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ABSTRACT 

Title COMPARISON OF HOME-BASED AEROBIC VS. HOME-BASED RESISTANCE 
EXERCISE IN OLDER PERSONS WITH MILD COGNITIVE IMPAIRMENT 

Author KITSANA KROOTNARK 
Degree DOCTOR OF PHILOSOPHY 
Academic Year 2023 
Thesis Advisor Associate Professor Dr. Rumpa Boonsinsukh  
Co Advisor Assistant Professor Dr. Nithinun Chaikeeree  

  
Objective: to investigate the effect of home-based exercise on various domains of cognitive 

function and physical performance in persons with MCI, by comparing three groups: aerobic exercise, 
resistance exercise and control group. Methods: This study was a single-blind randomized controlled trial. 
Ninety eligible participants, aged 60-80 years were randomly assigned to one of 30 people from three 
categories: aerobic exercise, resistance exercise or control group. The aerobic and resistance exercise 
groups received three months of home-based exercise (35 minutes/day including warm up and cool down, 
five days/week, and increased by five minutes every two weeks). The control group was asked to perform 
their usual daily activities. The Montreal Cognitive Assessment (Thai version) (MoCA), Trail making test part A 
and B (TMT-A, TMT-B), Stroop color and word test (SCWT), a Digit span test (DST), a Stick design test (SDT), 
a Timed up and go test with manual task (TUG-M), a 6-minute walk test (6MWT) and a 30-second chair stand 
test were collected before training and after one, two and three months of training and a three-month follow-
up. Results: Both aerobic and resistance groups showed significant improvements in all outcome measures 
during three-month post-training and follow-up, except SDT, while there was no cognitive improvement in 
control group at post-training and follow-up. When compared to the control group, aerobic group had 
significant improvements in MoCA, TMT-A, TMT-B and SCWT, while resistance group had significant 
improvements in MoCA and TMT-B at post-training and follow-up. However, there were no differences in any 
outcome measures between aerobic and resistance groups, except SCWT and 6MWT, which was 
significantly greater in the aerobic group than in the resistance group post-training. Additionally, both the 
aerobic and resistance groups had the earliest significant improvement on the MoCA, SCWT and TUG-M two 
months after training. Conclusion: Home-based exercise at low intensity, whether aerobic or resistance 
training, was effective for improving cognitive function in older persons with MCI and had sustained effects 
until follow-up. 
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CHAPTER 1 
INTRODUCTION 

Background 
Thai society has advanced to ageing society because the elderly population 

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

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

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



  3 

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

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

Aerobic exercise is one of the most common methods of training to improve 
cognitive function. From reviews, the aerobic exercise program used for this purpose is 
often given in the form of walking with treadmill and cycling (25, 26, 31). The advantage 
of these two types of exercise is due to the fact that the intensity of exercise can be 
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easily controlled and adjusted as needed, but treadmill walking and cycling require 
specific exercise equipment that may result in limited access of the elderly. Another 
aerobic exercise program is the group exercise under supervision of the trainer (25, 32-
34). Apart from the safety benefit, the group exercise intensity can be adjusted to suit 
the ability of the elderly. However, the group exercise may not be appropriate for those 
elderly who could not travel to join the group (35). Therefore, home-based exercise is 
another interesting option for exercise to reduce these afore-mentioned limitations. 

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

Based on the above review, the home-based exercise is another intervention of 
choice to prevent the progression of dementia in elderly with mild cognitive impairment. 
Home-based exercise refers to an exercise performed within or around the home (44). 
This type of exercise is considered safe to perform without supervision, does not require 
any exercise equipment or simply use the equipment that can be found at home. 
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However, the questions remain as which home-base exercise would be appropriate to 
implement in elderly with mild cognitive impairment. According to the American College 
of Sports Medicine and the American Heart Association recommendations (28), the 
elderly should do aerobic exercise regularly at the moderate intensity, 30 minutes/day, 5 
days/week and do muscle strength training at 10-15 repetitions of 8-10 exercises at 
least 2 days/week to maintain physical fitness and preserve independence of daily life. 
World Health Organization (WHO) also recommended that the elderly should do 
physical activity to reduce the risk of cognitive decline (45). At present, there are studies 
on home-based exercise in the elderly and patients with Alzheimer’s disease, with the 
results focused on functional performance outcome (46, 47). For people with mild 
cognitive impairment, there are studies on home-based or community-based exercise 
with multimodal exercise and the results focused only on functional performance 
outcome (48, 49). However, there is no evidence that any type of home-based exercise 
can help older people with mild cognitive impairment to enhance cognitive function. In 
addition, both of aerobic exercise and resistance exercise were found to be effective in 
improving cognitive function but there are limited studies comparing aerobic exercise 
and resistance exercise in elderly with mild cognitive impairment. 

Research questions 
1. What was the effect of home-based aerobic exercise and home-based 

resistance exercise on the various cognitive domains and physical functions in older 
persons with mild cognitive impairment? 

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

3. When to detect the earliest effect of home-based aerobic exercise and 
home-based resistance exercise on cognitive and physical functions in older persons 
with mild cognitive impairment? 
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Objectives of the study 
There were three main objectives of the study. 
1. To evaluate the effect of home-based aerobic exercise and home-based 

resistance exercise on the various cognitive domains and physical functions in older 
persons with mild cognitive impairment. 

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

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

Scope of the study 
The study focused on the effect of home-based aerobic exercise and home-

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

Hypotheses of the study 
1.  Cognitive function would be significantly improved in older persons with mild 

cognitive impairment who were trained with home-based aerobic exercise and home-
based resistance exercise. 

