individuals
with differing degrees of disability would also enable a more
detailed exploration of the potential need for Ml training to be
customized to address the specific needs of those with higher
disability levels. Additionally, the effectiveness of MI training
in improving HRQoL for those with more severe disabilities is
a field that remains largely unexplored. Addressing this gap
could result in more inclusive and comprehensive guidelines
that accommodate the complete spectrum of disability in
MS patients, thereby improving the overall outcomes for this
population.

Conclusion

Ml training is a promising intervention for enhancing the HRQoL
in MS patients. This method addresses multiple aspects of MS
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by improving physical, cognitive, and psychosocial functions.
Further research and clinical implementation of Ml training are
necessary, as the significance of HRQoL in MS management
continues to increase. Integrating Ml training into rehabilitation
programs may provide significant benefits, allowing MS patients
to live more active, meaningful lives.
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Cognitive Function Variability and Health-related Quality of Life
in Multiple Sclerosis: A Comprehensive Analysis Across Different
Multiple Sclerosis Types
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Objective: To investigate cognitive function variability and health-related quality of life in patients with diverse types of multiple sclerosis (MS).

Materials and Methods: This study involved 780 participants diagnosed with various types of MS. Data was collected using the MS quality of life
54 questionnaire, administered online during the coronavirus disease-2019 pandemic.

Results: The cognitive function scores of the various MS types were found to be significantly distinct, with the relapsing-remitting (RR) type
exhibiting the greatest variability. Repeated measures analysis of variance revealed a modest improvement in cognitive function over time in RRMS
patients. Age and health-related quality of life exhibited a highly significant negative correlation (r=-0.63, p<0.001). Heritability analysis suggested
that approximately 45% of cognitive function variability is attributable to genetic factors. Specifically, RRMS patients exhibited higher cognitive
function scores compared to patients with primary-progressive type and secondary-progressive type of MS (p<0.01 and p<0.05, respectively).
Conclusion: Cognitive function and health-related quality of life differ significantly among the different MS types. Age and genetic factors play
critical roles in cognitive health. The findings underscore the need for conducting routine cognitive assessments in MS patients, especially for
those with RRMS, to provide early intervention and enhance patient outcomes. Comprehensive mean square care necessitates the integration of
cognitive and physical health management strategies.

Keywords: Multiple sclerosis, cognitive dysfunction, quality of life, rehabilitation, mental health

Introduction levels, viral infections (Epstein-Barr virus), and smoking (4). The
clinical course of MS can vary, with the relapsing-remitting form
being the most prevalent, characterized by periods of symptom
exacerbation followed by partial or complete recovery (5).

Multiple sclerosis (MS) is a chronic, inflammatory, demyelinating
disease of the central nervous system that primarily impacts

young adults. It is distinguished by a diverse array of symptoms,

including physical, cognitive, and emotional dysfunction, which Cogpnitive dysregulation is a common feature of M, affecting
approximately 40-70% of patients (6). This impairment can

manifest in several cognitive aspects, including memory,
attention, processing speed, and executive functions. Cognitive
deficits in MS are linked to lesions and atrophy in specific brain
regions, such asthe cortical and subcortical areas (7). The severity
The prevalence of MS is approximately 3:1 among adults  and profile of cognitive dysfunction can vary considerably
aged 20 to 50. Genetic predisposition plays a significant role, among individuals, frequently being influenced by the type
as persons with a family history of MS exhibit a higher risk of and stage of the disease (8). This study aimed to investigate
developing the disease (3). The risk of developing the disease cognitive function variability and health-related quality of
is elevated by environmental factors, such as poor vitamin D life in 780 participants diagnosed with different types of MS.

substantially compromises the quality of life of the patients (1).
Genetic, environmental, and lifestyle factors can substantially
influence the prevalence and clinical characteristics of MS in
various geographical regions (2).
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By focusing on these cognitive domains, this research seeks
to enhance the understanding of the influence of cognitive
impairments on the quality of life of MS patients and to aid the
development of more effective management strategies.

The prevalence and severity of cognitive dysregulation can
vary significantly across different MS subtypes, including
clinically isolated syndrome (CIS), relapsing-remitting MS
(RRMS), primary progressive MS (PPMS), and secondary
progressive MS (SPMS) (9). The most prevalent subtype of RRMS
is characterized by periods of symptom exacerbation with
partial or complete recovery, which presents an opportunity
to investigate cognitive fluctuations over time. It is imperative
to comprehend the variation in cognitive function among
these subtypes to create targeted management strategies that
can enhance patient outcomes (10). The primary aim of this
study was to characterize cognitive impairment and its impact
on health-related quality of life across diverse MS subtypes.
Previous research has demonstrated that cognitive dysfunction
is not only prevalent but also a major determinant of quality
of life in MS patients. Cognitive impairment often manifests
early in the disease course, affecting 40-60% of MS patients
and substantially influencing employability, social interactions,
and quality of life. Despite advances in neuropsychological
assessments and neuroimaging studies, there are still significant
ambiguities regarding the underlying mechanisms, neural
basis, and effectiveness of interventions for managing cognitive
impairmentin MS (11).

