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Objective: to investigate the effect of home-based exercise on various domains of cognitive
function and physical performance in persons with MCI, by comparing three groups: aerobic exercise,
resistance exercise and control group. Methods: This study was a single-blind randomized controlled trial.
Ninety eligible participants, aged 60-80 years were randomly assigned to one of 30 people from three
categories: aerobic exercise, resistance exercise or control group. The aerobic and resistance exercise
groups received three months of home-based exercise (35 minutes/day including warm up and cool down,
five days/week, and increased by five minutes every two weeks). The control group was asked to perform
their usual daily activities. The Montreal Cognitive Assessment (Thai version) (MoCA), Trail making test part A
and B (TMT-A, TMT-B), Stroop color and word test (SCWT), a Digit span test (DST), a Stick design test (SDT),
a Timed up and go test with manual task (TUG-M), a 6-minute walk test (6MWT) and a 30-second chair stand
test were collected before training and after one, two and three months of training and a three-month follow-
up. Results: Both aerobic and resistance groups showed significant improvements in all outcome measures
during three-month post-training and follow-up, except SDT, while there was no cognitive improvement in
control group at post-training and follow-up. When compared to the control group, aerobic group had
significant improvements in MoCA, TMT-A, TMT-B and SCWT, while resistance group had significant
improvements in MoCA and TMT-B at post-training and follow-up. However, there were no differences in any
outcome measures between aerobic and resistance groups, except SCWT and 6MWT, which was
significantly greater in the aerobic group than in the resistance group post-training. Additionally, both the
aerobic and resistance groups had the earliest significant improvement on the MoCA, SCWT and TUG-M two
months after training. Conclusion: Home-based exercise at low intensity, whether aerobic or resistance
training, was effective for improving cognitive function in older persons with MCI| and had sustained effects

until follow-up.
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CHAPTER 1
INTRODUCTION

Background

Thai society has advanced to ageing society because the elderly population
has continuously increased. In 2014, the population aged 60 years and over was 9.9
million or about 15% of the total population (1) and this population group is likely to
increase to 27.8 million by 2050 (2). When we get older, deterioration of the body in
various systems, such as cardiopulmonary system, neurological system,
musculoskeletal system, visual and auditory system is evident (3). Such deterioration
and vulnerability of the body systems could lead to several health problems found in the
elderly. One of the common health problems found in the elderly is dementia. The
number of dementia population worldwide in 2013 was estimated at 44.35 million,
reaching 75.62 million in 2030 and 135.46 million in 2050 (4). In Thailand, it was
reported that the number of people with dementia was estimated at 600,000 people in
2015 and this number will be doubled in 2030 (5). Dementia is considered as a
neurocognitive disorder (NCDs) in DSM-5; its definition is “a progressive cognitive
decline in one or more domains of cognition: perceptual-motor function, executive
function, complex attention, learning and memory, language, or social cognition and
interfere with normal everyday activities independently” (6). This neurocognitive disorder
can be screened in the clinical practice using 2 common scales; Mini-Mental State
Examination (MMSE) and Montreal Cognitive Assessment (MoCA). Dementia is one of
the health problems leading to physical disability and dependence among the elderly,
resulting in a burden of family members and caregivers. Moreover, dementia extensively
affects the social and economic costs in terms of medical and social care (7). Therefore,
early detection of dementia may delay the adverse impact of dementia in older
individuals, their family and society.

Mild neurocognitive disorder or mild cognitive impairment (MCI) is the mild form
of dementia and this disorder can later progress to be dementia. A study of the

prevalence of mild cognitive impairment in different geographical regions which



analyzed data from USA, Europe, Asia and Australia found that the estimation of mild
cognitive impairment prevalence was ranged from 5.0 — 36.7% (8). In Thailand, the
prevalence of mild cognitive impairment in elderly ranged from 22.7 — 71.4% (9-11),
based on the demographic and assessment tools used in data collection. Mild cognitive
impairment is a condition which the function of the brain becomes impaired in one or
more cognitive domains (6). With this condition, the elderly have decreased cognition or
noticed a decrease in their performance on cognitive task, but these symptoms do not
interfere with basic activities of daily living (12). Mild cognitive impairment can be
classified into four categories: amnestic MCI single, amnestic MCI multiple, non-
amnestic MCI single and non-amnestic MCI multiple (12, 13). To prevent further
dementia, there are guidelines for the care of dementia in each country. These
guidelines provide information about risk and protective factors for dementia and offer
strategies for maintaining the optimal cognitive function or reducing the risks which
include diet, alcohol intake, smoking, depression, cognitive stimulation, physical and
social activities. For example, UK guideline recommends joining in the cognitive
stimulation group (14) and Australian guideline encourages the elderly to take part in
social activities and mental stimulation that can be considered as a protective factor for
dementia (15).

Prevention and treatment of cognitive impairment in the elderly has increased
their importance. The evidence from systematic reviews of cognitive training in older
people with mild cognitive impairment showed that cognitive training was effective in
enhancing various domains of cognitive function, especially memory, executive function
and attention domains which are measured using Wechsler Memory Scale (WMS),
Stroop Color and Word Test (SCWT), Digit Span Test (DST) and Trail Making Test (TMT)
(16, 17). Cognitive training is one of cognition-focused interventions that commonly used
in the prevention of cognitive impairment. The cognition-focused interventions can be
divided into three types: cognitive stimulation, cognitive training and cognitive
rehabilitation (18). Cognitive stimulation focuses on activities that stimulate the overall

functions of the brain that causes changes in some domains of cognition through daily



life or social interaction such as art therapy, music therapy or social activity (18).
Cognitive training is designed to stimulate specific brain abilities, such as attention,
memory, executive function, or perceptual-motor function individually based on the
objectives of each study (18-20) which were found to be effective in people with mild
cognitive impairment (17, 21). Cognitive rehabilitation focuses on individual disability
rather than only cognitive impairment. This intervention mainly uses in people with
dementia and aims to improve everyday life performance that is very beneficial to the
patients (18, 22). Studies comparing the benefit of cognitive stimulation and cognitive
training showed that cognitive training improved cognitive performance better than
cognitive stimulation in people with cognitive decline (23, 24). A systematic review
evaluating the effectiveness of cognitive rehabilitation and cognitive training showed no
difference in cognitive outcomes between the two interventions (22). Therefore, among 3
types of cognition-focus intervention, cognitive training is more preferable and widely
used in clinical practice.

In addition to cognitive training, physical exercise is also used to prevent
cognitive impairment. Systematic reviews revealed that physical exercise, especially
aerobic exercise, has been shown to benefit global cognitive function (as measured by
Mini-Mental State Examination; MMSE) in patients with mild cognitive impairment but it is
unclear in which specific domain of cognition was improved from physical exercise (25,
26). In general, exercises are classified into four basic types: aerobic exercise,
resistance (strengthening) exercise, flexibility exercise and balance (27, 28). According
to literature reviews, most of the exercises that are popular for improving cognitive
function are aerobic, resistance or multimodal exercises (25, 26, 29, 30). The multimodal
exercise is exercise program that consists of several types of exercises, mostly aerobic
and resistance exercises.

Aerobic exercise is one of the most common methods of training to improve
cognitive function. From reviews, the aerobic exercise program used for this purpose is
often given in the form of walking with treadmill and cycling (25, 26, 31). The advantage

of these two types of exercise is due to the fact that the intensity of exercise can be



easily controlled and adjusted as needed, but treadmill walking and cycling require
specific exercise equipment that may result in limited access of the elderly. Another
aerobic exercise program is the group exercise under supervision of the trainer (25, 32-
34). Apart from the safety benefit, the group exercise intensity can be adjusted to suit
the ability of the elderly. However, the group exercise may not be appropriate for those
elderly who could not travel to join the group (35). Therefore, home-based exercise is
another interesting option for exercise to reduce these afore-mentioned limitations.

Resistance training is also introduced to enhance cognitive performance.
According to the systematic reviews, resistance exercise had positive effects on global
cognitive function, executive function and short-term memory domains in older adults
(36, 37). There are some studies showed the effect of resistance training at moderate
intensity, twice a week for 3 months in promoting better global cognitive function in older
adults with mild cognitive impairment compared to the control group (38, 39). However,
systematic reviews of the effect of exercise on cognitive function in older adults with mild
cognitive impairment included all types of exercises (40-42). Although there was a
systematic review on aerobic and resistance exercises for cognitive function
improvement in mild cognitive impairment elderly, the study did not compare the effect
of each type of exercise (43). Therefore, it is unclear whether aerobic or resistance
exercises have a greater effect on cognitive function in older adults with mild cognitive
impairment. This information is necessary for planning specific and effective exercise
training to improve cognitive function in older adults with mild cognitive impairment.
Moreover, the findings will be helpful for identifying an alternative exercise for improving
cognitive function in those who have limitations or restriction on either aerobic or
resistance exercises.

Based on the above review, the home-based exercise is another intervention of
choice to prevent the progression of dementia in elderly with mild cognitive impairment.
Home-based exercise refers to an exercise performed within or around the home (44).
This type of exercise is considered safe to perform without supervision, does not require

any exercise equipment or simply use the equipment that can be found at home.



However, the questions remain as which home-base exercise would be appropriate to
implement in elderly with mild cognitive impairment. According to the American College
of Sports Medicine and the American Heart Association recommendations (28), the
elderly should do aerobic exercise regularly at the moderate intensity, 30 minutes/day, 5
days/week and do muscle strength training at 10-15 repetitions of 8-10 exercises at
least 2 days/week to maintain physical fithess and preserve independence of daily life.
World Health Organization (WHO) also recommended that the elderly should do
physical activity to reduce the risk of cognitive decline (45). At present, there are studies
on home-based exercise in the elderly and patients with Alzheimer’s disease, with the
results focused on functional performance outcome (46, 47). For people with mild
cognitive impairment, there are studies on home-based or community-based exercise
with multimodal exercise and the results focused only on functional performance
outcome (48, 49). However, there is no evidence that any type of home-based exercise
can help older people with mild cognitive impairment to enhance cognitive function. In
addition, both of aerobic exercise and resistance exercise were found to be effective in
improving cognitive function but there are limited studies comparing aerobic exercise

and resistance exercise in elderly with mild cognitive impairment.

