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Abstract

Background: Executive dysfunction is a common but often under-recognized
consequence of stroke that can impact various aspects of functional recovery, including
mobility and balance. Impaired executive functions such as attention, planning, and
cognitive flexibility may hinder a patient's ability to maintain postural control,
increasing the risk of falls during rehabilitation. Despite its clinical relevance, the
relationship between executive dysfunction and balance impairment in stroke survivors
remains underexplored, particularly in the context of Bangladeshi rehabilitation
settings. Objectives: The objectives of the study were to assess the level of executive
dysfunction in stroke patients, to evaluate the balance function in the same population,
and to investigate the association between executive dysfunction and balance function.
Methodology: A cross-sectional study was conducted among 111 stroke patients
attending the Neurology Unit at CRP. Participants were selected through convenience
sampling based on inclusion and exclusion criteria. Executive function was assessed
using the Trail Making Test (TMT-A and B), overall cognitive function was assessed
by using the Mini-Mental State Examination (MMSE) scale, balance function was
measured using the Berg Balance Scale (BBS), and risk of fall was measured by the
Time Up and Go test (TUG test). Data were analyzed using SPSS software version 25.
Results: The findings revealed that a significant proportion of the stroke patients
exhibited mild to moderate executive dysfunction. This study found the prevalence of
executive dysfunction was 42.3% (n=47), with severe cognitive impairment 22.5%
(n=25), and mild cognitive impairment 19.8% (n=22). The BBS score indicated
moderate balance impairment, with 73.9% walking with assistance and 26.1% Walking
Independently. Statistical analysis showed a significant positive association between
executive function and balance scores (p < 0.05), suggesting that poorer executive
functioning was associated with greater balance deficits. Discussion: These findings
highlight the importance of addressing cognitive, particularly executive, deficits
alongside physical rehabilitation to improve balance and reduce fall risk in post-stroke

patients.

Keywords: Executive dysfunction, stroke, balance function.
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Chapter i: Introduction

1.1. Background

Stroke was described by the World Health Organisation in 1970 as "the rapid
development of clinical signs of focal (or global) disturbance of cerebral function,
lasting more than 24 hours or leading to death, with no apparent cause other than of
vascular origin (Coupland et al., 2017). A cerebrovascular accident (CVA), commonly
referred to as a stroke, is a medical emergency that happens when blood flow to a
portion of the brain has decreased or stopped, depriving the brain tissue of oxygen and
nutrition. Either an ischaemic stroke (a blockage in the blood arteries supplying the
brain) or a hemorrhagic stroke (a rupture of blood vessels causing bleeding into the

brain) can cause this disruption in blood flow (Tsao et al., 2022).

In the world, stroke is the leading cause of disability and the second leading cause of
death, accounting for 11.13% of all deaths. Ischemic stroke is the most frequent kind
of stroke, affecting around 87% of all cases (Mozaffarian et al., 2015). In 2010, there
were approximately 5.3 million cases of hemorrhagic stroke (HS) and 11.6 million
cases of ischemic stroke (1S) worldwide. The majority of the IS (63%) and HS (80%)
occurred in low and middle-income nations (Ornello et al., 2018). In 2016, there were
13.7 million new cases of stroke. Approximately 5.5 million individuals died from
stroke globally in that same year, with 2.7 million deaths from IS and 2.8 million deaths
from HS (Johnson et al., 2019).

In 2016, 80.1 million people worldwide experienced a stroke. There were 39.0 million
men and 41.1 million women among them (Johnson et al., 2019). Approximately 7
million strokes occur in the US each year, with 3% of those 20 and older having
experienced a stroke. Approximately 795,000 people in the US have a new or recurrent
stroke each year, with nearly 610,000 of them having their first stroke event (Virani et
al., 2020). In 2016, there were approximately 1,322 cases of stroke per 100,000 people
worldwide, including 156 new cases per 100,000 people. In the United States, there



were around 2,320 cases of stroke per 100,000 individuals, with about 184 new cases
per 100,000 people (Johnson et al., 2019).

Several factors can raise your risk of stroke. There are two categories of these things:
those that you can change and those that you cannot. Age, a history of stroke or other
brain disorders, smoking, excessive alcohol consumption, inactivity, high blood
pressure, high cholesterol, diabetes, heart problems, obesity, poor diet, and genetics are
some of the major risk factors for stroke (Hopewell and Clarke, 2016). With almost
80% of patients reporting minor cognitive impairments after a stroke, cognitive
impairment is a very common long-term stroke outcome. After a stroke, one of the main
factors influencing the loss in performance of daily tasks is cognitive decline, in

addition to motor impairments (Buvarp et al., 2021).

Executive function refers to cognitive skills that allow us to focus attention on related
but different components of a task or problem, inhibit highly automatic responses to
stimuli, and retain knowledge in working memory (Blair, 2017). According to Hayes,
Donnellan, and Stokes., (2016), executive function is the collection of cognitive
processes that control, direct, and guide cognitive, emotional, and behavioral functions
when performing new tasks like setting priorities, organizing ideas and activities,
making decisions, and effectively managing time. The cerebellum, basal ganglia, and
prefrontal cortex are brain structures that are connected by white matter fibers in the
brain and are responsible for controlling these activities (Povroznik et al., 2018;
Friedman & Robbins, 2022).

A stroke can damage specific brain regions, which might impair a person's ability to
think clearly and make judgments (Povroznik et al., 2018). According to reports,
executive dysfunction restricts reintegration into society and results in a diminished
capacity to carry out activities of daily living (ADL) (Ghaffari, Rostami, and
Akbarfahimi, 2021). Executive dysfunction occurs in as much as 75% of stroke patients
and poses a critical problem for the quality of life of these individuals (Povroznik et al.,
2018).



Multiple areas, including attention, executive processes, memory, language, and visuo-
perceptual abilities, are affected by post-stroke cognitive impairment, which is not a
single diagnosis (Jokinen et al., 2015). Among stroke survivors, aphasia, executive
dysfunction (initiation inhibition, mental flexibility), memory, orientation, language,
and attention are the most prevalent cognitive impairments. High rates of morbidity and
death, longer hospital stays, more admissions to rehabilitation facilities, dependence on
ADLs, and worse functional outcomes are some of the effects of cognitive impairments
(Mohd Zulkifly et al., 2016).

Hayes, Donnellan, and Stokes (2016) found that ED was independently related to
decreased balance, mobility, and exercise endurance in chronic stroke patients.
According to a longitudinal study, individuals with impaired EF three months and a
year after a stroke experienced significantly poorer balance and reduced levels of
physical activity compared to those without such impairment. Previous studies have
discovered an association between stroke patients' difficulties with thinking, moving,

balance, and walking (Hayes, Donnellan, and Stokes, 2016).



1.2. Justification:

Stroke is a common neurological condition, increasingly prevalent in developing
countries. Its rising incidence highlights the need for comprehensive care beyond
medical management. Physiotherapy plays a vital role in stroke rehabilitation, forming
an essential component of the multidisciplinary team. It helps prevent complications
and enhances independence in individuals with disabilities. Greater awareness of
physiotherapy's importance can support its integration into hospitals, clinics, and
institutions to meet patient needs. Executive dysfunction impairments in planning,
organizing, and adapting behaviors are common in stroke patients and significantly
affect their recovery, particularly balance function. Addressing executive function is
crucial for effective rehabilitation and improving overall functional outcomes. This
study aims to explore the relationship between executive dysfunction and balance
function in stroke patients receiving physiotherapy at CRP. To the best of the
researcher’s knowledge, this is the first study of its kind at CRP, and its findings will
offer valuable insights for healthcare professionals involved in stroke management and

rehabilitation.



1.3. Research question:
What is the relationship between executive dysfunction and balance function in stroke
patient attendants at CRP?



1.4. Objectives:

General Objective:

Evaluate the executive dysfunction and its association with balance function in stroke

patients.

Specific Objective:

Find out the socio-demographic information of the persons with stroke.
Assess the executive dysfunction in stroke patients.
Evaluate the balance function in the same population

Investigate the association between executive dysfunction and balance function.



1.5. Conceptual Framework:

Independent variables

Sociodemographic information

Stroke related information

Dependent variable

Balance Function
(measured by the Berg
Balance Scale)

Executive Dysfunction
(Cognitive flexibility,
Inhibitory control, Working
memory, Problem-solving
abilities)




1.6. Operational definition:

Ischemic stroke (1S):

When blood supply to the brain is interrupted, brain cells die, leading to a potentially
fatal condition known as an ischemic stroke.

Hemorrhagic stroke (HS):

A hemorrhagic stroke is a life-threatening emergency that occurs when a blood vessel
in the brain ruptures and bleeds.

Impairment:

An impairment occurs when a person's physical or mental abilities are lost or deviated
from normal.

Disability:

A disability can be defined as any physical or mental condition that limits an
individual's capacity to engage in specific activities (activity limitation) and interact
with their environment (participation restrictions).

Executive function (EF):

Executive function is a combination of mental processes that help people regulate their
thoughts and behaviors to achieve their goals.

Executive dysfunction (ED):

Executive dysfunction is an interruption in the brain's ability to manage thoughts,
emotions, and behaviors.

Activity of daily living (ADLS):

ADLs are basic, everyday tasks that people need to perform to maintain their

independence and well-being, such as eating, bathing, dressing, and mobility.



Chapter ii: Literature Review

Definition of stroke:

A stroke, sometimes referred to as a cerebrovascular accident (CVA), is a medical
emergency that happens when the blood supply to a portion of the brain is diminished
or stopped, depriving the brain tissue of nutrition and oxygen. This disruption in blood
flow may be caused by a hemorrhagic stroke, which occurs when blood leaks into the
brain, or an ischemic stroke, which results from a blockage in the blood vessels
supplying the brain (Tsao et al., 2022). Stroke was described by the World Health
Organization in 1970 as "with no apparent cause other than of vascular origin,
characterized by rapidly developed clinical signs of focal (or global) disturbance of
cerebral function, lasting more than 24 hours or leading to death™ (Coupland et al.,
2017). According to Murphy and Werring (2020), stroke is a clinically defined
syndrome of acute, localised neurological impairment caused by vascular injury

(haemorrhage, infarction) of the central nervous system.

Types of stroke:

The World Health Organization (WHO) states that stroke is defined by the International
Classification of Disease (ICD)-11 as cerebral ischaemic stroke, intracerebral
haemorrhage, subarachnoid haemorrhage, and stroke that is not recognized as
ischaemic or hemorrhagic and involves the presence of acute neurological dysfunction
(Feigin et al., 2018). There are two types of strokes: ischaemic and hemorrhagic. A
blockage or lack of blood flow in an artery supplying the brain is the cause of an
ischaemic stroke, also known as a cerebral infarction, which accounts for 80% of all
strokes. They may result from a thrombus, which blocks the blood vessel, or from
plaque buildup, which is often triggered by artery cholesterol and causes the pathway
to narrow, decreasing blood flow (Fahima, 2015). A hemorrhagic stroke occurs when a
blood artery bursts, causing bleeding into the brain. Subarachnoid haemorrhage (SAH)
and intracerebral haemorrhage (ICH) are two additional subtypes of hemorrhagic
stroke. SAH is bleeding into the subarachnoid space, while ICH is bleeding into the

brain parenchyma. High mortality and significant morbidity are linked to hemorrhagic



stroke. Poorer results are linked to hemorrhagic stroke progression (Unnithan and
Mehta, 2020).

