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f What is “already known” in this topic:

Cognitive impairments are common in people with multiple sclerosis (MS), affecting areas such as information
processing speed, executive function, and visuospatial memory. Falls arve a frequent concern for people with MS
(pwMS), with approximately 56% experiencing at least one fall within a three-month period. These falls are often
linked to cognitive challenges and postural instability. Performing dual tasks, which involve simultaneous mo-
tor and cognitive activities, increases the risk of falls and highlights the intricate relationship between cognitive
performance and fall risk.

—» What this article adds:

This review specifically identifies the cognitive domains most closely associated with fall risk in pwMS, including
task-switching ability, working memory, visuospatial memory, and information processing speed. It highlights the
effectiveness of assessment tools such as the symbol digit modalities test (SDMT) and trail making test (TMT)
in evaluating executive function and predicting fall visk. The article underscores the indirect role of visuospatial
memory in fall risk, particularly through its impact on backward walking speed. it provides a practical foundation

for designing tailored interventions that address both cognitive deficits and balance to reduce falls in pwMS.

Introduction

ultiple sclerosis (MS) is a progres-

sive inflammatory disease of the

central nervous system that affects

the brain, spinal cord and optic

nerves. The prevalence of this dis-

ease exceeds 2.5 million people
worldwide, with a higher incidence in women compared
to men. MS is typically diagnosed between the ages of
20 and 50 and both genetic and environmental factors
play a role in its development. Environmental factors
include geographical location, vitamin D deficiency,
smoking, obesity, and infections [1].

The types of MS are as follows: Relapsing-remitting
MS (RRMS): About 85% of individuals begin with this
type. The duration of relapses can range from days to
months, followed by complete or nearly complete recov-
ery of function. Between attacks, the disease does not
progress, and relapses usually occur one to two times a
year.

Secondary progressive MS: This type occurs in nearly
90% of persons with MS (pwMS) with RRMS about
fifteen years after diagnosis, following a change in the
disease type. Initially, relapses are observed, but subse-
quently, no further relapses occur, although the patient’s
disability progresses over time.

Primary progressive MS: About 10-15% of individuals
have this type. There are no distinct relapses, and symp-
toms progress gradually and continuously. pwMS are di-

agnosed later (in their late 30s to early 40s) and respond
less to medications [1].

Radiological isolated syndrome: MRI shows signs of
MS, but no clinical symptoms. There is about a one-third
probability of developing MS within five years for these
individuals [1].

The pathological manifestations of MS vary depending
on the location of lesions in the central nervous system,
making individuals susceptible to motor, sensory and
cognitive impairments [2]. For example, when lesions
are present in the optic nerve, the patient may experience
painful vision loss, and when lesions occur in the spinal
cord, symptoms such as hemiparesis, paresthesia and
sphincter dysfunction can be observed [3]. Furthermore,
studies have shown a connection between the cerebel-
lum and balance, gait and cognition in these individuals,
with changes in cerebellar volume associated with cog-
nitive disorders [4].

Falls are a common issue among pwMS, with approxi-
mately 56% of them falling in three months [2]. Postural
imbalance, a significant fall risk factor, is observed in
75% of pwMS [5] and impairments in proprioception
and cognitive dysfunctions are related to their balance
and fall risk [6]. Multifactorial fall risk factors include
individual factors, such as poor balance, muscle weak-
ness, fatigue, and pain; environmental factors, such as
surface conditions and distraction factors, and activity-
related factors, such as hurry to complete tasks or mul-
titasking [7]. These factors have been examined using
myelin water imaging, revealing that the volume of cor-
ticospinal tracts and superior cerebellar peduncles is as-
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sociated with fall risk [8]. Long-term negative effects of
falls in pwMS include fear of falling, reduced activities,
and decreased social participation [5].

Cognition can be described as “the mental act or pro-
cess of acquiring knowledge and understanding through
thought, experience, and the senses.” Various cognitive
domains in MS are affected to differing degrees. The
vulnerable cognitive domains in MS include informa-
tion processing speed, memory, executive function,
visuospatial processing, language function, and social
cognition. Most pwMS primarily struggle with informa-
tion processing speed, memory, and learning, while fac-
ing fewer issues with executive function and visuospatial
processing. The impact of cognitive impairments can be
observed in various aspects of pwMS’ lives, including
quality of life, disease management, safety (fall risk and
driving), financial matters, employment and social par-
ticipation [9].

Several key components of executive function may
predict fall risk, including difficulties in response inhi-
bition, attention, and switching under timed conditions,
which are problematic for pwMS. Thus, the relationship
between cognitive performance and fall risk in pwMS
can be inferred [10]. Previous studies have not examined
the connection between each cognitive skill and fall risk,
nor have they assessed cognitive assessment tools that
provide greater accuracy in expressing this relationship.
This review was conducted to explore the relationship
between cognitive skills involved in executive function
and fall risk in pwMS and to examine cognitive assess-
ment tools that more accurately express this relationship.