Research questions

1. What was the effect of home-based aerobic exercise and home-based
resistance exercise on the various cognitive domains and physical functions in older
persons with mild cognitive impairment?

2. Which home-based exercise, aerobic or resistance exercise, was better in
improving cognitive and physical functions in older persons with mild cognitive
impairment?

3. When to detect the earliest effect of home-based aerobic exercise and
home-based resistance exercise on cognitive and physical functions in older persons

with mild cognitive impairment?



Objectives of the study

There were three main objectives of the study.

1. To evaluate the effect of home-based aerobic exercise and home-based
resistance exercise on the various cognitive domains and physical functions in older
persons with mild cognitive impairment.

2. To compare the effect among home-based aerobic exercise, home-based
resistance exercise and those without exercise on older persons with mild cognitive
impairment.

3. To evaluate the earliest time of changes in cognitive and physical functions
as a result of home-based aerobic exercise and home-based resistance exercise in

elderly persons with mild cognitive impairment.

Scope of the study

The study focused on the effect of home-based aerobic exercise and home-
based resistance exercise as compared to those who do not exercise on the various
cognitive domains and physical functions in older persons (aged 60 years old and over)
with mild cognitive impairment both amnestic and non-amnestic type. The outcome
measures were cognitive functions in memory, executive function, attention and
perceptual-motor function domains by using Stroop Color and Word Test (SCWT), Digit
Span Test (DST), Trail Making Test (TMT) and Stick Design Test (SDT) and physical
functions by using Timed Up and Go Test (TUG), 6-minute walk test (6BMWT) and 30-
second chair stand test. All measurements were conducted before and after 1, 2 and 3

months of exercise and follow-up 3 months after the end of the exercise program.

Hypotheses of the study

1. Cognitive function would be significantly improved in older persons with mild
cognitive impairment who were trained with home-based aerobic exercise and home-
based resistance exercise.

2. Older persons with mild cognitive impairment in the exercise group would

demonstrate better cognitive function as compared to those in the control group.



3. Older persons with mild cognitive impairment in home-based aerobic
exercise would demonstrate better cognitive and physical functions improvement
compared to those in home-based resistance exercise.

4. Cognitive function would be significantly improved in older persons with mild
cognitive impairment at 1 month after training in home-based aerobic exercise and

home-based resistance exercise.

Benefit of the study

The study would provide evidence about the benefit of home-based aerobic
exercise and home-based resistance exercise on cognitive and physical functions in
older persons with mild cognitive impairment. If the study found the effectiveness of
which home-based exercise, it would be another choice of exercise that does not
require exercise equipment or use exercise equipment found at home for older persons
with mild cognitive impairment to improve cognitive and physical functions. In addition,
the findings from this study would be used for planning specific and effective exercise
training to improve cognitive function in older adults with mild cognitive impairment and
would be used for identifying an alternative exercise for improving cognitive function in

those who have limitations or restriction on either aerobic or resistance exercises.



CHAPTER 2
REVIEW OF LITERATURE

The advancement of healthcare and medical technology has resulted in better
health and longer life. While the birth rate decreases, the proportion of the elderly
population has increased. The definition of the elderly varied from country to country
and still did not have a specific age cut-off. However, the United Nations specified
numbers for both 60 and 65 years of age in their statistical presentation of the elderly
(50). In Thailand, the elderly are individuals aged 60 years and over and have Thai
nationality (1). Currently, Thailand is classified as aging society and approaching
completely aged society and super-aged society in the near future. By the end of 2019,
the number of Thai elderly population was 11.1 million people or about 16.7% of the total
population (51) and the number of this population group is expected to increase to 27.8
million by 2050 (2). In older age, the body underwent more degenerative changes in
various body systems, such as cardiopulmonary system, neurological system,
musculoskeletal system, visual and auditory system (3, 52). The deteriorating
performance of the functions of these body systems could lead to several health
problems found in the elderly. Dementia is one of the common health problems found in

the elderly.

Dementia
Dementia is classified as a major neurocognitive disorder in the fifth edition of
the Diagnostic and Statistical Manual of Mental Disorders (DSM-5); its diagnostic criteria
are
1. There is evidence of progressive cognitive decline in one or more
domains of cognitive function: perceptual-motor function, executive function, complex
attention, learning and memory, language or social cognition based on self-reported
cognitive complaint or the clinician and documented by standardized

neuropsychological test that there has been a significant decline in cognitive function.



2. The cognitive deficits interfere with independent of activities of daily
living.

3. The cognitive deficits do not occur in the context of a delirium.

4. The cognitive deficits are not explained by other mental disorders (6).

Dementia is a progressive neurocognitive disorder that affects mostly the

elderly, including Thai people (53). The number of dementia population worldwide in
2013 was estimated at 44.35 million, reaching 75.62 million in 2030 and 135.46 million in
2050 (4). In Thailand, it was reported that the number of people with dementia was
estimated at 600,000 people in 2015, reaching 1.12 million in 2030 and 2.08 million in
2050 (5). Dementia is a major health problem which leads to physical disability and
mortality in the elderly (53). Older people with dementia need to be cared for by their
family members and caregivers, resulting in physical, emotional and financial stress of
the caregivers (5). Moreover, dementia also has a wide impact on social and economic
costs in terms of medical and social care (7). Therefore, early detection of dementia may

delay the adverse impact of dementia in older individuals, their family and society.

Types of cognitive function and their clinical measurement
Types of cognitive function
Cognitive function refers to the ability to process information and generate
appropriate responses through learning, thinking, problem solving, and decision making
(54). Cognitive function can be classified into 6 categories (6), as following;
1. Perceptual-motor function
Perceptual-motor function includes visual perception,
visuoconstructional reasoning and perceptual-motor coordination (6). The impairment of
perceptual-motor function may lead to requiring more effort to work with perceptual-
motor tasks, for example depending on others for traveling (55).
2. Executive function
Executive function includes planning, decision-making, working
memory, responding to feedback, inhibitory control and cognitive flexibility (6). The

executive function refers to a top-down cognitive process that is required when you
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need to concentrate and pay attention, when performing automatic tasks or relying on
your instinct. It takes time to think before doing, faces the unexpected challenges and
resists the attractions (56).
3. Complex attention
Complex attention includes the ability to maintain attention over a
long period of time (sustained attention), the ability to pay attention on more than one
stimulus at the same time (divided attention), the ability to focus on certain stimuli while
ignore other distracting stimulus (selective attention) (57 ), and the ability to identify,
integrate and respond to the information that one receives (processing speed) (58).
4. Learning and memory
Learning and memory include free recall, cued recall, recognition
memory, long-term memory and implicit learning (6). Memory can be divided into two
major types: short-term memory and long-term memory. Long-term memory is also
divided into two subtypes that are 1) the explicit memory (or declarative, or conscious
memory) and 2) the implicit memory (or non-declarative, or unconscious memory) (59).
5. Language
Language includes speaking, listening and the ability of language
usage. Examples of language start from the ability to name of objects, the ability to find
of words, the ability to use language fluency, the ability to use correct grammar and
syntax and the ability to receive the messages of others (6, 55).
6. Social cognition
Social cognition includes recognition of emotions and theory of mind
(6). The recognition of emotions is the ability to recognize the people’s emotions from
their facial expressions and the theory of mind refers to the ability to understand
people’s thoughts or ability to predict people’s experiences (55).
Clinical measurements of cognitive function
Assessment of cognitive function is important in screening and diagnosing
mild cognitive impairment or dementia. It can also be used to monitor the progression of
cognitive decline. These assessment scales are standardized tests for global cognition.

The most popular standardized test for mild cognitive impairment screening and
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diagnosis are Mini-Mental State Examination (MMSE) and Montreal Cognitive
Assessment (MoCA).
1. Mini-Mental State Examination (MMSE)

The Mini-Mental State Examination (MMSE) is the well-known, most
widely translated and used for screening cognitive function. The scores are ranging
from 0 to 30 points, with lower scores associated with higher cognitive impairment. The
cut-off score at less than 24 points indicates cognitive impairment (60). In Thailand, the
Mini-Mental State Examination: Thai version (MMSE — Thai 2002) was translated and
developed by Institute of Geriatric Medicine, Department of Medical Services, Ministry of
Public Health. The scores of this measurement also range from 0 to 30 points, as the
original Mini-Mental State Examination but this measurement classifies people into three
groups according to educational level. The cut-off scores used to indicate cognitive
impairment in people with higher than primary school and primary school education are
less than 23 and 18, respectively. Only people without education, the scores are ranging
from 0 to 23 points and the cut-off score is less than 15 (55).

2. Montreal Cognitive Assessment (MoCA)

The Montreal Cognitive Assessment (MoCA) is developed to detect
for mild cognitive impairment. The scores are the same range as Mini-Mental State
Examination but the cut-off score that is used to indicate cognitive impairment is less
than 25 points (60, 61). In the Thai version, it has the same description and interpretation
as the original version. Thai version of the Montreal Cognitive Assessment show good
internal consistency, high sensitivity (72.1%) and specificity (75.0%) for detecting
people with mild cognitive impairment (62). Moreover, Montreal Cognitive Assessment
demonstrated superiority over Mini-Mental State Examination for detecting mild cognitive
impairment (63, 64).

In addition to global cognition assessment, there are clinical scales for
assessing specific cognitive domains for differential diagnosis of each type of dementia,
for example, patients with Alzheimer’s disease suffer from loss of cognition in learning

and memory domain more than other cognitive domains. Assessment of cognition in
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each domain reveals the specific impairment of cognition for planning appropriate and
corresponding treatment. Clinical scales that are commonly used for evaluating specific

domain of cognition (65, 66) are shown in Table 1.
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Mild cognitive impairment
Definition of mild cognitive impairment
Mild neurocognitive disorder or mild cognitive impairment (MCI) is a term
used to describe the stage between normal cognitive function and dementia and the
elderly with mild cognitive impairment have a high rate of progression to dementia (87).
There are four criteria of DSM-5 for diagnosis of mild cognitive impairment (6), as
following;

1. There is evidence of cognitive decline in one or more cognitive
domains (executive function, complex attention, learning and memory, perceptual-motor
function, language or social cognition) based on self-reported cognitive complaint and
documented by standardized neuropsychological test.