Predisposing factors or risk factors:

There are many risk factors for stroke, including both non-modifiable risk factors (like
age and race) and modifiable risk factors (such as diet and associated diseases).
Furthermore, risk factors can also be categorised as intermediate-term risk factors (like
hypertension and hyperlipidaemia), long-term risk factors for stroke (like sex and race),
and short-term hazards or triggers (such as viral events, sepsis, and stress).
Additionally, young patients' risk factors for stroke are probably different from those
of older patients (Boehme, Esenwa, and Elkind, 2017). Diet, lack of exercise, smoking,
substance abuse, and medical conditions such as cerebral aneurysms, arteriovenous
malformations, high blood pressure, diabetes, atherosclerosis, cardiovascular disease,
obesity, and transient ischaemic attacks (T1As) are also preventable risk factors. Factors

that cannot be changed include gender, age, race, and family history (Loh et al., 2022).
Prevalence:

In many nations, stroke is a leading cause of death and disability. In 2013, there were
approximately 25.7 million stroke survivors worldwide, 6.5 million stroke-related
deaths, 113 million stroke-related disability-adjusted life-years (DALYSs), and 10.3
million new stroke cases (Venketasubramanian et al., 2017; Feigin et al., 2015). In
recent years, there have been noticeable changes in the prevalence of stroke in the US.
About 7.09 million people had a stroke as of 2019, and ischaemic strokes accounted for
82.7% of these instances (Renedo et al., 2024). With around 11 million strokes and over
6.5 million fatalities each year, stroke is the second largest cause of mortality globally.
The majority of these strokes (86%) take place in low- and middle-income nations
(Watkins, 2023). Siobhan et al. observed that over a 15-year follow-up, 262 (21%) of
the 2625 people survived to be 15 years old, with 33.8% having mild impairment,
14.3% having substantial disability, and 15.0% having severe disability (Alim et al.,
2024; Crichton et al., 2016).

Stroke is a major cause of severe long-term impairment and the second greatest cause

of death globally. Stroke is the fourth greatest cause of death for women and the fifth

leading cause of death overall in the United States, where there are around 800,000
10



strokes annually (George, 2017). While Canada sees about 62,000 new cases annually,
the United Kingdom reports more than 100,000 new cases (Renedo et al., 2024).
According to Rendo et al. (2024), ischaemic strokes accounted for 82.7% of the 7.09
million prevalent strokes that occurred in the United States in 2019. According to data
from the European Registers of Stroke (EUROS) project, stroke has a major impact on
Europe, with incidence rates differing significantly between countries and regions
(Wafa et al., 2020). Every year in the UK, stroke Kills thousands of people; according
to the Stroke Association, there are over 100,000 new cases, or almost one every five
minutes (Thayabaranathan et al., 2022). According to the Heart and Stroke Foundation
of Canada, stroke is a significant health issue in Canada, where there are about 62,000

new cases reported each year (Li et al., 2020).

Globally, there are an estimated 17 million people who have had their first stroke, and
there are 62 million stroke survivors. After heart disease, stroke is the second most
common cause of mortality worldwide for adults over 60. Every year, stroke claims the
lives of around six million people worldwide (Mosisa et al., 2023). In Asia, where over
60% of the world's population lives and many of its nations are "developing”
economies, stroke is a particularly severe issue. Except for Japan, Asia has a higher
stroke death rate than Western Europe, the Americas, or Australasia
(Venketasubramanian et al., 2017). A major health concern in Asia is stroke, which has
variable prevalence rates depending on socioeconomic and demographic factors. Stroke
incidence rates in China are concerning, especially in areas with lower
sociodemographic indices (SDI), according to the China Kadoorie Biobank (Mi et al.,
2023). The Indian Council of Medical Research-India Stroke Registry has provided
important insights into stroke risk factors, and the country is dealing with an increasing
burden of non-communicable disorders (Pandian et al., 2023). According to the
mortality rate and burden, Indonesia and Mongolia have the highest rates (4309.8
strokes per 100,000 people and 193.3 strokes per 100,000 people, respectively), while
Singapore has the highest rate (804.2 strokes per 100,000 people) and Japan has the
lowest rate (706.6 strokes per 100,000 people) (Turana et al., 2021).

In India, an estimated 1.5 million people have a stroke annually, and 500,000 more
suffer from a stroke-related disability. The stroke incidence of 135 to 145 per 100,000

11



individuals per year and the early case death rate of 27% to 41% are the only
assumptions made here. Stroke is anticipated to have significant long-term impacts on
Indian families, especially those who reside in rural areas (Lindley et al. 2017).
Pakistan's crude age and sex-adjusted stroke incidence from 2000 to 2016 was 95 per
100,000 people annually, with the highest incidence occurring in men and women aged
75 to 85 (584,000 of 650,000) (Khan et al. 2019).

Stroke is a serious medical condition that ranks third in terms of mortality and is the
main cause of disability in Bangladesh. Bangladesh has the 84th highest stroke death
rate globally, according to the World Health Organization (Alim et al., 2024). With a
stroke prevalence of 11.39 per 1000 adult population, Bangladesh was significantly
lower than high-income countries (26—80 per thousand) but higher than other low- and
middle-income countries (5.36-10.40 per thousand) (Mondal et al., 2022). According
to Suwanwela and Poungvarin (2016), the disability-adjusted life year (DALY) loss
from stroke in Bangladesh is 888.1 per 100,000, with an age and sex-standardized death
rate of 54.8 per 100,000. Stroke's high prevalence has long-term financial effects on
people, families, and the country. Despite the large number of stroke survivors, no
studies have examined how stroke affects quality of life (QoL) in Bangladesh (Islam et
al., 2023).

According to the survey, 288 of the 25,287 participants had at least one stroke diagnosis
in their lifetime, translating to a prevalence of 11.4 per 1000 people. Mymensingh
division had the greatest stroke prevalence (14.71 per thousand), followed by Khulna
(14.01), Barishal (13.41), Dhaka (12.27), Sylhet (11.88), Chattagram (11.04), Rangpur
(8.96), and Rajshahi division (7.62 per thousand) (Mondal et al., 2022). People over 60
had the highest prevalence of stroke (30.10 per thousand), whereas those between 18
and 40 had the lowest frequency (4.60 per thousand). Between the ages of 41 and 50,
the prevalence was 14.7 per thousand, and between the ages of 51 and 60, it was 25.2
per thousand. Stroke prevalence was 8.68 per thousand in women and 13.8 per thousand
in men, which is about twice as high as in women. In urban regions, the prevalence of
stroke was 11.07 per thousand, whereas in rural areas, it was 11.85 per thousand
(Mondal et al., 2022). According to BIRDEM's stroke registry, 72% of cases were
ischemic strokes, 68% of patients were male, and the average age of the patients was

12



60.6 years (Bhowmik et al., 2016). The most prevalent risk factor among stroke patients
was hypertension (79.2%), which was followed by a dietary practice of not eating the
recommended daily amounts of fruits and vegetables (67.3%). Diabetes (28.8%) was
the most prevalent condition among stroke patients, followed by dyslipidaemia and
smoking, including tobacco use (38.9% and 37.2%, respectively). Of stroke patients,
20.1% had a history of ischaemic heart disease (IHD), 13.9% had atrial fibrillation, and
just 1% had valvular heart disease (Mondal et al., 2022).

Although the occurrence of stroke varies by region and population, it is nevertheless a
significant global health issue. The World Health Organization (WHO) predicts that
there are an amazing 15 million stroke cases worldwide each year, affecting millions of
individuals (Feigin et al., 2022). Although their prevalence varies by region, higher
rates have been seen in some areas, including Africa and Southeast Asia (Feigin et al.,
2021). Given that the incidence of stroke increases with age and disproportionately
impacts the elderly, age is a crucial determinant. Since men are more likely than women
to have a stroke in many regions, gender differences are also important. However,
because women tend to live longer, the occurrence of stroke is frequently higher in this
demographic (Appelros and Asberg, 2020). Moreover, there is a complicated
relationship between the prevalence of stroke and modifiable risk factors such as
diabetes, high blood pressure, obesity, smoking, and sedentary lifestyles. This
emphasizes the importance of targeted treatments meant to address these causes and
lessen the burden of stroke worldwide (Soto-Camara et al., 2020).

Symptoms of stroke:

The type and affected location of the brain might impact the symptoms of a stroke.
Sudden numbness or weakness, disorientation, trouble speaking or understanding
speech, vision issues, and difficulties walking, balancing, or coordinating are typical
symptoms. A sudden, intense headache that has no apparent explanation could also be
a sign of a stroke. To minimise brain injury and lower the chance of long-term
consequences, prompt medical intervention is essential. Early intervention can lessen
brain damage and lower the chance of long-term issues (Khan et al., 2020).
Hemorrhagic strokes can present with a variety of clinical signs and symptoms, but the
most common ones include abrupt headache, nausea, and sharp increases in blood

pressure. These symptoms are accompanied by localised neurological indications

13



within a few minutes of the stroke onset. Over several hours, the signs and symptoms
of these people may start to appear gradually and range in intensity. The symptoms of
an ischaemic stroke can include paresis, ataxia, paralysis, vomiting, and eye gazing, but
where they manifest depends on the area of the brain that is supplied by damaged blood
vessels (Ojaghihaghi et al. 2017). Patients indicated that the most common clinical
symptom in 75.0% of instances was headache, which was followed by hemiparesis in
0.5% of cases and aphasia in 60.3% of cases. Most people who have an ischaemic stroke
reported having aphasia (60.0%), facial palsy (58.3%), and headache (71.7%).
Likewise, it was shown that the most common clinical signs in patients with
hemorrhagic strokes were aphasia (60.7%), vomiting (57.1%), and headache (78.6%)
(Fekadu, Chelkeba, and Kebede, 2019).

Stroke Rehabilitation:

With a focus on physical, cognitive, and emotional components, stroke rehabilitation
provides a comprehensive approach to helping people recover after a stroke. Evidence-
based therapies help stroke patients become more independent in their everyday tasks
by improving their functional abilities, which include motor skills, balance, and
activities of daily living (Ali et al., 2020). Restoring the capacity to walk and improving
general mobility are made possible by focused rehabilitation techniques such as
physical therapy and gait training (Selves, Stoquart, and Lejeune, 2020). Furthermore,
by optimizing functional recovery and promoting community reintegration,
rehabilitation initiatives greatly lower impairment and dependency, thereby enhancing
quality of life (Teasell et al., 2020). Crucially, stroke rehabilitation promotes
comprehensive recovery and well-being by treating cognitive deficits, emotional
difficulties like depression and anxiety, and consequences, including pressure ulcers
and muscle contractures (Aggarwal, Dua, and Sachdev, 2024).