Materials and Methods
Search strategy

In this study, research conducted on the relationship
between cognitive function, executive function, and the
likelihood of falls in pwMS was reviewed from 2015
to 2024 across databases, including Google Scholar,
PubMed and Science Direct. The relationship between
MS, cognition and the risk of falling was investigated,
and 58 studies were selected based on their titles. Then,
the abstracts and full texts of the studies were reviewed,
and the following studies were excluded, 13 studies due
to duplication, 1 study because it focused on pwMS with
psychiatric disorder, 15 studies for not examining the re-
lationship between cognition and fall risk, considering
only one of these variables about MS, 2 studies for not
involving only pwMS, 6 studies as they were already
included in previous review studies, 6 studies that ex-
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amined only the relationship between dual-task activities
and either cognitive status or fall risk and 3 studies due to
lack of access to their full texts. Finally, 12 studies were
included in the analysis (Figure 1).

Selection criteria

The author screened all studies for inclusion in this re-
view. Relevant studies were selected based on their titles,
abstracts, and when additional information was required,
based on their full texts.

Inclusion criteria
The inclusion criteria for this study were as follows:

Studies that assessed the relationship between cogni-
tive function and fall risk in pwMS.

Studies whose outcomes were related to fall risk and
cognition in pwMS.

Studies in which the participants had a confirmed diag-
nosis of Multiple Sclerosis.

Studies with full-text access.
Exclusion criteria

The exclusion criteria for this study, based on which
irrelevant studies were excluded, included:

Studies that examined only one variable (fall risk or
cognitive/executive function) about MS. Studies that fo-
cused on pwMS with comorbid psychological disorders.
Studies that did not assess the effect of rehabilitation in-
terventions on both fall risk and executive performance.
Duplicate studies already included in previous review
studies.

Quality assessment of methodology

The quality of the reviewed studies and clinical trials
included in this research was assessed using the CASP
checklist, which covers various aspects also evaluated
by other checklists. Cross-sectional and cohort studies
were evaluated with the STROBE checklist, which com-
prehensively assesses the strengths, weaknesses, and
generalizability of these studies [11, 12]. These check-
lists evaluate the studies based on their methodology and
determine how statistically reliable their results are for
decision-making.
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Data extraction

The author extracted demographic information of the
pwMS from the included studies, such as age, gender,
and cognitive level. Additionally, the study results and
the number of pwMS in each study were extracted.

Results

Literature search and methodology quality assess-
ment

At the beginning of the search, 58 studies were identi-
fied based on their titles. After applying the inclusion and
exclusion criteria, 12 studies were selected, and the other
studies were excluded due to not meeting the inclusion
criteria. Table 1 presents the quality of the included stud-
ies and the extracted data from each study.

Executive function encompasses various cognitive
skills, such as attention, planning, working memory,
organization, cognitive flexibility, inhibition, problem-
solving, and more. The assessment tools used in the re-
viewed studies to evaluate executive function include:

Symbol digit modalities test (SDMT) assesses infor-
mation processing speed. The Stroop word-color test
(SWCT) assesses information processing speed, cogni-
tive flexibility, selective attention, and inhibitory con-
trol. Word list generation (WLG) assesses memory and
verbal fluency. Trail making test (TMT) assesses cogni-
tive-motor speed and task-switching ability. California
verbal learning test (CVLT) assesses working memory
and verbal memory. Wisconsin card sorting test (WCST)
assesses task-switching ability. A brief visual memory
test (VMT) assesses visuospatial memory. The comput-
erized cognitive battery of tests assesses verbal and non-
verbal memory, visuospatial processing, attention, infor-
mation processing speed, executive function, and motor
skills. Montreal cognitive assessment (MOCA) assesses
short-term memory, visuospatial skills, abstraction, and
orientation.

Information processing speed was assessed using the
SDMT in five studies, where three studies found that
information processing speed is related to fall risk in
pwMS, one study reported no relationship, and another
found that backward walking speed is related to fall risk
but not dependent on information processing speed [13-
17].

Task-switching ability was assessed using the WCST
in one study [15] and the TMT in two studies [16, 18],
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all of which found a relationship with fall risk. Cogni-
tive flexibility and inhibitory control were evaluated us-
ing the SWCT in one study, which found a relationship
with fall risk [16]. Working memory and verbal memory
were assessed using the CVLT in two studies, both of
which found that working memory is related to fall risk
[15, 17]. Verbal fluency, assessed using the WLG in two
studies, had no relationship with fall risk [ 14, 16]. Visuo-
spatial memory, assessed using the VMT in three stud-
ies, was reported in two studies to be related to backward
walking speed, which in turn is related to fall risk. How-
ever, one study found that visuospatial memory affects
backward walking speed but not its relationship with
fall risk [13, 14, 17]. The MOCA assessment tool in one
study also reported a relationship between visuospatial
memory and fall risk [19]. In one study, various cogni-
tive factors were assessed using the computerized cog-
nitive battery of tests, revealing that all cognitive skills
differ between pwMS with and without a history of falls.
However, no significant difference was observed in vi-
suospatial processing and memory. Balance problems in
pwMS with a history of falls were associated with verbal
fluency, attention and working memory [20].