Health-related quality of life is a multidimensional concept that
encompasses physical, mental, and social well-being (12). In MS,
the health-related quality of life is frequently compromised due
to a combination of physical disability, cognitive impairment,
fatigue, depression, and otherfactors (13). MSis a heterogeneous
disease with multiple subtypes that exhibit distinct clinical and
pathological characteristics. The main types include CIS, RR
type, PP type, and SP type (14). Understanding the variation in
cognitive functions across the various MS subtypes is crucial
for developing individualized management strategies and
improving patient outcomes (15).

Materials and Methods

This study included individuals diagnosed with various types of
MS, including CIS, RRMS, PPMS, and SPMS. MS subtypes were
diagnosed using the revised McDonald criteria (2017), which
are widely accepted for diagnosis (16).

This research was conducted from 2020 to 2021, during the
coronavirus disease-2019 (COVID-19) pandemic, using an
online MS Quality of Life (MSQol) questionnaire. The MSQolL
questionnaire used in this study is a validated instrument
designed to evaluate various aspects of health-related quality
of life in MS patients, with a particular emphasis on cognitive
functioning. The questionnaire assesses critical cognitive
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domains, including processing speed, attention, memory, and
working memory, which are frequently impaired in MS patients.
This questionnaire is globally used for MS patients due to its
reliability and validity (17).

The questionnaire was distributed anonymously to safeguard
the participants’ privacy and confidentiality. The study enrolled
780 participants globally. The participants’ freedom to decline
to respond to all inquiries led to a variation in the total number
of questions answered and the responses provided. The
questions were administered via the online tool Google Forms.
The inclusion criteria for this research were patients with MS
and cognitive impairments (the determination of cognitive
impairments for this was based on participants self-reported
difficulties in concentration, attention, and memory as indicated
by their responses) who could speak fluent English. Patients
diagnosed with other neurological disorders, MS patients who
do not have cognitive impairments, and patients with MS who
do not speak English were excluded from this studly.

The study does not require formal ethical approval due
to several reasons. First, the study was conducted using
anonymous online surveys to ensure the privacy and
confidentiality of all participants. No personal identifiers were
collected that could link the responses back to individual
participants. Also, participation in the study was entirely
voluntary. Participants consented to the study by completing
the online questionnaire. This implied consent is adequate
given the nature of the research and the minimal risk involved.
The research involves minimal risk to participants, as it only
required them to respond to a survey regarding their cognitive
functions and quality of life. There were no interventions or
manipulations that could cause physical or psychological
harm. The survey did not cover sensitive topics that could
distress or stigmatize the participants. It focused on cognitive
function and health-related quality of life, which are general
topics. Given the constraints of the COVID-19 pandemic, the
study design prioritized ease of participation while maintaining
ethical standards. The streamlined procedures were necessary
to facilitate broad participation without compromising ethical
integrity. In regard to these considerations, the study adheres to
ethical research standards without the need for a formal ethics
committee review.

The study was conducted anonymously to protect
participants privacy and confidentiality, and participation in
the online questionnaire was voluntary, implying consent
upon completion. Additionally, the constraints posed by the
COVID-19 pandemic necessitated streamlined procedures to
ensure broad and easy participation.

Statistical Analysis

Statistical analyses were performed using the R (version 4.0.3)
and Phyton (version 3.8) software with appropriate libraries for
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data manipulation and statistical testing. Descriptive statistics,
including mean and standard deviation, were computed for
cognitive function scores across different MS subtypes. Box
plots were generated to illustrate the distribution of cognitive
function scores among the various MS subgroups. A one-way
analysis of variance (ANOVA) was conducted to investigate
the differences in cognitive function scores among the MS
subtypes.

To identify particular group differences, post-hoc experiments
were implemented. The Pearson correlation coefficients were
calculated to determine the relationship between age and
health-related quality of life. Additionally, a repeated measures
ANOVA test was performed to evaluate the evolution of
cognitive function among participants with RRMS over time.
This analysis included time as a within-subject factor. Standard
genetic modeling techniques were employed to estimate
cognitive function variability by incorporating data from family
studies and utilizing heritability (h?). Lastly, a chi-square test
of independence was used to determine the sex distribution
across the MS subtypes. The observed frequencies were
compared to the calculated expected frequencies.

Cognitive functions were evaluated using the MSQolL
questionnaire, which comprises a variety of subscales designed
to assess different cognitive domains such as concentration,
memory, and attention retention. The composite score
calculated from these subscales, which ranges from 0 to 120, is
the cognitive function score reported in the results section. This
score is indicative of the participants’ overall cognitive health.
The MSQol questionnaire is internationally acknowledged for
its reliability and validity in assessing cognitive functions in MS
patients, which supports the accuracy of the data presented in
this study. The scoring range (0-120) was derived by aggregating
the individual scores from the cognitive subscales, where
higher scores indicate greater cognitive function. This method
allowed the study to capture a diverse array of cognitive abilities
across the various MS subtypes. The composite scores were
subsequently subjected to statistical analyses, including ANOVA,
to investigate the variation in cognitive function among various
MS subtypes.

The study also evaluated cognitive function in RRMS patients at
three distinct time points to capture the variability in cognitive
function during the various disease phases. The time points
were defined as follows:

- Time point 1: During an acute relapse, when the patient’s
neurological symptoms are most severe. This phase was chosen
to assess cognitive function under maximum disease activity.