Stroke-related cognitive impairment:

Over time, cognitive deficits might worsen, affecting mood and general health
(Demeyere et al., 2021). According to Kusec et al. (2023), for example, cognitive
impairments are present in 65.3% of long-term survivors, who also have notable rates
of tiredness and sadness. Prior studies clearly demonstrated a correlation between older
adults' cognitive and motor function. While poor memory is a common sign of

neurodegeneration, particularly Alzheimer's disease, vascular pathology seems to be
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linked to executive dysfunction and motor impairments (Einstad et al., 2021; Beauchet
et al., 2018). Global cognition, executive function, and memory have all been linked to
gait performance after stroke (Sagnier et al., 2017; Ursin et al., 2015; Ben Assayag et
al., 2015).

Executive function:

The phrase "executive functions™ describes a group of mental skills that support and
motivate flexible, goal-oriented behaviour. These include the capacity to think and
think flexibly, to mentally update and manipulate information, to minimise information
that is not relevant to present objectives, to self-monitor, and to plan and modify
behaviour according to the situation at the moment (Rabinovici, Stephens, and Possin,
2015). According to Skidmore, Eskes, and Brodtmann (2023), executive function is a
higher brain function that includes risk-taking, planning, decision-making, working
memory, inhibitory control, and cognitive flexibility (speed, error-processing, and
attention). These are regulated by the prefrontal cortex, cerebellum, and basal ganglia,
which are linked by cerebral white matter fibers (Friedman & Robbins, 2022; Povroznik
et al., 2018). Executive impairment is caused by direct or indirect injury to these areas
in stroke patients (Povroznik et al., 2018). They discovered that compared to stroke
patients, those with frontal lobe lesions showed worse executive function. Between
25% and 75% of stroke patients experience executive dysfunction as a result of these
brain regions being impacted (Skidmore, Eskes, and Brodtmann, 2023; Hayes,
Donnellan, and Stokes, 2016).

Executive dysfunction and balance function:

According to reports, executive dysfunction restricts reintegration into society and
results in a diminished capacity to carry out activities of daily living (ADL) (Ghaffari,
Rostami, and Akbarfahimi, 2021). Prior research has demonstrated a correlation
between executive dysfunction and walking and balancing abilities in stroke patients
(Hayes, Donnellan, and Stokes, 2016). Balance function in stroke patients has been
linked to executive impairment (Hayes, Donnellan, and Stokes, 2016). Sakai, Hosol,
and Harada (2023) investigated executive dysfunction and assessed balance function in
community-dwelling older persons following a moderate stroke. They found that the
balancing function was linked to executive impairment. Using cluster analysis, Sakai,

Hosoi, and Harada (2023) divided executive dysfunction into three groups: mild,
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moderate, and severe. They then looked into whether balance function, as determined
by the timed up and go test (TUGT), varied depending on the severity of executive
dysfunction in stroke patients. The degree of executive dysfunction was found to have
an impact on balancing function. In chronic stroke patients, ED was found to be
independently associated with reduced mobility, balance, and exercise endurance
(Hayes, Donnellan, and Stokes, 2016).

Trail Making Test (TMT):

The Mini-Mental State Examination (MMSE) and TMT sections A and B were used to
evaluate executive and cognitive skills. While TMT part B has frequently been used to
evaluate executive function, TMT part A represents motor speed and attentional
function. Participants in TMT component A had to link the circled numbers (1-25) in
the correct order as fast as they could. TMT component B required participants to
connect letters and numbers in a sequential order as quickly as they could (Sakia et al.,
2024).

Mini-Mental State Examination (MMSE):

The MMSE is a popular cognitive screening exam, and results between 24 and 30 are
regarded as normal. Tasks cover orientation, memory, recall, attention, item naming,
writing a phrase, duplicating a figure, following written and spoken instructions, and
more (Trzepacz et al., 2015).

Berg Balance Scale (BBS):

Berg, Wood-Dauphinee, and Williams (1995) found that the BBS is capable of
measuring the ability to sustain a balance function. Each of the 14 items on the test has
a score between 0 and 4, for a total of 56 points. The BBS includes fundamental motions
like turning, standing up, and one-leg standing. A better balancing function is indicated
by higher scores (Sakai et al., 2024).

Time Up and Go Test (TUGT):
The TUGT is a tool used to evaluate walking and dynamic balance. The subject was sat

on a chair that measured 40 cm. The individual was directed to stand up from the chair,
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walk to a cone 3 meters away, circle it towards their nonparalytic side, return to the
chair, and sit down. The assessor used a stopwatch to measure the time after telling the
participant to get out of the chair at the "ready to go™ cue. Participants were permitted

to utilize orthotics and walking aids that they typically use regularly (Sakai et al., 2024).
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Chapter iii: Methodology

3.1. Study design: A cross-sectional study design was selected to conduct this study.
A cross-sectional study is one kind of observational study design, which examines data
from a population at a single point in time. In a cross-sectional study, the researcher
simultaneously examines the study population's exposures and results. Typically, they
are inexpensive and simple to perform. They help establish initial evidence for
organizing a future advanced study. A cross-sectional study can investigate the
relationships between various exposures and outcomes and is the most effective method
of determining prevalence (Wang & Cheng, 2020). This makes a cross-sectional design
appropriate for the study due to its ability to effectively identify the association between
executive dysfunction and balance function in stroke patients. For this reason, the
researcher chose a cross-sectional study design to conduct this study.

3.2. Study site: The researcher collected data from the Neurology unit of the Centre
for the Rehabilitation of Paralyzed (CRP), Savar-Dhaka, for conducting the study.

3.3. Study duration: The study was conducted from 1% June 2024 to 31 May 2025,
and the duration of data collection from 1% January 2025 to 31 March 2025
approximately 3 months, from initial recruitment through to the final dissemination of

results.

3.4. Study population: In this study, the study populations are stroke patients who
received treatment at CRP.
3.5. Inclusion criteria-

e Age more than 18 years and less than 95 years (Sakia et al., 2024).

e Presence of hemiplegia (Sakia et al., 2024).

e No orthopedic disease (Sakia et al., 2024).

e Both sexes are incorporated.

e Both ischaemic and hemorrhagic strokes will be included.

e Patients with stroke who are treated by a physiotherapist in the CRP Neurology

unit and who willingly participate in this study.
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3.6. Exclusion criteria-

Did not have a formal diagnosis of stroke (Hayes et al., 2016).
Patient diagnosed with severe dementia and Alzheimer’s disease (Sakia et al.,
2024).

Patient diagnosed with higher brain dysfunction (e.g., unilateral spatial neglect,
aphasia, and apraxia) (Sakia et al., 2024).

Patients who are unable to perform TMT or TUGT (Sakia et al., 2024).

A patient who has other types of neurological disorders.

A patient who has a visual impairment that would have hindered participation
in the assessment (Hayes et al., 2016).

Patient who has a diagnosis of pre-stroke vascular dementia or cognitive

impairment (Hayes et al., 2016).

3.7. Sample size:

The sampling procedure for a cross-sectional study is done by following the equation-

here,

_ 1.96% x0.3x0.7
0.052

= 322.694 =323

n=sample size

z=Confidence level. A 95% confidence level gives us Z values of 1.96.

d = the desired level of precision (i.e., the margin of error).5% = 0.05

p =expected prevalence, which is 0.3 (Rahman et al., 2024)
q=1p=(1-0.3)=0.7

The intended sample size was n=323, but only 111 participants were recruited due to a

limited data collection period.
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3.8. Sampling technique: A convenience sampling technique was used by the
researcher to draw out the sample from the population. Convenience sampling is a form
of nonprobability sampling usually used for population and clinical research.
Convenience sampling is popular because it is inexpensive, not as time-consuming as

other sampling strategies, and easy to conduct (Stratton, 2021).

3.9. Method of data collection:

Written consent was taken from the patients before collecting data. A Questionnaire
was used to accumulate data through face-to-face conversations. To assess executive
dysfunction Trail Making Test (TMT) was used. The Mini-Mental State Examination
(MMSE) was used to evaluate cognitive impairment. Berg Balance scale (BBS) and
Time up and go test (TUGT) were used to assess balance function and risk of fall. A
combination of structured and semi-structured formats was used to obtain participant
data.

3.10. Data collection tools: The researcher used a consent form and a standard
questionnaire form as data collection tools.

3.10.1. Questionnaire: Following certain parameters, the researcher created the
questionnaire with the supervisor's approval and advice. It was designed to gather
information related to executive dysfunction, cognitive impairment, balance function,

and personal information of stroke patients. The key areas it covered include-
I. Socio-demographic information of stroke patients:

Usually, it relates to the participants' basic social and personal traits, such as their age,
gender, marital status, degree of education, job status, occupation, and place of

residence.

Il. Stroke-related information:

The researcher collected information about the stroke type, date of onset, affected side,
time since stroke, previous medical history, medication use, etc., in this area.

This data made it easier for the researcher to comprehend each participant's stroke

severity and clinical features.
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I11. Executive dysfunction status:
The Trail Making Test (TMT) was used by the researcher for the assessment of

executive dysfunction.

IV. Cognitive impairment status:
Mini-Mental State Examination (MMSE) was used for the assessment of cognitive

impairment level after stroke.

V. Berg Balance Scale (BBS):
The Berg Balance Scale (BBS) with fourteen (14) closed-ended questions was used to

assess balance function in individuals through various tasks.

VI. Time Up and Go Test (TUGT):
The Time Up and Go test was used to assess the mobility of the participants and to

understand how the participants executed the task.

3.11. Outcome measurement tools:
3.11.1.Trail Making test (TMT):

It is a simple tool used to assess executive dysfunction. Both parts of the Trail Making
Test consist of 25 circles distributed over a sheet of paper. In Part A, the circles are
numbered 1 — 25, and the patient should draw lines to connect the numbers in ascending
order. In Part B, the circles include both numbers (1 — 13) and letters (A —L); as in Part
A, the patient draws lines to connect the circles in an ascending pattern, but with the
added task of alternating between the numbers and letters (i.e., 1-A-2-B-3-C, etc.).

3.11.2.Mini-Mental State Examination (MMSE):

The Mini-Mental State Examination (MMSE) is a tool that can be used to
systematically and thoroughly assess mental status. It is an 11-question measure that
tests five areas of cognitive function: orientation, registration, attention and calculation,
recall, and language. The maximum score is 30. A score of 23 or lower is indicative of

cognitive impairment.
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3.11.3.Berg Balance scale (BBS):

The Berg Balance Scale (or BBS) is a widely used clinical test of a person's static
balance. The BBS is a 14-item scale that quantitatively assesses balance. The items are
scored from 0 to 4, with a score of 0 representing an inability to complete the task and
a score of 4 representing independent item achievement. A global score is calculated

out of 56 possible points.

3.11.4.Time up and go test (TUGT):
Time up and go test (TUGT) was used to assess mobility and understand how patients

execute the task.