2. The cognitive deficits do not interfere with independent of activities of
daily living.

3. The cognitive deficits do not occur in the context of a delirium.

4. The cognitive deficits are not explained by other mental disorders.

Prevalence of mild cognitive impairment
Systematic review of 35 studies in participants aged over 60 years revealed
that the prevalence of mild cognitive impairment in different geographical regions was
ranged from 0.5 — 41.8% and the pooled prevalence of mild cognitive impairment was
17.3% (95% confidence interval (Cl) = 13.8 — 20.8) (88). In Thailand, although several
researchers collected the prevalence of people with mild cognitive impairment but there
was no report on the prevalence of cognitive impairment in the whole country. However,
the prevalence of cognitive impairment in elderly people aged 60 years and over was
ranged from 22.7 — 71.4% in rural area (9, 10). A study of people worked at the
Ramathibodi Hospital aged between 50 and 60 years showed those with a mild
cognitive impairment of 30.8% (11), which can be seen as different by demographic and
assessment tools used to collect data.
Risk factors of cognitive decline
There were studies on the risk factors affecting cognitive decline that could

be divided into 2 main areas: non-modifiable and modifiable risk factors. Non-modifiable
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risk factors include genetic, age, gender and race (45, 89). Increasing age is the
strongest risk factor for cognitive decline, dementia, particularly for Alzheimer disease
(90). The meta-analysis of mild cognitive impairment incidence per 1,000 person-years
for ages 75-79 years, 80-84 years and > 85 years were approximately 22.5, 40.9 and
60.1, respectively (91). Currently, several studies had shown a relationship between the
development of cognitive impairment and dementia with education (92) and medical
conditions, such as hypertension, diabetes, obesity, hearing loss and depression (93-
100). Furthermore, lifestyle-related risk factors were associated with an increased risk of
developing mild cognitive impairment and dementia, including physical inactivity,
smoking, alcohol use and social isolation (101-104). These were classified as modifiable
risk factors which focused on the application to prevent dementia and/or the delay of
progression of cognitive decline. Less education, hearing loss and air pollution were the
most maodifiable risk factors that can contribute to increase dementia risk in early life,

midlife and later life, respectively (105) as summarized in Table 2.
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Table 2 Modifiable risk factors for dementia

Modifiable risk factors Age range Prevalence Weighted PAF
Early life
Less education 40.0% 7.1%
(age < 45 years)
Hearing loss 31.7% 8.2%
Traumatic brain injury 12.1% 3.4%
Midlife
Hypertension 8.9% 1.9%
(age 45 - 65 years)
Alcohol (> 21 units/week) 11.8% 0.8%
Obesity (BMI > 30) 3.4% 0.7%
Smoking 27.4% 5.2%
Depression 13.2% 3.9%
Social isolation Later life 11.0% 3.5%
Physical inactivity (age > 65 years) 17.7% 1.6%
Diabetes 6.4% 1.1%
Air pollution 75.0% 2.3%

Weighted PAF = Weighted population attributable fraction

Classification of mild cognitive impairment

Mild cognitive impairment can be classified into two major types that is
amnestic MCI and non-amnestic MCI based on memory domain. Amnestic MCI is
characterized by clinical presentation with memory impairment while non-amnestic MCI
has normal memory but presence of impairment at least one domain in non-memory
cognitive domains such as executive function, attention, perceptual-motor function and
language domains (87). In addition, both types of mild cognitive impairment can
separate in a single cognitive domain or multiple cognitive domains that the number of
affected domains may be due to brain disease or pathology and severity of disease.
Moreover, multiple cognitive domains may have a higher chance of progression from

mild cognitive impairment to dementia than a single cognitive domain (12, 87). However,
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all types of mild cognitive impairment can advance to dementia, with the amnestic MCI
progresses to Alzheimer dementia and non-amnestic MCI progresses to vascular

dementia or lewy body dementia (non-Alzheimer dementia) (12).

Management of cognitive impairment
Pharmacological treatment

Currently, there is no evidence for the efficacy of acceptable
pharmacological treatment in the mild cognitive impairment, so pharmacology is mainly
used to reduce risk factors for cognitive deficit and dementia, such as taking
antihypertensive drugs, cholesterol-lowering drugs and vitamins. Moreover, the
specialized medical care should focus on the treatable causes of cognitive impairment
and re-evaluation of cognitive function to assess the progression of the cognitive decline
(13, 106).

Non-phamacological treatment

Non-pharmacological treatments are other therapies that did not use
medicines for improving the cognitive functions, such as cognitive training, physical
activity intervention, and lifestyle modification (107). There is a recommendation of these
treatments may be effective in reducing the progression from cognitive decline (45).

1. Transcranial direct current stimulation
Transcranial direct current stimulation (tDCS) is a noninvasive brain
stimulation that regulates the cortical excitability in a polarity-dependent form and can
induce neuronal activity (108). It is currently being used in the treatment of neurological
disease such as stroke. There was a study of the effect of tDCS in mild cognitive
impairment found that anodal tDCS over the right dorsolateral prefrontal cortex improved
cognitive function in attention and visual memory domain (109).
2. Cognitive-focused interventions

Cognition-focused interventions are the strategies used to enhance
or maintain cognitive function in people who suffer from cognitive impairment. The

cognition-focused interventions can be divided into three categories (18), as following;
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2.1 Cognitive stimulation
Cognitive stimulation refers to a wide range and non-specific
approach of activities that aimed at stimulating the people to improve cognitive functions
through daily life or social interaction like puzzles, word games, indoor gardening, art
therapy or music therapy. It focuses on the involvement of multiple cognitive domains
rather than the targeting at a specific cognitive domain (18, 110).
2.2 Cognitive training
Cognitive training is a cognitive practice training that enhances
performance of cognitive function, which targets at a specific cognitive domain.
Repetitive cognitive training will lead to improve in the cognitive domain being trained.
Cognitive training is usually organized on an individual basis depending on the cognitive
problems of the person and is often modified or increased the difficulty of the task when
the trained person does better (18, 110). For example, the participant listens or reads a
section of text and then answers questions about it. Difficulty of the questions can range
from general to concrete details and data. This cognitive training can be practiced using
traditional pen-and-pencil or computer-based program (111).
2.3 Cognitive rehabilitation
Cognitive rehabilitation is a more individualized practice method
for helping people with cognitive impairments. It focuses on the management of
functional disability rather than cognitive function alone. For example, training on an
important function of daily activities using action-based learning by creating a model
and then the participants learn and follow. There may be included the modification of
participant’s environment and surroundings (22). This type of intervention is therefore
used in people with mild to moderate dementia and is intended to improve their
performance in daily life, which is of great benefit to the patient (18).

There were studies comparing the benefit of cognitive stimulation
and cognitive training in older people at risk of cognitive decline and mild Alzheimer’s
disease and they showed that cognitive stimulation was less effective to improve
cognitive performance than cognitive training (23, 24). Another systematic review

evaluating the effectiveness of cognitive rehabilitation showed that cognitive
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rehabilitation was a valuable treatment for supporting the management of everyday
activities in people with mild to moderate dementia and their families (22). Moreover,
there were evidence of cognitive training in older people with mild cognitive impairment
that suggested cognitive training was effective in improving cognitive functions at least
one domain and reducing the risk of cognitive decline and dementia (16, 17, 45).

The effect of cognitive training on cognitive function generally
involves both compensation and restoration mechanisms (112). The compensation
mechanism activated other areas of the brain or other networks to compensate for the
impaired part (112). There was an increase of brain activation after memory training
within a large network of the frontal, temporal, and parietal areas, especially in the right
inferior parietal lobule that related the memory in participants with mild cognitive
impairment (113). The restoration mechanisms activated at the networks or the impaired
brain areas to restore the cognitive performance (112). There were studies reported that
cognitive training, especially mnemonic strategy training, improved memory by restoring
partial activation in the hippocampus of participants with mild cognitive impairment (114,
115).

3. Physical exercise

Physical exercise is a subset of physical activity that involves any
movements of body produced by skeletal muscles and results in energy expenditure.
Exercise is a planned, structured and repetitive activity that is intended to improve or
maintain one or more components of physical fitness (116). Exercises are generally
divided into four basic types: aerobic exercise, resistance exercise, flexibility exercise
and balance (27, 28).

3.1 Aerobic exercise

Aerobic exercise or endurance exercise is an activity that
promotes or improves physical fithess, cardiovascular endurance, respiratory, and
circulatory system. The recommendation of aerobic exercise in the elderly is to perform
moderate intensity aerobic physical activity for at least 30 minutes on 5 days each week.

For example, the aerobic physical activities are walking, jogging, and swimming (28).
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3.2 Resistance exercise
Resistance exercise or strengthening exercise is an activity that
maintains or increases muscle tone and muscle strength using weight or resistance. The
recommendation of resistance exercise in the elderly is to perform 8-10 resistance
exercise involving the major muscle groups (such as chest muscles, arm and shoulder
muscles, abdominal and back muscles, leg and buttock muscles, etc.) for at least 2
days per week. For example, the muscle strengthening activities are lifting weight or a
resistance band or using their own body weight (28).
3.3 Flexibility exercise
Flexibility exercise or stretching exercise is an activity that
maintains or increases the flexibility of muscle for regular activity and daily life. The
recommendation of flexibility exercise in the elderly is to perform this activity at least 2
days per week. For example, the flexibility activities are stretching, yoga and pilates
(28).
3.4 Balance exercise
Balance exercise is an activity that increases postural balance
and reduces risk for falls, which is common problem in the elderly. The recommendation
of balance exercise in the elderly is to perform balance exercises at least 2 days per
week especially older people who are at risk of falling. For example, the balance
activities are balance training and Tai-Chi (28).

According to systematic reviews, physical exercise was beneficial for
cognitive function, mainly global cognition, in participants with mild cognitive impairment
(25, 26). The physical exercises used for improving cognitive function can be
categorized into three groups: aerobic exercise, resistance exercise and multimodal
exercise (consisted of aerobic exercise, resistance exercise, balance exercise and/or
flexibility exercise). From meta-analyses, the effect of exercise on global cognition is
largely attributed to a multimodal training program with shorter session duration and
higher frequency which had a greater impact on cognitive function in persons with mild
cognitive impairment (25, 117). Exercising in short session may lead to less fatigue,

which can have a positive effect on the movement ability and motivation to exercise,
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whereas high frequency exercise may maintain levels of exercise-induced neurological
factors, which resulted in improving neurological health (117).

