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1)

ABSTRACT

The aims of this study were: 1) to compare balance performance [Timed Up and
Go (TUGQG) test, Timed Up and Go with Manual Task (TUG-Man), Timed Up and Go
with Cognitive Task (TUG-Cog), Five Times Sit to Stand (FTSTS), Functional Reach
Test (FRT), and Step Test (ST)], coordination performance [Nine Hole Peg Test
(NHPT), Foot Tapping (FT)], and history of falls in twelve previous months between
older people with and without mild cognitive impairment (MCI) and; 2) to determine
the correlation between balance performance, coordination, and history of falls in older
people with MCI.

Twenty-eight older people with MCI and 28 older people without MCI were
recruited in the study. The study found that there were significant differences in all
variables between the two groups. Older people with MCI have taken longer time of
TUG with single and dual tasks, FTSTS, and NHPT, lower distance of FRT, lower
number of steps performed in ST, and FT compared with older people without MCI. In
addition, there was higher of number of fallers (have had at least 1 fall in the previous
12 months) in the group of older people with MCI than the other group. There were
significant correlations between: 1) balance performance (measured by TUG, TUG-
Man, FTSTS, and ST) and coordination (measured by FT); 2) balance performance
(measured by TUG, TUG-Man, FTSTS, and ST) and falls history; 3) coordination
(measured by FT) and falls history.

Older people with MCI have declined balance performance and coordination
compared with older people without MCI. Assessment of balance and coordination as
well as falls risk should be implemented as routine care for older people with MCI in
order to prevent falls in this population. Findings of the correlations between balance
performance, coordination and falls history of current study lead to clinical guide for
evaluating falls risk which should include: balance measuring by FTSTS, TUG, TUG-
Man, and ST; and coordination measuring by FT in older people with MCI.

Keywords: balance, coordination, falls, older people, mild cognitive impairment
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CHAPTER 1
INTRODUCTION

1.1 Background

Nowadays, the growth of older population worldwide are increasing rapidly
(1.2) By 2017, the number of Thai older people is projected to increase to 11 million
(~17%) ©. Increased amount of older population has raised awareness of its
consequences. Due to the fact that older people’s body systems generally get to stages
of degenerations, several health conditions would occur and influence the population.
Several common health conditions in older people caused by degeneration of nervous
system which involves controlling movements of the body. Degenerative disorders of
nervous system in older population generally caused on volume of brain, vasculature,
and cognitive changes especially memory function ®. One of the most recognized
neuro-degenerative conditions in older people stated by World Alzheimer Report is
dementia. In 2015, there were 46.8 million people worldwide diagnosed with the

condition ©,

Mild cognitive impairment (MCI) is typically defined as pre-dementia or middle
stage between older people with normally cognitive function and early dementia © 7.
Approximately 16.3% of older people aged greater than 65 years, diagnosed with MCI
in which 15.8% of those would progress to dementia later ®, while there is only 1-2%
of older people without MCI progress to dementia ). Diagnosis of MCI by Petersen’s
criteria has been recognized and widely used in both research and clinic. The criteria
comprises of: 1) subjective memory complain, 2) objective memory impairment with
adjustment of matching aged and education related healthy cognitive function, 3)
expected general cognitive function, 4) able to perform activities of daily living, and 5)
no dementia or Alzheimer disease ©. Even though most symptoms of MCI present as
cognitive impairments, older people with MCI have also been reported to have impaired
physical performance including gait and balance changes which are factors increasing
risk of falls in the population @9,
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Falls can happen in daily life. Falls in older people lead to more severe injuries
than young faller (!, Consequences of falls affect several aspects including: physical
aspect (i.e. fractures, bruises, loss of functions, and morbidity) 2 1: and psychological
aspect (i.e. depression, loss of self-confidence @), and fear of falling *?). Previous
study reported that people with dementia had 7.58 higher risk of falls compared with
healthy older people 4. For people with MCI, previous study stated that people with
MCI have 1.72 times higher chance of falls compared with general older people @,
Although falls incidence in people with dementia is 4 times greater than those with
MCI, falls prevention in people with dementia seems to be less effective than falls
prevention implemented in healthy community-dwelling older people ®®. One of
limitations that influencing effectiveness of falls prevention interventions is greatly
impaired cognitive functions of people with dementia. If we could prescribe falls
prevention program for people with early stage of cognitive impairment like MCI,

greater effect of prevention program could be expected.

Previous systematic reviews have suggested that the most effective program for
falls prevention is multifactorial intervention programs tailoring with results of falls
risk assessment 6). Most of the common falls risk factors in older people is balance
deficit. Balance performance is abilities to maintain body or center of mass (CoM) over
base of support (BOS) both static and dynamic movement 7. Balance is complex task
cooperation between sensory systems (afferent), motor systems (efferent), and central

nervous system (CNS) integration processes (18-20),

There are some evidence of balance performance in older people with MCI
compared healthy older people or dementia. Several studies founded balance
impairment in older people with MCI @130, Most of the previous studies assessed
balance performance using only some functional balance tests such as siting to standing
(23, 26, 29, 31—33)' Walklng (21-24, 26, 27, 29, 31—36), turning (21-24, 26-29, 31-33, 36)’ standing on one foot
(21,23, 28,32, 35 37) " and reaching @Y however, these did not cover all activities that
commonly caused falls such as stepping. In addition, there are evidence suggested from
previous studies that coordination abilities could be part of balance and falls risk factors

in older adults (%839,
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There are only a few evidence reported impaired coordination in people with
MCI @7 4049 However, most of these studies assessed only fine hand coordination and
not examined any falls or falls risk %4244 A previous study was founded that interlimb
coordination (wrists and elbows) task affected to postural sway “. Relationship
between balance ability and arm coordination are associated with performance to

correct posture or postural adjustment after external perturbations 647,

Little is known about correlation between balance performance, coordination,
and history of falls in older people with mild cognitive impairment. Effective
prevention requires a better understanding of the causes of falls among older people
with mild cognitive impairment. Therefore, empirical investigation is needed. The
information would be beneficial for health care providers in order to plan an appropriate
and effective intervention for falls prevention and management in older people with
MCI.

1.2 Research Questions

1.2.1 Are there any differences in balance performance, coordination, and
history of falls between older people with mild cognitive

impairment and general healthy older people?

1.2.2 Are there any correlation between balance performance,
coordination, and history of falls in older people with mild cognitive

impairment?

1.3 Objectives

1.3.1 To compare balance performance, coordination, and history of falls
between older people with mild cognitive impairment and general
healthy older people.

1.3.2 To determine the correlation between balance performance,
coordination, and history of falls in older people with mild cognitive

impairment.
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1.4 Hypotheses
1.4.1 There will be significant differences in balance performance,
coordination, and history of falls between older people with mild
cognitive impairment and healthy older people.
1.4.2 There will be significant correlation between balance performance,
coordination, and history of falls in older people with mild cognitive

impairment.

1.5 Benefits of the Study
1.5.1 Providing information regarding balance performance and
coordination in older with mild cognitive impairment.
1.5.2 The comprehensive information of balance performance and
coordination could assist in designing exercise or intervention
program to decrease risk of falls in older people with mild cognitive

impairment.
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CHAPTER 2
REVIEW OF LITERATURE

2.1 Ageing Population

2.1.1 Definition
The United Nations (UN) uses term “Older People” as people aged at
least 60 years to refer to older people in developing countries, and for people aged at
least 65 years to refer to older people in developed countries . In level of community
or countries, number of older people in the population has been used to define level of

aged society as below: )
2.1.1.1 Aged Society

Aged society is referred to a proportion of older population
aged > 60 years (more than 10% of all populations) or aged > 65 years (more than 7%

of all populations).
2.1.1.2 Complete Aged Society

Complete aged society is referred to a proportion of older
population aged > 60 years (more than 20% of all populations) or aged > 65 years (more

than 10% of all populations).
2.1.1.3 Super Aged Society

Super aged society is referred to a proportion of older
population aged > 60 years (more than 28% of all populations) or aged > 65 years (more
than 20% of all populations).

Thailand became an ‘aged society’ since 2005. The country has
been anticipated to be at stage of ‘complete aged society’ in 2021 and would become

‘super aged society’ in 2031 @,
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2.1.2 Epidemiology

Nowadays, the growth of older population worldwide are increasing
rapidly 2. In 1950, the older people worldwide (aged > 60 years) had surpasses 205
million people. By 2012, the number of older people was nearly 810 million people and
expected to reach 2 billion people by 2050 @. Similar trend of aging population has
been shown in Thailand. There were 10.7 million older people in 2015 in which
increased up to 16% of total population in Thailand. In 2015, older people in Singapore
18%, Thailand 16% and Vietnam 10%. The growth of older population in Thailand is
second fast of Asian after only Singapore ). In addition, there has been predicted that
in 2035, Thailand will have more than 20 million older people “8),

Life expectancy is defined as average number of years of populations
to live @. Long life expectancy at present caused by the general reduction of birth rate
and death rate. Thailand has been expected that in 2019, there would be first time that
number of older people would be higher number of children population ®. Average life
expectancy for Thai population in 2017 is: 80.2 years for male and 83.5 years for female
©)

2.1.3 Consequence of Older People

Increased amount of older population has raised awareness of its
consequences. Due to the fact that older people’s body systems generally get to stages
of degenerations, several health conditions have been occurred, in which affect to
individuals, families, social, and government overall “9). Increased age results in
physiological changes, biological changes and cognitive/mental decline in which
present as structural and functional degeneration. Some of these changes may effect on
physical activity as well as quality of life . Common ageing changes affecting health

are listed below:

2.1.3.1 Musculoskeletal System
Musculoskeletal systems consists of the cartilage, ligament,
bone, and muscle. Musculoskeletal changes in older people such as decrease bone mass
(risk of osteoporosis), decrease muscle mass, decrease flexibility of muscle and joints.
Therefore, the systems are clearly presented by physical changes (decrease physical

activities, decrease muscle strength, and joint stiffness or limit range of motion) 6.
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2.1.3.2 Cardiovascular System
Cardiovascular system consists of the heart, arteries, vein,
capillary, and blood. 2. Result of this system changes is decreased maximum heart
rate, decreased maximum oxygen consumption, reduce flexibility of capillary walls,

and decreased heart rate ©b,

2.1.3.3 Nervous System
Nervous system consists of central nervous system and

peripheral nervous systems. Nervous system changes in older people are as follow:

1. Reduction in brain volume because of decrease cell body, and water/blood
volume G159,

2. Structure changes of some neuron types i.e. found neurotic plaque or
neurofibrillary tangle 53,

3. Increase reaction time or increase latency of sensory evoke potential which
declines effectiveness of order from central nervous system (CNS) ©%. For

example, increased reaction time detected from foot and hand coordination test
(54)

2.1.3.4 Sensory System ©
(1) Vision

Previous studies in older people founded eye lens thickness,
eye lens is not clear, decrease elastic of eye lens, and color eye lens change to yellow.

Effect to decrease visual performance all day, and especially at night.
(2) Vestibular

Vestibular system consists of semicircular canals (for angular
acceleration), utriculosaccular system (for linear acceleration), vestibule-ocular reflex
(maintain visual gaze during head movement), and vestibulospinal reflex (maintain
head position while standing or upright position) ®%. Previous studies in older people
founded hair cell loss and neuron loss in vestibular system which causes dizziness,

vertigo, nystagmus, postural unstable, and increased falls risk % 5,
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(3) Somatosensory

Somatosensory inputs consist of cutaneous sense (touch and
pressure) and proprioception sense (muscle spindle, golgi tendon, and joint capsule)
(19)_

Cutaneous sense impairment in older people founded neuron
sensory receptor loss which perturb skin sensation (such as temperature, pain, pressure,
etc.) and increase threshold of cutaneous sensations ©9),

Proprioception sense receives data inputs from joint position
sense (muscle fiber, golgi tendon, and joint capsule) during stand and movement.
Proprioception impairment in older people commonly founded for example poor
proprioception sense of ankle joint compared with younger adults ©”. In addition,
proprioception impairment is one of factor contributing for postural instability or falls
injuries @9,

(4) Balance

Balance impairment in older people are decline function
between sensory systems (vision and vestibular), motor systems, and Central nervous
system (CNS) integration processes 829, This function deficit in older people shown
by vertigo and dizziness (caused by postural hypotension) more than younger.