3.12. Data analysis:

A scientific calculator, Microsoft Excel, and SPSS software for Windows (version 25)
will be used for statistical analysis. Following the completion of the first data collection,
each response was double-checked to identify any errors or ambiguities. The acquired
data was analyzed by inserting it into SPSS version 25. A statistical analysis that is both
descriptive and inferential will be carried out. The mean and standard deviation were
used in the descriptive section of parametric data to show the central tendency and the
measure of dispersion. With the use of several visualization techniques, including a pie
chart and a bar chart, the categorical data was displayed as frequency and percentage
of proportion. To determine the association between executive dysfunction, balancing
function, stroke-related data, and sociodemographic characteristics using the Pearson
chi-square test. The Chi-Square (x2) test is the most often used method for assessing
discrete data hypotheses. It is a nonparametric statistical significance test for tabular
analysis that is bivariate and includes a contingency table. The Chi-Square test assists in
the analysis of data that is presented as counts. Nominal or categorical data that cannot
be examined using the ranking technique might be subjected to this test.

3.13. Ethical consideration:
e The researcher will follow the Institutional Review Board (IRB) guidelines.

e The researcher will follow the WHO guidelines and the Bangladesh Medical
Research Council (BMRC) guidelines.

e Strictly maintain confidentiality.

e |Informed consent will be taken.
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e All participants will be informed about the aim and objectives of the study
before participation.

e Participants' rights and privileges will be ensured.

e No harmful act will be taken, and the participant can withdraw themselves at

any time.

3.14. Informed consent: Participants were selected for this study according to
selection criteria and informed properly by using a consent form. The patient and
researcher signed willingly and voluntarily into the project. Participants were informed
that they were completely free to decline to answer any question during the study and
free to withdraw their agreement and participation at any time from the study. They
were also told that confidentiality would be maintained, and the benefits of the study to

future subjects and therapists were explained.
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Chapter iv: Result

Below is a summarized and visual representation of the patient's data, focusing on
stroke-related sociodemographic characteristics as well as assessments of executive
dysfunction, balance function, and mobility. These descriptive statistics offer essential
insights into the study population and establish a foundation for exploring the

relationship between executive dysfunction and balance function.
4.1. Sociodemographic information

4.1.1. Age of the participants:

Among the 111 participants in this study, the mean age was 54.09 years with a standard
deviation of 11.73. This indicates that the average age of the participants centered
around 54 years, with most individuals' ages typically varying by approximately 11.73

years from the mean.

ey Mean = 54.09
Std. Dev. = 11,732
N=111

Frequency

20

Age

Figure 1: Age of the participants
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4.1.2. Gender of the participants:
Out of the total 111 participants, 75 are male, accounting for 67.6% of the sample, while

36 are female, making up 32.4%.

Gender

32.4%
. 67.6%

= Male = Female

Figure 2: Gender of the participants



4.1.3. Marital status:

Among the participants, 94.6% (n=105) were married, making them the overwhelming
majority in the study. A small proportion of the sample, 4.5% (n=5), were widowed,

while only 0.9% (n=1) were unmarried.

Marital status
0.9% 4.5%

m Married mUnmarried Widow

Figure 3: Marital status of the participants
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4.1.4. Educational level:

Among the participants, the highest proportion had attained a secondary level of
education, accounting for 29.7% (n=33) of the sample. This was followed by 18.9%
(n=21) who were graduates and 16.2% (n=18) with a primary education. Additionally,
14.4% (n=16) had completed higher secondary education, while 12.6% (n=14) reported
having no formal education. A smaller portion, 8.1% (n=9), had achieved postgraduate

qualifications.

Educational Level

Postgraduate -8-1%
Graduate —18-9%
Higher secondary —14-4% 20,10
secondery I
Primary —16-2%
No formal education —12-6%

0 5 10 15 20 25 30
Percent

Figure 4: Educational level of the participants
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4.1.5. Occupation:

Among the participants, 33.3% (n=37) reported being engaged in other forms of
employment, while 31.5% (n=35) identified as housewives, making these the two
largest occupational groups. Businessmen made up 16.2% (n=18) of the sample,
followed by service holders at 9.9% (n=11). Farmers accounted for 5.4% (n=6), and
shopkeepers represented 2.7% (n=3). Only 0.9% (n=1) of the participants were

unemployed.

Occupation

Others T 33.3%
Unemployed J0.9%

Service holder i 9.9%
Buisness [ 16.2%
Shopkeeper 9 2.7%
Farmer T 5.4%
Housewife [y 31.5%

0 5 10 15 20 25 30 35
Percent

Figure 5: Occupational status of the participants

4.1.6: Monthly cost:

Among 111 participants, their median value of the monthly income was 30000.
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4.1.7. Financial status:

Among the participants, the largest portion—40.5% (n=45)—identified as belonging to
the middle class. This was followed by 25.2% (n=28) who reported being part of the
upper middle class and 18.9% (n=21) from the upper class. A smaller group, 15.3%
(n=17), identified as lower middle class.

Financial status

45 40.5%

25.2%
§

18.9%
15
10
5
0

Lower middle Middle class Upper middle Upper class
class class

Figure 6: Financial status of the participants
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4.1.8. Living area:

Among the participants, the majority—44.1% (n=49)—resided in semi-urban areas.
Rural and urban residents were equally represented, each accounting for 27.9% (n=31)

of the sample.

Living area
44.1%

35 27.9%

27.9%

Rural Semi urban Urban

Figure 7: Living area of the participants

30



4.1.9: Family history of stroke:

Among the participants, 32.4% (n=36) reported having a family history of stroke, while
67.6% (n=75) did not. This suggests that nearly one-third of the individuals may have
a genetic or familial predisposition to stroke.

Family history of stroke

Yes = No

Figure 8: Family history of stroke



4.1.10. Habit of smoking:

Among the 111 participants, 24.3% (n=27) reported that they smoke, while the
majority, 75.7% (n=84), indicated that they do not. This suggests that approximately
one in four participants are smokers.

Habit of smoking

mYes = No

Figure 9: Smoking habits of the participants

4.1.11: Weight of the participants:

The median weight of the participants is 65.00 kg, which means that half of the
individuals in the study weigh less than or equal to 65 kg, while the other half weigh
more.
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4.1.12: Comorbidities:

Among the participants, 41.4% (n=46) reported having hypertension alone, making it
the most common comorbidity. A significant portion, 27.0% (n=30), had both
hypertension and diabetes. Additionally, 9.0% (n=10) had a combination of
hypertension, diabetes, and heart disease. Smaller groups reported more complex
combinations: 5.4% (n=6) had hypertension along with other conditions; 4.5% (n=5)
had hypertension, diabetes, and other unspecified conditions; and 3.6% (n=4) had both
hypertension and lung disease. Another 2.7% (n=3) reported hypertension, diabetes,
and lung disease, and a separate 2.7% (n=3) had hypertension and heart disease. Less
commonly, 1.8% (n=2) experienced hypertension, diabetes, heart disease, and other
conditions, and 0.9% (n=1) each reported either hypertension, lung disease, and others

or hypertension, diabetes, lung disease, and others.

Comorbidities

Hypertension, lung disease and others 10.9%
Hypertension,diebetes,heart disease...” ) 1.8%
Hypertension and lung disease ) 3.6%
Hypertension and heart disease 1 2.7%
Hypertension, diabetes and heart disease 19.0%
Hypertension,diabetes,lung disease...” 0.9%
Hypertension,diabetes and lung disease 1 2.7%
Hypertension and diabetes 1 27.0%
Hypertension and others ) 5.4%
Hypertension,diabetes and others 1 4.5%
Hypertension 1 41.4%

0 10 20 30 40 50
Percent

Figure 10: Comorbid conditions of the participants
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4.1.13. Number of comorbidities:

Among the 111 participants, 58.6% (n=65) had multiple comorbidities, while 41.4%
(n=46) reported only a single comorbidity. This indicates that more than half of the
study population experienced more than one coexisting medical condition, highlighting
a notable burden of multimorbidity among the participants.

Number of comorbidity

msingle © multiple

Figure 11: Number of comorbidities among the participants
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Table 1: Sociodemographic information of the participants

Variable

Mean/SD

Median

Frequency (n)/percentage (%o)

Age

54.09 /11.732

Gender

Male- 75 (67.6 %)
Female- 36 (32.4 %)

Marital status

Married- 105 (94.6%)
Unmarried- 1 (0.9%)
Widow- 5 (4.5%)

Educational

level

No formal education-14 (12.6%)
Primary- 18 (16.2%)
Secondary- 33 (29.7%)

Higher secondary- 16 (14.4%)
Graduate- 21 (18.9%)
Post-graduate- 9 (8.1%)

Occupation

Housewife- 35 (31.5%)
Farmer- 6 (5.4%)
Shopkeeper- 3 (2.7%)
Business- 18 (16.2%)
Service holder- 11 (9.9%)
Unemployed- 1 (0.9%)
Other- 37 (33.3%)

Monthly cost

30000.00

Financial - - Lower middle class- 17 (15.3%)

status Middle class- 45 (40.5%)
Upper middle class- 28 (25.2%)
Upper class- 21 (18.9%)

Living area - - Rural- 31 (27.9%)

Semi urban- 49 (44.1%)
Urban- 31 (27.9%)
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Family Yes- 36 (32.4%)
history of No 75 (67.6%)
stroke

Habit of Yes- 27 (24.3%)
smoking No 84 (75.7%)
Weight 65.00 -

Comorbidities

Hypertension: 46 (41.4%)
Hypertension, diabetes, and
others: 5 (4.5%)

Hypertension and others: 6 (5.4%)
Hypertension and diabetes: 30
(27.0%)

Hypertension, diabetes, and lung
disease: 3 (2.7%)

Hypertension, diabetes, lung
disease, and others: 1 (0.9%)
Hypertension, diabetes, and heart
disease: 10 (9.0%)

Hypertension and heart disease: 3
(2.7%)

Hypertension and lung disease: 4
(3.6%)

Hypertension, diabetes, heart
disease, and others: 2 (1,8%)
Hypertension, lung disease, and
others: 1 (0.9%)

Number of

Comorbidities

Single-46 (41.4%)
Multiple-65 (58.6%)

**Median value was considered in case of non-normally distributed continuous data.



4.2. Stroke-related information
4.2.1. Type of stroke:

Among the 111 participants, 81.1% (n=90) experienced an ischemic stroke, while
18.9% (n=21) had a hemorrhagic stroke. This distribution indicates that ischemic stroke
was the predominant type among the study population, accounting for more than four

out of every five cases.

Type of stroke

o

= Ischemic = Hemorrhagic

Figure 12: Types of stroke among the participants

4.2.2: Duration of stroke:

Among 111 participants, the median duration of stroke was 150 days.



4.2.3. Stage of stroke:

Among the 111 participants, 44.1% (n=49) were in the chronic stage of stroke, 29.7%
(n=33) were in the acute stage, and 26.1% (n=29) were in the subacute stage. This

indicates that the largest proportion of participants were living with chronic stroke.

Stage of stroke

= Acute = Subacute = Chronic

Figure 13: Stage of stroke of the participants
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4.2.4. Number of strokes:

Among the 111 participants, the majority (81.1%, n=90) had experienced a single
stroke. Additionally, 13.5% (n=15) reported having had two strokes, while a smaller
proportion, 5.4% (n=6), had experienced more than two strokes.