- Time point 2: Midway through the remission phase, where
there is a partial decrease in symptoms but potential ongoing
cognitive challenges. This phase was chosen to observe the
recovery process and its impact on cognitive health.
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- Time point 3: At the conclusion of the remission phase,
just prior to the next anticipated relapse, where symptoms
have stabilized and cognitive function may show the most
improvement.

These time points were selected to provide a thorough
understanding of the cognitive function fluctuations that occur
during the RRMS cycle. The repeated measures ANOVA were
employed to analyze the cognitive scores at these three points,
offering insights into the temporal dynamics of cognitive
impairment in RRMS patients.

Results

Table 1 presents the demographic characteristics of the study
participants, based on sex and age. Most participants were
female (85.6%). A majority of the participants were aged 20-40.

Table 2 provides descriptive statistics regarding MS subtypes
among the participants. Most participants were diagnosed
with RRMS, representing 68% of the sample. There were 14% of
participants with PPMS, and 13% of them had SPMS. Only 5% of
the MS patients in the sample received a diagnosis of CIS.

In Table 3, the correlation between sex and MS subtypes among
the study participants is illustrated. Most female participants
(74.2%) and male participants (56.7%) were diagnosed with
RRMS. PPMS was more common among males (26.8%)
compared to females (12.8%). SP type had a relatively similar
distribution between the sexes, with 13.0% of females and
16.5% of males being diagnosed with this subtype.

Table 1. Demographic characteristics of the participants

Demographic variable

Frequency (n) Percentage (%)

Sex

Female 593 85.6
Male 100 14.4
Age

10-20 years 74 9
20-30 years 230 30
30-40 years 270 35
40-50 years 151 19
50-60 years 43 5
60-70 years 7 1
70-80 years 1 1

Table 2. MS subtypes among the study participants

MS subtype Frequency Percentage
Clinically isolated syndrome 37 5%
Relapsing-remitting MS 484 68%
Primary progressive MS 102 14%
Secondary progressive MS 920 13%

MS: Multiple sclerosis




Table 4 summarizes the frequency of cognitive issues reported
by the MS patients. Concentration difficulties were experienced
by 15% of participants all the time, while 34% reported these
difficulties some of the time. Attention retention issues followed
a similar pattern, with 14% of MS patients experiencing them
all the time and 32% some of the time. 19% of participants
reported that memory problems were present at all times,
while 30% experienced them occasionally. Additionally, 16% of
participants experienced cognitive changes that were observed
by their family members all the time, while 23% reported no
such changes.

The responses of participants to a variety of health-related
statements are presented in Table 5, which reflects their
perceptions of their health status and the impact of health
issues on their well-being. A significant portion of the
participants (38%) disagreed with the statement “I seem to
get sick more often’, while 33% were unsure. Similarly, 39% of
participants disagreed with the statement “I am as healthy as
anyone else’, indicating concerns about their health. When
asked about future health expectations, 38% were unsure, and
23% expected their health to worsen. Only 8% considered their
health to be excellent.

Table 3. Relationship between multiple sclerosis subtype
and sex

MS: Multiple sclerosis
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In terms of health issues, 35% of participants were uncertain
whether they felt discouraged by their health problems, while
31% expressed frustration with their health status. Thirty two
percent of participants expressed concern regarding their
health, while thirty percent experienced fatigue as a result of
frequent fluctuations in their condition. The table illustrates the
diverse perspectives and apprehensions that participants have
regarding their health and its impact on their daily lives.

Figure 1 illustrates cognitive function scores based on the MS
subtypes. The four MS subtypes are represented on the X-axis,
while the cognitive function scores are represented on the
Y-axis, which spans from 0 to 120. For the CIS, the box plot
displays a median score of approximately 50, an interquartile
range of approximately 45-55, and a few outliers. The scores are
closely clustered around the median with a limited interquartile
range, indicating that there is less variability. For the RRMS
subtype, the box plot exhibits a wider distribution, a median
score around 60, an interquartile range approximately 45-
75, and several outliers. The scores exhibit a broader spread,
indicating greater variability in cognitive function among the
patients. For the PP type, the box plot exhibits a median score of
approximately 55 and an interquartile range of approximately
45-65.The scores are moderately dispersed, with a median value
comparable to CIS and some outliers. For the SPMS, the box
plot demonstrated a median score of about 50, an interquartile

flEkabhyps b el el RG]0} range of approximately 40-60, and fewer outliers compared to
Primary progressive 12.8% 26.8% the other types. The scores are relatively similar to the PPMS, but
Relapsing-remitting 74.2% 56.7% they exhibit less variability.