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

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

Benefit of the study 
The study would provide evidence about the benefit of home-based aerobic 

exercise and home-based resistance exercise on cognitive and physical functions in 
older persons with mild cognitive impairment. If the study found the effectiveness of 
which home-based exercise, it would be another choice of exercise that does not 
require exercise equipment or use exercise equipment found at home for older persons 
with mild cognitive impairment to improve cognitive and physical functions. In addition, 
the findings from this study would be used for planning specific and effective exercise 
training to improve cognitive function in older adults with mild cognitive impairment and 
would be used for identifying an alternative exercise for improving cognitive function in 
those who have limitations or restriction on either aerobic or resistance exercises.  
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CHAPTER 2 
REVIEW OF LITERATURE 

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

Dementia 
Dementia is classified as a major neurocognitive disorder in the fifth edition of 

the Diagnostic and Statistical Manual of Mental Disorders (DSM-5); its diagnostic criteria 
are 

1. There is evidence of progressive cognitive decline in one or more 
domains of cognitive function: perceptual-motor function, executive function, complex 
attention, learning and memory, language or social cognition based on self-reported 
cognitive complaint or the clinician and documented by standardized 
neuropsychological test that there has been a significant decline in cognitive function. 
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2. The cognitive deficits interfere with independent of activities of daily 
living. 

3.  The cognitive deficits do not occur in the context of a delirium. 
4.  The cognitive deficits are not explained by other mental disorders (6).  

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

Types of cognitive function and their clinical measurement 
Types of cognitive function 

Cognitive function refers to the ability to process information and generate 
appropriate responses through learning, thinking, problem solving, and decision making 
(54). Cognitive function can be classified into 6 categories (6), as following; 

1. Perceptual-motor function 
Perceptual-motor function includes visual perception, 

visuoconstructional reasoning and perceptual-motor coordination (6). The impairment of 
perceptual-motor function may lead to requiring more effort to work with perceptual-
motor tasks, for example depending on others for traveling (55). 

2. Executive function 
Executive function includes planning, decision-making, working 

memory, responding to feedback, inhibitory control and cognitive flexibility (6).  The 
executive function refers to a top-down cognitive process that is required when you 
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need to concentrate and pay attention, when performing automatic tasks or relying on 
your instinct. It takes time to think before doing, faces the unexpected challenges and 
resists the attractions (56). 

3. Complex attention 
Complex attention includes the ability to maintain attention over a 

long period of time (sustained attention) , the ability to pay attention on more than one 
stimulus at the same time (divided attention), the ability to focus on certain stimuli while 
ignore other distracting stimulus (selective attention)  ( 5 7 ) , and the ability to identify, 
integrate and respond to the information that one receives (processing speed) (58). 

4. Learning and memory 
Learning and memory include free recall, cued recall, recognition 

memory, long-term memory and implicit learning (6 ) . Memory can be divided into two 
major types: short-term memory and long-term memory.  Long-term memory is also 
divided into two subtypes that are 1)  the explicit memory (or declarative, or conscious 
memory) and 2) the implicit memory (or non-declarative, or unconscious memory) (59). 

5. Language 
Language includes speaking, listening and the ability of language 

usage. Examples of language start from the ability to name of objects, the ability to find 
of words, the ability to use language fluency, the ability to use correct grammar and 
syntax and the ability to receive the messages of others (6, 55). 

6. Social cognition 
Social cognition includes recognition of emotions and theory of mind 

(6 ) . The recognition of emotions is the ability to recognize the people’s emotions from 
their facial expressions and the theory of mind refers to the ability to understand 
people’s thoughts or ability to predict people’s experiences (55). 

Clinical measurements of cognitive function 
Assessment of cognitive function is important in screening and diagnosing 

mild cognitive impairment or dementia. It can also be used to monitor the progression of 
cognitive decline. These assessment scales are standardized tests for global cognition. 
The most popular standardized test for mild cognitive impairment screening and 
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diagnosis are Mini-Mental State Examination (MMSE) and Montreal Cognitive 
Assessment (MoCA). 

1. Mini-Mental State Examination (MMSE) 

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

2. Montreal Cognitive Assessment (MoCA) 
The Montreal Cognitive Assessment (MoCA) is developed to detect 

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

In addition to global cognition assessment, there are clinical scales for 
assessing specific cognitive domains for differential diagnosis of each type of dementia, 
for example, patients with Alzheimer’s disease suffer from loss of cognition in learning 
and memory domain more than other cognitive domains. Assessment of cognition in 
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each domain reveals the specific impairment of cognition for planning appropriate and 
corresponding treatment. Clinical scales that are commonly used for evaluating specific 
domain of cognition (65, 66) are shown in Table 1. 
  



 

Ta
ble

 1 
Co

gn
itiv

e d
om

ain
s a

nd
 th

eir
 cl

ini
ca

l s
ca

les
 

Cl
ini

ca
l m

ea
su

re
me

nt 
Su

bd
om

ain
s 

Nu
mb

er
 of

 st
ud

ies
 

Me
as

ur
em

en
t m

eth
od

 
Ps

yc
ho

me
tric

 p
ro

pe
rtie

s 
Ex

ec
ut

ive
 fu

nc
tio

n 
Tr

ail
 M

ak
ing

 Te
st 

- B
 

(6
7-

69
) 

Co
gn

itiv
e f

lex
ibi

lity
 

32
 

- P
ar

t B
: L

ine
 al

ter
na

tin
g 

be
tw

ee
n 

nu
mb

er
s a

nd
 le

tte
rs.

 

- S
co

re
 b

as
ed

 on
 th

e t
im

e o
f th

e 
co

mp
let

ed
 ta

sk
. 

- T
he

re
 ar

e r
ep

or
ts 

of 
no

rm
ati

ve
 

da
ta 

se
pa

ra
ted

 b
y a

ge
 an

d 
ed

uc
ati

on
 le

ve
l a

nd
 cu

t-o
ff 

sc
or

es
 fo

r e
ac

h p
ar

t . 
- I

nte
r-r

ate
r r

eli
ab

ilit
y (

r =
 0.

90
) 

- T
es

t-r
ete

st 
re

lia
bil

ity
 

(r 
= 

0.4
4-

0.8
9)

 
St

ro
op

 C
olo

r W
or

d 
Te

st 
(7

0, 
71

) 
Co

gn
itiv

e i
nh

ibi
tio

n, 
se

lec
tiv

e a
tte

nti
on

 
12

 
- 1

) r
ea

d 
the

 w
or

d 
(n

am
e o

f th
e 

co
lor

), 
2)

 na
me

 th
e c

olo
r a

nd
 3)

 
na

me
 th

e c
olo

r o
f w

or
ds

 w
ith

in 
45

 se
co

nd
s/t

as
k. 

- S
co

re
 b

as
ed

 on
 th

e n
um

be
r o

f 
the

 co
rre

ct 
ite

ms
. 