Number of stroke

= One = Two = More

Figure 14: Number of strokes among the participants



4.2 5. Affected side:

Among the 111 participants, 51.4% (n=57) had the right side of their body affected by
the stroke, while 48.6% (n=54) had left-sided involvement. This shows a nearly even
distribution between right and left-sided impairments, with a slightly higher

occurrence of right-sided stroke effects in the study population.

Affected side

51.4%

= Right = Left

Figure 15: Affected side of the participants

4.2.6. Duration of rehabilitation:

The median duration of rehabilitation among the 111 participants was 60 days.
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4.2.7. Referred by rehabilitation by whom:

Among the 111 participants, the majority (70.3%, n=78) were referred for rehabilitation
by individuals categorized as "others," which may include family members, caregivers,
or non-physician healthcare workers. A smaller portion, 27.9% (n=31), were referred

by physicians, while only 1.8% (n=2) sought rehabilitation on their initiative.

Referred for rehabilitation by whom

80
70
60
50
40
30
20

10
r 4

Self Physician Others

Percent

Figure 16: Referring to rehabilitation by whom
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Table 2: Stroke-related information of the participants

Variable Mean/SD Median Frequency (n)/percentage (%o)
Type of stroke - - Ischemic-90 (81.1%)
Hemorrhagic-21 (18.9%)
Duration of stroke - 150.00 -
Stage of stroke - - Acute-33 (29.7%)
Subacute-29 (26.1%)
Chronic-49 (44.1%)
Number of strokes - - One-90 (81.1%)
Two-15 (13.5%)
More-6 (5.4%)
Affected side - - Right-57 (51.4%)
Left-54 (48.6%)
Duration of - 60.00 -

rehabilitation

Referred for
rehabilitation by

whom

Self-2 (1.8%)
Physician-31 (27.9%)
Others- 78 (70.3%)

**Median value was considered in case of non-normally distributed continuous data.
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4.3. Executive dysfunction:

Among the 111 participants, 42.3% (n=47) were found to have executive dysfunction,
while 57.7% (n=64) did not exhibit signs of this condition. This suggests that a
significant proportion of the individuals experienced difficulties with cognitive

processes such as planning, decision-making, problem-solving, or attention control.

Executive dysfunction

S7.7%

Present = Absent

Figure 17: Executive dysfunction status of the participants
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4.4. Trail making test part A (TMT part A)
4.4.1. TMT part A hand used:

Among the 111 participants, 51.4% (n=57) completed the Trail Making Test Part A
(TMT-A) using their non-dominant hand, while 48.6% (n=54) used their dominant
hand.

TMT A hand used

51.4%

515
51

50.5
50

495 48.6%
49

485
48

475
47

Dominant Non-dominant

Figure 18: TMT part A hand used

4.4.2. TMT part A time and number of errors:

The median time taken to complete the Trail Making Test Part A (TMT-A) among the
111 participants was 20 seconds. The median number of errors made during the Trail
Making Test Part A (TMT-A) among the 111 participants was 1.
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4.4.3 TMT part A category:

Among the 111 participants, 57.7% (n=64) demonstrated normal executive function,
with scores of 29 or below, while 42.3% (n=47) exhibited mild executive dysfunction,

indicated by scores ranging from 30 to 78.

TMT part A category

57.7%

60

42.3%

50

40

30

Percent
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Normal (29 or <29 sec) Mild (30-78 sec)

Figure 19: TMT part A category of the participants

45



4.5. Trail making test part B (TMT part B)
4.5.1. TMT part B hand used:

Among the 111 participants, 51.4% (n=57) completed the Trail Making Test Part B
(TMT-B) using their non-dominant hand, while 48.6% (n=54) used their dominant
hand.

TMT A hand used

51.4%

51.5
51
50.5
50
49.5 48.6%
49
48.5
48
47.5
47

Dominant Non-dominant

Figure 20: TMT part B hand used

4.5.2. TMT part B time and number of errors:

The median time among the 111 participants to complete the Trail Making Test Part B
(TMT-B) was 35 seconds, and the median number of errors made during the Trail
Making Test Part B (TMT-B) among the 111 participants was 1.
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4.5.3. TMT part B category:

Among the 111 participants, 57.7% (n=64) completed the Trail Making Test Part B
(TMT-B) in 75 seconds or less, placing them in the "normal™ category. The remaining

42.3% (n=47) took between 76 and 273 seconds, indicating mild executive dysfunction.

TMT part B category

S57.7%
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Figure 21: TMT part B category of the participants
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4.6. MMSE total score:

Among the participants, 22.5% (n=25) had severe cognitive impairment (MMSE score
0-17), 19.8% (n=22) had mild cognitive impairment (MMSE score 18-23), and the
majority, 57.7% (n=64), showed no cognitive impairment (MMSE score 24-30).

MMSE total score

S1.7%

60
50

40
22.5%

30 19.8%

Percent

20

10

Severe Mild impairment No cognitive
impairment (0-17) (18-23) impairment (24-
30)

Figure 22: MMSE total score of the participants
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4.7. BBS total score:

Among the 111 participants, the majority, 73.9% (n=82), were categorized as walking
with assistance, based on a BBS (Berg Balance Scale) score between 21 and 40. In
contrast, 26.1% (n=29) were classified as walking independently, with BBS scores

ranging from 41 to 56.

BBS total score

73.9%

26.1%

Walking with assistance Independent (41-56)
(21-40)

Figure 23: BBS total score of the participants
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4.8. Mobility and risk of fall:

Among the 111 participants, 8.1% (n=9) demonstrated normal mobility (TUG time <10
seconds), while 18.0% (n=20) showed good mobility and were able to walk without a
gait aid (TUG time <20 seconds). Additionally, 36.0% (n=40) had potential mobility
limitations and required a walking aid (TUG time <30 seconds), and the largest group,
37.8% (n=42), were at high risk of falling and required assistance (TUG time >30

seconds).

Mobility and risk of fall measured by TUG test

37.8%
High risk of fall,requires assistance —
(>30 sec)
Potential limitation, require walking aid — 36.0%
(<30 sec)
Good mobility,mobile without gait aid - 18.0%
(<20 sec)
Normal (<10 sec) - 8.1%
0 10 20 30 40
Percent

Figure 24: Mobility and risk of falls of the participants
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Table 3: Functional parameters of the participants

Variables Mean/SD Median Frequency (n)/
Percentage (%0)

TMT A hand used - - Dominant- 54 (48.6%)
Non-dominant- 57
(51.4%)

TMT A time (sec) - 20.00 -

TMT A number of - 1.00 -

errors

TMT A category - - Normal (29 or <29 sec):
64 (57.7%)
Mild (30-78 sec): 47
(42.3%)

TMT B hand used - - Dominant: 54 (48.6%)
Non-dominant: 57
(51.4%)

TMT B time (Sec) - 35.00 -

TMT B number of - 1.00 -

errors

TMT B category

Normal (75 or <75 sec):
64 (57.7%)

Mild (76-273 sec): 47
(42.3%)

Executive

dysfunction

Present: 47(42.3%)
Absent: 64 (57.7%)

MMSE total score

Severe impairment (0-
17): 25 (22.5%)

Mild impairment (18-
23): 22 (19.8%)

No cognitive impairment
(24-30): 64 (57.7%)
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BBS total score - -

Walking with assistance
(21-40): 82 (73.9%)
Independent (41-56): 29
(26.1%)

TUG test score - -

Normal (<10 sec): 9
(8.1%)

Good mobility, mobile
without gait aid (<20
sec): 20 (18.0%)
Potential limitation:
requires walking aid (<30
sec): 40 (36.0%)

High risk of fall, requires
assistance (>30 sec): 42
(37.8%)

**Median value was considered in case of non-normally distributed continuous data.
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4.9. Inferential statistical analysis:

Typically, inferential statistical analysis involves drawing inferences about a population
based on data describing a sample. In this study, associations were analyzed between
executive dysfunction and balance function in stroke patients. Specifically,
relationships were examined between the presence of executive dysfunction and
variables such as age, gender, type and side of stroke, time since stroke onset, and level
of physical activity. Additionally, associations between balance function scores and

executive function test results were assessed.
Test assumption:

Pearson chi-square,
1. Two categorical variables, including two or more subcategories.
2. 0-1 cells (0%-20%) have expected count less than 5.

Level of significance (a value < 0.05)
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Table 4: Association between sociodemographic characteristics such as
gender, educational level, occupation, financial status, living area, family

history of stroke, and number of comorbidities with executive dysfunction.

Variable 1 Variable 2 Chi- P value df Comment
Square
value (X?)

Gender 5.581 0.018 1 Significant

Educational 6.461 0.264 5 Not
level significant

Executive Occupation 7.641 0.266 6 Not
dysfunction significant

Financial 2.751 0.432 3 Not
status significant

Living area 1.886 0.389 2 Not
significant

Family history 1.280 0.258 1 Not
of stroke significant
Number of 10.928 0.001 1 Significant

comorbidities

** o value is 0.05. P-value is statistically significant if it is less than the a value.

The table indicates no significant link between executive dysfunction and education,
occupation, finances, living area, or stroke family history. However, gender and number
of comorbidities showed significant associations, suggesting they may influence the

presence of executive dysfunction in stroke patients.

Additionally, the Phi value between executive dysfunction and gender was -0.224, with
a p-value of 0.018, showing a weak negative association. This means that as gender
changes, there is a slight change in the likelihood of executive dysfunction. Similarly,
the Phi value between executive dysfunction and the number of comorbidities was -

0.314, with a p-value of 0.001, indicating a moderate negative association. This
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suggests that as the number of comorbidities increases, executive dysfunction becomes
more likely.

The bar chart (4A) shows the relationship between gender and the presence of executive
dysfunction. It illustrates that a higher number of males had no executive dysfunction
compared to females, while more females had executive dysfunction present. This

suggests that executive dysfunction was more common among female participants.

Male Female
Gender

m Executive_dysfunction m®Present = Absent

Figure 4 (A): Association between executive dysfunction and gender
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The bar chart (4B) shows that executive dysfunction is more common in individuals

with multiple comorbidities, while those with a single comorbidity are more likely to

have no executive dysfunction.

Count

40
35
30
25
20
15
10

a1

single multiple
Number of comorbidity

Executive_dysfunction mPresent m Absent

Figure 4 (B): Association between executive dysfunction and number of

comorbidities
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Table 5: Association between stroke-related factors such as type of stroke,

stage of stroke, number of strokes, and affected side with executive

dysfunction:

Variable 1 | Variable 2 | Chi-Square | P value df Comment
value (X?)
Type of 0.295 0.587 1 Not
stroke significant
Executive Stage of 0.120 0.942 2 Not
dysfunction stroke significant
Number of 1.817 0.403 2 Not
strokes significant
Affected 0.003 0.959 1 Not
side significant

** o value is 0.05. P-value is statistically significant if it is less than the a value.

The table above shows the results of the association between executive dysfunction and
stroke-related variables such as type of stroke, stage of stroke, number of strokes, and
affected side. There was no significant association found between executive
dysfunction and any of these variables, indicating that these stroke-related factors did

not have a noticeable impact on the presence of executive dysfunction.
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Table 6: Association between sociodemographic factors such as gender,
educational level, occupation, financial status, living area, family history of

stroke, and number of comorbidities with the BBS total score:

Variable 1 Variable 2 Chi- P value df Comment
Square
value (X?)