Moreover, degeneration of sensory and motor functions are part of risk of falls in older.

2.2 Falls
2.2.1 Definition of Falls

World Health Organization (WHO) report defined ‘Fall’ as ‘an
unexpected event in which the participant comes to rest on the ground, floor or lower

level, excluding intentional change in position to rest in furniture, wall or other objects’
(58)
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2.2.2 Incidence and Prevalence Rates of Falls

The incidence rate of falls has been presented at approximately 28%
in people aged 65 years and over ®9, Proportion of falls rate found 30% in older female
(65 to 69 years), and increased to be over 50% in age of > 85 years. While, proportion
of falls in older men (aged 65-69 years) was at 13%, and increased to 30% in age > 80
years 9, Prevalence rates of falls increases with age: aged > 55 years (24.3%) ©%, aged
> 60 years (29.8%),? aged > 65 years (35%) ©%, in which female have higher rate of
falls than male in all age ®*. The incidence rate of falls in Thailand during six months

was founded at 10.4%, in which 45% of those have fallen two or more times ).
2.2.3 Risk Factors of Falls

Falls risk factors cover characteristic, exposure or factors which
increase falls occurrences or falls related injury when compared to no factors or
exposure. Generally, falls risk factors could be classified into intrinsic and extrinsic

factors (12,

2.2.3.1 Intrinsic Factors of Falls

Intrinsic factors mean factors which directly related to our
bodies. Intrinsic factors of falls were summarized in four higher factors of falls:
1) demographic factors including age (older people increase reaction time in
spatiotemporal variable and coordination time when compared to young people) ¢ 3
%) gender (older women fall more often than men), race; 2) systems factors including
decrease gait, balance, and coordination performance 8 %) decreased muscle strength,
impaired vision, and cognitive decline; 3) symptoms/disease factors including
dizziness or vertigo, cardiovascular disease, dementia, and depression, and 4)
medications factors including psychotropic, diabetes medications, antiepileptic, and
cardiovascular medications 2 ¢ A previous study summarized odd ratio for some
falls risk factors as: women (odd ratio 3.10), aged more than 65 years (odd ratio =2.39),

poor sleep ability (odd ratio =1.78) and lower power of grip strength (odd ratio =2.31)
(61)
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2.2.3.2 Extrinsic Factors of Falls

Extrinsic factors could add to intrinsic factors, resulting in
higher risk of falls. Summary and examples of extrinsic factors are: uneven ground
surface, no fixation of carpets, inadequate light, lack or instability of handrail, irregular
or high steps, high bed, low toilet seat, instability of chair and tables, pets, not fit in
cloth and shoes, and obstacles. Additional socioeconomic factors (i.e. low level of
education and low income, restricted access to health services, and no social supports)
were also found to be risk factors of falls 1213,

2.2.4 Consequences of Falls in Older People

Consequences of falls upon severity of falls, shown in physiological
or psychological effects. Falls consequences mostly resulted in physiological effects,
i.e. bruises, abrasions, injuries in several segments, inactivity, loss of functions, and
morbidity and fractures 2 3. Falls consequences could also lead to psychological
effect i.e., depression, loss of self-confidence, loss of self-efficacy *®, anxiety, social

isolation, and fear of falling 2,
2.3 Balance
2.3.1 Principle of Balance

Balance is defined as an ability to maintain the body’s center of mass
(CoM) over base of support (BOS) during both static and dynamic movement ®7)
Balance is complex task cooperating between sensory systems (afferent), motor

systems (efferent) and CNS integration processes (8-20),
2.3.1.1 The Sensory Systems

Sensory systems composed of vision from sight of eyes
correlated CNS to image a spatial may around the environment. Vestibular about
maintain and equilibrium during head movement relationship with vestibule-ocular
reflex (maintain visual gaze during head movement) and vestibulospinal reflex

(maintain head position while standing or upright position). Somatosensory including
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proprioception sense from body i.e. muscle spindles, Golgi tendon organs, and joint

capsule as perception during contact as surface. The most important sensory systems

influencing standing balance are vestibular, vision, and somatosensory systems (8-20),

Increased age lead to change or decline of sensory systems and that resulted in alteration

in posture, balance, and gait performances (Table 2.1).

Table 2.1 Sensory systems effect to posture, balance, and gait

Sensory Impact on sensorimotor system Effect to posture,
system balance, and gait
Visual { Visual & depth perception Postural instability, deviation

{ Narrow of the visual field Difficulty while walking
1 Adaptation in absence of light | Difficulty of gaze
{ Dynamic visual performance stabilization
Vestibular | { Hair cell T Postural instability

4 Number of otoconia J Head & trunk stability
T Otoconial fragments 4 Walk speed, stride length
4 Neurons&cell bodies in T Stride time
vestibular T Energy for maintain
{ Perception of head & body unstable posture or walk
movement

Somatosensory | 4 Proprioception sense (muscle T Postural instability

spindles & golgi tendon organ)
J Perception of static and
dynamic balance

T Threshold of joint sense

(especially on foam)

T Gait variability

Source: modified from Borel L and Alescio-Lautier B, 2014 67
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2.3.1.2 The Motor Systems

The motor systems or motor movement of eyes, head, neck,
trunk, and legs for maintain position during movement. Muscle power and reaction are
ones of motor components that commonly measured in both clinic and research in areas
of balance and postural control 18 19, Weakness of lower limbs and slower reaction
time were found in older people ?. Moreover previous studies also founded that delays
of muscle latencies, increase joint stiffness or decrease range of motion, and delay of
muscle responses can predict risk of falls ©2),

2.3.1.3 Central Nervous System Integration

Central nervous system (CNS) is integration process by
cerebral cortex, cerebellum cortex and brainstem as intermediate between afferent and
efferent of body systems 8 19 Cerebellum have important role for body movements,
posture, balance performance, and coordination (°®). This structure compares afferent
of muscle action and order of brain in order to make movement occurred smoothly
®3) Changes to older people of CNS detected by neuroimaging include white matter
hyperdensity, decrease volumes of gray matter, decrease volumes of hippocampal
volume, brain atrophy, cholinergic system dysfunction ?, or morphological changed
(shrinking neuron pool and loss of myelin) ?® were found to be causes of cognitive

decline in some or all cognitive function can predict to risk of fall 2% 79,

Maintain balance requires work together with all the three

systems mentioned above (Figure 2.1).
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& memory
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h

Figure 2.1 System of maintain balance
Source; modified from Watson MA and Black FO (8,

There are several balance measurement these days. Each

measurement aims to measure different purposes and has been used in different

populations. The benefits of balance measurements are baseline assessment, motivation

tools, detect change in another time, and measure effective of treatment 2. Show about

common measurement as Table 2.2
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Assessment Tests Outcome Descriptions Cut-off score risk of | Sensitivity | Specificity
Measurements falls (populations)
Timed Up and Go | Functional mobility, | Timed up and go (TUG) test will be used to | >13.5 s (Older) (' 31 % 74%
(TUG) test dynamic balance measure mobility and dynamic balance. The
' g . ; . > 15 s (Older) 87% 87%
participants will be instructed to rise from a
chair, walk approximately three meters (9.86 >11.5s(PD) ™ 66% 62%
foot), turn around at the line, walk back to the
chair and sit down. >13.5s (MCI) ®) 20% 94.6%
) - For the TUG with cognitive task, participant 70% 57%
Timed Up and Go | Functional mobility, ] ] .y _ > 10 s (Older)
) will be asked to rise from a chair while counting
with Cognitive task | dynamic balance .
bine other task backward, walk approximately three meters,
TUG-Co combine other tas
( 9 turn around at the line, walk back to the chair
and sit down.
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participant steps on and off in 15 seconds.

Assessment Tests Outcome Descriptions Cut-off score risk of | Sensitivity | Specificity
Measurements falls (populations)
Timed Up and Go | Functional mobility, | For the TUG with manual task, participants will | Score higher than
with Manual tasks | dynamic balance be ask to walk while holding a cup filled with | TUG > 4.5 s (PD) "
(TUG-Man) combine other task | water.
\ ) 1 87% 87%
] Step test will be used to measure dynamic < 13 times
Step Test (ST) Dynamic balance, _ _ ] 18 ]
_ single leg standing balance. The test will be (paretic side, chronic
Single leg stance _ | | j )
performed with the participant in standing stroke) (/®
position. The participants will be instructed to | < 11 times 100% 67%
step one foot fully on and off a 7.5 cm box as | (non-paretic side,
fast as possible in 15 seconds and repeat for chronic stroke) ®
the other side. Score is number of times the < 10 times (stroke)("? 85% 95%
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Assessment Tests Outcome Descriptions Cut-off score risk of | Sensitivity | Specificity
Measurements falls (populations)
Functional Reach Dynamic balance, Functional reach test will be used to measure | <20 cm (Older 73% 88%
Test (FRT) maximum distance | dynamic balance by measure the maximum | people) €
can reach forward distance that individual can reach forward. The
test will be performed with the participant in | < 25.4 cm (PD) @D 30% 92%
standing position with arm at 90 degrees of
shoulder flexion. Participants will perform three | < 31.75 cm (PD) ©2 86% 52%
trials and then average the three trials.
Five Times Sit to Dynamic balance, Five time sit to stand test will be used to | > 15 s.(Older people) 55% 65%
Stand (FTSTS) strength of LE measure dynamic balance and functional | 3
muscle strength of lower extremity. The | > 16s. (PD) ¢ 75% 68%
participants will be instructed to perform sit to
stand for five times in a row, perform as quickly | > 15 s. (stroke) 92% 69%
as possible with their arm crossed at their chest.
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(BBS)

fall risk

standing to sitting, transfers, standing with eye
closed, standing with feet together, reaching
forward, retrieving objet from floor, turning to
look behind, turning 360 degrees, placing

alternate foot, and standing one foot.

BBS score < 51/56

No history of falls
and BBS

score <42/56
(Older) €®

Assessment Tests Outcome Descriptions Cut-off score risk of | Sensitivity | Specificity
Measurements falls (populations)
Modified Clinical Static balance Participation are maintain standing balance in | (Patient with balance 95% 90%
Test of Sensory with sensory four conditions as firm surface (eye close, eye | disorder) &
Interaction and components open) and form surface (eye close, eye open),
Balance (mCTSIB) hold 10 second/conditions. Participants will
perform three trials and then average the three
trials.
Berg Balance Scale | Static balance and 14 items: sitting to standing, sitting, standing, | History of falls and 91% 82%

Score < 45/56 ¢7)
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Balance Scale
(FAB)

balance

forward to retrieve an object, turn 360 degrees
in right and left directions, step up, tandem
walk, stand on one leg, stand on form surface
with eye closed, two foot jumping, walking
with head turns, and reactive postural control

(90)

Assessment Tests Outcome Descriptions Cut-off score risk of | Sensitivity | Specificity
Measurements falls (populations)

Tinetti Performance | Balance and gait 16 items: 9 balance assessment (POMA-B); | POMA-B < 10/16, - -

Oriented Mobility | ability related score is 16, 7 gait assessment (POMA-G); score | POMA-T score

Assessment (Tinetti | activities is 12, and total score (POMA-T); score is 28. < 19/28 (older) ©®

POMA) POMA-T score < 20 76% 66%

(PD) €9
Fullerton Advanced | Static and dynamic | 10 items: standing with eye closed, reach | Score < 25/40 (Older) | 74.6% 52.6%

Ref. code: 25605912030540Q0!I




Table 2.2 Summary of balance assessment in older people with and without cognitive impairment (Cont.)