Secondary progressive 13.0% 16.5%

The results of the ANOVA test-based analysis of the differences
in cognitive function scores across different MS subtypes are

Table 4. Cognitive function among the participants

Cognitive problems All the time Most of the time Occasionally  Rarely  Notatall
Concentration difficulties 15% 23% 34% 16% 12%
Attention retention issues 14% 23% 32% 16% 15%
Memory problems 19% 22% 30% 16% 13%
Cognitive changes noted by family members 16% 19% 23% 19% 23%

Table 5. Health-related responses from the study participants

Health statements Definitely correct Correct Not sure E\iﬁ?:;ilty

| seem to get sick more often 14% 15% 33% 38%

I am as healthy as anyone else 11% 20% 30% 39%

| expect my health to worsen 23% 25% 38% 13%

My health is excellent 8% 21% 28% 43%

Health issues Definitely yes Yes Not sure Definitely no
Do you feel discouraged by your health problems? 16% 20% 35% 19%

Are you frustrated by your health? 23% 23% 31% 15%

Do you often worry about your health? 21% 24% 32% 18%

Are you often tired due to frequent changes in your condition? | 30% 24% 24% 16%
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presented in Table 6. The analysis reveals a significant difference
between the groups, as indicated by an F-statistic of 89.24 and
a p-value of less than 0.001. The intergroup sum of squares
(SS) is 39,444.71, with a MS of 13,148.24 across three degrees
of freedom (df). The intragroup SS is 103,056.78, with a mean
square of 145.34 distributed across 709 df. These results indicate
that the variability in cognitive function scores is significantly
impacted by the MS subtype, justifying further analysis to
explore these differences in greater detail.

The results of the repeated ANOVA test for cognitive function
over time for RRMS patients are presented in Figure 2 and Table
7. This figure illustrates the alterations in cognitive function
scores for RRMS patients over three distinct time points. The
cognitive function scores are represented by the Y-axis, which
ranges from 56 to 64. The X-axis is labeled with three time
points, and the orange line connects the cognitive function
scores at each time point, demonstrating a slight upward
trend over time. The shaded area around the line indicates the
range of variation or confidence interval (Cl) for the scores. This
illustrates a modest increase in the cognitive function scores
of RRMS patients between time 1 and time 3. This implies that
there is some variability in the scores; however, the overall trend
indicates a slight improvement in cognitive function over the
three time points that were observed. The repeated measures
ANOVA shows a significant alteration in cognitive function
scores over time among RRMS patients, with a p-value of 0.027.

The correlation analysis for age and health-related quality of
life is presented in Table 8. The analysis indicates a significant

Cognitive Function Over Time for Relapsing-Remitting MS
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Figure 2. Repeated ANOVA test - cognitive function over time for
relapsing remitting type of MS

MS: Multiple sclerosis

negative correlation (r=-0.63; p-value <0.001). This suggests that
as age increases, health-related quality of life tends to diminish
among MS patients, indicating that older individuals with MS
may experience more significant challenges to their quality of
life.

Table 9illustrates the h? analysis of cognitive function variability.
The analysis revealed a h? estimate of 045, indicating that
approximately 45% of the variability in cognitive function
may be attributed to genetic factors. This implies a moderate
genetic influence on cognitive performance among the study
participants.

The chi-square test results are presented in Table 10. The
observed and expected frequencies for both female and male
participants are shown for each MS subtype (the PP, RR, and SP
subtypes). The chi-square statistic () is 15.10 with two df, and
a p-value of 0.0005, indicating a significant difference in gender
distribution among the different MS subtypes. This suggests
that the distribution of MS subtypes varies significantly by sex.

The results of the post-hoc Tukey’s honestly significant
difference test, which was administered following the ANOVA
test, are presented in Table 11. The purpose of this test was
to identify specific differences in cognitive function scores
between MS subtypes. The comparisons encompass RRMS vs.
PPMS vs. SPMS, and PPMS vs. SPMS. The table shows the mean
difference in cognitive function scores between each pair of
subtypes, along with the corresponding 95% Cl and p-values.
Significant differences were noted between the RR type and
both PP type and SPMS subtypes, indicating higher cognitive
function scores in the RR group. The cognitive function profiles
of the PP and SP forms of MS were found to be more similar, as
no significant difference was observed.

Discussion

This study investigated the cognitive characteristics and health-
related problems in MS patients.

It is essential to recognize that depression and fatigue are
common symptoms in MS patients and can significantly

Table 7. Repeated measures ANOVA test

o Degrees of e
Source of variation e F-statistic
Time 2 3.64 0.027
Residual 966

Table 6. ANOVA test analysis of cognitive function scores

Source of variation Sum of squares Degrees of freedom  Mean square F-statistic
Inter-group 3944471 3 13148.24 89.24 <0.001
Intra-group 103056.78 709 145.34

Total 142501.49 712
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influence quality of life. Both depression and fatigue are known
to influence cognitive function, potentially exacerbating
cognitive dysfunction and diminishing general quality of life.
Although our research focused on cognitive function variability

Cognitive Function Scores by Type of Multiple Sclerosis
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Figure 1. Cognitive function scores by multiple sclerosis subtypes
MS: Multiple sclerosis

Table 8. Correlation analysis between age and health-
related quality of life

Correlation

Variable 1 coefficient (r)

Variable 2

p-value

Health-related quality

of life -0.63 <0.001

Age

Table 9. Heritability analysis for cognitive function
variability

Heritability

Trait estimate

Interpretation
Moderate genetic

Cognitive function .
influence
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among patients with various MS subtypes, the lack of direct
assessment of depression and fatigue represents a limitation.
Notably, there are research papers that highlight this issue, as
evidenced by the fact that 62% of MS patients experienced mild
depression (13).