Gender 6.224 0.013 1 Significant

Educational 9.748 0.083 5 Not
level significant

Occupation 8.006 0.238 6 Not
significant

Berg Balance Financial 0.956 0.812 3 Not
Scale score status significant

Living area 0.342 0.843 2 Not
significant

Family 0.035 0.852 1 Not
history of significant

stroke
Number of 9.377 0.002 1 Significant
comorbidities

** o value is 0.05. P-value is statistically significant if it is less than the a value.

The table presents the association between sociodemographic factors and balance
function, measured by the Berg Balance Scale (BBS). Gender and number of
comorbidities showed significant associations with BBS scores (p = 0.013 and 0.002,
respectively). This indicates that balance performance varied by gender and
comorbidity burden. Other factors—education, occupation, financial status, living area,
and stroke family history—showed no significant association. A weak negative
correlation was found between BBS and gender (Phi = -0.237), while a moderate
negative correlation was observed with comorbidities (Phi = -0.291), suggesting that

more comorbidities are linked to lower balance scores in stroke patients.
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The bar chart (6A) illustrates the distribution of male and female participants based on
their level of balance and mobility as categorized by the Berg Balance Scale (BBS).
Participants were grouped into two categories: those requiring assistance with walking
(BBS scores between 21-40) and those considered independent walkers (BBS scores
between 41-56). Among males, a higher proportion (n = 50) required walking
assistance, while a smaller group (n = 25) was classified as independent. A similar
pattern was observed among females, with 32 participants needing assistance and only
a few (n = 5) able to walk independently. Overall, the chart demonstrates that the
majority of participants, regardless of gender, fell into the category of walking with
assistance, with fewer individuals achieving independent mobility. Additionally, the
number of independent walkers was noticeably lower among females compared to

males.

50
45
40
35
~ 30

20
15
10

(6}

Male Female
Gender

m Walking with assistance (21-40) = Independent (41-56)

Figure 6 (A): Association between BBS score and gender
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The bar chart (6B) displays the relationship between the number of comorbidities and
mobility status, as measured by the Berg Balance Scale (BBS). Participants were
grouped based on whether they had a single comorbidity or multiple comorbidities, and
further classified by their BBS scores into two categories: walking with assistance
(scores 21-40) and independent (scores 41-56). Among individuals with a single
comorbidity, 27 required assistance with walking, while 19 were able to walk
independently. In contrast, among those with multiple comorbidities, the majority (55)
needed assistance, and only 10 were classified as independent. These results suggest
that having multiple comorbidities is associated with greater impairment in balance and

mobility.

60

50

Count
w
o

single multiple
Number of comorbidity

Walking with assistance (21-40) = Independent (41-56)

Figure 6 (B): Association between BBS score and number of comorbidities
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Table 7: Association between stroke-related factors such as type of stroke,

stage of stroke, number of strokes, and affected side with the BBS total

score:
Variable 1 | Variable 2 Chi- P value df Comment
Square
value (X?)

Type of 0.072 0.788 1 Not
stroke significant

Berg Stage of 1.400 0.497 2 Not
Balance stroke significant

Scale score

Number of 0.467 0.792 2 Not
strokes significant

Affected 0.002 0.963 1 Not
side significant

** o value is 0.05. P-value is statistically significant if it is less than the a value.

The table presents the association between stroke-related factors, such as type of stroke,
stage of stroke, number of strokes, and affected side, and balance performance as
measured by the BBS (Berg Balance Scale) total score. The Chi-Square analysis
showed that none of these variables had a statistically significant association with the
BBS total score, as all p-values were well above the 0.05 significance level. This
suggests that variations in stroke type, stage, frequency, or the side of the body affected

do not have a meaningful impact on balance function in the participants assessed.
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Table 8: Association between MMSE total score, BBS total score, and risk

of fall with executive dysfunction (measured by TMT part A and part B):

Variable 1 | Variable 2 Chi- P value df Comment
Square
value (X?)

Executive MMSE 111.000 0.000 2 Significant

dysfunction | total score
BBS total 28.829 0.000 1 Significant

score

Risk of fall 93.080 0.000 3 Significant

(TUG test)

** o value is 0.05. P-value is statistically significant if it is less than the a value.

The table shows significant associations between executive dysfunction (assessed by
Trail Making Test A and B) and cognitive and physical functions, including MMSE
score, BBS score, and fall risk (TUG test). Executive dysfunction was strongly linked
to lower cognitive performance (Chi-Square = 111.000, p = 0.000) and poorer balance
(Chi-Square = 28.829, p = 0.000). Additionally, individuals with executive dysfunction
had a higher risk of falling (Chi-Square = 93.080, p = 0.000). These findings emphasize
the strong connection between executive dysfunction and reduced cognitive ability,

impaired balance, and increased fall risk in stroke patients.

Additionally, the Phi value for executive dysfunction and MMSE score is 1.000 (p =
0.000), showing a perfect positive association. For executive dysfunction and BBS
score, the Phi value is 0.510 (p = 0.000), indicating a strong positive relationship. The
Phi value between executive dysfunction and risk of fall is 0.916 (p = 0.000), showing

a very strong association. All associations are statistically significant.
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The bar chart (8A) shows that executive dysfunction is more prevalent among
individuals with greater cognitive impairment, while those with no cognitive

impairment predominantly do not exhibit executive dysfunction.

70
60
50
€ 40
O 30
20
10

Severe impairment Mild impairment No cognitive
(0-17) (18-23) impairment (24-30)
MMSE score

Executive_dysfunction mPresent = Absent

Figure 8 (A): Association between executive dysfunction and MMSE score
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The bar chart (8B) indicates that executive dysfunction is more prevalent among
individuals who require assistance with walking (BBS score 21-40). In contrast,
individuals who are independent in walking (BBS score 41-56) predominantly do not
exhibit executive dysfunction.

Walking with assistance (21- Independent (41-56)
40)

BBS score category

Executive_dysfunction mPresent m Absent

Figure 8 (B): Association between executive dysfunction and BBS score

64



The bar chart (8C) illustrates that executive dysfunction is more common among
individuals with poor mobility and a high risk of falls (TUG time >30 sec). Conversely,
those with better mobility (shorter TUG times) are more likely to be free of executive
dysfunction. This suggests a strong association between executive dysfunction and

reduced physical performance.

45
40
35
30
€25
>
(@)
O 20
15
10
5
0
Normal (<10 Good Potential High risk of
sec) mobility,mobile limitation, fall,requires
without gait aid require walking assistance (>30
(<20 sec) aid (<30 sec) sec)

Risk of fall (TUG test)

Executive_dysfunction mPresent m Absent

Figure 8 (C): Association between executive dysfunction and risk of fall (TUG test)
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Table 9: Association between risk of fall (TUG test) with BBS total score:

Variable 1 | Variable 2 | Chi-Square | P value df Comment
value (X?)
Berg Risk of fall 111.000 0.000 3 Significant
Balance (TUG test)
Scale score

** o value is 0.05. P-value is statistically significant if it is less than the a value.

The table shows that the association between the Berg Balance Scale (BBS) total score
and the risk of fall measured by the Timed Up and Go (TUG) test is statistically
significant, with a Chi-Square value of 111.000 and a p-value of 0.000. This indicates
a strong relationship between balance function and fall risk in the studied participants.
In simpler terms, as balance ability decreases (lower BBS scores), the risk of falling (as

measured by the TUG test) increases significantly.

The Phi value is 1.000 (p = 0.000), indicating a perfect and very strong positive
association between BBS score and risk of falls. This means they are exactly related—

when one changes, the other does too.
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This bar chart (9A) shows how individuals are distributed across different BBS (Berg
Balance Scale) categories and their corresponding TUG (Timed Up and Go)
performance levels, revealing a clear link between balance and mobility. Most people
in the "Walking with assistance (21-40)" BBS category fall into the TUG categories of
"Potential limitation, requires walking aid (<30 sec)" or "High risk of fall, requires
assistance (>30 sec)." In contrast, those classified as "Independent (41-56)" on the BBS
are primarily in the TUG categories of "Normal (<10 sec)" or "Good mobility, mobile
without gait aid (<20 sec)." This suggests that individuals with better balance tend to

demonstrate higher levels of mobility.
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35
30
25
20
15
10

Count

Walking with assistance (21- Independent (41-56)
40)

BBS score

B Normal (<10 sec)

® Good mobility,mobile without gait aid (<20 sec)

B Potential limitation, require walking aid (<30 sec)
High risk of fall,requires assistance (>30 sec)

Figure 9 (A): Association between BBS score and risk of fall (TUG test)
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Chapter v: Discussion

Stroke is a leading cause of long-term disability worldwide, often resulting in both
cognitive and motor impairments. Among stroke survivors, executive dysfunction is
frequently observed, impacting their ability to plan, organize, and execute tasks. These
cognitive deficits can have a profound effect on physical functions, particularly balance,
which is critical for mobility and preventing falls. Balance impairments are common
post-stroke due to the disruption of sensorimotor pathways, and recent evidence
suggests that cognitive processes—especially executive functions—play a key role in
maintaining postural control. Understanding the relationship between executive
dysfunction and balance is crucial in optimizing rehabilitation strategies for stroke

patients.

This study examined the link between executive dysfunction and balance in stroke
patients at CRP using a self-structured questionnaire. Descriptive statistics summarized
categorical data as percentages (via charts and tables) and continuous data as means
and standard deviations. Chi-square tests assessed associations between executive
dysfunction and balance-related variables. Results suggest that executive dysfunction
is associated with impaired balance, with demographic and clinical profiles providing

important context.

In this study, the mean age of participants was 54.09 years (SD = 11.73), indicating that
the sample primarily consisted of middle-aged individuals. Age plays a significant role
in stroke occurrence and recovery, as older adults are generally more susceptible to
stroke, while younger individuals may be more proactive in seeking rehabilitation
services (Patterson, 2018). The majority of the participants were male (n = 75, 67.6%),
with females comprising 32.4% (n = 36), reflecting a notable gender disparity. This
imbalance may have implications for both executive function and balance outcomes
following stroke. Similar trends have been reported in previous studies; for example,
Mondal et al. (2022) found that the prevalence of stroke was 13.8 per thousand in men
compared to 8.68 per thousand in women, nearly twice as high in men, highlighting a

consistent pattern of higher stroke incidence among males.
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Most participants in this study were married (94.6%, n = 105), with only a few reporting
being widowed (4.5%, n = 5) or unmarried (0.9%, n = 1). The educational background
of the participants varied widely: 12.6% (n = 14) had no formal education, while 16.2%
(n = 18) had completed primary education, 29.7% (n = 33) had secondary education,
14.4% (n = 16) completed higher secondary, 18.9% (n = 21) were graduates, and 8.1%
(n = 9) held postgraduate degrees. These findings are consistent with the study by
Bonner et al. (2016), which reported that approximately 70% of participants had
completed at least a high school level of education. In terms of socioeconomic status,
15.3% (n = 17) of participants were from lower middle-class backgrounds, 40.5% (n =
45) were middle class, 25.2% (n = 28) were upper middle class, and 18.9% (n = 21)
were from the upper class. These results reflect a wide socioeconomic range among
participants. This aligns with the findings of Watkins (2023), who reported that the

majority of strokes (around 86%) occur in low- and middle-income countries.