19

Profile Approach
(PPA)

functions and fall

risk

(comprehensive) and short form (screen)
consist of postural sway, hand reaction time,

leg
edge contrast

strength of knee extensor muscle,

proprioception, and visual

sensitivity.

fall), 0-1 (mild risk of
fall), 1-2 (moderate
risk of fall), and > 2
(high risk of fall)
(Older people) ¥

Assessment Tests Outcome Descriptions Cut-off score risk of | Sensitivity | Specificity
Measurements falls (populations)

Mini Balance Balance control 14 items about 4 domains anticipatory postural | Score < 17.5/32 64% 64%

Evaluation Systems | systems adjustments, reactive postural control, sensory | (Older) ©V

Test orientation, and gait to consist Score < 20/32 (PD) 88% 78%

(Mini-BESTest) (82)

Physiological Physiological PPA have two version: long form | Score <O (no risk of 79% -

Note: Mild cognitive impairment (MCI), Parkinson disease (PD), Lower extremity (LE)
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2.3.2 Consequences of Poor Balance in Older People with Cognitive

Impairment

Balance impairment in people with cognitive impairment or dementia
affected to gait performance and increased risk of fall. The older people with cognitive
impairment showed alterations both in gait (slower walking velocity, reduce step
frequency, short step length, increase double support time, increase sway distance and
increase trunk flexion) and balance 4. A study found that another risk of fall in older
people with cognitive impairment was slower reaction time and poor functional

mobility @9,

2.4 Coordination

2.4.1 Principle of Coordination

Motor or limbs coordination is combination of body and limb
segments. Coordination is an important component contributing activities or tasks
performance. Effective balance control performance require intact coordination
movement ®®. Brain map area in coordination tasks are common known cerebellum.
Cerebellum has an important role in controlling movements, posture and balance (%),
This structure assists movement occur smoothly by comparing afferent of muscle action
and order of brain 2. Interlimbs coordination or coordination between hand and foot
movement have found to be related with functions of several brain areas including:
supplementary motor area (SMA), cingulate motor area (CMC), premotor cortex

(PMC), primary sensorimotor cortex, and cerebellum respectively ©8),

Increased age leads to physiological changes including limb
coordination caused by sensorimotor impairments ©”. Impaired balance and
coordination would lead to altered gait performance which most commonly found as
slow walking ©®). Loss of balance in older people may increase arm or body swing in
stance phase ©. In young adult was founded that arm coordination task affected
postural sway “°. Relationship between balance ability and arm coordination are
associated with performance to correct postural or postural adjustment after external

perturbations “6),
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2.4.2 Reaction time

Reaction time is latency time from begin of external stimulus to
response to the stimuli by muscle contraction. Generally older people response slower
than younger ©®%. Reaction time test determines sensorimotor performance in four
processes: 1) mental processing time occur perception of stimulus, memory recognize;
response selection and planning; 2) nerve conduction velocity or time; 3) movement
time or action time of each movement; and 4) mechanical or tools response time 1%,
Differences between hand and foot responses are that hand reaction time response
quicker than foot as shorter distance of limbs from central nervous system (0 102),
Previous studies have founded simple hand reaction time (SRT) increased with age.
The reaction time is significant risk factor of falls 3. Choice hand reaction time (CRT)
found significant different between older people with and without history of falls %%,
A recently study has reported choice stepping reaction time (CSRT) significant
predictor higher risk of falls in older people with MCI, but no significant in older people
without MCI %), However, only study investigate CRST in older people has reported

significant predictor falls %),
2.5 Mild Cognitive Impairment

2.5.1 Definition

Mild cognitive impairment (MCI) is typically defined as pre-
dementia or middle stage between older people with normally cognitive function and
early dementia & 7. Mild cognitive impairment has high progression to dementia or
Alzheimer’s disease (AD) (. Mild cognitive impairment (MCI) defines as a condition
with subjective cognitive/ memory impairment, objective cognitive/ memory decline

and memory complaints %: 197 General criteria for MCI are listed below '+ 09):
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1. Subjective cognitive complain/decline/deficits

2. Objective cognitive impairment at least one cognitive domain

(memory, executive function and attention, language, or visuospatial skills)
3. Able to perform activities of daily living
4. No dementia or Alzheimer disease

Mild Cognitive Impairment (MCI) could also be classified

specifically into Amnestic MCI in which the criteria presented below ©: 9 109, 110);
1. Subjective memory complain/decline/deficits

2. Objective memory impairment with adjustment of matching aged

and education related healthy cognitive function
3. Expected general cognitive function
4. Able to perform activities of daily living
5. No dementia or Alzheimer disease.
2.5.2 Classifications

Classification of MCI divided by sign and symptom includes
amnestic memory problems (aMCI), single domain (snMCI) and multiple domain
(mdMCI). Patient with MCI symptom association with vascular disease (MCI with
cerebrovascular disease (CVD), abnormal of movement strategies with parkinson
disease (MCI with parkinsonism), abnormal of neuropsychiatric in mood or behavior
(MCI with neuropsychiatric symptoms), irregular mood or change (MCI with
depressive), abnormal of behavioral and psychotic (MCI with behavioral and psychotic

symptoms) Y. There are four common types of MC| © 9112, 113).
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1. Amnestic MCI, memory problems only (aMCI-sd),

2. Amnesic MCI, multiple domain with memory problems
(@MCl-md),

3. Non-amnesic MCI, single domain but no memory problems
including language, executive functions or visuospatial functions domains
(non-aMCl-sd), and

4. Non-amnesic MCI, multiple domain but no memory problems
including language, executive functions or visuospatial functions domains
(non-aMCI-md).

Summary of subtype MCI according by memory complaint, etiology,

pathology, and long terms effects are shown in the Table 2.3.

Table 2.3 Summary of subtype MCI according by memory complaint, etiology,

pathology, and long terms effects

Variable Amnestic MCI Non-amnestic MCI

Memory complaint | Memory impairment/deficit | Non-memory

impairment/deficit

Etiology Neurological with Vascular disease
degenerative disease Cerebrovascular disease
APOE e4

Pathophysiology Neurological with Cerebrovascular disease
degenerative disease Cerebral infraction
Amyloid B plaques Subcortical infraction
Neurofibrillary tangles White matter hyperdensities

Hippocampal atrophy

Long terms effects | Alzheimer disease (AD) Vascular disease of dementia
Dementia with lewy body

Frontotemporal dementia

Source: modified from Robert et al in 2013 ()
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2.5.3 Pathophysiology

Pathology for MCl is quite similar with older people who has normal
cognition but involve gryrophilic grain disease, hippocampal disorder or abnormal of
cerebrovascular 13, Several methods could be used for diagnoses testing for MCI.

Neuroimaging could assess pathological brain changes. To
investigate morphology and metabolism of the whole brain, Magnetic Resonance
Imaging (MRI) and Positron Emission Tomography-scan (PET-scan) could be used.
Magnetic resonance imaging (MRI) is a medical imaging technique used in radiology
to picture anatomy and physiological processes of the body structure. In case of MClI,
findings from MRI could include: lesion at the medial temporal lobe, entorhinal cortex,
hippocampus, posterior cinguate gyrus ® as well as in the middle frontal gyrus and
superior frontal gyrus . In case of non-specific MCI, MRI could find atrophy of the
whole brain, hippocampal, entorhinal cortex. Additionally, several studies also found
ventricular enlargement, gray/white matter atrophy, and cortical thickness @4 19 jn

brain of older people with MC1.

Biomarkers have been used for diagnosis or predicting prognosis to
dementia. Those commonly used are: apolipoprotein E (APOE), p amyloid 1-42, CSF
total-T and phosphorylated tau 181 (106119,

Amyloid-PET scans; positron emission tomography (PET)
brain scan, thereby MCI have revealing the presence of amyloid plaques in the brains
indicating increased beta-amyloid (AB) in the lateral of frontal cortex, posterior
cingulate gyrus cortex, both side of parietal lobes and the lateral of temporal lobe @9,
In early MCI, metabolic disorder found in temporal and parietal region. Shrinking of
hippocampus has found to be related with progression from MCI to dementia ©.

Another indicator for progression of MCI to dementia is Apolipoprotein €4 allele status
(8, 115)
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2.5.4 Incidence and Prevalence of MCI

Regarding prevalence and incidence of mild cognitive impairment
(MCI), prevalence of MCI have twice of dementia. Several studies found correlation
between MCI occurrence and age and education level. A study adjusted rate of MCI
according to age and reported that incidence at 3% at age 60 year old and increase to
15% at age 75 years M. Additional risk factor of incidence MCI, included old age,
APOE 4 allele, cardiovascular disease, diabetes type two, skin black, stroke or vascular
disease ", gene, social environment and activities in daily life %, As same as poor

physical performance were affected with high risk from normal cognitive to dementia
117)

Incidence rate of MCI 1000 person per year were 47.9 (21.5 to 71.3),
aMCl were 15.2 (8.5 to 25.9) @13, A recent studies reported incidence rates of aMCl
96.9 in 1000 person per year 8. A longitudinal study compared incidence of MCI
between clinic and community settings founded that incident rate at clinic setting was
30 % (17% to 54%, mean years follow up 2.83+2.13) while at community setting was
5 % (3% to 6%, mean years follow up 4.60+2.29) 19 . From the same study, the
incidence of MCI was 16.3% of older people (averaged follow up were 4.3 years) in

which 15.8% of those would progress to dementia later ©.

Mild cognitive impairment (MCI) progress to dementia or Alzheimer
disease (AD) at rate 10% to 15% per year, in which higher than those with normal

cognition that has progression at rate 1% to 2% per year 109,
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2.5.5 Diagnosis and Cognitive Measurements

Mild cognitive impairment diagnosis could be done with several
assessment tools. Generally used criteria for MCI diagnostic cover three main aspects:
1) cognitive complaint, cognitive decline, or cognitive impairment (cognitive domains
is memory, executive function and attention, language and visuospatial functions); 2)
ability normally activities daily life; and 3) no dementia (1% 112 Another common
MCI diagnostic criteria described by Petersen et al in 2001, 2004 ©-1%) covers five main
points including:

1. Memory complaints assessed by self-report or information-report,

2. Normal cognitive function assessed by MMSE, CDR and GDS,

3. Memory declined assessed by neuropsychological test

4. Activities of daily living (ADL) assessed by interview,
questionnaire about ADL or Instrumental activities of daily living (IADL),

5. Dementia diagnosis, exclusion criteria in these diagnosis assessed
by MMSE, CDR, GDS score.

Assessment tools used in MCI diagnostic are detailed below:

2.5.5.1 Mini Mental State Examination (MMSE)

Mini Mental State Examination (MMSE) developed by Folstein
et al in 1975 129 consists of 30 items covering eleven cognitive domains: orientation,
registration, attention and calculation, recall, naming, repetition, comprehensive,
writing and construction. Cut-off score, most studies used scoring > 24, but if score
adjusted with education level for cut-off score > 23 or > 26 ©. It has been shown to be
the most common test for cognitive screening in older people with cognitive decline
(121).