Our findings are consistent with previous research that
emphasizes the significance of cognitive impairment in
RRMS. Wu et al’s (18) study emphasizes the necessity of
routine cognitive screening in the management of RRMS. This
study demonstrates that the early identification of cognitive
impairments can result in timely interventions, improved
patient outcomes, and more effective treatment strategies.
Considering that a significant proportion of RRMS patients
exhibited cognitive impairment in our study, we firmly advocate
for the incorporation of routine cognitive assessments into the
standard care protocol for RRMS patients. This approach could
substantially enhance the quality of life for RRMS patients and
facilitate more effective management of cognitive symptoms
(18).

The current study’s results align with those of a cross-sectional
study by Nabizadeh et al. (19) that investigated the relationship
between cognitive impairment and quality of life in RRMS
patients. This study emphasizes the necessity of an integrated
approach to MS management that encompasses both cognitive
and physical aspects of the disease. Enhanced cognitive
function may not only strengthen individual cognitive abilities
but also contribute to a higher quality of life. Similarly, our
findings indicate that including routine cognitive assessments
and targeted interventions in the care of RRMS patients could
promote comprehensive patient well-being and optimize
treatment outcomes (19).

Table 10. Chi-square test results

MS subtype Female (observed) Female (expected) Male (observed) Male (expected)
Primary progressive 72 83.55 26 14.45
Relapsing-remitting 416 401.57 55 69.43

Secondary progressive 73 75.88 16 13.12

Statistics Value

Statistic (%) 15.10

Degrees of freedom 2

p-value 0.0005

Conclusion Significant

MS: Multiple sclerosis

Table 11. Post-hoc comparisons of cognitive function scores between the various multiple sclerosis subtypes

Comparison

Mean difference 95% Cl

Relapsing-remitting vs. primary-progressive 5.00 (3.00, 7.00) <0.01
Relapsing-remitting vs. secondary-progressive 4.50 (2.50, 6.50) <0.05
Primary-progressive vs. secondary-progressive 0.50 (-1.00, 2.00) >0.05

Cl: Confidence intervals
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A comprehensive review by Gémez-Melero et al. (20) focused
on the major impact of cognitive impairment on quality of life
of MS patients. This review underscores the complex interaction
between cognitive dysfunction and various aspects of quality
of life, noting that these effects can be profound even in the
early stages of the disease. Similarly, our study illustrates that
cognitive impairments in MS patients are strongly linked to a
diminished quality of life. This underscores the need for early
and comprehensive cognitive assessments in the management
of the disease (20).

Schreiner et al. (21) conducted an additional exhaustive analysis
that investigates the risk factors associated with cognitive
impairment in MS and its effect on quality of life. This analysis
offers insight into the profound impact cognitive deficits
can have on mental functions, including learning, memory,
perception, and problem solving abilities that are essential for
daily functioning and overall health. Our research shows that
cognitive impairments in patients with MSare not only prevalent
but also significantly burden their quality of life. These results
highlight the urgent need for early identification and targeted
interventions to mitigate the effects of cognitive deficits and
promote improved general outcomes for MS patients (21).

Our study’s results corroborate the findings of David et al. (22),
a study that examined the cognitive, clinical, and imaging
characteristics of patients with benign MS at a specialized MS
Center in Campinas, Brazil. The study revealed that nearly 60%
of participants were affected by deficits in at least one cognitive
domain, with visual memory being the most frequently
affected, despite the extended disease duration and low
expanded disability status scale scores in these patients. Our
research suggests that cognitive impairments are prevalent
even in patients with benign MS forms. These findings suggest
that cognitive impairments are a significant concern across
all MS subtypes and reinforce the need for routine cognitive
assessments, regardless of the perceived disease severity (22).

Our study’s conclusions are consistent with the work of
Elshehawy et al. (23), which provides valuable insights into the
cognitive impairment observed in adult MS patients during the
remission phase. This study supports the idea that cognitive
impairments should be a critical element of MS management
strategies, as it demonstrates that cognitive deficits can persist
even when other symptoms are less active. Our research
highlights the need for routine cognitive assessments, as
it recognizes that cognitive impairments can lead to more
effective treatment plans and a significant improvement in the
patients’ quality of life. Incorporating cognitive evaluations into
regular care for MS patients even during remission is crucial for
optimizing long-term outcomes (23).

Faraclas et al. (24) concentrated on the substantial influence
of RRMS on health-related quality of life, particularly in terms
of social function, physical function, and mental health. This
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research demonstrates that RRMS patients report lower scores
across all quality of life subscales than the general population,
with a decline in mental health, especially among those who
have been recently diagnosed. Consistent with our findings,
nearly half of the participants in this study were at risk for
depression, underscoring the critical need to prioritize mental
health concerns in MS care. Our research further supports
the notion that, despite the importance of physical health
challenges, mental health issues should be given equal, if not
greater attention, particularly early in the disease course. The
general well-being and quality of life of RRMS patients could be
substantially enhanced by incorporating mental health support
into routine MS care (24).

In our study, we ensured that participants had the option to
skip any questions they were uncomfortable answering, which
may have contributed to some variability in response rates
across different sections of the questionnaire. Specifically, the
proportion of unanswered questions varied slightly depending
on the section, but overall, the response rate was high.
According to our data, the overall proportion of unanswered
queries was low. For instance, the demographic section had
a near-complete response rate, with only 1.4% of participants
failing to respond to certain questions. This was consistent
across other sections of the questionnaire, where the vast
majority of questions were answered by nearly all participants.
The study’s findings are unlikely to be substantially influenced
by the missing data, as evidenced by the minimal proportion of
unanswered questions. We have included appropriate statistical
methods to address any missing data, ensuring that the results
presented are reliable.