The effect of physical exercise on cognitive function is due to the
physiological mechanisms of neuroprotective and neuroplastic effects on brain
structures (30, 118). Brain-derived neurotrophic factor (BDNF) is one of neurotrophic
factors that plays a role in enhancing neuronal development and stimulating the activity
of neurons in the brain (119). BDNF levels decreased with increasing age and were
associated with the loss of gray matter at hippocampus affecting memory deficit in the
elderly (120). Exercise had resulted in an increased release of BDNF which positively
effect on cognitive function (118). A Study had shown that people who exercise regularly
affect BDNF concentration and found that BDNF release increased 2-3 times during
exercise (121). Moreover, there is a study shown that 3 months of aerobic exercise had
increased the resting of BDNF level by almost four times (122). In addition to releasing
neurotrophic factors such as BDNF, exercise also improved cerebral blood flow and
reduced systematic inflammation that may help to prevent age-related cognitive decline
(118).

In addition to aerobic exercise, resistance exercise was also
beneficial for cognitive function in healthy older adults and participants with mild
cognitive impairment. From systematic reviews and meta-analyses, resistance exercise
significantly improved global cognitive function and executive function domain in both
healthy older adults and participants with mild cognitive impairment and improved short-
term memory as assessed by the digit span test in healthy older adults (36, 37). The
resistance exercises that improve cognitive function can be accomplished by focusing
on the lower limbs and both the upper and lower body (39, 123-125). It was also found
that tri-weekly of resistance exercise had a significant benefit to global cognitive function
and biweekly in executive function in older adults (36).

The effect of resistance exercise on cognitive function is due to the
physiological mechanisms of neuroprotective and neuroplastic effects on brain

structures. Insulin-like growth factor-1 (IGF-1) is one of the most important neurotrophic
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factors for growth and development in humans and have been associated with brain
especially cognitive function (126). Studies in older adults demonstrated that low levels
of serum IGF-1 were associated with poor cognitive function, especially a decrease of
information processing speed (127). Resistance exercise caused changes in brain
function by increasing serum IGF-1 levels (128) and elevating circulating BDNF (129). A
Study had found that there was an approximately 20% increase in circulating IGF-I in
people who performed 13 weeks of resistance exercise at 60-70% of 1 repetition
maximum (RM) (130).

Aerobic exercise at least 30 minutes per day for 3 to 6 months or
resistance exercise at moderate to high intensity, 2-3 days per week for at least 3
months had been shown to improve cognitive function and physical performance in the
elderly and participants with mild cognitive impairment. Summary of program of training,

intensity, duration and outcomes of exercises are shown in Table 3.
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Home-based exercise

At present, home-based exercise is one of the most popular options for
exercising in older people. Home-based exercise refers to an exercise performed within
or around the home with or without a specific exercise program (44). This exercise does
not require any exercise equipment or use the equipment that can be found at home. It
is considered to be a safe exercise that does not require supervision. People who
perform this type of exercise must be able to assess the exercise intensity by
themselves for safety reason. There were systematic reviews evaluating the
effectiveness of individualized home-based and community-based exercise programs
and founded that these interventions significantly improved physical function, mobility
and balance in both healthy elderly and older adults with mild cognitive impairment (48,
141). In addition, the effectiveness of home-based exercise was not different from group
exercise (142). Therefore, home-based exercise might have an advantage over group
exercise in a specified location due to ease of access and home-based exercise can
reduce barriers in participation such as the need for travel and other related expenses.
However, one of the challenging aspects of home-based exercise was to design the
programs that were appropriate for the participants. It should be taken into
consideration regarding the factors that support exercise at home, especially safety of
the participants.

In summary, exercise is beneficial for cognitive function. Most exercises from
recent research studies have used equipment or had to travel to exercise in a specified
location causing travel restrictions and increased expenses. Home-based exercise is
another intervention of choice to reduce these afore-mentioned problems and prevent
the progression of dementia in elderly with mild cognitive impairment. At present, there
are studies on home-based or community-based exercise in the elderly and participants
with mild cognitive impairment, with the results focused only on functional performance
outcome (46, 48). However, there is no evidence that home-based exercise in the form
of resistance exercise can improve cognitive function in older people with mild cognitive

impairment. In addition, both of aerobic exercise and resistance exercise were found to
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be effective in improving cognitive function but there are limited studies comparing

aerobic exercise and resistance exercise in elderly with mild cognitive impairment.



CHAPTER 3
RESEARCH METHODOLOGY

This chapter focused on the research methodology for comparing the effect of
home-based aerobic exercise and home-based resistance exercise on the cognitive
and physical functions in older persons with mild cognitive impairment. These objectives
were assessed in three group of participants; aerobic exercise group, resistance

exercise group and the control group who did not perform any exercise training.

Study design

A single-blind randomized controlled trial

Study population
Sample size
There were 3 group of participants. The sample size was calculated using
the G*Power program, which determined 80% power, the O level of 0.05 and the effect
size of 0.3 (143). The sample size were 75 participants (25 participants per group) and
when adding 20% drop out, the total sample size were 90 participants (30 participants
per group).
Inclusion and exclusion criteria
All participants were recruited using the following criteria:
Inclusion criteria
The inclusion criteria of participants were as followed:
1. Aged 60 years and older.
2. Live in Pathum Thani province.
3. Having mild cognitive impairment as measured by Thai version of
the Montreal cognitive Assessment (MoCA), score between 17 — 24 points.
4. Able to stand and walk independently (with or without assistive
device).

5. Able to follow verbal instruction.
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Exclusion criteria
The exclusion criteria of participants were as followed:
1. Have been diagnosed with dementia.
2. History or diagnosed with neurological diseases, such as stroke,
traumatic brain injury.
3. History or diagnosed with cardiovascular diseases, such as
myocardial infarction (Ml).
4. Having resting blood pressure > 160/100 mmHg.
5. Severe musculoskeletal conditions that disturbing or limiting to
follow the exercise program.
6. Having visual and/or hearing impairment that could not be
correct with lens and/or hearing aid.
7. Having color blindness and cannot communicate.
8. Participating in other exercise programs.
Termination criteria
In the aerobic and resistance exercise groups, participants were
excluded when they were unable to participate in > 75% of the exercise program or >

1,230 minutes of total exercise duration.

Methods and procedures

First of all, the researchers proposed the research protocol for approval from
the human ethics committee of Srinakharinwirot University. After the research protocol
was approved, all participants who were interested in the study were invited to
participate in this study. Before they were recruited in this study, Thai version of
Montreal Cognitive Assessment was used for screening mild cognitive impairment, with
a score between 17 — 24 points by physical therapists. After that, the participants were
informed about the objectives, procedure, benefits, and possible risks of this study
before participation. Then, the participants who met the inclusion and exclusion criteria
signed a consent form. All participants with mild cognitive impairment in this study were

randomly stratified by age and education levels into three groups by rater 1, 1) aerobic
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exercise group, 2) resistance exercise group and 3) control group. The home-based
exercise was designed with the concern of safety issue such that participants could
perform these exercises independently with no risk of fall or physical injury.

All types of training were performed 5 days per week for 3 months by physical
therapist (rater 2), each session consisted of a total exercise duration of 35 minutes per
day and increase by 5 minutes every 2 weeks. Participants in the aerobic exercise
group received an aerobic exercise program at home and were later progressed with
increasing number of exercises, number of repetitions and the complexity of the
exercises. Participants in the resistance exercise group received a resistance training
program using bodyweight, water bottles, etc., and were subsequently progressed by
increasing resistance, number of exercises, number of sets or repetitions and the
complexity of the exercises as shown in Table 4. Researcher used test results
performed prior to exercise (physical performance tests such as 6-minute walk test, 30-
second chair stand test, 30-second arm curl test) to determine the fitness level and
tolerance of the participant for prescribing the exercise intensity suitable to the fitness
level of individual participants. Training programs were explained to the participants in
both aerobic and resistance exercise groups and verified on the day of the first program
administration before the participants to do the exercises at home to ensure the
correction and safety of exercise when performing at home and a separate exercise
manual was provided for each group. The Borg Rating of Perceived Exertion scale was
also explained so that participants could accurately rate themselves. Participants in the

control group were allowed to continue their usual daily life activities.
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Table 4 Training program

Duration Exercise groups
Weeks
(mins/day) Aerobic exercise Resistance exercise
Example of exercise Example of exercise
1-2 35 - Low impact exercise: - Start 6 to 8 exercises with
indoor walk/march in repetitions based on physical
place, step in difference performance tests
directions and plus arm - 30 to 60 seconds rest between
3-4 40 movement sets
- Light to moderate - Shoulder flexion, abduction
intensity (< 15 point of - Elbow flexion, extension
Borg scale) - Hip extension, abduction
5-6 45 Progression - Knee extension
- increase number of - Plantar flexion
exercises, number of - Wall push up
repetitions and the - Step ups
7-8 50 complexity of the - If the participants complete the
exercises exercise before the determined
exercise time, they will be asked
to perform light exercise such as
9-10 55 stretching wrist, finger, ankle and
toe movements in sitting until the
exercise time is completed.
Progression
11-12 60 - increase resistance, number of

exercises, number of sets or
repetitions and the complexity of

the exercises
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The outcome measures were collected before and after 1, 2 and 3 months of
exercise and follow-up 3 months after the end of the exercise program by rater 3 who
had experience in using the measurement and were blinded to the group of the
participant. Cognitive functions were assessed by psychologists and physical functions
were assessed by physiotherapists. The Stroop Color and Word Test (SCWT), Digit
Span Test (DST), Trail Making Test (TMT) and Stick Design Test (SDT) were used to
assess cognitive functions which were performed in the random order with rest between
tests and Timed Up and Go Test with manual task (TUG-M), 6-minute walk test (BMWT)
and 30-second chair stand test were used to assess physical functions which were
performed in the random order with rest between tests. In addition, exercise adherence
was recorded, calculated from the total exercise duration of 12 weeks; exercise
adherence (%) = (The amount of time participants exercised/The total exercise duration)

x 100. The testing procedures were summarized in Figure 1.