- T
he

re
 ar

e r
ep

or
ts 

of 
no

rm
ati

ve
 

da
ta 

se
pa

ra
ted

 b
y a

ge
 an

d 
ed

uc
ati

on
 le

ve
l. 

- T
es

t-r
ete

st 
re

lia
bil

ity
 

(r 
= 

0.6
7-

0.8
3)

 

 

13 



 
 

14
 

Ta
ble

 1 
Co

gn
itiv

e d
om

ain
s a

nd
 th

eir
 cl

ini
ca

l s
ca

les
 (c

on
t’) 

 

Cl
ini

ca
l m

ea
su

re
me

nt 
Su

bd
om

ain
s 

Nu
mb

er
 of

 st
ud

ies
 

Me
as

ur
em

en
t m

eth
od

 
Ps

yc
ho

me
tric

 p
ro

pe
rtie

s 
Ex

ec
ut

ive
 fu

nc
tio

n 
Di

git
 S

pa
n T

es
t (

72
) 

W
or

kin
g 

me
mo

ry,
 

sh
or

t-t
er

m 
au

dit
or

y 
me

mo
ry 

12
 

- R
ep

ea
t th

e g
ive

n s
et 

of 
nu

mb
er

s 
bo

th 
for

wa
rd

 an
d 

ba
ck

wa
rd

. 

- S
co

re
 b

as
ed

 on
 th

e l
en

gt
h o

f th
e 

se
t o

f n
um

be
rs.

 

- I
nte

rn
al 

co
ns

ist
en

cy
 

(r 
= 

0.6
7-

0.9
5)

 

- T
es

t-r
ete

st 
re

lia
bil

ity
 

(r 
= 

0.4
1-

0.8
3)

 
At

ten
tio

n 
Tr

ail
 M

ak
ing

 Te
st 

- A
 

(6
7-

69
) 

Se
lec

tiv
e a

nd
 

div
ide

d 
att

en
tio

n 
26

 
- P

ar
t A

: L
ine

 co
nn

ec
tin

g 
the

 
nu

mb
er

s i
n o

rd
er

 fr
om

 1 
to 
25

 
- S

co
re

 b
as

ed
 on

 th
e t

im
e o

f th
e 

co
mp

let
ed

 ta
sk

. 

- T
he

re
 ar

e r
ep

or
ts 

of 
no

rm
ati

ve
 

da
ta 

se
pa

ra
ted

 b
y a

ge
 an

d 
ed

uc
ati

on
 le

ve
l a

nd
 cu

t-o
ff 

sc
or

es
 fo

r e
ac

h p
ar

t. 
- I

nte
r-r

ate
r r

eli
ab

ilit
y (

r =
 0.

94
) 

- T
es

t-r
ete

st 
re

lia
bil

ity
 

(r 
= 

0.3
6-

0.7
9)

 

 

14 



 
 

15
 

Ta
ble

 1 
Co

gn
itiv

e d
om

ain
s a

nd
 th

eir
 cl

ini
ca

l s
ca

les
 (c

on
t’) 

 

Cl
ini

ca
l m

ea
su

re
me

nt 
Su

bd
om

ain
s 

Nu
mb

er
 of

 st
ud

ies
 

Me
as

ur
em

en
t m

eth
od

 
Ps

yc
ho

me
tric

 p
ro

pe
rtie

s 
At

ten
tio

n 
Di

git
 S

ym
bo

l 
Su

bs
titu

tio
n t

es
t (

73
, 

74
) 

Pr
oc

es
sin

g 
sp

ee
d 

6 
- W

rite
 th

e c
or

re
ct 

sy
mb

ol 
in 

the
 

sp
ac

e b
elo

w 
the

 g
ive

n n
um

be
r. 

(T
he

 nu
mb

er
s a

nd
 sy

mb
ols

 
sh

ow
n a

s a
n e

xa
mp

le.
) 

- S
co

re
 b

as
ed

 on
 th

e n
um

be
r o

f 
the

 co
rre

ct 
ite

ms
. 

- T
his

 ta
sk

 is
 p

ar
t o

f th
e W

ec
hs

ler
 

Ad
ult

 In
tel

lig
en

ce
 S

ca
le.

 

- T
he

re
 ar

e r
ep

or
ts 

of 
no

rm
ati

ve
 

da
ta.

 
- P

sy
ch

om
etr

ic 
pr

op
er

tie
s a

re
 

re
po

rte
d 

as
 an

 ov
er

all
 of

 th
e 

W
ec

hs
ler

 A
du

lt I
nte

llig
en

ce
 

Sc
ale

. 
Le

ar
nin

g 
an

d 
me

mo
ry

 
Lo

gic
al 

me
mo

ry 
(7

5)
 

Im
me

dia
te 

an
d 

de
lay

ed
 re

ca
ll 

15
 

- T
ell

 th
e s

tor
y t

ha
t th

e a
ss

es
so

r 
tel

ls 
yo

u i
mm

ed
iat

ely
 an

d 
aft

er
 

30
 m

inu
tes

. 
- S

co
re

 b
as

ed
 on

 th
e n

um
be

r o
f 

the
 co

rre
ct 

re
ca

lle
d 

ite
ms

. 

- T
his

 ta
sk

 is
 p

ar
t o

f th
e W

ec
hs

ler
 

Me
mo

ry 
Sc

ale
. 

- P
sy

ch
om

etr
ic 

pr
op

er
tie

s a
re

 
re

po
rte

d 
as

 an
 ov

er
all

 of
 th

e 
W

ec
hs

ler
 M

em
or

y S
ca

le.
  

15 



 
 

16
 

Ta
ble

 1 
Co

gn
itiv

e d
om

ain
s a

nd
 th

eir
 cl

ini
ca

l s
ca

les
 (c

on
t’) 

 

Cl
ini

ca
l m

ea
su

re
me

nt 
Su

bd
om

ain
s 

Nu
mb

er
 of

 st
ud

ies
 

Me
as

ur
em

en
t m

eth
od

 
Ps

yc
ho

me
tric

 p
ro

pe
rtie

s 
Le

ar
nin

g 
an

d 
m

em
or

y 
Di

git
 S

pa
n T

es
t 

(fo
rw

ar
d)

 (7
2)

 
Sh

or
t-t

er
m 

au
dit

or
y 

me
mo

ry 
4 

- R
ep

ea
t th

e g
ive

n s
et 

of 
nu

mb
er

s. 