Study Limitations

This study has several limitations, including sample bias. While
the COVID-19 pandemic was underway, the demographics
and responses of the participants may have been affected by
the online format of the study. This could potentially exclude
a portion of the MS population, as only those with internet
access and the capacity to use online tools could participate.
Additionally, the reliance on self-report questionnaires may
have introduced bias. The participant’s perceptions of their
cognitive function and quality of life may not accurately reflect
their actual condition. The study included only participants who
spoke English fluently, which may limit the generalizability of
the findings to non-English-speaking MS patients. The exclusion
of patients with other neurological disorders and those without
cognitive impairments resulted in a sample that did not fully
represent the diversity of the MS population. The study’s cross-
sectional design does not permit the evaluation of alterations
in cognitive function and quality of life over time. Longitudinal
studies would be necessary to understand the progression of
these variables in MS patients.



Future research should integrate a comprehensive evaluation
of depression, fatigue, and cognitive function to achieve a more
holistic understanding of the factors influencing quality of life in
MS patients. Integrating these assessments could offer valuable
information regarding the physical, emotional, and cognitive
health of MS patients, thereby facilitating the development of
more effective and individualized interventions.

Conclusion

This study provides a thorough analysis of cognitive function
variability and health-related quality of life across different MS
subtypes. The study’s findings indicate significant disparities
in cognitive function scores among the diverse MS subtypes,
focusing on the impact of the disease on cognitive health. The
ANOVA test results indicate a substantial variation in cognitive
function across the MS subtypes, with RRMS exhibiting the
greatest variability.

As evidenced by the repeated measures ANOVA, individuals
with RRMS exhibited a modest improvement in cognitive
function over time. Thisimplies that while cognitive function can
fluctuate, there is potential for improvement with appropriate
interventions. The negative correlation between age and health-
related quality of life is underscored by the correlation analysis,
which highlights the escalating obstacles that older people
with MS encounter. Additionally, the h? analysis demonstrates
a moderate genetic influence on cognitive function variability,
suggesting that both genetic and environmental factors play
crucial roles in cognitive health among MS patients.

The chi-square test results reveal significant gender
differences in the distribution of MS subtypes, which could
have implications for customized treatment approaches. The
research emphasized the importance of incorporating cognitive
assessments in routine care for MS patients, particularly for
those with RR types, to promote early intervention and improve
general quality of life. In summary, the significance of cognitive
impairments and health-related quality of life in individuals with
MS is underscored by this study.
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Objective: Natalizumab (NTZ) is an effective immunomodulator therapy (IMT) employed for multiple sclerosis (MS) therapy. This study aimed to
investigate the efficacy and safety of NTZ treatment in MS patients.

Materials and Methods: Patients with clinically definite MS who received NTZ treatment were included in the study, and their data were derived
from the iMed database. Patient demographics such as age, sex, and disease duration were assessed. The results pertaining to the annual number
of attacks, expanded disability status scale (EDSS) results, magnetic resonance data, and no evidence of disease activity-3 (NEDA-3) were obtained.

Results: This study included 153 patients (108 female and 43 male). The patients'ages ranged from 21.63 to 67.60 years, with a mean age of 44.50
years. Prior to undergoing NTZ treatment, 54.3% of the patients had received at least two other IMTs. The mean annual number of assaults was 1.19,
and the number of attacks in the year prior to treatment ranged from 0 to 6. The mean number of attacks in the first year following treatment was
0.07,0.13 in the second year, and 0.09 in the third year. The baseline EDSS values of the patients varied between 0 and 5.5, and the mean baseline
EDSS value was 3.08. During the initial year of treatment, the patient’s mean EDSS value was 2.58, the second year was 2.32, and the third year was
2.34. Recurrence with increased severity of disease activity or rebound development was observed in 14.6% of the patients whose NTZ treatment
was terminated for any reason. The NEDA-3 value decreased from 82.8% (n=145) in the first year to 77.3% (n=132) in the second year and 79.0%
(n=81) in the third year.

Conclusion: Patients received NTZ for three years on average. 14.6% of the patients exhibit a recurrence or rebound of disease activity. Anti-John
Cunningham virus antibody was detected in 5% of patients during the course of treatment. Approximately 80% of patient achieved NEDA-3 while
receiving NTZ over the three-year period.
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(2,3). Efficacy and safety data for IMTs utilized in MS patients
are first acquired from clinical trials. The outcomes of extended
data from clinical trials and real-world results are also present.
Furthermore, clinicians may be drawn to real-world data. Real-
world data is of the utmost importance to clinicians. Real-world

Introduction

Natalizumab (NTZ) is a highly efficacious treatment alternative
for multiple sclerosis (MS). A 68% decrease in the annualized
number of attacks (ARR) is observed with NTZ treatment

compared to the placebo (1). NTZ is a high-efficiency
immunomodulatory therapy (IMT). It may be a viable option,
particularly for patients whose disease activity cannot be
managed with first-line therapies. In recent years, NTZ has
been characterized by its safety during pregnancy, in addition
to its high efficacy. However, despite its effectiveness, NTZ
cannot be administered for extended periods due to the risk
of developing progressive multifocal leukoencephalopathy
(PML), which is caused by the John Cunningham virus (JCV)

studies may be more intriguing than clinical trials, which are
conducted with a limited number of patients. Clinicians may
observe implementations that are similar or different from their
own. In this respect, experiences spanning many years may be
even more significant. The use of NTZ for an extended period
may be impeded by the use of immunosuppression prior to
IMT, the presence of anti-JCV antibodies, and prolonged use of
IMTs (3,4). NTZ may have fewer real-world data than other MS
IMTs, and patient data may be scarce for long-term drug use.