Mini Mental State Examination- Thai versions (MMSE-Thai
2002) has been developed specifically for Thai people by Thai Cognitive Test
Development Committee 1999 @22 The cut-off score divided into three levels

according to education levels as shown in Table 2.4 (22),
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Table 2.4 Cut-off score of MMSE-Thai 2002

Education level Score
Cut-off Full score
Older people did not study <14 23
(Can’t read and write) (Did not do item 4, 9, 10)
Older people who studies in elementary school <17 30
Older people who completed elementary school <22 30

2.5.5.2 The Montreal Cognitive Assessment (MoCA)

The Montreal Cognitive Assessment (MoCA) was developed
by Nasreddine Z., assessing cognitive function rapidly administration test about ten
minutes with mild cognitive deficit. Total score is 30 points, 11 domains include
visuospatial function, executive function, naming, memory recall, attention, orientation
time or place, language, recall memory and abstraction task. Popular with patient
cognitive decline i.e. Stroke, Dementia, Brain tumor, Parkinson disease, etc. MoCA
score of 26 or higher is normal cognitive function. Examination of screening test
between MoCA and MMSE in MCI founded, MoCA had a sensitivity to detect MCI
90% more sensitivity than MMSE had a sensitivity 18%. Whereas MoCA had a
specificity to detected mild AD 100% more than MMSE 78%. Interpretation of applied
MoCA had high sensitivity more than MMSE in clinical setting ‘3. Moreover, these
study have divided the severity level of cognitive impairment is score 22-30: no
cognitive impairment, score 17-21: mild cognitive impairment and score 0-16: severe

cognitive impairment or dementia 24,
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The Montreal Cognitive Assessment-Thai (MoCA-T) was
modified from the original MoCA to be suitable for Thai people by Solaphat
Hemrungrojn in 2011. The Thai version has found to be good internal consistency and
high correlation with MMSE-Thai. Cut-off score used as criteria for older people with
MCI are: normal cognition > 25, MCI < 25 (sensitivity 0.8, specificity 0.8), and
dementia < 22 (sensitivity 1.0, specificity 0.98). Scoring differently form level

educations low grade 6 by adding 1 point to achieved score 25,
2.5.5.3 The Clinical Dementia Rating (CDR)

The Clinical Dementia Rating (CDR) scale developed by
Hughes in 1982, examines two domains: cognitive domain (memory, orientation, and
problems solving) and function domains (community, home & hobbies and personal
care). The evaluation scoring were 5.0 point rated by semi-structure interview (129,
Interpretation of the score are: normal cognitive function (CDR 0), mild cognitive
impairment (CDR 0.5), mild dementia (CDR 1), moderate dementia (CDR 2), and

severe dementia (CDR 3) ¢ 110),
2.5.5.4 The Global Deterioration Scale (GDS)

The Global Deterioration Scale (GDS) developed by Barry
Reisberg in 1982 (also called the Reisberg scale). It assesses cognitive function by
classification of primary degenerative dementia into seven stages: 1) normal cognitive
function (GDS1) which is normally clinical, no complaints of memory decline; 2)
lightly mild cognitive decline (GDS2) which is subject complaints in memory domain
forgetting about person, place or time but would not present at the time of clinical
interview; 3) mild cognitive deficit (GDS 3) which is a stage beginning of memory
deficit, forget person, place and time, clinical assessment could detect the deficit, and
these affect living in society; 4) moderate cognitive deficit (GDS 4) where more
memory deficit stage 3 plus no longer perform complex tasks correctly and efficiently;
5) moderate to severe cognitive deficit (GDS5) which is early dementia where
difficultly recalling in name of family, places, season, etc.; 6) severe cognitive deficit

(GDS6) which is stage of middle dementia where more memory deficit presented,
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difficult counting number forward and backward, and changing in personality and

emotionality; and 7) very severe cognitive deficit (GDS7) which is late stage of

dementia where patient has inability to speak and communication with other people

(121 Table 2.5 summarizes assessment tools using for diagnostic of MCI.

Table 2.5 Summary cognitive function assessment tools

Stage of Mini Mental | The Montreal | The Clinical | The Global
Cognitive State Cognitive Dementia Deterioration
Functions Examination Assessment Rating Scale

(MMSE) 20 | (MoCA) (124 (CDR) (110) (GDS) 127
Normal cognition 24-30 22-30 0 1
Mild cognitive
o 18-23 17-21 0.5 2
impairment
Mild dementia il 3-5
Moderate dementia 0-17 0-16 2 6
Severe dementia 3 7
Sensitivity (%) 18 90 123) - -
Specificity (%) 78 100 @23 - -

2.5.6 Sign and Symptom in MCI

Cognitive dysfunction (attention and executive functions) has related

to psychological functions including neuropsychiatric disturbances and physiological

functions which comprise of poor physical performance, poor balance, gait changed

affect to reduce quality of life, restriction of activities, and falls 1% 128,
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2.5.6.1 Psychological Aspects

Neuropsychiatric impact of mild cognitive impairment are
behavior and mental symptoms. The most common sign and symptoms presenting in
individual with MCI are; 1) depression (felling sad or having a depression mood) ¢29);
2) Sleep disorder (sleep problems; sleeping too much or not); and 3) apathy (lack of
motivation in self-esteem and all activities). Other sign and symptoms are anxiety,
delusions, hallucinations, aggressions and agitations 39, Having neuropsychiatric
symptom in particular depression found to be a risk factor for progression from MCI to
dementia. %, Depression could also affect the reaction time (slower reaction time
speed) in older people with MCI, in which could be one factor affecting activities of

daily living or falls 3D,
2.5.6.2 Physiological Aspects

Physical function is ability to perform functions (such as
walking, running, climbing, etc.). Assessment of physical function includes functional
ability, strength, agility, and endurance. Several studies have reported impaired
physical function in older people with MCI assessed by senior fitness test which
included strength of upper and lower extremity (chair stand test and arm curl test),
flexibility of upper and lower extremity (back scratch and chair sit and reach), dynamic
balance (eight foot up and go test) and aerobic capacity (two minute walk test) ).
Association of physical performance with quality of life has been reported. Poor
physical function reduces quality of life. In addition, increased limitations of physical

and mental functions lead to increased medical expenses 122,

(1) Balance in MCI

Balance is defined as an ability to maintain the body’s center
of mass (CoM) over base of support (BOS) during both static and dynamic movement
(7, Alteration in balance results in gait disturbance and limit of the activities of daily
life ©9),
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Controlling balance has found to be correlated with levels of
cognitive impairment @®. Older people with MCI reduced balance control while
walking with cognitive tasks 33). Previous studies have reported decreased motor
performance when performing with cognitive task ¢”32, Performing Timed up and go
test while doing a cognitive task has shown to be challenged in people with MCI in
which time taken to perform the tasks was longer than performing only TUG test or
performing TUG with manual task . Older people with MCI also presented to have
impaired balance as shown as increased sway speed during standing on force platform
(25,134-136) Some studies also reported that older people with MCI had greater maximum
sway distance, average sway speed, and trajectory in condition with eye closed @,
Balance dysfunction has been found to be one important risk factors of falls (37,
Summary of material and method in physical assessment were shown in Table 2.6.

(2) Coordination in MCI

Changed coordination in older people, disturbed interlimbs
coordination of movement both upper and lower limbs. Moreover, initial center of mass

stability has been reported to be related with upper limb coordination “7- 139,

Only few studies investigated coordination in older people
with MCI. These studies assessed: 1) finger to nose, pronation to supination, mass
grasp, finger opposition, heel on shin, and foot tapping ¢ *¥; 2) nine hole peg test (fine
movement or finger dexterity) “¥; and 3) fine movement or finger motor controls
(handwriting) %42, Results of the studies supported that older with MCI were slower,

and less smooth (37:40-44),
(3) Falls in MCI

Falls has been commonly defined as “an unexpected event in
which the participant comes to rest on the ground, floor, or lower level” (39
Consequences after falling including abrasions, bruises, fracture of the hip, forearm,
arm, and pelvis regions 9. Recent review reported a conceptual framework between
cognitive impairments (older people with normal cognition, MCI, and dementia) and

falls. The review concluded that cognitive impairment which would progress to
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dementia could have falls, fracture & immobility. At the same time impaired mobility
& gait which would progress to falls, fracture & immaobility could relate with cognitive

decline (i.e. dementia) (Figure 2.2).
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Figure 2.2 Common brain connection between cognitive impairment and falls
(a) Cognitive impairment predicts poor mobility and gait impairment, and falls,
(b) Mobility and gait impairments predict progression of cognitive decline to dementia.

Source; modified from Montero-Odasso et al (4D,

Older people with MCI living in community have 1.72 times
higher risk of falls compared with general community-dwelling older people. When
focusing on older people with amnestic MCI (aMCI), there has been reported 1.98 times
higher risk of falls than older people with non-amnestic MCI (non-aMCI), and 1.27
time greater risk of falls than general older people ®9). Risk of falls have related with
the severity of cognitive impairment. 142149 _ A study of older people in nursing home
has reported risk of falls in normal cognition at 34%, in people with mild cognitive
impairment (35%), moderate and severe cognitive decline (40% and 50% respectively)
(144) The systematic review about falls risk in older people with cognitive impairment
has summarized risk factors of falls. These consist of: impaired motor or/and functions,
impaired vision, abnormal of behavioral disturbances, stage and severity of cognitive
decline, fall history, neuroleptics, and low bone density. The great risk of falls reported
in older people with MCI are: motor impairment influencing balance, coordination and

gait (37,
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Table 2.6 Material and methods of cognitive & physical assessments in older people with mild cognitive impairment studies

Authors (years)

Participants

Cognitive assessments

Physical assessments

Results

cognition

Kluger A, et al. 25 older people with - MMSE Gross motor function MCI significant
(1997)“3) MCI, 25 patient with - Global Deterioration -Gross motor speed (finger J hand steadiness
AD, 41 older people Scale (GDS) & foot tapping speed) MCI significant
with normal cognition -Steadiness (hand & head) difference all outcome
(NC) -Strength (fine motor function,
Fine motor function complex motor
(Purdue and grooved function) compare NC
pegboard)
Complex motor function
Franssen EH, et al. 69 older people with - MMSE Single leg stance (SLS) Mild AD and MCI
(1999) €N MCI, 101 patients with | -  Global Deterioration Tandem walk (TW) significant different
mild AD, 195 normal Scale (GDS) Foot tapping (FT) normal cognition in all

Alternate pronation and
supination (PS)

Finger to thumb tapping
(FTH)

test

MCI Vs normal
cognition significant
T TW, FT, FTH, and
specially PS
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Table 2.6 Material and methods of cognitive & physical assessments in older people with mild cognitive impairment studies (Cont.)

Authors (years) Participants Cognitive assessments Physical assessments Results
Petterson AF et al. 59 older people with - MMSE - The Frenchay Activities - AD significant
(2005) G2 MCI, 22 patients with Index (FAI) J motor performance

AD, 26 patients with - Berg Balance Scale (BBS) and 44 dual tasks
other dementia, and 33 - Falls Efficacy Scale (FES) (TWW) but not in
with normal cognitive - TUG and TUG manual MCI
impairment - Talking while walking
(TWW)
- Tinetti gait
Liu-Ambrose T et al. 72 older people with -  MMSE cutoff>24 |- Physiological Profile - MCI Vs Non-MCl
(2008) 0 MCI, and 82 normal - MOoCA cut off < 26 Assessment (PPA): significant T composite of
cognition Sy PPA scores, T postural
Strength of quadriceps m. sway, and - three
Reaction time executive function test
Proprioception
Edge contrast sensitivity
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Table 2.6 Material and methods of cognitive & physical assessments in older people with mild cognitive impairment studies (Cont.)

(2011) @4

aMCl

Executive function
(TMT-B, stroop
word color test)

TUG

Authors (years) Participants Cognitive assessments Physical assessments Results
Eggermont L H, et al. 22 older people with - MMSE 4 meter time walk test - MCI & AD significant
(2010) @ MCI, 22 patient with - CDR (AMWT) lower of AMWT than

AD, 22 older people TUG controls
with normal cognition Sit to stand test (STS) - AD worse time score
in TUG
- No significant
different all groups of
STS
McGough EL et al. 201 older people with -  MMSE, CDR Gait speed in 8 foot aMClI correlation with

executive function,
J gait speed & 1 mobility
(TUG)
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Table 2.6 Material and methods of cognitive & physical assessments in older people with mild cognitive impairment studies (Cont.)

Authors (years)

Participants

Cognitive assessments

Physical assessments

Results

Makizako H et al. (2013)
(35)

42 older people with
MCI: faller (n=11), non-
faller (n=31)

- MMSE
- Clinical Dementia
Rating (CDR)

Knee extensor strength
with HHD (peak torque)
One leg standing test
(OLS)

Walking speed (5 m.)
Fall within 12 months

Faller VS Non-fall
significant ¥ OLS,
T history of falling
No significant
difference in ¥ gait
speed, 4 knee

extension strength

Tangen G et al. (2014)
(28)

33 older people with
MCI, 99 patients with
mild AD, and 38 patients
with moderate AD

- MMSE

- TMT-A, TMT-B

- The Clock Drawing
Test (CDT)

BESTest scales
(6 domains, 36 items)

J BESTest significant
difference of moderate
AD > mild AD > MCI
TMT-B correlate with
BESTest
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Table 2.6 Material and methods of cognitive & physical assessments in older people with mild cognitive impairment studies (Cont.)