Participant recruitment

\ 4
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Screening for eligibility using Thai version of

Montreal cognitive Assessment (MoCA)

- Digit Span Test

\4

Obtain informed consent

\4

Baseline assessment

- Trail Making Test
- Stick Design Test

Physical performance

\4

Randomization

> - Timed Up and Go Test
- 6-minute walk test
- 30-second chair stand

- 30-second arm curl

Cognitive performance

- Stroop Color and Word Test

A

A4

v

Aerobic exercise group
- Aerobic exercise
- 35 minutes/day, 5 days/week
- Increased by 5 minutes

every 2 weeks

Resistance exercise group
- Strengthening exercise
- 35 minutes/day, 5 days/week

- Increased by 5 minutes

every 2 weeks

Control group

- Perform their usual daily life

Intervention

\4

Post-training assessment

\4

Statistical analyses

Figure 1 Flow diagram of the study

Aerobic exercise group

Participants in the aerobic exercise group performed an aerobic exercise

program at home. The participants exercised at light to moderate intensity with a level of

exhaustion at < 15 point of Borg scale (144) and they were progressed with increasing

number of exercises, number of repetitions and the complexity of the exercises by a
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physical therapist who visited every 2 weeks. This intervention was performed 15
minutes per day, 5 days per week for 3 months and increased by 5 minutes every 2
weeks. Each session of exercise program was included a 10-minute warm-up and a 10-
minute cool-down. The participants received a logbook for recording their exercise to
evaluate their compliance to the exercise program. Further, the participants were
monitored by phone every week to encourage them to exercise and to ask for problems
that might arise.
Resistance exercise group

Participants in the resistance exercise group performed a resistance
training program at home. The participants started the exercise with bodyweight, water
bottles or items that could find at home and they were progressed with increasing
resistance, number of exercises, number of sets or repetitions and the complexity of the
exercises by a physical therapist who visited every 2 weeks. This intervention was
performed 15 minutes per day, 5 days per week for 3 months and increased by 5
minutes every 2 weeks. Each session of exercise program was included a 10-minute
warm-up and a 10-minute cool-down. The participants received a logbook for recording
their exercise to evaluate their compliance to the exercise program. Further, the
participants were monitored by phone every week to encourage them to exercise and to
ask for problems that might arise, same as aerobic exercise group.

Control group

All participants in the control group were allowed to continue their usual
daily life activities, except performing any types of exercise or cognitive training until the
study was completed. The participants received a logbook for recording their daily
routines and were reviewed by phone every week for monitoring their daily activities and
problems that may arise similar to those in the exercise groups. In addition, participants
in the control group were asked about their behavior on the day of testing every month
and verified with the relatives. The exercise programs were informed for the participants

in control group after the intervention was completed.



49

Outcome measurements
Both cognitive and physical outcomes were measured as follows.
Cognitive performance outcomes
The Montreal Cognitive Assessment (MoCA)

The Montreal Cognitive Assessment (MoCA) was a global cognitive
function assessment to screen for cognitive impairment. It assessed cognitive function in
areas such as executive function, memory, attention, language, orientation, with a score
of 30 points. If the participants have less than 6 years of education, a score would be
added to those who had been taken the test by 1 point.

The Stroop Color and Word Test (SCWT)

The Stroop Color and Word Test (SCWT) was a neuropsychological
test used for assessing inhibitory control that was part of executive function. Stroop color
and word test consisted of 3 subtasks. Subtask 1 (W condition): participants were
instructed to read the words (red, blue, yellow, green) that printed with black ink.
Subtask 2 (C condition): participants were instructed to name the color of the color
display and subtask 3 (CW condition): participants were instructed to name the ink color
of the printed words (for example, the word “red” was printed in yellow ink then let the
participants named that yellow). Participants were required to do correctly and quickly
as possible within 45 seconds. The assessors recorded the number of items that had
been completed. If the participants name the wrong word or color during the test, the
assessors would instruct the participants to name the word or color in the mistaken list
again without counting the points for the wrong naming. The scores obtained from 3
subtasks were used to calculate the interference score (IG) using the formula; IG = CW -
[(Wx C)/(W + C)] (145).

The Digit Span Test (DST)

The digit span test (DST) was a neuropsychological test used to
assess the short-term memory and working memory. Digit span test generally consisted
of two parts: forward and backward digit span test. Forward digit span test required
participants to repeat the numbers in the same order that the assessor read, and

backward digit span test required participants to repeat the numbers in the reverse
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order from the assessor. The length of the number set was from 2-10 numbers, each
number set was tested 3 times in a set. If participants answer correctly 2 times, they
would pass that number set. This test was finished when the set of numbers was not
passed (146).

The Trail Making Test (TMT)

The Trail Making Test (TMT) was a neuropsychological test of
attention and mental flexibility. Part A (TMT-A) required participants to draw a line to
connect 25 encircled numbers distributed on a page without lifting up pen or pencil.
Part B (TMT-B) was similar, except participants had to alternate between numbers and
letters sequentially by using the Trail Making Test — Thai Modification (147). Both parts
were timed, and the score showed the amount of time required to complete the task. If
participants make an error, point out the error and correct it. Time to correct error was
included in the completion time for the task (148).

The Stick Design Test (SDT)

The Stick Design Test (SDT) was a neuropsychological test used to
assess the visuoconstructional reasoning that was part of perceptual-motor function.
The assessor demonstrated the arrangement of matches one by one from 4
predetermined patterns before letting the participant performed the test. After that, the
assessor collected all the matches and requireed participants to put the matches in
order according to the sample shown by the assessor. Scoring criteria were based on
the correctness of the general figure, orientation of the whole figure, and orientation of
the match heads within the figure. If the participants do it correctly, they would receive 3
points per figure, with total score 12 points (79).

Physical performance outcomes
The Timed Up and Go Test (TUG)

This study administered the timed up and go with manual task (TUG-
M) that required participants to carry a full cup of water while walking (149). The Timed
Up and Go Test (TUG) was used to assess mobility, balance and walking ability. It
required participants to sit in the chair with their back against the backrest and both feet

on the floor. After the assessor commanded "go", the participants stood up
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independently from a sitting position, walked along a 3 meters walkway as fast as the
participants felt safe and comfortable, turned around the cone, walked back to the chair
and sat down. Timing was recorded at the assessor commanded "go" until the
participants sat down with back against the backrest of the chair (150). The participants
might use their hands to push up when got up from the chair and might use gait
assistive device that they normally used while performing the test but might not be
assisted by another person. The assessor recorded gait assistive device.
The 6-Minute Walk Test (6MWT)

The six-minute walk test (BMWT) was used to assess aerobic
capacity or endurance. Participants were instructed to walk with preferred walking
speed as far as possible in 6 minutes. They were not allowed to talk during walking and
were notified of each minute left. They could use an assistive device that they normally
used while performing the test and might take a rest as needed if they feel tired or
discomfort while time was still ongoing. The assessor recorded the number of rests
taken, the total rest time and an assistive device. Walking distance was measured in
meters over 6 minutes (151). This test was performed for 1 time and data was used for
study.

The 30-second Chair Stand Test

The 30-second chair stand test was used to assess lower extremity
strength. This test required participants to sit in the middle of the chair with back
straight, both feet on the floor and arms folded across the chest. Participants were
instructed to fully stand alternately with fully sit as many as possible within 30 seconds.
This test was performed for 1 time and could be practiced a repetition or 2 before the
test. The score was the total number of the completion of stands within 30 seconds. If
the participants use their hands to push up when stood up from the chair, they would be
scored 0 point (152).

The 30-second Arm Curl Test

The 30-second arm curl test was used to assess upper extremity

strength. This test was performed before starting an exercise program to determine the

appropriate exercise intensity for each participant’s fitness. The 30-second arm curl test
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required participants to sit in the chair, holding the weight on the dominant arm side with
palm facing to the body (women used 5 pounds and men used 8 pounds). Participants
were instructed to bend their arm up and lower their arm down through range of motion
as many as possible within 30 seconds. During the test, the participant’s upper arm was
be braced against the body so that only the lower arm could move (the assessor might
help to hold the participant’s upper arm). This test was performed for 1 time. The score

was the total number of the completion of arm curl within 30 seconds (152).

Statistical analyses

Data were analyzed using Statistics program IBM- SPSS version 22 for
Windows. Descriptive statistics were used to describe general characteristics of the
participants. These analyses included all participants according to the intent-to-treat
principle. Missing data at follow-up were replaced with post-training data. The
distribution of all data calculated by the Kolmogorov-Smirnov test showed it was not
normal distribution so the Kruskal-Wallis test were used for comparison between 3
groups at pre-training, post-training and follow-up period. The Wilcoxon Signed Ranks
test was used to compare the effect of exercise on cognitive and physical variables
within groups and the Mann-Whitney U test was used to compare the effects of exercise
on cognitive and physical variables between groups. The statistical significance in this
study was set at 0.05. Effect sizes were calculated to estimate the magnitude of
differences in outcome variables between groups. The criteria for interpreting 0.2, 0.5
and 0.8 were small, medium and large effects, respectively (153). Data are reported as
the mean = SD across all outcome variables and 95% CI in comparisons of outcome

variables between groups.