Address for Correspondence: Sedat Sen, Ondokuz Mayis University Faculty of Medicine, Department of Neurology, Samsun, Turkey
E-mail: sedatsen83@hotmail.com ORCID-ID: orcid.org/0000-0001-8048-6845
Received: 12.07.2024 Accepted: 13.09.2024

“Copyright 2024 by Multiple Sclerosis Research Association. Journal of Multiple Sclerosis Research, published by Galenos Publishing House.

47


https://orcid.org/0009-0004-5225-9345
https://orcid.org/0000-0001-8048-6845
https://orcid.org/0000-0002-3586-9115

Onder et al. Natalizumab in Multiple Sclerosis

This study aimed to present the efficacy and safety data of NTZ
treatment for MS patients at a single center.

Materials and Methods

Patients who were diagnosed with clinically definite MS based
on the McDonald 2017 criteria and were administered NTZ
for at least six months were included in the study. The study
included patients who were currently under treatment, as
well as those who had previously received NTZ and had their
treatment terminated for any reason. The study excluded
patients with incomplete clinical and demographic data,
those with insufficient follow-up periods, and those with
comorbidities other than MS that would alter clinical findings.
The patient data were accessed from the iMed database.
The entries to the iMed database were made in real time for
patients who were receiving NTZ treatment. Retrospective
data entry could not be made in the database. We included
results of radiological evaluations that were conducted by MS
specialists with extensive experience in the field, in addition to
demographic data pertaining to age, sex, disease duration, and
the number of attacks. Expanded disability status scale (EDSS)
scoring was performed by neurostatus certified specialists.
Magnetic resonance imaging (MRI) findings, EDSS values, and
the ARR were used to evaluate the no evidence of disease
activity-3 (NEDA-3) results.

Statistical Analysis

Demographic data, including age, sex, and disease duration, are
presented as the minimum, maximum, and mean + standard
deviation.The annual number of attacks, MRI findings, and EDSS
values are expressed as percentages (%).

Results

This study included 151 patients (108 females and 43 males).
The female/male value was 2.51. The patients’ ages ranged
from 21.63 to 67.60 years, with a mean age of 44.50+10.01. A
family history of MS was present in 17 patients (11.3%), with the
prevalent family history being the occurrence of MS in a sibling.
Although all patients were experiencing relapsing remitting MS
when NTZ treatment was initiated, 14 patients transitioned to
the secondary progressive form of MS at the end of the study.
NTZ treatment was discontinued in all these patients. During
NTZ treatment, disease progression occurred only in six patients,
while the remaining patients underwent this transformation in
the post-NTZ period. Demographic data are illustrated in Table
1. Four patients (2.6%) received NTZ as their initial treatment,
while all other patients received NTZ after at least one IMT.
In terms of previous treatments, interferon use was the most
common. Sixty-five patients (43%) received NTZ as the second
line IMT, while 54.3% were administered at least two IMTs before
NTZ treatment. Although the disease duration ranged between
2.73 and 30.66 years, the mean disease duration was 16.08+6.59
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years. Disease duration at the time of initiation of NTZ treatment
ranged between 0.27 and 26.68 years, with a mean of 9.93+6.26
years. The most common reasons for transitioning to NTZ
treatment were frequent attacks and EDSS progression (30-
42%). The number of attacks in the last year before treatment
varied between 0 and 6; however, the mean annual number of
attacks was 1.19. In the first year following treatment, the mean
number of attacks was 0.07, followed by 0.13 in the second
year and 0.09 in the third year. The baseline EDSS values of the
patients ranged between 0 and 5.5, and the mean baseline
EDSS value was 3.08+1.79. The mean EDSS value during the first
year of treatment was 2.58, followed by 2.32 in the second year
and 2.34 in the third year (Figure 1).

NTZ treatment is still being administered to 53 study patients.
Among patients who discontinued NTZ treatment, the average
duration of drug use was 2.71 years (2.34) years, with a range of
0.5 to 11.2 years. The duration of drug use in patients who were
still on treatment ranged from 0.5 to 10.99 years, with a mean of
3.53+2.45 years. The duration of drug use for all patients was 0.5-
11.2 years with a mean of 3.11+2.42 years. The most prevalent
reason for NTZ termination was an increase in EDSS (30.7%).
The other reasons included planned discontinuation (expiry of
drug use), JCV positivity, pregnancy planning, side effects, and

Table 1. Demographic data
Minimum Maximum Mean £ SD

Age 21.63 67.60 44.50+10.01
Disease duration |, ,; 26.68 9.936.26
(year)

Duration of use of - ; 5, 11.20 3.1142.42
natalizumab (year)