- S
co

re
 b

as
ed

 on
 th

e l
en

gt
h o

f th
e 

se
t o

f n
um

be
rs.

 

- I
nte

rn
al 

co
ns

ist
en

cy
 

(r 
= 

0.6
7-

0.9
5)

 

- T
es

t-r
ete

st 
re

lia
bil

ity
 

(r 
= 

0.4
1-

0.8
3)

 
Pe

rc
ep

tua
l-m

ot
or

 fu
nc

tio
n 

Cl
oc

k d
ra

wi
ng

 te
st 

(7
6, 

77
) 

Vis
uo

sp
ati

al 
an

d 
pr

ax
is 

ab
ilit

ies
, 

pla
nn

ing
 

9 
- D

ra
w 

a w
atc

h f
ac

e, 
co

mp
let

e t
he

 
nu

mb
er

s a
nd

 d
ra

w 
clo

ck
 ha

nd
s 

po
int

ing
 to

 th
e s

pe
cif

ied
 tim

e. 
- S

co
re

 b
as

ed
 on

 th
e n

um
be

r o
f 

the
 co

rre
ct 

dr
aw

n i
tem

s. 

- I
nte

r-r
ate

r r
eli

ab
ilit

y  
(r 

= 
0.8

2-
0.9

4)
 

- T
es

t-r
ete

st 
re

lia
bil

ity
 

(r 
= 

0.7
0-

0.9
4)

 

- S
en

sit
ivi

ty 
= 

77
%

 an
d 

 
sp

ec
ific

ity
 =

 87
%
 in

 sc
re

en
ing

 
for
 m

od
er

ate
 to

 se
ve

re
 co

gn
itiv

e 
im

pa
irm

en
t 

 

16 



 
 

17
 

Ta
ble

 1 
Co

gn
itiv

e d
om

ain
s a

nd
 th

eir
 cl

ini
ca

l s
ca

les
 (c

on
t’) 

 

Cl
ini

ca
l m

ea
su

re
me

nt 
Su

bd
om

ain
s 

Nu
mb

er
 of

 st
ud

ies
 

Me
as

ur
em

en
t m

eth
od

 
Ps

yc
ho

me
tric

 p
ro

pe
rtie

s 
Pe

rc
ep

tua
l-m

ot
or

 fu
nc

tio
n 

Cl
oc

k r
ea

din
g 

tes
t 

(7
8)

 
Vis

ua
l p

er
ce

pt
ion

 
No

t r
ep

or
t 

- R
ea

d 
the

 tim
e s

ho
wn

 in
 th

e 
wa

tch
 fa

ce
 im

ag
e w

ith
ou

t 
nu

mb
er

s (
on

ly 
the

 ha
nd

s) 
wi

th 
ea

ch
 im

ag
e s

ho
wi

ng
 a 

dif
fer

en
t 

tim
e. 

- S
co

re
 b

as
ed

 on
 th

e n
um

be
r o

f 
tel

lin
g 

the
 tim

e c
or

re
ctl

y. 

- S
en

sit
ivi

ty 
= 

82
%

 an
d 

 
sp

ec
ific

ity
 =

 70
%
  

at 
cu

t-o
ff ≤

 10
.5 

in 
sc

re
en

ing
 fo

r 
Al

zh
eim

er
's 

dis
ea

se
 

- C
on

str
uc

t v
ali

dit
y (

r =
 0.

50
) 

co
mp

ar
ed

 to
 R

ey
 fig

ur
e c

op
yin

g 

St
ick

 d
es

ign
 te

st 
(7

9, 
80

) 
Vis

uo
co

ns
tru

cti
on

al 
re

as
on

ing
 

No
t r

ep
or

t 
- A

rra
ng

e t
he

 m
atc

he
s a

cc
or

din
g 

to 
the

 ex
am

ple
 sh

ow
n. 

- S
co

re
 b

as
ed

 on
 th

e n
um

be
r o

f 
the

 co
rre

ct 
pla

ce
d 

ma
tch

es
. 

- S
en

sit
ivi

ty 
= 

58
%

 an
d 

 
sp

ec
ific

ity
 =

 90
%
 in

 sc
re

en
ing

 
for
 d

em
en

tia
 

- C
on

str
uc

t v
ali

dit
y (

r =
 0.
54
4)
 

co
mp

ar
ed

 to
 C

loc
k d

ra
wi

ng
 te

st 

 

17 



 
 

18
 

Ta
ble

 1 
Co

gn
itiv

e d
om

ain
s a

nd
 th

eir
 cl

ini
ca

l s
ca

les
 (c

on
t’) 

 

Cl
ini

ca
l m

ea
su

re
me

nt 
Su

bd
om

ain
s 

Nu
mb

er
 of

 st
ud

ies
 

Me
as

ur
em

en
t m

eth
od

 
Ps

yc
ho

me
tric

 p
ro

pe
rtie

s 
La

ng
ua

ge
 

Ve
rb

al 
flu

en
cy

 (8
1-

83
) 

La
ng

ua
ge

 flu
en

cy
, 

co
gn

itiv
e f

lex
ibi

lity
 

34
 

- T
ell

 w
or

ds
 b

eg
inn

ing
 w

ith
 a 

giv
en

 le
tte

r (
let

ter
 flu

en
cy

) o
r t

ell
 

wo
rd

s i
n a

 g
ive

n c
ate

go
ry 

(c
ate

go
ry 

flu
en

cy
) o

r t
ell

 w
or

ds
 in

 
tw

o d
iffe

re
nt 

ca
teg

or
ies

 
(sw

itc
hin

g 
ve

rb
al 

flu
en

cy
) a

s 
ma

ny
 as

 p
os

sib
le 

wi
thi

n 1
 

mi
nu

te/
tas

k. 

- S
co

re
 b

as
ed

 on
 th

e n
um

be
r o

f 
the

 co
rre

ct 
ite

ms
. 