In this study, occupational distribution revealed that the majority of participants were
either housewives (31.5%) or engaged in various unspecified occupations categorized
as "Other" (33.3%). A smaller proportion of participants were involved in business
(16.2%), followed by service holders (9.9%), farmers (5.4%), and shopkeepers (2.7%).
Only one participant (0.9%) was unemployed. This occupational spread reflects a
diverse socio-economic background among stroke patients attending CRP and may
influence both their access to rehabilitation resources and their functional recovery

outcomes, including balance and cognitive functions.

In this study, a large proportion of participants (58.6%, n = 65) had multiple comorbid
conditions, while 41.4% (n = 46) had only one. Hypertension was the most common
health issue, present either on its own (41.4%, n = 46) or in combination with other
conditions. Common combinations included hypertension with diabetes (27.0%, n =
30) and hypertension with both diabetes and heart disease (9.0%, n = 10). More
complex patterns involving lung disease and other conditions were also observed in
smaller numbers. Additionally, 24.3% (n = 27) of participants were smokers, while the
majority (75.7%, n = 84) were non-smokers. These findings are consistent with those
reported by Mondal et al. (2022), who found hypertension to be the most prevalent risk
factor among stroke patients (79.2%), followed by poor dietary habits (67.3%), diabetes
(28.8%), dyslipidaemia (38.9%), and smoking or tobacco use (37.2%).
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In this study, most participants had experienced an ischemic stroke (81.1%, n = 90),
while a smaller number had a hemorrhagic stroke (18.9%, n = 21). These findings are
consistent with previous research, which shows that ischemic stroke is the most
common type, accounting for approximately 87% of all stroke cases (Mozaffarian et
al., 2015). Globally, in 2010, there were an estimated 11.6 million cases of ischemic
stroke and 5.3 million cases of hemorrhagic stroke (Johnson et al., 2019), further
supporting the prevalence patterns observed in this study. In this study, the researcher
found that 29.7% (n = 33) were in the acute stage, 26.1% (n = 29) in the subacute stage,
and 44.1% (n = 49) in the chronic stage. The side of the body affected by stroke was
nearly evenly distributed, with 51.4% (n = 57) having right-sided impairment and
48.6% (n = 54) left-sided.

In this study, the researcher found that 42.3% of participants were classified as having
executive dysfunction (ED). This group showed significantly lower scores on both the
TMT Part A and MMSE compared to those without ED. These findings align with
previous research, which reported similar prevalence rates of ED among stroke patients
47% in the study by Hayes, Donnellan, and Stokes (2016), and 51.4% in the study by
Sakai et al. (2024). TMT Part B is a well-established tool for identifying executive
dysfunction (Sakai et al., 2024). In this study, the researcher used TMT Part B to define
and classify executive dysfunction, following the method used by Sakai et al. (2024),
and found a prevalence of 42.3%. This result is similar to findings from previous

studies.

In this study, MMSE results showed that 57.7% of participants had no cognitive
impairment, while 19.8% had mild and 22.5% had severe cognitive deficits. These
findings highlight the high prevalence of cognitive impairment following stroke,
consistent with previous reports indicating that up to 80% of stroke survivors
experience some degree of cognitive decline. Beyond motor impairments, cognitive
dysfunction is recognized as a major contributor to reduced ability to perform daily

activities after stroke (Buvarp et al., 2021).

Balance function in this study was evaluated using both the Berg Balance Scale (BBS)
and the Timed Up and Go (TUG) test. According to BBS results, 73.9% of participants

required assistance with walking, and only 26.1% were able to walk independently.
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Similarly, TUG results showed that nearly 74% of participants had mobility limitations,
with 37.8% classified as being at high risk of falling. These findings point to a high
level of balance dysfunction in the sample. This is consistent with previous research
showing that impaired balance and gait are common after stroke and are key
contributors to reduced independence in daily activities (Yu et al., 2021). Falls are a
frequent and serious complication in stroke survivors, with around 60% experiencing
at least one fall during hospitalization and up to 73% falling within the first six months
post-stroke. Our findings highlight a similar risk pattern, reinforcing the importance of

early balance assessment and fall prevention strategies in stroke rehabilitation.

In the present study, no significant association was observed between executive
dysfunction (ED) and the stage of stroke, as indicated by the chi-square test (3> = 0.120,
p = 0.942). This suggests that the presence of ED did not vary meaningfully across
different stroke stages within the study population. But the prior research has reported
a relatively high prevalence of ED among patients in the early stage of stroke (within
<3 months), highlighting it as a frequent post-stroke cognitive impairment that
negatively impacts functional independence in daily living (Laakso et al., 2019; Yu et
al., 2021).

In this study, the Chi-square analysis revealed significant associations between
executive dysfunction and several key clinical measures. There was a highly significant
relationship between executive dysfunction and MMSE total scores (x> = 111.000, p <
0.001), indicating that individuals with executive dysfunction also tended to have lower
global cognitive function. This supports the view that executive function is an important
component of overall cognitive health and that deficits in executive functioning are

closely linked with broader cognitive impairment.

In this study, a significant association was observed between executive dysfunction and
balance performance, as measured by the Berg Balance Scale (BBS) (y*> = 28.829, p <
0.001). Participants with executive dysfunction exhibited poorer balance and reduced
functional mobility compared to those without executive dysfunction. This finding is
consistent with prior research suggesting that impairments in executive functioning,
particularly in areas such as attention, planning, and cognitive flexibility, can negatively
impact postural control and increase physical instability (Hayes, Donnellan, and Stokes,

2016).
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Similarly, a strong association was found between executive dysfunction and fall risk,
as evaluated by the Timed Up and Go (TUG) test (x> = 93.080, p < 0.001). Participants
classified as having executive dysfunction were significantly more likely to be at higher
risk of falling. These results reinforce the notion that executive functions are essential
for complex motor tasks requiring planning, sequencing, and divided attention—key
components of safe and effective mobility. The ED group in this study demonstrated
slower TUG performance and lower BBS scores than the non-executive dysfunction
(NED) group, highlighting the functional impact of cognitive deficits on physical
outcomes. These findings align closely with those of Sakai, Hosoi, and Harada (2023),
who reported that TUG performance varied significantly with the degree of executive
dysfunction in stroke patients. Similarly, Yu et al. (2021) found a strong correlation
between executive dysfunction and TUG scores, supporting the link between impaired
cognitive control and increased fall risk. Hayes, Donnellan, and Stokes (2016) also
identified balance function, as measured by the BBS, as a factor associated with

executive dysfunction in stroke survivors.

Executive functions encompass goal setting, task execution, flexible thinking, and
working memory (Sakai, Hosoi, and Tanabe, 2024; Skidmore, Eskes, and Brodtmann,
2023). Both the TUG and BBS tests involve the application of these functions. For
example, TUG requires individuals to stand from a seated position, walk, turn around
a cone, and return to sit, all of which demand planning, task initiation, and continuous
attention (Sakai et al., 2024). Similarly, the BBS involves a series of balance tasks that
require individuals to follow instructions, sequence actions, and self-correct all
behaviors that rely on intact executive control. While Yu et al. (2021) found significant
differences in Berg Balance Scale (BBS) scores between stroke patients with and
without executive dysfunction during the first year post-stroke, the current study did
not observe a significant association between the duration or stage of stroke and either
executive dysfunction or BBS scores.

Taken together, these findings and those of prior studies provide strong evidence that
executive dysfunction is closely linked to balance impairments and increased fall risk.
This underscores the importance of incorporating executive function assessments into
post-stroke rehabilitation to better identify patients at risk of mobility limitations and

falls, and to develop more targeted, interdisciplinary intervention strategies.
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This study aimed to explore the potential relationship between cognitive impairments,
particularly executive dysfunction, and balance issues among stroke patients. Although
exploratory, the findings offer valuable insights into the cognitive and functional
challenges faced by stroke survivors, highlighting the importance of addressing both
domains during rehabilitation. The study design allows for modification in future

research to include longitudinal elements or intervention-based assessments.

Limitation

This study has various limitations that should be considered. The sample size was small,
and it only included stroke patients at the Centre for the Rehabilitation of the Paralysed
(CRP) in Savar; thus, the results may not be applicable to all stroke survivors in
Bangladesh. The study solely examined the relationship between executive dysfunction
and balance; it did not examine other variables that might have influenced the findings,
such as medication or the quantity and kind of rehabilitation sessions. The brief study
period restricted the number of participants and the duration of their follow-up. Also,
the research was conducted by an undergraduate student with insufficient expertise,
which may have resulted in some errors. Future research should include more

participants, last longer, and investigate a wider range of issues.
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Chapter vi: Conclusion and Recommendation

Conclusion

Stroke is a primary cause of long-term impairment, frequently impairing both physical
and cognitive abilities. This study found a significant association between executive
dysfunction and impaired balance function in stroke patients. Participants with
executive dysfunction demonstrated lower Berg Balance Scale scores and slower
Timed Up and Go performance, indicating reduced postural stability and an increased
risk of falls. These findings suggest that cognitive deficits, particularly in executive
functions, may contribute to poor balance outcomes after stroke.

Recommendation

Based on this study on executive dysfunction and balance function in stroke patients at
CRP, it is recommended that routine cognitive assessments, particularly for executive
function, be integrated into stroke rehabilitation programs. Early identification of
cognitive impairments can help guide more personalized and effective interventions
targeting both mental and physical recovery. Rehabilitation professionals should
receive training to recognize and address executive dysfunction. Future studies should
involve larger, more diverse samples and explore the long-term effects of cognitive
impairments on balance and fall risk. Use mixed methods, both qualitative and
quantitative, for richer insights. Incorporating combined cognitive and physical

therapies may enhance functional outcomes and patient independence.
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1 No

Signature of the Participant Date:

Signature of the Interviewer Date:
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Questionnaire (English)
Patient's ID: Date of interview:
Patient's name: Patient's Mobile No:

Patient's address:

Part 1: Socio-Demographic Information

(Tick which is appropriate)

No Question Response

1. Age (inyears) | ...

2. Gender 0. Male

1. Female

3. Marital status 0. Married
1. Unmarried
2. Widow

3. Divorced

4. Education level 0.No formal education
1. Primary

. Secondary

. Higher Secondary

. Graduate

. Postgraduate

. Others

. Housewife
Farmer

. Shopkeeper
Business

. Service holder
. Day labor

. Student

. Unemployed

. Other

5. Occupation

ONOUAWNRPO| O O A W N

6. Monthly cost
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7. Loss of occupation due to 0=Yes
stroke? 1=No
8. Financial status 0. Lower class
1. Lower middle class
2. Middle class
3. Upper middle class
4. Upper class
9. Living area O0=Rural
1=Semi Urban
2=Urban
10. Identify caregiver 0. Relative
1. Non-relative
11. Family history of stroke 0. Yes
1. No
12. Do you smoke? 0. Yes
1. No
13. Weight
14, Comorbidity 0. Hypertension
1. Diabetes mellitus
2. Heart disease
3. Lung disease
4. Other
Part 2: Stroke and treatment-related information
No Question Response
1. Date of incidence
2. Type of stroke? 0. Ischemic
1. Hemorrhagic
3. Duration of stroke
4. Stage of stroke 0. Acute
1. Subacute
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2. Chronic
Number of strokes 0. One
1. Two
2. More
Affected side 0. Right
1. Left
Time between stroke and starting of
rehabilitation (days/months/years)
Time of rehabilitation/
Duration of Rehabilitation
(Day/Week/months /year
Referred for Rehabilitation by 0. Self
whom 1. Physician
2. Physiotherapist
3. Other

XXiX




Part 3: Executive Dysfunction

Instructions: Both parts of the Trail Making Test consist of 25 circles distributed over
a sheet of paper. In Part A, the circles are numbered 1 — 25, and the patient should draw
lines to connect the numbers in ascending order. In Part B, the circles include both
numbers (1 —13) and letters (A —L); as in Part A, the patient draws lines to connect the
circles in an ascending pattern, but with the added task of alternating between the
numbers and letters (i.e., 1-A-2-B-3-C, etc.). The patient should be instructed to connect
the circles as quickly as possible, without lifting the pen or pencil from the paper. Time
the patient as he or she connects the "trail." If the patient makes an error, point it out
immediately and allow the patient to correct it. Errors affect the patient's score only in
that the correction of errors is included in the completion time for the task. It is
unnecessary to continue the test if the patient has not completed both parts after five

minutes have elapsed.