Authors (years)

Participants

Cognitive assessments

Physical assessments

Results

Lee SH et al. (2016) %5

87 older people with

MCI, and 356 with non-

MCI

MMSE

Chair stand test

Arm curl test

Back stretch test

Chair sit and reach test
Eight foot up and go test

Six minute walk test

MCI Vs non-MCI
significant of MMSE,
back stretch test and
eight foot up and go
test

De Paula J, et al. (2016)
(44)

34 older people with
aMCl, 32 patient with
MDaMCl, 38 patient

with mild AD, 20 older

people with normal

cognition (NC)

Mattis Dementia

Rating Scale

Nine-hole peg test (NHPT)
General activities of daily
living scale (GADL) and
Instrumental ADLs

No significant
difference in NPHT
between NC-aMCl,
aMCI-MDaMCl,
MDaMCI-AD
Significant difference
in NPHT between
control-MDaMCl,
aMCI-AD

Correlate with NPHT
and self-care ADLs
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Table 2.6 Material and methods of cognitive & physical assessments in older people with mild cognitive impairment studies (Cont.)

Authors (years) Participants Cognitive assessments Physical assessments Results
Taylor M E, et al. (2014) | 174 cognitive - MMSE - Sensorimotor function Higher fall rates correlate
1) impairment no specific | - Boston naming test (visual contrast sensitivity, | with slow reaction time,
- Trail marking test grip strength, poor stand balance, and
(TMT) proprioception, knee poor functional mobility

extension strength, and
hand reaction time)

- Standing balance (sway,
tandem with eye close and
eye open)

- Functional mobility
(coordination, TUG,
FTSTS, gait velocity)

Blackwood J et al. 26 older people with - MOoCA cut off scores | - FTSTS - MCI: correlate with

(2016) 2 MCI, and 21 normal >26 - TUG test TUG & gait speeds

cognition - Gait speed
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Table 2.6 Material and methods of cognitive & physical assessments in older people with mild cognitive impairment studies (Cont.)

Authors (years)

Participants

Cognitive assessments

Physical assessments

Results

Bortoli et al. (2015)

9 older people with

MMSE

TUG — risk of falls

MCI correlate with

AD, and 36 normal

cognition

TUG manual

Triple TUG (manual plus

cognition)

23) MCI, 12 patients with | - CDR BBS — balance balance (BBS)
mild dementia Barthel index - Dementia correlate with
(MID), 7 patients functionality balance (BBS), risk of
with moderate falls (TUG), and
dementia (MOD) , functionality (Barthel
5 patients with severe index)
dementia (SD)
Borges S et al. 42 older people with | - MMSE + CDR TUG single task TUG with cognitive
(2015) @D MCI, 26 patients with | -  Short Cognitive Test TUG cognitive tasks (Triple TUG &

TUG cognitive)
complicated task more
than TUG without
cognition in AD > MCI

> control

Ref. code: 25605912030540Q0!I




40

Table 2.6 Material and methods of cognitive & physical assessments in older people with mild cognitive impairment studies (Cont.)

Authors (years)

Participants

Cognitive assessments

Physical assessments

Results

Borges S et al.
(2015) 149)

42 older people with
MCI, 26 patients with
AD, and 36 normal

cognition

MMSE + CDR
Short Cognitive Test

TUG single task
Falls history

MCI Vs control
Significance difference
of TUG and falls history

Ansai JH, et al.,
(2017) (146)

40 older people with
MCI, 38 patients with
AD, and 40 normal

cognition

MMSE
GDS-15

10 meter walk test
TUG
TUG with manual task

Falls history at last year

MCI Vs control no
significance difference
in TUG and TUG with
manual task but
significance in falls
history

AD & control
significance difference
in TUG with manual

and falls history
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Table 2.6 Material and methods of cognitive & physical assessments in older people with mild cognitive impairment studies (Cont.)

Authors (years)

Participants

Cognitive assessments

Physical assessments

Results

Fujisawa C, et al.
(2017) @D

273 older people with
aMCl, 181 patients
with mild AD, 197
patients with
moderate AD, and

210 normal cognition

MMSE
FAB
GDS15

Functional reach (FR)
One leg stance (OLS)
Timed up and go (TUG)
Tandem test (TG)

Grip strength (GS)

aMCI Vs control
significance difference
of FR, OLS, TG
control Vs mild AD
significance difference
of FR, OLS, TG
control Vs moderate AD
significance difference
of FR, OLS, TG, TUG
aMCI Vs mild or
moderate AD
significance difference
of FR, TUG, TG, GS
mild AD Vs moderate
AD significance
difference TUG
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CHAPTER 3
RESEARCH METHODOLOGY

This chapter focuses on research methodology that was used to examine
differences in balance performance, coordination, and history of falls between older
people with mild cognitive impairment and healthy older people and to determine
correlation between balance performance, coordination, and history of falls in older
people with mild cognitive impairment. The details of participants, selection criteria,
sample size, procedures, instrumentation, outcome measures, and statistical analysis

were described in this chapter.

3.1 Study Design
This study was a cross sectional study.

3.2 Participants
3.2.1 Older people with mild cognitive impairment defined by Petersen’s
criteria ©

3.2.2 Community-dwelling older people without mild cognitive impairment

The criteria for including participants in the study are as follows:
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3.3 Selection Criteria
3.3.1 Participants with MCI
3.3.1.1 Inclusion Criteria

1. Age 60 years and older.

2. Being diagnosed with mild cognitive impairment according to
Petersen et al 2001 criteria defining Amnestic MCI ©,

3. Not being diagnosed with dementia or having Mini-Mental State
Examination Thai (MMSE-Thai 2002) >14/23 (older people did not graduate
any school), >17/30 (older people who studied in elementary school), and
>22/30 (older people who completed elementary school)®??; and Montreal
Cognitive Assessment (MOCA-Thai version) score between 17-21/30 129,

4. Being able to walk independently without any gait aids for at least 10
meters.

5. Not being diagnosed with cognitive dysfunction apart from MCI, or
serious conditions (such as Parkinson’s disease, history of cerebral disorder,
significant cardiovascular disease, untreated significant hypertension, alcohol
or drug abuse, untreated impaired vision and hearing, and significant muscle
or joint disease, significant diabetic, significant abnormal alignment of knee

and ankle) @7 that might affect balance and walking performance.

3.3.1.2 Exclusion Criteria
1. Having pain or discomfort during any assessment.
2. Potentially having depression condition classified by having score of
Thai Geriatric Depression Scale (TGDS-15) >5/15 scores (47,

3. Having proprioception sense impairment.
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3.3.2 Participants without MCI
3.3.2.1 Inclusion Criteria

1. Age 60 years and older.

2. Not being diagnosed with cognitive impairment or having Mini-
Mental State Examination Thai (MMSE-Thai 2002) >14/23 (older people did
not graduate any school), >17/30 (older people who studied in elementary
school), and >22/30 (older people who completed elementary school)*??; and
Montreal Cognitive Assessment (MOCA-Thai version) between 22-30/30
(124)_

3. Being able to walk independently without any gait aids for at least 10
meters.

4. No being diagnosed with cognitive dysfunction, or serious conditions
(such as Parkinson’s disease, history of cerebral disorder, significant
cardiovascular disease, untreated significant hypertension, alcohol or drug
abuse, untreated impaired vision and hearing, and significant muscle or joint
disease, significant diabetic, significant abnormal alignment of knee and

ankle) @7 that might affect balance and walking performance.

3.3.2.2 Exclusion Criteria
1. Having pain or discomfort during any assessment.
2. Potentially having depression condition classified by having score of
Thai Geriatric Depression Scale (TGDS-15) > 5/15 score 147,
3. Having proprioception sense impairment.
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3.4 Sample Size

The sample size was calculated using the following formula:

r ~ (dif ference)?

n = Number of participants with mild cognitive impairment.

(T:—l) = Ratio of older people without mild cognitive impairment to older

people with mild cognitive impairment group. Equal number of case and control

groups (r =1)

o2 = Standard deviation of outcome measurements (2= 2.1) ¢?

Zg = Z-value when set significance level at 0.05, 95% (Z,1.96, Z« = 0.98)
2

Zg = Z-value when set the power of testing equal to 80% (Z; = 0.84)

(dif ference)? = (Mean different of outcome variable between case and control
groups)? (dif ference = 0.5) 2

o (1+1) 2.1 (0.84+0.98)2
L 7 CT (0.5)2

= 27.82/group

The total number of participants in both groups were 56 (28 older people with
MCI, and 28 older people without MCI).

Ref. code: 25605912030540Q0!I



46

3.5 Procedure of Study (Figure 3.1)

1. Potential participants were screened for exclusion of dementia and depression
conditions by the following measurements (Figure 3.2)

- Thai Geriatric Depression Scale-15 (TGDS-15) (Appendix B)

- Mini Mental State Examination Thai (MMSE-Thai 2002)
(Appendix C)

- Montreal Cognitive Assessment (MOCA-Thai version)
(Appendix D)
2. Participants were screened of knee proprioception by Acumar™ digital
inclinometer.
3. All procedures and details were explained to the participants. Participants
were asked to sign an informed consent if they agree to participate in the study.
4. The demographic data of participants were collected by a researcher. The
demographic details are as followed:

- Personal information: age (years), gender, marital status and family,
education level, work status, hand dominant, caregiver, income per month, and
residence. (Appendix E)

- Medical information: weight, height, body mass index (BMI),
medical diagnosis, medicine history, walk abilities. (Appendix E)

- History of falls: amount of falls history in 12 months, causes of falls,
falls pattern (direction of falls), and falls injury. (Appendix F)

- Physical activity level scale of elderly in one weeks. (Appendix F)

5. Participants will be tested with balance test (Timed Up and Go (TUG) test,
TUG with dual task, Five Times Sit to Stand (FTSTS), Functional Reach Test
(FRT), Step Test (ST)) (Appendix G) and coordination test (Foot Tapping (FT)
and Nine-Hole Peg Test (NHPT) (Appendix H).
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3.6 Instrumentation

3.6.1 Thai Geriatric Depression Scale-15 (TGDS-15) data forms
(Appendix B)
Thai Geriatric Depression Scale-15 (TGDS-15) was standard
depression screening test. It’s maximum score is 15 points with cut-off score > 5 in
order to detect major depression disorder (MDD). This test was found sensitivity at 0.92

and specificity at 0.87 in older people in community @47,

3.6.2 Mini Mental State Examination Thai (MMSE-Thai 2002)
(Appendix C)

Mini Mental State Examination assesses cognitive function covering:
orientation for time and place, registration, attention and calculation, recall memory
three words, and language (naming, speech according to the phrase, verbal command,
writing command, writing, and visuo-construction) @29, Total score is 30 points. Mini
Mental State Examination was translated to Thai language for screening older people
with cognitive decline by Thai Cognitive Test Development Committee 1999 (22, For
Thai MMSE, cut-off scores were classified by level of education. Score for being
classified as having cognitive impairment: older people did not study (Can’t read and
write) cut-off score <14/23; older people with graduated in elementary school cut-off

<17/30; older people with graduated from elementary school < 22/30 (48),

3.6.3 Montreal Cognitive Assessment (MOCA-Thai) (Appendix D)

Montreal Cognitive Assessment (MoCA) was developed by
Nasreddine Z., to assess cognitive function. The tool could be rapidly to administration
which generally approximately ten minutes (testing in people with mild cognitive
deficit). Total score is 30 points in which 11 domains consist of: visuospatial function,
executive function, naming, memory recall, attention, orientation time or place,
language, recall memory and abstraction task. Examination of the screening test had a
sensitivity to detect MCI at 90% and specificity 100%. The levels of cognitive
impairment have been classified as: score 22-30 classified as no cognitive impairment,
score 17-21 classified as mild cognitive impairment and score 0-16 classified as severe

cognitive impairment or dementia (24,
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3.6.4 Proprioception Sense
Proprioception was measured by Acumar™ digital inclinometer. The
participants were instructed to sit and lean against the backrest. The inclinometer was
placed on the lower one third section part of lateral of tight and leg. The participants
were instructed to close their eyes and fully extend knee, until the knee bend to the
target 30°/80°, then return the leg to the starting position. Each participant was tested
in same targeted angle (30° and 80°) holding for five seconds, three trials for each side.