- T
he

re
 ar

e r
ep

or
ts 

of 
no

rm
ati

ve
 

da
ta 

se
pa

ra
ted

 b
y a

ge
 an

d 
ed

uc
ati

on
 le

ve
l. 

- I
nte

rn
al 

co
ns

ist
en

cy
 (r

 =
 0.

83
) 

- I
nte

r-r
ate

r r
eli

ab
ilit

y (
r =

 0.
99

) 

- T
es

t-r
ete

st 
re

lia
bil

ity
 (r

 =
 0.

70
) 

(fr
om

 C
on

tro
lle

d 
Or

al 
W

or
d 

As
so

cia
tio

n T
es

t) 

- S
wi

tch
ing

 ve
rb

al 
flu

en
cy

: 
co

ns
tru

ct 
va

lid
ity
 (r

 =
 0.

44
5)

 
co

mp
ar

ed
 to
 Tr

ail
 M

ak
ing

 Te
st 

  

18 



 
 

19
 

Ta
ble

 1 
Co

gn
itiv

e d
om

ain
s a

nd
 th

eir
 cl

ini
ca

l s
ca

les
 (c

on
t’) 

 

Cl
ini

ca
l m

ea
su

re
me

nt 
Su

bd
om

ain
s 

Nu
mb

er
 of

 st
ud

ies
 

Me
as

ur
em

en
t m

eth
od

 
Ps

yc
ho

me
tric

 p
ro

pe
rtie

s 
La

ng
ua

ge
 

Bo
sto

n N
am

ing
 Te

st 
(8

4, 
85

) 
Ve

rb
al 

na
mi

ng
 

22
 

- T
ell

 th
e n

am
e o

f th
e g

ive
n 

pic
tur

e. 

- S
co

re
 b

as
ed

 on
 th

e n
um

be
r o

f 
the

 co
rre

ct 
ite

ms
. 

- T
he

re
 ar

e r
ep

or
ts 

of 
no

rm
ati

ve
 

da
ta 

se
pa

ra
ted

 b
y a

ge
 an

d 
ed

uc
ati

on
 le

ve
l. 

- T
es

t-r
ete

st 
re

lia
bil

ity
 (r

 =
 0.

91
) 

To
ke

n t
es

t (
86

) 
Ve

rb
al 

co
mp

re
he

ns
ion

 
3 

- F
oll

ow
 th

e g
ive

n i
ns

tru
cti

on
s 

re
fer

rin
g 

to 
im

ag
es

 of
 d

iffe
re

nt 
co

lor
s, 

sh
ap

es
 an

d 
siz

es
. 

- S
co

re
 b

as
ed

 on
 th

e n
um

be
r o

f 
the

 co
rre

ct 
ite

ms
. 

- G
oo

d 
va

lid
ity

 an
d 

re
lia

bil
ity

 
 

 
 

19 



 

Mild cognitive impairment 
Definition of mild cognitive impairment 

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

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

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

3.  The cognitive deficits do not occur in the context of a delirium. 
4.  The cognitive deficits are not explained by other mental disorders. 

Prevalence of mild cognitive impairment 
Systematic review of 35 studies in participants aged over 60 years revealed 

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

Risk factors of cognitive decline 
There were studies on the risk factors affecting cognitive decline that could 

be divided into 2 main areas: non-modifiable and modifiable risk factors. Non-modifiable 

20 
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risk factors include genetic, age, gender and race (45, 89). Increasing age is the 
strongest risk factor for cognitive decline, dementia, particularly for Alzheimer disease 
(90). The meta-analysis of mild cognitive impairment incidence per 1,000 person-years 
for ages 75-79 years, 80-84 years and ≥ 85 years were approximately 22.5, 40.9 and 
60.1, respectively (91). Currently, several studies had shown a relationship between the 
development of cognitive impairment and dementia with education (92) and medical 
conditions, such as hypertension, diabetes, obesity, hearing loss and depression (93-
100). Furthermore, lifestyle-related risk factors were associated with an increased risk of 
developing mild cognitive impairment and dementia, including physical inactivity, 
smoking, alcohol use and social isolation (101-104). These were classified as modifiable 
risk factors which focused on the application to prevent dementia and/or the delay of 
progression of cognitive decline. Less education, hearing loss and air pollution were the 
most modifiable risk factors that can contribute to increase dementia risk in early life, 
midlife and later life, respectively (105) as summarized in Table 2. 
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Table 2 Modifiable risk factors for dementia 

Modifiable risk factors Age range Prevalence Weighted PAF 

Less education 
Early life 

(age < 45 years) 
40.0% 7.1% 

Hearing loss 

Midlife 
(age 45 - 65 years) 

31.7% 8.2% 
Traumatic brain injury 12.1% 3.4% 
Hypertension 8.9% 1.9% 
Alcohol (> 21 units/week) 11.8% 0.8% 
Obesity (BMI ≥ 30) 3.4% 0.7% 
Smoking 

Later life 
(age > 65 years) 

27.4% 5.2% 
Depression 13.2% 3.9% 
Social isolation 11.0% 3.5% 
Physical inactivity 17.7% 1.6% 
Diabetes 6.4% 1.1% 
Air pollution 75.0% 2.3% 

Weighted PAF = Weighted population attributable fraction 
 

Classification of mild cognitive impairment 
Mild cognitive impairment can be classified into two major types that is 

amnestic MCI and non-amnestic MCI based on memory domain. Amnestic MCI is 
characterized by clinical presentation with memory impairment while non-amnestic MCI 
has normal memory but presence of impairment at least one domain in non-memory 
cognitive domains such as executive function, attention, perceptual-motor function and 
language domains (87). In addition, both types of mild cognitive impairment can 
separate in a single cognitive domain or multiple cognitive domains that the number of 
affected domains may be due to brain disease or pathology and severity of disease. 
Moreover, multiple cognitive domains may have a higher chance of progression from 
mild cognitive impairment to dementia than a single cognitive domain (12, 87). However, 
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all types of mild cognitive impairment can advance to dementia, with the amnestic MCI 
progresses to Alzheimer dementia and non-amnestic MCI progresses to vascular 
dementia or lewy body dementia (non-Alzheimer dementia) (12). 