CHAPTER 4
RESULTS

Subject characteristics and pre-training assessments before starting the
exercise program are presented in Table 5. A total of 90 subjects with an average age of
69.00 £ 5.03 years completed the 3-month exercise program. All 3 groups had similar
characteristics, with the majority being female, having less than 6 years of education,
doing housework, and low physical activity levels (<600 MET minute per week). The
exception is for marital status where most of the resistance groups are married, while the
majority of the other two groups were single. In addition, all cognitive variables,
including MoCA, TMT-A, TMT-B, SCWT, DST-F, DST-B and SDT, as well as physical
variables (TUG-M, 6MWT and 30-second chair stand test) were not different among

three groups at pre-training.
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Table 5 Subject characteristics and pre-training neuropsychological assessments and

physical performance

All participants

Aerobic group

Resistance group

Control group

(N =90) (N=130) (N=130) (N =130)
N % N % N % N %
Female 71 78.89 24 80.00 23 76.67 24 80.00
Marital status (Marriage) 46 51.11 14 46.67 19 63.33 13 43.33
Education level
(Academic years < 6) 48 53.33 16 53.33 16 53.33 16 53.33
Employment status
Employment 16 17.78 6 20.00 5 16.67 5 16.67
Unemployment 15 16.67 %5 16.67 3 10.00 7 23.33
Housework 59 65.56 19 63.33 22 73.33 18 60.00
Level of physical activity (MET minutes per week)
Low (< 600) 51 56.67 18 60.00 17 56.67 16 53.33
Moderate (600 — 1,500) 29 32.22 7 23.33 9 30.00 13 43.33
High (= 1,500) 10 11.11 5 16.67 4 13.33 1 3.33
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age (years) 69.00 (5.03) 68.60 (4.86) 68.70 (4.72) 69.70 (5.55)
MoCA (score) 20.06 (1.94) 20.17 (2.09) 19.60 (1.83) 20.40 (1.87)

TMT-A (second)
TMT-B (second)
SCWT (score)
DST-F (score)
DST-B (score)
SDT (score)
TUG-M (second)
6MWT (meter)

30-second chair stand test (score)

71.32 (38.37)

199.88 (161.00)

-13.62 (6.98)

6.23 (1.26)

2.86 (0.53)

9.26 (1.50)

15.28 (3.88)

366.01 (53.53)

12.28 (2.33)

60.01 (17.41)
174.95 (174.26)
-13.66 (6.43)
6.27 (1.34)
2.90 (0.61)
9.27 (1.53)
14.56 (3.02)
362.03 (42.40)
12.90 (2.51)

77.50 (40.33)
185.64 (157.66)
-15.61 (6.10)
5.93 (1.11)
2.77 (0.50)
9.30 (1.47)
16.21 (4.32)
364.20 (51.24)
11.97 (2.28)

76.45 (48.88)

239.04 (147.96)

-11.59 (7.92)

6.50 (1.31)

2.90 (0.48)

9.20 (1.56)

15.08 (4.13)

371.80 (65.69)

11.97 (2.13)

Abbreviations: DST-F = Forward Digit Span Test; DST-B = Backward Digit Span Test; MET = Metabolic Equivalent of

Task; MoCA = Montreal Cognitive Assessment; SCWT = Stroop Color and Word Test; SDT = Stick Design Test; TMT =

Trail Making Test; TUG-M = Timed Up and Go Test with manual task, BMWT = six-minute walk test
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Within group effect

Participants in the aerobic and resistance exercise groups showed high
adherence to the exercise program with 94.83 £ 3.48% and 96.67 = 3.16%, respectively
with exercising on average 3 - 5 days per week. All participants had an exhaustion level
range from 8 to 13, with participants in the aerobic group reported the exhaustion level
with the median of 11 from Borg scale which was the same median value as those in the
resistance group. After exercise, no participants reported any serious adverse effects,
only muscle fatigue and those symptoms improved after resting. The effects of exercise
on cognitive and physical performance within each group; aerobic, resistance and
control group, during 3-month post-training and follow-up, compared to pre-training are
shown in Table 6. Both aerobic and resistance groups demonstrated significant
improvement on global cognitive function as measured by MoCA, during post-training
and able to sustain until follow-up. With the exception of stick design test (SDT),
improvement in all specific cognitive functions, including TMT-A, TMT-B, SCWT, DST-F,
DST-B and TUG-M, were also evident in both aerobic and resistance groups during
post-training and follow-up. However, 6MWT of the aerobic group showed significant
improvement at post-training and follow-up, while the 30-second chair stand test found
improvement only in the resistance group. The effect sizes of all outcome variables
within groups for both the aerobic and resistance groups ranged between 0.35 and
0.62. In contrast, control group did not show the improvement in cognitive and physical

performance at post-training and follow-up.
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Between group effect

The effects of exercise on cognitive and physical performance when compared
between 3 groups: aerobic group, resistance group, and control group at pre-training, 3
months post-training and follow-up are shown in Figure 2 and Figure 3. Details on
95%CI and effect size of each pair comparison during post-training and follow-up are
listed in Table 7. As compared to the control group, aerobic group differed significantly
in MoCA, TMT-A, TMT-B and SCWT at post-training and follow-up. However, DST-F,
DST-B, TUG-M and 6MWT of the aerobic group showed higher improvement than the
control group only at post-training. For the resistance group, this group significantly
improved in MoCA and TMT-B than the control group at post-training and follow-up,
while TMT-A, SCWT, DST-F, DST-B, TUG-M and 30-second chair stand test of this group
differed from the control group only at the post-training. Effect sizes of all outcome
variables between the aerobic and the control group and the resistance and the control
group were in the range of 0.30 — 0.68 and 0.26 — 0.52, respectively. However, there
were no differences in cognitive and physical performances after training between
aerobic and resistance group, except the inhibitory control and aerobic endurance as
measured by SCWT and 6MWT, respectively that significantly better in the aerobic
group than the resistance group at post-training and the effect sizes of SCWT and

E6MWT were 0.29 and 0.37, respectively.
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Table 7 Comparison of changes in cognitive function domains and physical performance

outcomes between groups at post-training and follow-up.

Aerobic & Control

Resistance & Control

Aerobic & Resistance

Outcome measures  Effect size 95% CI Effect size 95% CI Effect size 95% Cl
MoCA

Post-training 0.64* [2.86, 5.61] 0.52* [1.90, 4.83] 0.15 [-0.54, 2.28]

Follow-up 0.42* [1.30, 4.56] 0.26* [0.13, 3.52] 0.18 [-0.36, 2.70]
TMT-A

Post-training -0.54* [-40.22, -12.08] -0.39* [-35.62, -4.08] -0.09 [-15.62, 3.03]

Follow-up -0.30* [-30.38, -4.05] -0.30 [-29.52, 1.41] -0.01 [-15.06, 8.74]
TMT-B

Post-training -0.56* [-112.62,-39.57]  -0.46* [-105.29, -26.91] -0.06 [-33.06, 13.06]

Follow-up -0.35* [-117.68,-26.27]  -0.27* [-106.52, -7.99] -0.08 [-44.83, 15.48]
SCWT

Post-training 0.68* [8.45, 15.29] 0.51* [4.19, 11.03] 0.29* [0.76, 7.77]

Follow-up 0.41* [2.39, 10.28] 0.24 [-0.75, 6.48] 0.21 [-0.83, 7.78]
DST-F

Post-training 0.50* [0.75, 1.98] 0.38* [0.37, 1.56] 0.17 [-0.24, 1.04]

Follow-up 0.22 [-0.09, 1.02] 0.04 [-0.49, 0.69] 0.14 [-0.29, 1.02]
DST-B

Post-training 0.38* [0.21,1.12] 0.29* [0.05, 0.75] 0.10 [-0.22, 0.76]

Follow-up 0.19 [-0.06, 0.86] 0.11 [-0.19, 0.39] 0.09 [-0.17,0.77]
SDT

Post-training 0.12 [-0.55, 0.95] 0.10 [-0.49, 1.09] -0.03 [-0.91, 0.71]

Follow-up 0.03 [-0.53, 0.80] 0.05 [-0.53, 0.87] -0.03 [-0.67,0.61]
TUG-M

Post-training -0.54* [-6.30, -1.98] -0.37* [-5.77,-1.11] -0.11 [-2.00, 0.61]

Follow-up -0.23 [-4.75, 0.30] -0.12 [-4.12, 0.93] -0.12 [-2.56, 1.30]
6MWT

Post-training 0.37* [15.47, 70.66] 0.01 [-34.59, 29.26] 0.37* [17.83,73.64]

Follow-up 0.18 [-4.15,61.62] 0.03 [-29.76, 39.10] 0.18 [-7.85, 55.99]
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Table 7 Comparison of changes in cognitive function domains and physical performance

outcomes between groups at post-training and follow-up. (cont’)

Aerobic & Control Resistance & Control Aerobic & Resistance

Outcome measures  Effect size 95% Cl Effect size 95% Cl Effect size 95% ClI

30-second chair stand test
Post-training 0.19 [-0.37, 2.23] 0.27* [0.29, 2.49] 0.11 [-1.60, 1.26]

Follow-up 0.09 [-0.51, 1.78] 0.10 [-0.61, 2.14] 0.01 [-1.57, 1.30]

Abbreviations: DST-F = Forward Digit Span Test; DST-B = Backward Digit Span Test; MoCA = Montreal Cognitive
Assessment; SCWT = Stroop Color and Word Test; SDT = Stick Design Test; TMT = Trail Making Test; TUG-M =
Timed Up and Go Test with manual task, BMWT = six-minute walk test

* Indicates statistical significance at p<0.05
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0- -30 T T T
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Il Aerobic group E=R Resistance group =] Control group

Figure 2 Comparison of changes in cognitive function domains between the 3 groups at

post-training and follow-up

* Significance compared with the pre-training at p<0.05; 1 Significance compared with the control group during the

same time at p<0.05; 1 Significance compared with the resistance group during the same time at p<0.05.
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Figure 3 Comparison of changes in cognitive function domains and physical

performances between the 3 groups at post-training and follow-up

* Significance compared with the pre-training at p<0.05; 1 Significance compared with the control group during the

same time at p<0.05; 1 Significance compared with the resistance group during the same time at p<0.05.
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Cognitive and physical performance changes during each month of training

Changes in cognitive and physical performance after receiving the exercise
program at 1, 2 and 3 months in each group; aerobic group, resistance group, and
control group are shown in Table 8. Both aerobic and resistance groups showed
significant improvements in MoCA, SCWT and TUG-M at 2 months post-training, while
no changes were found in other variables during 1-month and 2-month after training.
There were also significant improvements in the 6MWT and 30-second chair stand test
in the aerobic and resistance groups, respectively, after 2 months post-training. The
effect sizes of all outcome variables within groups ranged of 0.47 - 0.62 and 0.34 - 0.62
for the aerobic and resistance groups, respectively. In contrast, the control group did
not demonstrate any improvement in cognitive and physical performance over 1-2
months. This suggested that the earliest significant improvement of MoCA, SCWT, TUG-
M, 6MWT and 30-second chair stand test were evident after 2 months after training.
However, both aerobic and resistance groups significantly improved in all variables at 3

months post-training except the SDT.
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CHAPTER 5
DISCUSSION

This study examined the effects of 2 types of low intensity home-based
exercise; aerobic and resistance exercise, on cognitive function in people with mild
cognitive impairment. The uniqueness of this study is that it was a single-blind
randomized controlled trial to compare the effect of aerobic and resistance exercise
programs in the same study. Results revealed that at 3-month post-training, both
aerobic and resistance exercises could improve physical performance as well as all
cognitive domains, with the exception of perceptual-motor function domain
(visuoconstructional reasoning). This study also showed that such improvements were
able to maintain up to 3-month after the training (follow-up phase).