Error angles were recorded and error angles +/- five degrees classified as normal.

3.6.5 The Demographic Data Form (Appendix E)

- Personal information: age (years), gender, marital status & family,
hand dominant, education level, work status, caregiver, income per month, and
residence.

- Medical information: weight, height, body mass index (BMI),

number of medical conditions, and number of medications.

3.6.6 The Falls History Data Form (Appendix F)
- History of falls: frequency of falls history in 12 months, causes of
falls, falls pattern, and direction of falls.

- Physical activity level scale of elderly in one weeks.

3.6.7 Measurement of Balance and Coordination Assessment

3.6.7.1 Balance Assessment (Appendix G)
(1) Timed Up and Go (TUG) test
Timed up and go (TUG) test was used to measure mobility
and dynamic balance. The participants were instructed to rise from a chair, walk
approximately three meters (9.86 foot), turn around at the line, walk back to the chair

and sit down.
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(2) Timed Up and Go with Dual Task
Timed up and go with dual task test was used to measure
dynamic balance in dual task conditions (TUG with cognitive task or manual task). For
the TUG with cognitive task, participants were asked to rise from a chair while counting
backward by one, from the number 98, walk approximately three meters, turn around
at the line, walk back to the chair and sit down. In the TUG with manual task,

participants were ask to walk while holding a cup filled with water.

(3) Functional Reach Test (FRT)
Functional reach test was used to measure forward limit of
stability (dynamic balance) by measuring the maximum distance that individual can
reach forward. The test was performed while participants being in standing position

with arm at 90 degrees of shoulder flexion.

(4) Step Test (ST)

Step test was used to measure dynamic single leg standing
balance. The test was performed with the participant in standing position. The
participants will be instructed to step one foot fully on and off a 7.5 cm box as fast as
possible in 15 seconds and repeat for the other side. Score is number of times the

participant steps on and off in 15 seconds.

(5) Five Times Sit to Stand (FTSTS) Test
Five time sit to stand test was used to measure dynamic
balance and functional muscle strength of lower extremity. The participants were
instructed to perform sit to stand for five times in a row, perform as quickly as possible

with their arm crossed at their chest. The total time were recorded.

3.6.7.2 Coordination Assessment (Appendix H)

(1) Foot Tapping (FT)
Foot tapping test was used to measure foot coordination. The
participants were instructed to seat on a chair without armrest, leaning against the

backrest and taps their foot with barefoot within five seconds/each foot. Participants

Ref. code: 25605912030540Q0!I



50

performed three trials for each foot and average number of taps of both sides were
recorded. The recorded average number of taps were then rated in seven levels as: 1 =
twenty taps, 2 = 16 to 19 taps, 3 = 13 to 15 taps, 4 =9to 12 taps, 5=5to 8 taps, 6 =1
to 4 taps, and 7 = unable to performs 7,

(2) Nine-Hole Peg Test (NHPT)

Nine-Hole Peg test was used to measure fine motor dexterity
or fine coordination tasks. The participants were instructed to seat on a chair, leaning
against backrest and place their forearm on the table. The examiner asked the
participants to pick up the pegs and put them into the holes until the holes are all filled.
Then remove the pegs out of pegs board and return to container as fast as possible.
Participants performed two time with each hand. The total time (dominant hand for two

times and non-dominant hand for two times) were recorded “4 149,

3.8 Outcomes Measures

3.8.1 Balance Performance Data (Appendix G)
3.7.1.1 Timed Up and Go (TUG) test
3.7.1.2 Timed Up and Go with Manual and Cognitive task
3.7.1.3 Functional Reach Test (FRT)
3.7.1.4 Step Test (ST) in worst side 59
3.7.1.5 Five Times Sit to Stand (FTSTS)

3.8.2 Coordination Performance Data (Appendix H)
3.7.2.1 Foot tapping of average both sides ¢
3.7.2.2 Nine-Hole Peg Test of total times (dominant 2 times and non-
dominant 2 times) “4

3.8.3 History of Falls: data collection of history of falls (Appendix F)
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3.9 Statistical Analysis
All data will be analyzed using the SPSS version 20.

3.9.1 Descriptions of the participants was used report by using descriptive
statistics: frequencies, percentages, means, and standard deviations.
3.9.2 The normal distributions of all data was determined by Shapiro-Wilk test.
3.9.3 Normal distribution data (case of numerical data)
3.9.3.1 Independent t-test was used to determine the statistical difference
between the MCI and control groups.
3.9.3.2 Pearson’s product moment correlation coefficient was used to
measure the correlation between balance performance, coordination,
and history of falls in older people with MCI.
3.9.4 Non-normal distribution data (case of numerical data)
3.9.4.1 Mann-Whitney U test was used to determine the statistical
difference between the MCI and control groups.
3.9.4.2 Spearman correlation coefficient was used to measure the
correlation between balance performance, coordination, and history of
falls in older people with MCI.
3.9.5 Categorical data
Chi-square test and Fisher’s exact test (Small sample size) were used to
determine the statistical difference between the MCI and control groups.
3.9.6 Point-biserial correlation was used to measure the correlation between
balance performance and coordination (case of numerical data), and

history of falls (case of categorical data) in older people with MCI.
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Screening depression, cognitive, and proprioception sense at baseline
(TGDS-15, MMSE, MoCA, and Acumar ™ digital inclinometer)

A 4

Older people Older people
with MCI without MCI

L 4

Baseline interview of personal information, health history,

falls history, and physical activity levels

/ Balance and coordination assessment (with random order) \

— Five times sit to stand (FTSTS)

— Foot tapping (FT)

— Timed up and go (TUG) test

— Timed up and go with manual task (TUG-Man)
— Timed up and go with cognitive task (TUG-Cog)
— Functional reach test (FRT)

— Step test (ST)

Qine hole peg test (NHPT) /

Figure 3.1 Procedure flow chart
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Subjective assessment:
Cognitive complaint
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Figure 3.2 Screening criteria of participants
Adapted from Weerasak Muangpaisan (2013) (51

Table 3.1 Cut of score of Mini Mental State Examination (MMSE)

Education level Score

Cut-off Full score

Older people did not study <14 23

(Can,t I‘ead and Write) (Did not do item 4, 9, 10)

Older people who studied in elementary school <17 30

Older people who completed elementary school <22 30

* The Mini Mental State Examination (MMSE) (2%

**The Montreal Cognitive Assessment (MoCA): score 22-30: no cognitive impairment,
score 17-21: mild cognitive impairment and score 0-16: severe cognitive impairment
or dementia 129,
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CHAPTER 4
RESULTS

4.1 Participant Characteristics

Twenty-eight older people with mild cognitive impairment (MCI) and 28 older
people without MCI (age ranged 60- 80 years) were recruited in the study. Participants
in both groups were matched aged, gender, and education level. Sixty-one percent of
participants were female, and 82.1% were graduated in Elementary school (grade 4-6).
Table 4.1 shows the participants’ characteristics which is divided into two parts:
personal information and health information. There were no significant differences
between two groups on most of the characteristics recorded. However, work status,
number of medical conditions, Mini-mental state examination-Thai version, Montreal
cognition assessment-Thai version, and Thai geriatric depression scale were significant

difference between two groups (p < 0.05).

Table 4.1 Comparisons of participant characteristics between older people with and

without mild cognitive impairment

Older People Older People

Characteristics with MCI without MCI p-value
(n=28) (n=28)
Personal information
Age (mean £ SD) 67.71 £5.97 67.39 £5.80 0.84°
Gender, n (%)
- Male 11 (39.3) 11 (39.3) 1.00°

- Female 17 (60.7) 17 (60.7)
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Table 4.1 Comparisons of participant characteristics between older people with and

without mild cognitive impairment (Cont.)

Older People Older People
Characteristics with MCI without MCI p-value
(n=28) (n=28)
Marital status & family, n (%)
- Single 1(3.6) 1(3.6)
- Married 17 (60.7) 21 (75) 0.702
- Devoted 24(7A) 1(3.6)
- Widow 8 (28.6) 5(17.9)
Education level, n (%)
- No education H(E3.6) 1(3.6)
- Elementary school 0 (0) 0 (0)
(grade 1-3)
- Elementary school 23 (82.1) 23 (82.1)
(grade 4-6) 1.00%
- Junior high school 0 (0) 0 (0)
- Senior high school 1(3.6) 1(3.6)
- Bachelor’s degree 2(7.2) 2 (7.1)
- Master’s degree or Doctor of 0 (0) 0 (0)
Philosophy
Work status, n (%)
- Working 2(7.2) 8 (28.6) 0.042"
- Non-working 26 (92.9) 20 (71.4)
Hand dominant, n (%)
- Right side 24 (85.7) 26 (92.9) 0.34°
- Leftside 4 (14.3) 2(7.1)
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Table 4.1 Comparisons of participant characteristics between older people with and

without mild cognitive impairment (Cont.)

Older People Older People
Characteristics with MCI without MCI p-value
(n=28) (n=28)
Caregiver, n (%)
- Parents 0 (0) 0 (0)
- Brethren 1(3.6) 1(3.6)
- Husband and wife 17 (60.7) 18 (64.3) 0.99?
- Relative 8 (28.6) 7 (25)
- Another 2(7.1) 24( 7%y
Income per month, n (%)
- < 5,000 Baht 22 (78.6) 21 (75)
- 5001 — 10,000 Baht 6 (21.4) 4 (14.3)
- 10,001-15,000 Baht 0 (0) 2(7.1) 0.33?
- 15,001-20,000 Baht 0 (0) 0 (0)
- 20,001-25,000 Baht 0 (0) 0 (0)
- > 25,000 Baht 0 (0) 1 (36)
Residence, n (%)
- Own home 25 (89.3) 25 (89.3)
- Living with other house 2(7.1) 2(7.1)
- Rental house 1(3.6) 1(3.6) 1.00%
- Living with an employer 0 (0) 0 (0)
- Homeless 0 (0) 0 (0)
Medical Information
Weight (kilogram) 62.72 £ 14.03 61.25 + 10.66 0.95°
Height (centimeter) 159.42+10.33 159.04+ 7.91 0.84°¢
Body mass index (BMI) 24.68 £ 5.25 24.39 + 4.98 0.96°¢
(kilogram/meter?)
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Table 4.1 Comparisons of participant characteristics between older people with and

without mild cognitive impairment (Cont.)

Older People Older People
Characteristics with MCI without MCI | p-value
(n=28) (n=28)

Number of medical conditions,
Median (range) 1(0-2) 1(0-3) 0.16°
Number of medications,
Median (range) 1 (0-4) 1 (0-5) 0.10¢
Physical activity scale of elderly
(hour/week) 39.83 £16.99 45.03 + 22.38 0.43°
Mini mental state examination
- Thai version (MMSE) 25.79 +2.27 27.61 +1.69 <0.01¢™
Montreal cognition assessment
-Thai version (MoCA) 18.82+1.34 24.82 +2.29 <0.01¢™
Thai geriatric depression scale
(TGDS-15) 2.82+1.34 2.07£1.61 0.04¢*

Note: Mini mental state examination — Thai version (MMSE) and Montreal cognition

assessment-Thai version (MoCA) have maximum score = 30, Thai geriatric depression

scale (TGDS-15) has maximum score = 15. Statically Analysis: # = Pearson Chi-square

test, ® = Fisher’s Exact test, ¢ = Mann Whitney U test. Significant difference between

two groups at ** p <0.01, * p < 0.05.
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4.2 Comparison of Balance Performance, Coordination and Falls History

between Older People with and without Mild Cognitive Impairment

4.2.1 Balance Performance

Balance performance were compared between older people with and

without MCI. Table 4.2 presents mean and standard deviation of all balance measures.
The results shows significant difference of Timed Up and Go (TUG) test (TUG), Timed
Up and Go with Manual Task (TUG-Man), Timed Up and Go with Cognitive Task
(TUG-Cog), Five Times Sit to Stand (FTSTS), Functional Reach Test (FRT), and Step

Test (ST).