Management of cognitive impairment 
Pharmacological treatment 

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

Non-phamacological treatment 
Non-pharmacological treatments are other therapies that did not use 

medicines for improving the cognitive functions, such as cognitive training, physical 
activity intervention, and lifestyle modification (107). There is a recommendation of these 
treatments may be effective in reducing the progression from cognitive decline (45). 

1. Transcranial direct current stimulation 
Transcranial direct current stimulation (tDCS) is a noninvasive brain 

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

2. Cognitive-focused interventions 
Cognition-focused interventions are the strategies used to enhance 

or maintain cognitive function in people who suffer from cognitive impairment. The 
cognition-focused interventions can be divided into three categories (18), as following; 
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2.1 Cognitive stimulation 
Cognitive stimulation refers to a wide range and non-specific 

approach of activities that aimed at stimulating the people to improve cognitive functions 
through daily life or social interaction like puzzles, word games, indoor gardening, art 
therapy or music therapy. It focuses on the involvement of multiple cognitive domains 
rather than the targeting at a specific cognitive domain (18, 110). 

2.2 Cognitive training 
Cognitive training is a cognitive practice training that enhances 

performance of cognitive function, which targets at a specific cognitive domain. 
Repetitive cognitive training will lead to improve in the cognitive domain being trained. 
Cognitive training is usually organized on an individual basis depending on the cognitive 
problems of the person and is often modified or increased the difficulty of the task when 
the trained person does better (18, 110). For example, the participant listens or reads a 
section of text and then answers questions about it. Difficulty of the questions can range 
from general to concrete details and data. This cognitive training can be practiced using 
traditional pen-and-pencil or computer-based program (111). 

2.3 Cognitive rehabilitation 
Cognitive rehabilitation is a more individualized practice method 

for helping people with cognitive impairments. It focuses on the management of 
functional disability rather than cognitive function alone. For example, training on an 
important function of daily activities using action-based learning by creating a model 
and then the participants learn and follow. There may be included the modification of 
participant’s environment and surroundings (22). This type of intervention is therefore 
used in people with mild to moderate dementia and is intended to improve their 
performance in daily life, which is of great benefit to the patient (18). 

There were studies comparing the benefit of cognitive stimulation 
and cognitive training in older people at risk of cognitive decline and mild Alzheimer’s 
disease and they showed that cognitive stimulation was less effective to improve 
cognitive performance than cognitive training (23, 24). Another systematic review 
evaluating the effectiveness of cognitive rehabilitation showed that cognitive 
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rehabilitation was a valuable treatment for supporting the management of everyday 
activities in people with mild to moderate dementia and their families (22). Moreover, 
there were evidence of cognitive training in older people with mild cognitive impairment 
that suggested cognitive training was effective in improving cognitive functions at least 
one domain and reducing the risk of cognitive decline and dementia (16, 17, 45). 

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

3. Physical exercise 
Physical exercise is a subset of physical activity that involves any 

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

3.1 Aerobic exercise 
Aerobic exercise or endurance exercise is an activity that 

promotes or improves physical fitness, cardiovascular endurance, respiratory, and 
circulatory system. The recommendation of aerobic exercise in the elderly is to perform 
moderate intensity aerobic physical activity for at least 30 minutes on 5 days each week. 
For example, the aerobic physical activities are walking, jogging, and swimming (28). 
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3.2 Resistance exercise 
Resistance exercise or strengthening exercise is an activity that 

maintains or increases muscle tone and muscle strength using weight or resistance. The 
recommendation of resistance exercise in the elderly is to perform 8-10 resistance 
exercise involving the major muscle groups (such as chest muscles, arm and shoulder 
muscles, abdominal and back muscles, leg and buttock muscles, etc.) for at least 2 
days per week. For example, the muscle strengthening activities are lifting weight or a 
resistance band or using their own body weight (28). 

3.3 Flexibility exercise 
Flexibility exercise or stretching exercise is an activity that 

maintains or increases the flexibility of muscle for regular activity and daily life. The 
recommendation of flexibility exercise in the elderly is to perform this activity at least 2 
days per week. For example, the flexibility activities are stretching, yoga and pilates 
(28). 

3.4 Balance exercise 
Balance exercise is an activity that increases postural balance 

and reduces risk for falls, which is common problem in the elderly. The recommendation 
of balance exercise in the elderly is to perform balance exercises at least 2 days per 
week especially older people who are at risk of falling.  For example, the balance 
activities are balance training and Tai-Chi (28). 

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

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

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

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

Aerobic exercise at least 30 minutes per day for 3 to 6 months or 
resistance exercise at moderate to high intensity, 2-3 days per week for at least 3 
months had been shown to improve cognitive function and physical performance in the 
elderly and participants with mild cognitive impairment. Summary of program of training, 
intensity, duration and outcomes of exercises are shown in Table 3. 
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Home-based exercise 
At present, home-based exercise is one of the most popular options for 

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

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

40 
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be effective in improving cognitive function but there are limited studies comparing 
aerobic exercise and resistance exercise in elderly with mild cognitive impairment. 
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CHAPTER 3 
RESEARCH METHODOLOGY 

This chapter focused on the research methodology for comparing the effect of 
home-based aerobic exercise and home-based resistance exercise on the cognitive 
and physical functions in older persons with mild cognitive impairment. These objectives 
were assessed in three group of participants; aerobic exercise group, resistance 
exercise group and the control group who did not perform any exercise training. 

Study design 
A single-blind randomized controlled trial 

Study population 
Sample size 

There were 3 group of participants. The sample size was calculated using 

the G*Power program, which determined 80% power, the α level of 0.05 and the effect 
size of 0.3 (143). The sample size were 75 participants (25 participants per group) and 
when adding 20% drop out, the total sample size were 90 participants (30 participants 
per group). 