The exercise program in this study was classified as low intensity, as evidenced
by the exhaustion level of 11 points on the Borg scale (154). Based on FITT-VP principle
that include: frequency, intensity, time, type, volume or total amount of exercise, and
progression, exercise programs in this study had sufficient exercise volume, adjusted to
high frequency and high total duration to induce changes in cognitive function.
Additionally, the exercise with low intensity and the initial exercise duration of 15 minutes
might be the reason for high exercise adherence of the participants and no drop out
from exercise programs. This is because most of the participants in this study had low
physical activity levels, when participants started exercising at low intensity and short
periods of time, participants did not feel overload and were able to complete the entire
program each session. In this study, significantly large changes in scores of SCWT,
TMT-A and TMT-B were observed in the aerobic and resistance exercise groups after 3-
month post-training. A study investigated the minimal clinically important differences
(MCID) of SCWT, TMT-A and TMT-B had values of 9.3, 13.0 and 20.1, respectively
(155). When compared with this study, it was found that there are clinical changes in
executive function (mental flexibility and inhibitory control) and attention (processing

speed).



73

The improvements in cognitive function from aerobic and resistance exercise
were in the same lines as the previous research. Regarding low intensity aerobic
exercise, a significant increase in cognitive function was supported by Byun K, et al.
(156) who concluded that mild aerobic exercise intervention improved executive
function, namely inhibitory control in the older adults. Similarly, previous systematic
reviews (40-42) suggested that moderate intensity aerobic exercise intervention
increased global cognitive function, working memory and attention in older people with
mild cognitive impairment. This present study, however, observed improvements in
mental flexibility and memory domains that was contrary to previous systematic reviews
(26, 41). One possible explanation could by the use of different outcome measures.
Previous study had measured delayed recall using an auditory verbal learning test (26)
but this study measured short-term memory using DST-F. In the case of mental flexibility,
discrepancy may lie in the data for analysis, previous study analyzed data from both
aerobic and resistance exercises (41) but this study separated data into either aerobic
or resistance exercise.

In addition, the improved cognitive function in this study might be due to the
complexity of the exercises. Previous studies had showed that aerobic exercise usually
took the form of walking or cycling (26, 117), which was a repetitive movement, with
control over the level of exercise intensity. But in this study, the exercise program was
designed to move the lower extremities in multiple directions and was progressed by
adding the movement of the upper extremities to make the exercise more complicated
and challenging, especially for the cognitive function more than walking or cycling even
if it is a low intensity aerobic exercise.

With regard to the resistance exercise, this study was in concordance with
several studies which suggested the resistance exercise had beneficial effects on
global cognitive function (39), working memory (38) and processing speed (124) in
older adults with mild cognitive impairment. Along the same line, systematic reviews (36,
37) reported that the resistance training improved global cognitive function, inhibitory

control and short-term memory in the adults.
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Study on time interval for earliest changes in cognitive function as a result of
low intensity exercise are scarce. Previous studies using the low intensity exercise
evaluated the effects of low intensity exercise on physical performance (157) or other
domains of cognitive function (156, 158). For example, this study observed significant
changes of inhibitory control at 2 months post-training, while a previous study found
change at 3 months after low intensity aerobic exercise (156). Changes in inhibitory
control at these 2 months post-training in this study, however, was only a statistical
change, as the scores did not reach the level of clinical change. In comparison with the
moderate intensity exercise, moderate intensity aerobic exercise or resistance exercise
demonstrated change in executive function at 3 months, but the study did not identify
the specific subdomains of executive function (159). Other previous studies
demonstrated changes in global cognitive function after 6 weeks of either moderate
intensity aerobic or moderate intensity resistance exercise (117, 160). In contrast, this
study reported changes in global cognitive function at 2 months or approximately 8
weeks post-training at low intensity. Such disagreement could be due to the exercise
intensity, such that moderate intensity led to the improvement in cognitive functions
faster than low intensity aerobic or resistance exercise.

As for physical performances, this study was in line with a previous systematic
review that found an improvement in lower limb muscle strength and balance by low
intensity exercises in older adults (157). Similarly, a study by Kanda K, et al. (161)
indicated that low intensity bodyweight training significantly increased in walking ability
and lower extremity muscle strength in the elderly. In general, resistance exercise
increased muscle strength and power more than aerobic exercise. This is because
resistance training caused neuromuscular adaptations, increased in the cross-sectional
area of the muscle and changed in connective tissue stiffness (162). While aerobic
exercise increased mitochondrial biogenesis and capillary density. This helped the body
transport and use oxygen to create energy and when aerobic exercise was performed
for a long time, it helped delay the onset of muscle fatigue (163). In addition, resistance

exercise for 8 weeks was found to be more likely to improve bone strength (164).



75

Likewise, low-intensity aerobic exercise significantly increased endurance or aerobic
capacity in healthy adult (165) that exercise in aerobic level with a total duration of 120
minutes per week improved recovery and endurance performance in adults. In this
study, exercise was performed 5 days per week and took 25-30 minutes to reach
aerobic fitness levels in the 2nd month of training which used a total exercise duration
similar to a previous study. As a result, endurance changed during the 2 months after
training.

Using functional near-infrared spectroscopy, Byun and colleagues found that
mild aerobic exercise in older people increased neural activation in the prefrontal cortex
during Stroop Color and Word Test (SCWT) (156). The physiological mechanisms
provide explanations for the impact of exercises on cognitive function. First, aerobic
exercise leads to an increase in brain-derived neurotrophic factor (BDNF) (118, 122)
resulted from myokines signaling which are produced from muscles during exercise
(166). Increasing BDNF levels from aerobic exercise possibly result in the improvement
of cognitive and executive functions. Second, aerobic exercise reduces inflammatory
cytokines levels (118) that are the important predictors of mild cognitive impairment
progression and enhances physical fitness in older persons with mild cognitive
impairment, which is linked to higher levels of BDNF and lower levels of inflammatory
cytokines, leading to the improvement of cognitive functions (167). Lastly, aerobic
exercise also promotes brain oxygenation during cortical activation of several regions
including prefrontal cortex, which affects executive function (168).

Resistance exercise resulted in higher levels of serum insulin-like growth factor-
1 (IGF-1), which was associated with cognitive function (128, 138). Low serum IGF-1
levels had been correlated to impaired cognitive performance, especially a decrease of
information processing speed in older adults (127). Therefore, improved cognitive
function following resistance exercise may be explained by increasing serum IGF-1
levels.

Even though the elderly had decreased brain function, the pathophysiological

decline associated with neurodegenerative conditions of the nervous system could be
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delayed due to its capacity for regeneration and plasticity. In addition to increasing the
neurological factors mentioned above, Exercise also increased brain volume (30) and
functional connectivity (118) and improves synaptic plasticity (169), which resulted in
changes in cognitive function. In addition, continued exercise might affect the levels of
neurotrophic factors, which might have an influence to maintain cognitive functions
during the 3-month follow-up period.

Another noteworthy point is that a statistically significant increase in TMT-B was
found in the control group at 3 months after training program and during the follow-up
period. This might be due to the time taken to complete the TMT-B test at baseline in the
control group being relatively higher compared to the aerobic and resistance groups.
When there were reassessments, participants had a better understanding of the test
causing quite a lot of changes in scores. As a result, changes in TMT-B were found.

This study did not find the improvement of visuoconstructional reasoning (as
measured by SDT) post exercise training. The unchanged SDT scores could be due to
the fact that this test specifically assessed fine motor function and eye-hand
coordination. Both aerobic and resistance exercise programs were exercises involving
the large muscle groups, not targeting the fine motor skill or eye-hand coordination. As a
result, no distinct improvement of fine motor function and eye-hand coordination was
observed in this study.

Until now, the effects of aerobic and resistance exercises have not been
directly compared in a single study, except this study. In comparison to the control
group, aerobic and resistance group showed similar amount of improvement at post-
training in physical performance and all cognitive domains, except visuoconstructional
reasoning. We did the follow up assessment at 3-month post-training to assess whether
the effect of training could be maintained. This study demonstrated that the aerobic
group were able to maintain the positive impact on cognitive function in term of global
cognitive function, executive function (mental flexibility and inhibitory control) and
attention (processing speed), whereas the improvement of global cognitive function and

mental flexibility could be maintained in the resistance group. In addition, the aerobic
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group showed better improvement of inhibitory control than the control group at post-
training. This could be because an aerobic exercise led to an increase in circulating
neurotrophin levels and gray matter volume in the prefrontal cortex as well as the
preservation of neural connection between prefrontal cortex and other regions of the
brain (170, 171), which were responsible for the inhibitory control (172). Meanwhile,
resistance exercise increased gray matter density in the posterior cingulate cortex and
increased functional connectivity among the posterior cingulate cortex, anterior
cingulate cortex and hippocampus (173), which is implicated in decision making based
on action-outcomes learning and related to memory (174). In addition, the fact that
aerobic exercise was different from resistance exercise might be because the nature of
aerobic exercise poses were more complex movements and more rely on the
coordination of the body. Moreover, participants in the aerobic group had more effort to
memorize exercise moves with the exercises being changed every 2 weeks.

To assess the prolonged effect of exercise training, Law and colleagues (41)
reported that cognitive improvements in people with mild cognitive impairment was
sustained for 12 weeks or more after the end of the intervention with > 21 hours of
training durations. In the same line, this study revealed that the improvements were able
to sustain after the exercise program up to 3-month, with an average total training
duration of 26 hours. But there are also differences in the intensity of exercise that the

previous study was of medium to high intensity while this study was of low intensity.