Table 4.2 Comparisons of balance performance between older people with and

without mild cognitive impairment

Older People | Older People | p-value
Balance Performance with MCI | without MCI
(n=28) (n=28)

Timed Up and Go (TUG) test 9.90+1.41 8.97 +1.22 0.01&
(seconds)
Timed Up and Go with Manual Task 11.13+1.74 | 9.72+1.44 | <0.01&"
(TUG-Man) (seconds)
Timed Up and Go with Cognitive Task | 12.97 +1.82 | 10.97+1.94 | 0.02°"
(TUG-Cog) (seconds)
Five Times Sit to Stand (FTSTS) 9.83+2.14 8.48 £ 1.50 0.01&
(seconds)
Functional Reach Test (FRT) 23.46+7.49 | 29.04+6.67 | 0.018"
(centimeters)
Step Test in worst side (ST) 12.32£2.74 | 14.07+£3.02 | 0.03*"
(times)

Note: Statically analysis: = Independent t-test, ® = Mann Whitney U test.

Significant difference between two groups at ** p <0.01, * p <0.05.
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Table 4.2 presents comparison mean and standard deviation) of

coordination measures between the two groups. The results showed that there were
significant differences of both Nine Hole Peg Test (NHPT) and Foot Tapping (FT)

(p <0.01).

Table 4.3 Comparisons of coordination performance between older people with and

without mild cognitive impairment

Older People | Older People | p-value
Coordination Performance with MCI without MCI
(n=28) (n=28)
Nine Hole Peg Test (NHPT) 93.37 £11.87 | 85.09+9.87 | <0.01™
(seconds)
Foot Tapping (FT) 4.17 £ 0.56 3.59+1.02 0.02°
(scores)

Note: Statically analysis: Mann Whitney U test.

Significant difference between two groups at ** p < 0.01, * p < 0.05.
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Falls history including number of faller, number of falls, cause of falls,

direction of falls, injuries of falls, and area of falls were compared between two groups.

There were significance difference of number of faller and number of falls (p < 0.05)

as shown in Table 4.4.

Table 4.4 Comparisons of falls history between older people with and without mild

cognitive impairment

Older People | Older People p-value
Falls History with MCI without MCI
(n=28) (n=28)

Number of faller, n (%)
- Faller 9 (32.2) 2(7.1) 0.022"
- Non-faller 19 (67.8) 26 (92.9)
Number of falls,
Median (range) 0 (0-4) 0(0-1) 0.020"
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Table 4.4 Comparisons of falls history between older people with and without mild

cognitive impairment (Cont.)

Older People | Older People p-value
Falls History with MCI without MCI

(n=9) (n=2)
Cause of recent falls, n (%)
- Collapse 0 (0) 0(0)
- Stumble 4 (45) 1 (50)
- Dizzy or loss of conscious 0(0) 0 (0) 0.89?
- Falls down 0(0) 0 (0)
- Slip 5 (55) 1 (50)
Direction of recent falls, n (%)
- Left direction 2 (22) 1 (50)
- Right direction 2 (22) 0 (0) 0.172
- Front direction 3(34) 1 (50)
- Back direction 2 (22) 0 (0)
Injuries of falls, n (%)
- Noinjuries 3(33) 1 (50)
- Bruises 4 (45) 1 (50) 0.122
- Bone fracture 2 (22) 0 (0)
Area of falls, n (%)
- Indoor 4 (45) 2 (100) 0.062
- Outdoor 5 (55) 0 (0)

Note: Statically analysis: 2 = Pearson Chi-square test, ® = Mann Whitney U test.

Significant difference between two groups at * p < 0.05.
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4.3 Correlation of Balance Performance, Coordination, and Falls History in

Older People with Mild Cognitive Impairment

4.3.1 Correlation between Balance Performance and Coordination

Table 4.5 shows correlation between balance performance and

coordination in older people with MCI. There were significant correlation (moderate

level) between FT and TUG (r=0.524, p<.01), significant correlation (moderate level)

between FT and FTSTS (r=0.662, p<0.01), significant correlation (low level) between

FT and FRT (r=-0.408, p<0.05), and significant correlation (low level) between FT and

TUG-Man (r=0.390, p<.05), In addition, there were no correlation between balance

and NHPT in all balance measures.

Table 4.5 Correlation of balance performance and coordination of older people with

mild cognitive impairment

Nine Hole Foot
Correlation of Balance Performance and Peg Test Tapping
Coordination of Mild Cognitive Impairment (NHPT) (FT)
(n=28) (n=28)
Timed Up and Go (TUG) test 0.330 0.524™
Timed Up and Go with Manual Task (TUG-Man) 0.237 0.390"
Timed Up and Go with Cognitive Task (TUG-Cog) 0.190 0.285
Five Times Sit to Stand (FTSTS) 0.022 0.662™
Functional Reach Test (FRT) -0.090 -0.096
Step Test (ST) -0.172 -0.446"

Note: Statically Analysis: Spearman’s rank correlation.

Significant difference between two groups at ** p <0.01, * p <0.05.
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4.3.2 Correlation between Balance Performance and Falls History

Correlation between balance performance and falls history in older people

with MCI are shown in Table 4.6. There were significant correlation (high level)

between falls history and FTSTS (r = 0.718, p <0.01), significant correlation (moderate

level) between falls history and TUG with manual task (r = 0.589, p < 0.01), significant

correlation (low level) between falls history and TUG (r = -0.405, p < 0.05), significant

correlation (low level) between falls history and ST (r = -0.481, p < 0.05). However,

there were no correlation between falls history and TUG-Cog, and FRT.

Table 4.6 Correlation of balance performance and falls history of older people with

mild cognitive impairment

Correlation of Balance Performance and Falls History
Falls History of Mild Cognitive Impairment (Faller & non-faller)

(n=28)

Timed Up and Go (TUG) test 0.405"

Timed Up and Go with Manual Task (TUG-Man) 0.589™

Timed Up and Go with Cognitive Task (TUG-Cog) 0.338

Five Times Sit to Stand (FTSTS) 0.718™

Functional Reach Test (FRT) -0.064

Step Test (ST) -0.481™

Note: Statically analysis: point-biserial correlation.

Significant difference between two groups at ** p <0.01, * p <0.05.
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4.3.3 Correlation between Coordination and Falls History

Correlation between coordination performance and falls history in older
people with MCI are shown in Table 4.7. There was significant correlation (low level)
between falls history and FT (r= 0.399, p < 0.05), but no correlation between falls
history and NHPT.

Table 4.7 Correlation of coordination and falls history of older people with mild

cognitive impairment

Correlation of coordination and falls history Falls History
of mild cognitive impairment (Faller & non-faller)
(n=28)
Nine Hole Peg Test (NHPT) 0.231
Foot Tapping (FT) 0.399"

Note: Statically analysis: point-biserial correlation.

Significant difference between two groups at * p < 0.05.
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CHAPTER 5
DISCUSSIONS

This chapter is divided into 3 main sections: 1. comparison of participants’
characteristics (personal information and health information) between two groups
(older people with and without mild cognitive impairment), 2. comparison of balance
performance, coordination, and history of falls between the two groups, and
3. correlation of balance performance and coordination, and history of falls of older

people with mild cognitive impairment.

5.1 Participant Characteristics

In the present study, fifty-six older people were recruited with and without mild
cognitive impairment (MCI). There were no significant differences in all variables of
participants’ characteristic except work status, Mini-mental state examination
(MMSE), Montreal cognition assessment (MoCA), and Thai geriatric depression scale-
15 (TGDS-15). However, both groups are classified as normal (i.e. no depression).

There was significant difference in Thai geriatric depression scale -15 (TGDS-
15) between the two groups in which MCI group higher than non-MCI group. However,
both groups were score less than six points which indicated that neither groups had
indication of depression 47, The higher score of TGDS-15 in MCI group may be due
to one category of the test perception, is related with MCI’s sign and symptoms. In
addition, the higher score of depression in MCI might also be explained with their
working status. Participants with MCI reported non-working status more than those
without MCI. Staying at home or being at the same place may cause routine activities

which could contribute to increase risk of depression in the older people 132,
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5.2 Comparison of Balance performance, Coordination, and Falls History

between Older People with and without Mild Cognitive Impairment

5.2.1 Comparison of Balance Performance between Older People with
and without Mild Cognitive Impairment

Older people with MCI showed decreased balance performance in all
balance measures [Timed Up and Go (TUG) test, Timed Up and Go with Manual Task
(TUG-Man), Timed Up and Go with Cognitive Task (TUG-Cog), Five Times Sit to
Stand (FTSTS), Functional Reach Test (FRT), and Step Test (ST)] compared with older
people without MCI. As balance performance requires cognitive function especially
attention, and executive function ?*128, therefore, balance performance in older people
with MCI could be affected and this could lead an increased falls risk in people with

MCI as found in several previous studigs (1% 35 137, 144-146)

There were several studies previously assessed balance performance using
Timed Up and Go (TUG) test in people with MCI % 27:32.33. 145 The results of the
present study showed significant differences of balance performance measured by TUG
between older people with and without MCI. These results were accordingly with
results from two studies by Borges et al. (2015) @7 145 which reported significant
difference between two groups. This similar results might be due to the similar criteria
for inclusion and exclusion of participants with MCI. In addition, the results from study
by Borges et al #*® also reported significant higher incidence of falls (previous 12
months) in MCI group compared with control group. However, there were also some
previous studies reported no decreased balance performance measured by TUG in some
previous studies ?% 3233 One possible explanation of the different results could be the
difference of inclusion criteria in which the study did not include older people with
MCI but also include people with MCI who aged less than 60 years old ©2. Moreover,
no cognitive impairment group and MCI groups of the study reported slightly higher
score of MMSE (MCI: 28, non-MCI: 29) compared with the participants in MCI group
in the current study ©2. This less severity of impaired cognitive function of participants
with MCI may lead to less affect to balance performance in the MCI groups

therefore no significant difference were found when compared with healthy group.
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Fujisawa et al. (2017) @Y reported no significant difference of score of TUG between
aMCI and normal cognition group. Participants in both groups could use assistive gait
devices (cane and walker) during TUG that might influence results of the study. Other
studies reported no significant difference of score of TUG between MCI and
cognitively normal older adults is study by Eggermont et al. (2010) @2, Including
participants with comorbid conditions (i.e. peripheral neuropathy) might influence
results of the study. When focusing on balance under dual task conditions testing by
TUG with manual or cognitive task, MCI group took more time than older people
without MCI. These results were consistent with the study by Borges et al. (2015) @7,
TUG-Cog is more difficult and more complex than original TUG. TUG-Cog has
required challenged cognitive function in particular attention %3, This could cause
altered balance and walking performance influence and could be presented in older

people with cognitive decline 127 32 145, 150)

Five Times Sit to Stand (FTSTS) test was used to measure dynamic
balance and functional muscle strength of lower extremity by changing siting to
standing position for five times perform as quickly as possible. There were significant
differences between older people with and without MCI in this study. There was no
previous study reported result of FTSTS in older people with MCI. However, there
were two previous studies measuring Sit to Stand Test (STS) © and Chair Stand Test
(CST) ©@® which were the same test measuring maximum number of times of
performing sit to stand in 30 seconds in people with MCI. The two studies reported no
significant difference of CST between MCI and non-MCI groups. The non-significant
differences found in the two studies could be partly explained by the fact that: 1) in the
study by Eggermont et al. (2010) ©%, there were some participants with low MMSE
who could not perform sit to stand function consequently would not being assessed with
the STS; 2) CST or STS used in the two studies ?® 3 s a test mainly measures
functional lower extremity endurance in which differ from FTSTS that measures
functional lower extremity strength as well as balance >, Decreased CST / STS could

also be found in general older people which were the control groups of the two studies.
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Step Test (ST) was used for measuring dynamic single standing balance.
Older people with MCI group showed a significant lower times in step test (worst side)
compared with non-MCI group. There was no studies previously reported result of ST
in older people with MCI. However, there was one previous study by Fujisawa et al.
(2017) @Y measuring one leg stance (OLS) (static single leg stance) in people with
aMCI. The study reported significant difference of result of OLS between MCI and
normal cognition group. This similar results might be due to the similar range of MMSE
score of participants of the two studies. The results of current study consistent with
previous study clearly shown that older people with aMCI was not only poor single
standing balance, but also dynamic single standing balance, which results in decreased
performance in single and dynamic single balance when compared with normal

cognition group.