Cognitive performance becomes more pronounced
during dual-task activities. Based on this, two studies
have indicated that during dual-task activities, it is easier
to predict the risk of falls in pwMS. The more cogni-
tively demanding the dual-task, the more accurate the
assessment of the patient’s performance to assess and
predict the risk of falling. However, it was stated in a
study that dual-task evaluation cannot predict the risk of
falling [16, 21-24]. The greater severity of the disease,
the more significant the cognitive issues in pwMS [17]
and in three studies, the results show a correlation be-

tween disease severity and the risk of falling [15, 18].
Discussion

This study was conducted to investigate the relation-
ship between executive function, the risk of falling, and
the accuracy of assessment tools that examine these cog-
nitive skills. According to the reviewed studies, the cog-
nitive skills that are impaired in pwMS and play a role
in executive function, as well as being associated with
the risk of falling, include information processing speed,
the ability to switch between tasks, cognitive flexibility,
response inhibition, working memory and visuospatial
memory. The cognitive skills most strongly related to
the risk of falling are information processing speed, at-
tention, the ability to switch between tasks, and work-
ing memory. Additionally, since visuospatial memory
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Figure 1. PRISMA flow diagram

affects the backward walking speed, it is also linked to
the risk of falling. Cognitive flexibility, response inhibi-
tion, and verbal memory have less of a relationship with
the risk of falling. Verbal fluency, one of the executive
function cognitive skills, is not associated with the risk
of falling (Figure 1). Each of these cognitive domains
is assessed with greater precision by specific assessment
tools, as follows: Information processing speed by the
SDMT, task-switching ability by the WCST and TMT,
cognitive flexibility by the SWCT, verbal memory and
verbal fluency by the WLG and CVLT and visuospatial
memory by the VMT (Figure 2).

The severity of the disease and the number of relapses
experienced by the pwMS are significant factors influ-
encing the extent of cognitive problems faced by these
individuals. The greater the severity of the disease and
the number of relapses, the more observable cognitive
issues are present. Given that cognition is related to bal-
ance and the likelihood of falling, an increase in disease

p
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severity and cognitive problems also heightens the risk
of falls. Therefore, assessing and providing appropriate
interventions for the cognitive skills and executive func-
tioning of pwMS can impact their likelihood of falling.
Since falling is one of the common issues and complaints
among pwMS and can lead to secondary problems, such
as decreased participation, one of the main goals of oc-
cupational therapy is to promote occupational justice and
facilitate the individual’s participation in meaningful and
valuable occupations to enhance their health and well-
being so it is recommended that occupational therapists
consider cognitive issues in addition to balance when
evaluating and providing interventions tailored to the
patient’s condition.

The cognitive tests examined in this study for their ac-
curacy in assessing cognitive problems to predict the risk
of falling include SDMT, SWCT, WLG, TMT, CVLT,
WCST, VMT, and MOCA. SDMT has been widely used
in studies and has demonstrated a relationship between
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Figure 2. Cognitive skills and relation to falls in MS

executive function and the likelihood of falling, indicat-
ing its high accuracy in assessing executive function and
predicting fall risk. SWCT, TMT, and CVLT have also
been utilized, with their results confirming findings from
various studies; thus, these tests possess the necessary
accuracy for evaluating executive function and predict-
ing fall risk. VMT shows the relationship between vi-
suospatial memory and backward walking speed, which
is effective in predicting the risk of falling. Therefore,
this test does not directly indicate the relationship be-
tween executive function and fall risk. The computer-
ized cognitive battery of tests has not demonstrated a
relationship between visuospatial memory and fall risk,
while MOCA has explicitly stated the relationship be-
tween visuospatial memory and the risk of falling so ac-
cording to this point to the lower accuracy of MOCA
in assessing executive function and predicting fall risk

(Figure 3).
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This review study delineates the relationship between
executive function and cognitive skills with fall risk, as
well as the accuracy of various cognitive assessments in
measuring executive function and predicting fall risk in
pwMS. However, this study had limitations, including
the unavailability of the full text of certain studies that
may have provided useful results, and the diversity in
the methodology of the reviewed studies, which may in-
troduce bias in interpreting the results. Therefore, cross-
sectional studies and clinical trials with larger sample
sizes are needed for future investigations to provide
more definitive conclusions.

Conclusion

In this review study, we concluded that a relationship
is observed between executive function and cognitive
skills with the risk of falling in pwMS. The greater the
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Figure 2. Assessment tools and cognitive skills

Balali N, et al. Cognition and Falls in MS. Func Disabil J. 2025; 8:E336.1.



http://fdj.iums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en

Figure 3. Cognitive tests and fall risk prediction
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Abbreviations: MOCA: Montreal cognitive assessment; VMT: Visual memory test; SWCT: Stroop word-color test; TMT: Trail making test;

CVLT: California verbal learning test; SDMT: Symbol digit modalities test.

cognitive problems in pwMS and the weaker their ex-
ecutive function, the higher the risk of falling in these
individuals. Therefore, it is essential to assess executive
function in these persons using tests that have greater ac-
curacy for evaluating executive function and predicting
fall risk, as well as interventions aimed at improving ex-
ecutive function.
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