Clinical implications

The findings of this study highlight the importance of exercise in the older
adults, as recommended by the World Health Organization (WHO) (45) and the
American College of Sports Medicine and the American Heart Association (28). The
older adults should do regular aerobic exercise and muscle strength training to maintain
physical fithess and independence in daily life and reduce the risks of cognitive decline.
According to the results of this study, both aerobic and resistance exercises had similar
amount of positive impact on cognitive function. Therefore, the older adults can choose

either type of exercise to fit their own health conditions and exercise preference. For
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example, people at risk of cardiovascular disease may prefer aerobic over resistance
exercise to prevent holding their breath which could increase the load on the
cardiovascular system. Moreover, low intensity exercise is considered as an attractive
exercise approach in terms of practicality and effectiveness. In addition, it encourages
older people who have sedentary conditions or have limitations that are unable to
exercise at a moderate intensity to still receive the benefit of exercise for improving the
cognitive function. Finally, Home exercise provides the alternative for people with limited
exercise space, who have travel difficulty and this mode of exercise does not require
specific exercise equipment.

For the exercise program in this study, it was a low intensity exercise with a
level of exhaustion less than 15 points on the Borg scale. It was performed 35 minutes
per day (including a 10-minute warm-up and 10-minute cool-down), 5 days per week for
3 months and increased by 5 minutes every 2 weeks. Thereafter, it was progressed with
increasing number of exercises, number of sets or repetitions and the complexity of the

exercises by a physical therapist who visits every 2 weeks.

Limitations of the study

There are some limitations in this study. The average age of the older adults
participated in this study was 69 years, so the results are limited and may not be
generalized outside of this age group. Moreover, the results of this study only measure
cognitive change, but it is not known what the corresponding neurological changes or
biological changes were. Thus, in the future study, the underlying neurobiological
mechanisms of low intensity aerobic and resistance exercises should be investigated in

order to better understand functional and/or structural changes in the brain.



CHAPTER 6
CONCLUSION

In the present study, we revealed that low-intensity aerobic and resistance
exercises at home can improve cognitive function in the areas of executive function,
attention and memory domains in older persons with mild cognitive impairment, with
MoCA and SCWT being the outcomes which improved earliest at 2 months after training,
and the effect continued for another 3-month after the training. This results also highlight
the feasibility and accessibility of low intensity exercise in the older adults which has

important impact on cognition.
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Daily life activities recording form

100

ID Ne. ...

wuutufinfianysy

Group ... CONTROL.......

2
@

AT
w, v 2 o8 & o dd 8 a = = €
1. Tumdusn Bhdeufanssuivhludseduasuanauifivhianssuduly 1 dUand
2. Tunihdnly Wdeuiufinn fuudalfue i fuduldi-Aanssuwndeufuvdalyl TnevhueSomany <7 fdos “wmllaudy vio “limdawdy”
Tetosfidenin “milowdu” winefis virfanssuumfloufifoulilumiusn
“Limfowdu” minefa ifanssulimfoufi@euliluniusn
b g A o g o . . e - o . o
3. lunsdifiviueSesmne v fides “Liwmdowds” Tduoufanssuilildviuas mdafanssuivhuanmile Wand @eulilusiusadives
“PanssufidBountadly” wasvonanaviaemsiinduludor “winewmn” vie douseaneansnnnowgiua1womins

4. winfleims wie aruAnunflag ety Tuensdriulasemsidy ananfndofids wianangen sy weilnsdnd 0817523933

ol

wuutufinianssy
Aanssufbinduysed Sruauafedami LEIRU
1. et Wiy
2. gl 3 - 4 JwaElamd
3. dnih 3 - 4 Yu/damd
4. 3 1 Fu/dUmn
5. vinfuding . Wniu
6. eumlsfafusd nnfu N
7. il ginsiend = nnfu 4
8. lufafudn/denans 2 Fu/duad |
9. wvmqaﬁmﬁauﬂ'w nniu ‘
10. ) |




=

wuutufinfianssu

dansidt 1
Fuit fanssufiindused Aanssufwduyadly TRU )
wilawdy | hivflawdy
1 w.e. 2564 v
2 W.e. 2564 v
3 9.8, 2564 v dimmuiaiudoy sagluluns: Ve vimedu ndviinusndainsdonnn
\antlet
4 w.e. 2564 v il
5.8, 2564 v ‘ ®)
6 .8, 2564 7= 1 v Taildvimudvias (i gl dndn flonstanwidrean uasdorondrauritiofintg
; yinfuding) adulusiniidosso-wlsa/man
7w, 2560 ‘ v Titdvinnudnues (nnadie giw dné Sadn Sornramndreen uasderendavindofins
i) wfluvinfidasso-mBemigr/man
MUBIVA

) . } v v
Fuft 6 wa. 2560 moudlufafudniinain asandvis Wikaswaudvnnssunntiu gnmlulsmewabifinssandn Tuiauassouind i

waznouviiudansnd e

wuutufinfianysu

fangsufivinduusedn

druaupsyadan

VLEILNG

w

wn

101



wuutufinfianssy

Unifi

u

fianssudivindudszd

- = y P
LU llaflauifia

= =
AANTTHN

URauuvaily

WEIA

WUIELMA

102



Data recording form
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105

fIRATIIMIAME (Physical Activity)

. - i i ] - . B I
neltiirenm s rsaa A en imrnertuuuna | luesss Hulman

I - ¥ o w w1 ﬁ il - ' w2
NIATHEUR T TAVS TR TTR T &L AR AT T UL uﬂum:“mmmn’mnsauh'l:':'umm.ﬁnunnm:.

o - -5-111 2 - -i-lr:ﬁﬁ —— e ¥ - W - ¥ ¥
NEUSUSS LN TS FEL AT ULt U T T T ‘lﬂﬂunﬂ!ﬂ’ﬂ..““’ﬂ..ﬂaﬂ'ﬂ'lml uﬂm’ummqua:h.unﬁmq n"nnt.wn"r:ﬁr'ﬂlau HTUUTU

: u PR s w
vdzum Ty iwnzlgn mrlamemdrmetiue s nareurn uasRasEu)

v LS e 4 Y = . -a o ;o v P -
l'l..ll'l"l':IE\‘L'I.IEIH"n."I"IImEI.I.L'I.. MROATAEMSATEANINASUTTHENN WIEE-Enan T a-1es N 8an -Hm.h..wjhmmu.qs".unn WioaMin

¥ 1.-1 - - o - w - - - ﬁ 1» 1 — g ¥
MmEEAUIaINal m'ﬂ:.gwuaumm e nqr‘mumm"mmm.huns'n 1'I.I"I?JD‘!I'IQI"l'!']I]'I"IEIEIf‘lJ.]*!'IJ"I‘I..f‘lEI'H FURWALIVL WIS ey

- 14 u1 & ow Ew
VRSN IS IV LAUNIITLA SN

AnTH ATREY |
fanzsulumsfiau (Activity at work)
 m. = v u & - - > - = T T 4
1 | sumesmimdlansasystostu “Ranmamssraninesumann” sauthanmlanonmylabty i 1 Fl
- 3 wn M - ' ' w - - 1.
1 siednrnrmuesialamugaiuatnann i smusn/wun/ramesmin auyeiu wis Lild =2
L v oa .
aunesang Anmatuasauay 10 w
— T — — = - - -
2| wrumeed “Ranrafleasntnesutraen” Sndudnamlimet e Slrmiasidu S OO Pz
¥ (] ) Y . > -
3| wrddaanudsdaiunred “Rerriteerainsautnann” Tunsdauesss Sy oo OO 23
— -
e ak)
= 2 T = = m TR vy -
1| smemndldnsturtostu “ermmisraminiiunsts Avtammdinteen lei Tx 1 2
=¥ - v u14-1¢r 5 = = - - 11.
Enae windmmaeusest lowuTudnues vy Wi wWellnereeaunn Samadu ild 2
= ¥ -
whuzsnatauey 10 wm
¥ Y = —
5 | wrumend “Ranmamdlerase rlunst” Safusamimesmen SUnas ity S OO0 F5
N ¥ ] Y -
& | vuldeeuislalured “fonrediesenetrdunae” Turnsiuusss oo OO F&
— -
dhila R ak)
- —
mEEmalU-ndy f6na9 (Travel to and from places)
3 ' m w M - 1 2 - al 3
mermmeld srliimtutsr oA e mamnuleneulbuss
- o - o 1.'15! B w .  woE -1-" 1 ulnu
maull axvesmmE g LA RS e luTimdedduna i wiu v ToSewes Tumen Tl =am
- - a Bowom - - & ow ¥ - a1 1. _
7| wosmssal-ndu Srimnen lneniwru weldnu maRefuariauas 10 uwl wiali? d 1 PT
wlthio 1%
) f T ‘. T, . r T v ~
B wmszdUrm DRtuvulamnseTineld-ndy s mrmafuestausn 10 wri? s OO FB
— — = ——=
o | luwrzsiu vl fesdenniu wistememanuiela? oo OO ]
dalur wm

ER =1




106

fanzsnimuInig (Recreational activities)
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Aerobic exercise program (example)
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Resistance exercise program (example)

"
(" 8]

3 3
éoﬂol '.'.r;t / lrl |r| \
X, X, se e

A m—

[
WU 15 ASY/YIN N 30 — 60 UV FTUINININ VINIUNA 3 FaU

21: 10 AN WA 30 — 60 IUIN FLUINNN VIINIUNA 3 8L

WU 15 ASY/YIN WA 30 — 60 AU FEUINNT VINNIUNA 3 AU

21: 12 AT/ NN 30 — 60 IUIM FTUININ VINNIUNA 3 58U

Source: University of Otago, Otago Medical School. Otago Exercise Programme to prevent falls in older adults:
A home-based, individually tailored strength and balance retraining programme. 2003.
Source of Images: Available from: https://californiamobility.com/21-chair-exercises-for-seniors-visual-guide/,

https://evelo.com/blogs/learn/exercise-guide-for-seniors and https://www.workoutsprograms.com/workouts/
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