Functional Reach Test (FRT) was used for measuring dynamic balance as
well as limit of stability during standing. Comparing with other tests used in this study,
FRT is one of the most simple dynamic balance test as it does not required changing
base of support (BOS) during testing. This could imply that FRT requires less executive
function than dynamic balance tests (TUG) 9. However, the current study also found
significant decreased in FRT in MCI group compared with non-MCI group. The results
is consistent with results from a study by Fujisawa et al. (2017) @Y. The study reported
that higher distance in FRT in normal cognition group compared with MCI group in

which indicated lower functional balance in MCI group.
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5.2.2 Comparison of Coordination Performance between Older People

with and without Mild Cognitive Impairment

Older people with MCI showed decreased coordination performance in
both measures: Nine Hole Peg Test (NHPT) and Foot Tapping (FT) compared with
older people without MCI.

Nine Hole Peg Test (NHPT) was used for measuring fine movement as
well as upper limbs coordination. There were significant differences between the two
groups. MCI group took longer time to perform the test than older people without MCI.
There was one study previously assessed fine coordination performance by nine hole
peg test in people with MCI by De Paula et al. (2016) “4. Their results were accordingly
with current study. The study by De Paula et al. (2016) ©#4 showed that multiple
domains amnestic MCI (MDaMCI) group were slower compared with healthy control
group “4). The reason could partly explained by the fact that multiple brain regions are
linkage for great performance of coordination time tasks. And that the connection could
be interrupted in people with cognitive impairment °0 in which could be presented
with poor coordination performance in terms speed and accuracy "), Moreover, the
study by De Paula et al. (2016) “% also showed that participants with AD were
significantly slower than aMCI and healthy control groups. These would support that
fine movement would decline in older people with MCI and higher tendency in
dementia.

Foot Tapping (FT) was used for measuring lower limbs coordination. In
this study, older people with MCI have slower time to perform the test compared with
older people without MCI. There were few studies previously assessed coordination
using FT in people with MCI G743 The current study’s results were accordingly with
results from one study by Franssen et al. (1999) @7 which reported significant
difference between MCI group and non-cognitive impairment group. The similar
results (mean value of non-cognitive impairment group and % change decrease
performance with older people without MCI) might be due to the similar criteria for
inclusion and exclusion of participants with MCI group as well as the similar way of
measure FT (number of steps in 5 seconds). Cai et al. (2014) % explained that

participants with MCI have decreased general plasticity which delay of center nervous
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system (CNS) process effect to decline limbs coordination and balance performance.
However, there was one previous study measuring foot tapping speed test by Kluger et
al. (1997) “® and found non-significant differences between cognitively normal elderly
and mild cognitive impairment group. One possible explanation of the different results
could be the difference of measurement i.e. the study measured foot tapping speed

within 15 second, whereas the current study measure number of step during 5 seconds.

5.2.3 Comparison of Falls History between Older People with and without
Mild Cognitive Impairment

Finding of the current study, older people with MCI have higher of
number of faller and number of falls in previous 12 months compared with older people
without MCI. The results consistent with the study on incidence of falls in MCI groups
which reported that MCI group had 1.72 times higher risk of falls compared with older
people without MCI @, These results were also accordingly with results from other
two previous studies by Ansai et al. (2017) “*6) and Borges et al. (2015) *%). Ansai et
al. (2017) @4 reported significant difference of number of fallers between elderly
people with preserved cognition and MCI. Borges et al. (2015) 49 reported significant
difference between older adults with cognitively healthy and MCI. The increased
number of faller and number of falls in older people with MCI in the study by Borges
et al. (2015) ®* and the current study might be due to the decreased balance
performance (TUG in single and dual task) in older adults in MCI found in the study,
which consequently could lead to higher prevalence of falls ¢ 149, Montero-Odasso
(2017) 4D explained that older people with cognitive impairment was declined of
attention and executive function 3 128) which required for maintaining balance and
performing normal gait. Accordingly, older people with cognitive impairment was
related with dementia, gait changed, and risk of falls (2% as that cognitive impairment
could progress to dementia as well as could have falls, fracture & immobility 41,
Previous studies also support that the incidence of falls in MCI group was consistency

with severity of cognitive impairment as dementia (44 145),
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The results of current study together with previous studies (2% 27, 37 44, 145,
146) supported that older people with MCI was not only declining in memory domain,
but also attention, and executive function @* 128 which results in decreased
performance in balance and coordination, and these could contribute to higher risk of

falls in the population.

However, the study did not assess impairments related with balance and
falls (muscle strength, range of motion (ROM), and flexibility of lower extremity),
therefore, the study could not definitely point out what changes in the impairments that
maybe resulted in decreased balance and coordination, and high falls risk in the MCI
group. Further study should assess muscle strength, range of motion (ROM), and
flexibility of lower extremity in order to identify possible impairments causing falls in
older people with MCI.

5.3 Correlation between Balance Performance, Coordination, and Falls History in

Older People with Mild Cognitive Impairment

In the present study aimed to determine the correlation between balance
performance, coordination, and falls history in older people with Mild cognitive
impairment (MCI). Previous study was reported result of correlation only between

balance performance and falls risk in.

Finding of the study found correlation between balance performance [Five
Times Sit to Stand (FTSTS), Timed Up and Go (TUG) test, Timed Up and Go with
Manual Task (TUG-Man), and Step Test (ST)], and falls history in older people with
MCI. However, there were no significance correlation between balance performance
measured by Functional Reach Test (FRT) and Timed Up and Go with Cognitive Task
(TUG-Cog), and falls history. There was a study previously reported result of
correlation between balance performance and falls history in older people with MCI
29 Blackwood et al. (2016) @ reported significant correlation between balance
measured by falls risk (measured by TMT-B) and TUG, but no significant correlation
between falls risk and FTSTS. One possible explanation of the different results could

be the difference level of cognitive impairment between the two studies in which the
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study by Blackwood et al. (2016) recruited people with MCI who had MoCA score:
< 26 while the current study included only MoCA score: 17-22 which is slightly lower
than the previous study. This might influence results of the study. Regarding not
significant correlation of the result of FRT and falls history in older people with MCl,
could be partly from the nature of FRT which is one of simple dynamic balance tasks
as it does not required changing base of support (BOS) during testing. Whereas, TUG-
Cog which was used to measuring dynamic balance with cognitive task (count
backwards) required challenged cognitive function (in particular attention function)
(153) However, the current study found no significance correlation between TUG-Cog
and falls history of people with MCI. Looking at cause of falls reported from people
with MCI in this study, falls occurred due to stumble 45% and slip 55%. However, the
current study did not record activity or circumstance during falls therefore could not
definitely pin point whether falls in the people with MCI in this study would related
with circumstance required high attention. Another possible explanation might be the
fact that people with MCI might perform TUG-Cog by paying attention with cognitive
task more than the balance or walking task @53,

Results of this study presented significant correlation between Foot Tapping
(FT) and falls history as well as FT and balance performance (FTSTS, TUG, TUG-
Man, and ST) in older people with MCI. FT was used to measuring coordination
performance of lower extremity which suggests from previous studies that coordination
abilities could be part of balance and falls risk factors in older adults ©% 3%, Accordingly,
loss of balance performance could leads to increasing attention of leg movement to
compensation (!28). This could imply that coordination measuring by FT is direct
relationship with between balance performance and consequently risk of falls.
However, the current study found no significance correlation between FT and a couple
balance measures, FRT and TUG-Cog. Possible explanation of the no correlation
results might be the low challenge of FRT and the possible higher required in cognitive
task than balance task in TUG-Cog for older people with MCI.

There was no significance correlation between Nine Hole Peg Test (NHPT) and
balance measures as well as NHPT and falls history. One possible explanation could be
the fact that NHPT are test measuring fine movement as well as coordination of upper

extremity while the balance measures in the study and falls would more related with
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lower extremity function. However, previous study supported that arm coordination
could have relationship with balance due to arm coordination could be associated with
performance to correct posture or postural adjustment in circumstance with external
perturbations ('*). De Paula et al. (2016) “* reported correlation between NHPT and
self-care ADLs in people with MCI. These could imply that NHPT could have indirect
relationship with balance performance in particular in situations required postural
adjustment and that NHPT could have relationship with tasks involving with upper

extremity.

5.4 Limitation and Further Study

This study was recruited participants into MCI group by Petersen’s criteria
which defined of amnestic MCI (aMCI) but not cover all subtype of MCI (amnestic
MCI: single or multiple domains and non-amnestic MCI: single or multiple domains)
(44), Differential groups might be different results from this study.

This study did not assess fear of falling which could happen after falling. The
decreased balance or coordination ability could be from either decreased physical
performance or fear of falling. Further study should assess fear of falling in order to
identify possible causes of impairments.

Finally, this study is cross sectional study design. The present study aimed to
compare balance performance, coordination, and history of falls between two groups at
one moment in time. Further study should be longitudinal study design to provide

information of impact of the changes in older people with and without MCI.
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5.5 Clinical Implications

In current study, older people with MCI have declined of balance performance
and coordination compared with older people without MCI. In addition, in the group
of older people with MCI have had higher number of people who had fallen in the past
year. Therefore, balance performance, coordination and falls history should be issues
being aware and focused in this group of people. Assessment of balance and
coordination as well as falls risk should be implemented as routine care for people with
MCI in order to prevent falls in this population. Findings of the correlations between
falls history and balance / coordination of this study lead to clinical guide for evaluating
risk of falls in older people with MCI which should include: balance measuring by
Timed Up and Go (TUG) test, Timed Up and Go with Manual Task (TUG-Man), Five
Times Sit to Stand (FTSTS), and Step Test (ST); and coordination measuring by Foot
Tapping (FT).
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CHAPTER 6
CONCLUSION

Results of this study presented significant differences in all measures between
older people with and without Mild cognitive impairment (MCI). Older people with
MCI took longer time to perform Timed Up and Go (TUG) with single and dual tasks,
Five Times Sit to Stand (FTSTS), and Nine Hole Peg Test (NHPT), lower distance of
Functional Reach Test (FRT), lower number of Step Test (ST), and Foot Tapping (FT)
compared with older people without MCI. Additionally, current study showed higher
of number of fallers in the group of older people with MCI. There were significant
correlations between: 1) balance performance (measured by TUG, TUG-Man, FTSTS,
and ST) and coordination (measured by FT); 2) balance performance (measured by
TUG, TUG-Man, FTSTS, and ST) and falls history; 3) coordination (measured by FT)
and falls history.

Older people with MCI have declined balance performance and coordination
compared with older people without MCI. Assessment of balance and coordination as
well as falls risk should be implemented as routine care for people with MCI in order
to prevent falls in this group. This study lead to clinical guide for evaluating risk of falls
in older people with MCI which should include: balance measuring by FTSTS, TUG,
TUG-Man, and ST; and coordination measuring by FT.
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APPENDIX B
Thai Geriatric Depression Scale -15: TGDS-15
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APPENDIX C
Mini-Mental State Examination-Thai 2002:
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4. Attention /Calculation (5 ASLIUU)
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10. Writing (1 AZLUY)
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APPENDIX D

Montreal Cognitive Assessment- Thai version
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APPENDIX E
The Demographic Data Form
Personal Information and Medical Information
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APPENDIX F
The Falls History Data Form
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APPENDIX G

Balance Assessment
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Functional Reach Test (FRT) I({
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4. Timed Up and Go Test (TUG)
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Step 1: Stand up

Step 2: Walk 3 metres

‘ x Step 3:

Turn
-V around

Step 4: Walk 3 metres
Step 5: Sit down
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APPENDIX H

Coordination Assessment
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1. Foot Tapping (FT)
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2. Nine Hole Peg Test (NHPT)
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Miss Suphanan Puengtanom

September 29, 1990

2011: Bachelor of science (physical therapy),
Srinakharinwirot University

Physical therapist at Thammasat University
Hospital

2011-Nowaday: Physical therapist at Thammasat
University Hospital
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