Inclusion and exclusion criteria 
All participants were recruited using the following criteria: 
Inclusion criteria 

The inclusion criteria of participants were as followed: 
1. Aged 60 years and older. 
2. Live in Pathum Thani province. 
3. Having mild cognitive impairment as measured by Thai version of 

the Montreal cognitive Assessment (MoCA), score between 17 – 24 points. 
4. Able to stand and walk independently (with or without assistive 

device). 
5. Able to follow verbal instruction. 
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Exclusion criteria 
The exclusion criteria of participants were as followed: 

1. Have been diagnosed with dementia. 
2. History or diagnosed with neurological diseases, such as stroke, 

traumatic brain injury. 
3. History or diagnosed with cardiovascular diseases, such as 

myocardial infarction (MI). 
4. Having resting blood pressure > 160/100 mmHg. 
5. Severe musculoskeletal conditions that disturbing or limiting to 

follow the exercise program. 
6. Having visual and/or hearing impairment that could not be 

correct with lens and/or hearing aid. 
7. Having color blindness and cannot communicate. 
8. Participating in other exercise programs. 

Termination criteria 
In the aerobic and resistance exercise groups, participants were 

excluded when they were unable to participate in ≥ 75% of the exercise program or ≥ 
1,230 minutes of total exercise duration. 

Methods and procedures 
First of all, the researchers proposed the research protocol for approval from 

the human ethics committee of Srinakharinwirot University. After the research protocol 
was approved, all participants who were interested in the study were invited to 
participate in this study. Before they were recruited in this study, Thai version of 
Montreal Cognitive Assessment was used for screening mild cognitive impairment, with 
a score between 17 – 24 points by physical therapists. After that, the participants were 
informed about the objectives, procedure, benefits, and possible risks of this study 
before participation. Then, the participants who met the inclusion and exclusion criteria 
signed a consent form. All participants with mild cognitive impairment in this study were 
randomly stratified by age and education levels into three groups by rater 1, 1) aerobic 
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exercise group, 2) resistance exercise group and 3) control group. The home-based 
exercise was designed with the concern of safety issue such that participants could 
perform these exercises independently with no risk of fall or physical injury. 

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

Weeks 
Duration 

(mins/day) 
Exercise groups 

Aerobic exercise Resistance exercise 
 

1 - 2 
 
 

 
35 

Example of exercise 
- Low impact exercise:  

indoor walk/march in 
place, step in difference 
directions and plus arm 
movement 
- Light to moderate 

intensity (≤ 15 point of 
Borg scale) 

Progression 
- increase number of 

exercises, number of 
repetitions and the 
complexity of the 
exercises 

Example of exercise 
- Start 6 to 8 exercises with 

repetitions based on physical 
performance tests 
- 30 to 60 seconds rest between 

sets 
- Shoulder flexion, abduction 
- Elbow flexion, extension 
- Hip extension, abduction 
- Knee extension 
- Plantar flexion 
- Wall push up 
- Step ups 
- If the participants complete the 

exercise before the determined 
exercise time, they will be asked 
to perform light exercise such as 
stretching wrist, finger, ankle and 
toe movements in sitting until the 
exercise time is completed. 

Progression 
- increase resistance, number of 

exercises, number of sets or 
repetitions and the complexity of 
the exercises 

 
3 - 4 

 
 

 
40 

 
5 - 6 

 
 

 
45 

 
7 - 8 

 
 

 
50 

 
9 - 10 

 
 

 
55 

 
11 - 12 
 

 
60 
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The outcome measures were collected before and after 1, 2 and 3 months of 
exercise and follow-up 3 months after the end of the exercise program by rater 3 who 
had experience in using the measurement and were blinded to the group of the 
participant. Cognitive functions were assessed by psychologists and physical functions 
were assessed by physiotherapists. The Stroop Color and Word Test (SCWT), Digit 
Span Test (DST), Trail Making Test (TMT) and Stick Design Test (SDT) were used to 
assess cognitive functions which were performed in the random order with rest between 
tests and Timed Up and Go Test with manual task (TUG-M), 6-minute walk test (6MWT) 
and 30-second chair stand test were used to assess physical functions which were 
performed in the random order with rest between tests. In addition, exercise adherence 
was recorded, calculated from the total exercise duration of 12 weeks; exercise 
adherence (%) = (The amount of time participants exercised/The total exercise duration) 
x 100. The testing procedures were summarized in Figure 1. 
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Figure 1 Flow diagram of the study  

Intervention 
Aerobic exercise group 

Participants in the aerobic exercise group performed an aerobic exercise 
program at home. The participants exercised at light to moderate intensity with a level of 
exhaustion at ≤ 15 point of Borg scale (144) and they were progressed with increasing 
number of exercises, number of repetitions and the complexity of the exercises by a 

Aerobic exercise group 
- Aerobic exercise 
- 35 minutes/day, 5 days/week 
- Increased by 5 minutes  
  every 2 weeks 

Resistance exercise group 
- Strengthening exercise 
- 35 minutes/day, 5 days/week 
- Increased by 5 minutes  
  every 2 weeks 

Control group 
- Perform their usual daily life 

Cognitive performance 
- Stroop Color and Word Test 
- Digit Span Test 
- Trail Making Test 
- Stick Design Test 

Physical performance 
- Timed Up and Go Test 
- 6-minute walk test 
- 30-second chair stand 
- 30-second arm curl 

Screening for eligibility using Thai version of 
Montreal cognitive Assessment (MoCA) 

Obtain informed consent 

Randomization 
 

Post-training assessment 

Statistical analyses 

Participant recruitment 

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

Resistance exercise group 
Participants in the resistance exercise group performed a resistance 

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

Control group 
All participants in the control group were allowed to continue their usual 

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

Cognitive performance outcomes 
The Montreal Cognitive Assessment (MoCA) 

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

The Stroop Color and Word Test (SCWT) 
The Stroop Color and Word Test (SCWT) was a neuropsychological 

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

The Digit Span Test (DST) 
The digit span test (DST) was a neuropsychological test used to 

assess the short-term memory and working memory. Digit span test generally consisted 
of two parts: forward and backward digit span test. Forward digit span test required 
participants to repeat the numbers in the same order that the assessor read, and 
backward digit span test required participants to repeat the numbers in the reverse 



  50 

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

The Trail Making Test (TMT) 
The Trail Making Test (TMT) was a neuropsychological test of 

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

The Stick Design Test (SDT) 
The Stick Design Test (SDT) was a neuropsychological test used to 

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

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

This study administered the timed up and go with manual task (TUG-
M) that required participants to carry a full cup of water while walking (149). The Timed 
Up and Go Test (TUG) was used to assess mobility, balance and walking ability. It 
required participants to sit in the chair with their back against the backrest and both feet 
on the floor. After the assessor commanded "go", the participants stood up 
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independently from a sitting position, walked along a 3 meters walkway as fast as the 
participants felt safe and comfortable, turned around the cone, walked back to the chair 
and sat down. Timing was recorded at the assessor commanded "go" until the 
participants sat down with back against the backrest of the chair (150). The participants 
might use their hands to push up when got up from the chair and might use gait 
assistive device that they normally used while performing the test but might not be 
assisted by another person. The assessor recorded gait assistive device. 