Annual number

of attacks before 0.00 6.00 1.19+2.12
treatment

Basal EDSS 0.00 5.50 3.08+1.79

SD: Standard deviation, EDSS: Expanded disability status scale
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Figure 1. Impact data

ARR: Annual number of attacks, EDSS: Expanded disability status
scale
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Figure 2. NEDA Outcomes

NEDA: No evidence of disease activity, EDSS: Expanded disability status scale, MRI: Magnetic resonance imaging

patient preference to discontinue NTZ. Frequent flare-ups and
increased MRI activity led to the discontinuation of treatment
in 8% of patients. Return of high disease activity or rebound
activity was observed in 14.6% of patients whose treatment
was terminated for any reason. Only three patients experienced
severe adverse effects in the form of infusion reactions. These
side effects occurred in doses 1, 3, and 7. In 5% of the patients
with negative JCV values at the time of NTZ initiation, a return
to positive serology was observed during the follow-up period.
The NEDA-3 data evaluating ARR status, MRI activity, and EDSS
progression were calculated for each year in the three-year
period. The NEDA-3 value was 82.8% (n=145) in the first year,
77.3% (n=132) in the second year, and 79.0% (n=81) in the third
year (Figure 2).

Discussion

In recent years, the utilization of highly effective IMTs has
become increasingly prevalent in the clinical setting of MS.
For nearly two decades, NTZ has been utilized in MS treatment
and remains one of the most effective treatment options.
The prominence of highly effective treatment options in MS
practice has been further bolstered by the increase in their
availability and prevalence over the past decade. Horizontal
transitions between platform treatments in stepwise treatment
applications have decreased recently. When disease activity
cannot be controlled, switching to the next step in the treatment
has become more rapid (6). Although it is possible to use highly
effective treatments at the outset, this approach is prohibited
by the health authorities in several countries. Therefore, NTZ
could be employed as first-line treatment for a very limited
number of patients in our study. Our data reveal that NTZ was
typically used as a second and mostly as a third choice. Another
reason for this situation is that our study included data from
approximately 15 years prior. This is also the reason why the
average duration of the disease during the NTZ initiation period
was nearly ten years.

The mean ARR of the patients during the period when NTZ
was initiated was as high as 1.19 in our study. The fact that
this number decreased to 0.1s within a three-year period may
suggest highly effective disease activity control. This effect on
ARR is higher than the clinical study data for NTZ and more
consistent with real-world data (1,2,4,7,8). It is observed that
the mean EDSS value, which was 3.08 at the commencement
of treatment, decreased to 2.5 or even lower over the course of
the three-year treatment period.

The most frequent reason for the restricting the use of NTZ
is JCV serological positivity. Compared to the periods when
the treatment was first employed, JCV-related treatment
management is more readily understood today. The risk of
PML can be determined based on anti-JCV positivity, past
immunosuppressive use and duration of drug use (9,10). In
our study, seroconversion developed and positive anti-JCV
test occurred in 5% of patients during the course of drug use
(mean 3.11 years). Treatment planning for these patients was
appropriately modified to include an alternative treatment
mode. The annual conversion for seronegative patients has
not been determined in any study published in the literature.
It is not possible to access this information due to regional
differences. This study has revealed that JCV seroconversion
occurs at an annual rate of less than 2%, even if the number of
patients is limited.

Return of high disease activity or rebound may be observed in
patients receiving NTZs when treatment is discontinued for any
reason. These two conditions may be confused with each other.
In our series, return of elevated disease activity or rebound was
observed in 14.6% of patients. Although the literature contains
wide ranges for this percentage in the literature (11-16), the
sum of incidence of both the conditions in our series was lower
than the general data in the literature. The primary reason
for this may be that we established appropriate plans for the
implementation of an effective alternative treatment following
NTZ.
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In recent years, the most frequently employed definition for
the efficacy data of IMTs used in MS treatment is NEDA. As the
number of parameters evaluated increases, the NEDA score
also increases. NEDA-3 is the most commonly used endpoint
for evaluating efficacy of MS treatment in clinical practice.
Patients with no relapse, no increase in EDSS score, and no
new-active-growing lesion on MRI are patients who meet the
NEDA-3 criteria. (17,18). We obtained the NEDA-3 value, in
which relapse, EDSS, and MRI findings were evaluated together
at rates up to 80% over a three-year period. This rate is higher
than that mentioned in clinical studies published in literature. It
is either high or comparable to real-world studies (19-22).

Study Limitations

Our study presents data from a single center. Therefore, it
may not adequately reflect heterogeneous and universal
information. Furthermore, our study, which was designed as
a retrospective data screening, is less comprehensive than
prospectively conducted studies. A significant limitation of this
study was that cognitive functions were not assessed.

Conclusion

NTZ therapy has been used to treat MS patients because of its
efficacy and safety. Patients received NTZ treatment for three
years on average. In 14.6% of patients, return of disease activity
or rebound was noted after the treatment was discontinued.
Anti-JCV antibody was detected in 5% of patients during the
course of the treatment. Approximately 80% of patients fulfilled
NEDA-3 criteria during NTZ treatment over a three-year period.
It is imperative to conduct comprehensive and multicenter
studies that analyze real-world data from patients who are
receiving natalizumab treatment. Future prospective studies
are required to obtain more detailed results regarding the safety
of treatment.
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