Step 1: Give the patient a copy of the Trail Making Test Part A worksheet and a pen or

pencil.

Step 2: Demonstrate the test to the patient using the sample sheet (Trail Making Part A
~SAMPLE).

Step 3: Time the patient as he or she follows the “trail” made by the numbers on the

test.

Step 4: Record the time.

Step 5: Repeat the procedure for Trail Making Test Part B.
Scoring:

Results for both TMT A and B are reported as the number of seconds required to

complete the task; therefore, higher scores reveal greater impairment.

Average Deficient Rule of Thumb

Trail A 29 seconds > 78 seconds Most in 90 seconds

Trail B 75 seconds > 273 seconds Most in 3 minutes

XXX



Trail Making Test (TMT) Part A

Hand used (check one): [1 Dominant 1 Non-Dominant

Time (sec)

Number of errors
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Trail Making Test (TMT) Part B

Hand used (check one): [1 Dominant

End

] Non-Dominant

Time (sec)

Number of errors

Executive dysfunction: [1 Present

XXXii
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Part 4: Assessment of cognitive impairment

The Mini-Mental State Examination (MMSE) is a tool that can be used to
systematically and thoroughly assess mental status. It is an 11-question measure that
tests five areas of cognitive function: orientation, registration, attention and calculation,
recall, and language. The maximum score is 30. A score of 23 or lower is indicative of
cognitive impairment. The MMSE takes only 5-10 minutes to administer and is
therefore practical to use repeatedly and routinely.

Questions Maximum | Patient’s
score score
Orientation
What is the (year) (season) (date) (day) (month)? 5
Where are we (state) (country) (town) (hospital) (floor)? 5

Registration

Name 3 objects: 1 second to say each. Then ask the patient
all 3 after you have said them. Give 1 point for each correct 3
answer. Then repeat them until he/she learns all 3. Count
trials and record. Trials

Attention and Calculation
Serial 7’s. 1 point for each correct answer. Stop after 5 5
answers. Alternatively, spell “world” backward.

Recall
Ask for the 3 objects repeated above. Give 1 point for each 3
correct answer.
Language
Name a pencil and a watch. 2
Repeat the following “No ifs, ands, or buts” 1
Follow a 3-stage command: “Take a piece of paper in your 3
hand, fold it in half, and put it on the floor.”
Read and obey the following: CLOSE YOUR EYES 1
Write a sentence. 1
Copy the design shown.

1
Total score: 30

Interpretation: 24-30, no cognitive impairment; 18-23, mild impairment; 0-17,
severe impairment.
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Part 5: Assessment of balance

This questionnaire is designed for stroke patients for assessment of static and dynamic
balance. The Berg Balance Scale (or BBS) is a widely used clinical test of a person's
static (Berg et al., 1989). The BBS is a 14-item scale that quantitatively assesses
balance. The items are scored from 0 to 4, with a score of 0 representing an inability to
complete the task and a score of 4 representing independent item achievement. A global
score is calculated out of 56 possible points. This section of the questionnaire will be
filled in by the physiotherapist using a pencil.

No Test Score

1. SITTING TO STANDING:(Please stand up. Try not to
use your hand for support.)

(4) able to stand without using hands and stabilize
independently

(3) able to stand independently using hands

(2) able to stand using hands after several tries

(1) needs minimal aid to stand or stabilize

(0) needs moderate or maximal assistance to stand

2. STANDING UNSUPPORTED: (Please stand for two
minutes without holding on)

(4) able to stand safely for 2 minutes

(3) able to stand for 2 minutes with supervision

(2) able to stand 30 seconds unsupported

(1) needs several tries to stand 30 seconds unsupported

(0) unable to stand for 30 seconds unsupported

3. SITTING WITH BACK UNSUPPORTED BUT FEET
SUPPORTED ON FLOOR OR A STOOL.:(Please sit
with arms folded for 2 minutes)

(4) able to sit safely and securely for 2 minutes

(3) able to sit for 2 minutes under supervision

(2) able to sit 30 seconds

(1) able to sit for 10 seconds

(0) unable to sit without support for 10 seconds

4. STANDING TO SITTING: (Please sit down)

(4) sits safely with minimal use of hands

(3) controls descent by using hands

(2) uses the back of the legs against the chair to control the
descent

(1) sits independently but has uncontrolled descent

(0) needs assist to sit

5. TRANSFERS: (Arrange a chair for pivot transfer. Ask the
subject to transfer one way toward a seat with armrests and
one way toward a seat without armrests. You may use a bed
and a chair.)

(4) able to transfer safely with minor use of hands

(3) able to transfer safely definite need of hands

(2) able to transfer with verbal cueing and/or supervision
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(1) needs one person to assist
(0) needs two people to assist or supervise to be safe

STANDING UNSUPPORTED WITH EYES CLOSED:
(Please close your eyes and stand still for 10 seconds)

(4) able to stand for 10 seconds safely

(3) able to stand for 10 seconds with supervision

(2) able to stand 3 seconds

(1) unable to keep eyes closed 3 seconds but stays safely
(0) needs help to keep from falling

STANDING UNSUPPORTED WITH FEET
TOGETHER:

(Place your feet together and stand without holding on.)
(4) able to place feet together independently and stand 1
minute safely

(3) able to place feet together independently and stand 1
minute with supervision

(2) able to place feet together independently but unable to
hold for 30 seconds

(1) needs help to attain position but able to stand 15 seconds
feet together

(0) needs help to attain position and is unable to hold for 15

seconds

REACHING FORWARD WITH OUTSTRETCHED
ARM WHILE STANDING: (Lift arm to 90 degrees.
Stretch out your fingers and reach forward as far as you
can. Ask the subject to use both arms when reaching to
avoid rotation of the trunk.)

(4) can reach forward confidently 25 cm (10 inches)

(3) can reach forward 12 cm (5 inches)

(2) can reach forward 5 cm (2 inches)

(1) reaches forward but needs supervision

(0) loses balance while trying/requires external support

PICK UP OBJECT FROM THE FLOOR FROM A
STANDING POSITION: (Pick up the shoe/slipper, which
is placed in front of your feet)

(4) able to pick up slippers safely and easily

(3) able to pick up slippers but needs supervision

(2) unable to pick up but reaches 2-5 cm from slipper and
keeps balance independently

(1) unable to pick up and needs supervision while trying
(0) unable to try/need assistance to keep from losing balance

or falling

10.

TURNING TO LOOK BEHIND OVER LEFT AND
RIGHT SHOULDERS WHILE STANDING: (Turn to
look directly behind you over toward the left shoulder.
Repeat to the right. The Examiner may pick an object to look

XXXV




at directly behind the subject to encourage a better twist
turn.)

(4) looks behind from both sides, and the weight shifts well
(3) looks behind one side, only the other side shows less
weight shift

(2) turns sideways only, but maintains balance

(1) needs supervision when turning

(0) needs assistance to keep from losing balance or falling

11.

TURN 360 DEGREES: (Turn completely around in a full
circle. Pause. Then turn a full circle in the other direction)
(4) able to turn 360 degrees safely in 4 seconds or less

(3) able to turn 360 degrees safely on one side in only 4
seconds or less

(2) able to turn 360 degrees safely but slowly

(1) needs close supervision or verbal cueing

(0) needs assistance while turning

12.

PLACE ALTERNATE FOOT ON STEP OR STOOL
WHILE STANDING UNSUPPORTED: (Place each foot
alternately on the step/stool. Continue until each foot has
touched the step/stool four times)

(4) able to stand independently and safely and complete 8
steps in 20 seconds

(3) able to stand independently and complete 8 steps in > 20
seconds

(2) able to complete 4 steps without aid with supervision
(1) able to complete > 2 steps, need minimal assist

(0) needs assistance to keep from falling / unable to try

13.

STANDING UNSUPPORTED ONE FOOT IN FRONT:
(Place one foot directly in front of the other. If you feel that
you cannot place your foot directly in front, try to step far
enough ahead that the heel of your forward foot is ahead of
the toes of the other foot. To score 3 points, the length of the
step should exceed the length of the other foot and the width
of the stance should approximate the subject’s normal stride
width)

(4) able to place foot tandem independently and hold for 30
seconds

(3) able to place foot ahead independently and hold for 30
seconds

(2) able to take small steps independently and hold 30
seconds

(1) needs help to step, but can hold for 15 seconds

(0) loses balance while stepping or standing

14.

STANDING ON ONE LEG: (Stand on one leg as long as
you can without holding on)

(4) able to lift leg independently and hold > 10 seconds

(3) able to lift leg independently and hold for 5-10 seconds
(2) able to lift leg independently and hold > 3 seconds
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(1) tries to lift leg unable to hold 3 seconds, but remains
standing independently
(0) unable to try or needs assistance to prevent a fall

Total Berg Balance Score

Interpretation: 0-20, wheelchair bound; 21-40, walking with assistance; 41-56,
independent.
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Time Up and Go test (TUG):

General instruction:
Purpose: To assess mobility.

Equipment- Stopwatch

Direction- Patient wears their regular footwear and can use a walking aid. If needed.
Begin by having the patient sit back in a standard and identify the line meters, or 10
feet away on the floor.

An adult who takes >/12 seconds to complete the TUG is at risk of falling.

1. Instruct the patient

When I say “Go,” I want you to:
e Stand up from the chair.
e Walk to the line on the floor at your normal pace.
e Turn.
e Walk back to the chair at your normal pace.
e Sit down again.

2. On the word “Go,” begin timing.
3. Stop timing after the patient sits back down.

4. Record Time

No Time (second)

1.

Total time
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