The 6-Minute Walk Test (6MWT) 
The six-minute walk test (6MWT) was used to assess aerobic 

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

The 30-second Chair Stand Test 
The 30-second chair stand test was used to assess lower extremity 

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

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

strength. This test was performed before starting an exercise program to determine the 
appropriate exercise intensity for each participant’s fitness. The 30-second arm curl test 
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required participants to sit in the chair, holding the weight on the dominant arm side with 
palm facing to the body (women used 5 pounds and men used 8 pounds). Participants 
were instructed to bend their arm up and lower their arm down through range of motion 
as many as possible within 30 seconds. During the test, the participant’s upper arm was 
be braced against the body so that only the lower arm could move (the assessor might 
help to hold the participant’s upper arm). This test was performed for 1 time. The score 
was the total number of the completion of arm curl within 30 seconds (152). 

Statistical analyses 
Data were analyzed using Statistics program IBM- SPSS version 22 for 

Windows. Descriptive statistics were used to describe general characteristics of the 
participants. These analyses included all participants according to the intent-to-treat 
principle. Missing data at follow-up were replaced with post-training data. The 
distribution of all data calculated by the Kolmogorov-Smirnov test showed it was not 
normal distribution so the Kruskal-Wallis test were used for comparison between 3 
groups at pre-training, post-training and follow-up period. The Wilcoxon Signed Ranks 
test was used to compare the effect of exercise on cognitive and physical variables 
within groups and the Mann-Whitney U test was used to compare the effects of exercise 
on cognitive and physical variables between groups. The statistical significance in this 
study was set at 0.05. Effect sizes were calculated to estimate the magnitude of 
differences in outcome variables between groups. The criteria for interpreting 0.2, 0.5 
and 0.8 were small, medium and large effects, respectively (153). Data are reported as 
the mean ± SD across all outcome variables and 95% CI in comparisons of outcome 
variables between groups. 
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CHAPTER 4 
RESULTS 

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

 All participants 
(N = 90) 

Aerobic group 
(N = 30) 

Resistance group 
(N = 30) 

Control group 
(N = 30) 

 N % N % N % N % 
Female 71 78.89 24 80.00 23 76.67 24 80.00 
Marital status (Marriage) 46 51.11 14 46.67 19 63.33 13 43.33 
Education level 
(Academic years ≤ 6) 

 
48 

 
53.33 

 
16 

 
53.33 

 
16 

 
53.33 

 
16 

 
53.33 

Employment status 
   Employment 
   Unemployment 
   Housework 

 
16 
15 
59 

 
17.78 
16.67 
65.56 

 
6 
5 
19 

 
20.00 
16.67 
63.33 

 
5 
3 
22 

 
16.67 
10.00 
73.33 

 
5 
7 
18 

 
16.67 
23.33 
60.00 

Level of physical activity (MET minutes per week)      
   Low (< 600) 
   Moderate (600 – 1,500) 
   High (≥ 1,500) 

51 
29 
10 

56.67 
32.22 
11.11 

18 
7 
5 

60.00 
23.33 
16.67 

17 
9 
4 

56.67 
30.00 
13.33 

16 
13 
1 

53.33 
43.33 
3.33 

 Mean (SD) Mean (SD) Mean (SD) Mean (SD) 
Age (years) 69.00 (5.03) 68.60 (4.86) 68.70 (4.72) 69.70 (5.55) 
MoCA (score) 20.06 (1.94) 20.17 (2.09) 19.60 (1.83) 20.40 (1.87) 
TMT-A (second) 71.32 (38.37) 60.01 (17.41) 77.50 (40.33) 76.45 (48.88) 
TMT-B (second) 199.88 (161.00) 174.95 (174.26) 185.64 (157.66) 239.04 (147.96) 
SCWT (score) -13.62 (6.98) -13.66 (6.43) -15.61 (6.10) -11.59 (7.92) 
DST-F (score) 6.23 (1.26) 6.27 (1.34) 5.93 (1.11) 6.50 (1.31) 
DST-B (score) 2.86 (0.53) 2.90 (0.61) 2.77 (0.50) 2.90 (0.48) 
SDT (score) 9.26 (1.50) 9.27 (1.53) 9.30 (1.47) 9.20 (1.56) 
TUG-M (second) 15.28 (3.88) 14.56 (3.02) 16.21 (4.32) 15.08 (4.13) 
6MWT (meter) 366.01 (53.53) 362.03 (42.40) 364.20 (51.24) 371.80 (65.69) 
30-second chair stand test (score) 12.28 (2.33) 12.90 (2.51) 11.97 (2.28) 11.97 (2.13) 

Abbreviations: DST-F = Forward Digit Span Test; DST-B = Backward Digit Span Test; MET = Metabolic Equivalent of 
Task; MoCA = Montreal Cognitive Assessment; SCWT = Stroop Color and Word Test; SDT = Stick Design Test; TMT = 
Trail Making Test; TUG-M = Timed Up and Go Test with manual task, 6MWT = six-minute walk test 
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Within group effect 
Participants in the aerobic and resistance exercise groups showed high 

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

between 3 groups: aerobic group, resistance group, and control group at pre-training, 3 
months post-training and follow-up are shown in Figure 2 and Figure 3. Details on 
95%CI and effect size of each pair comparison during post-training and follow-up are 
listed in Table 7. As compared to the control group, aerobic group differed significantly 
in MoCA, TMT-A, TMT-B and SCWT at post-training and follow-up. However, DST-F, 
DST-B, TUG-M and 6MWT of the aerobic group showed higher improvement than the 
control group only at post-training. For the resistance group, this group significantly 
improved in MoCA and TMT-B than the control group at post-training and follow-up, 
while TMT-A, SCWT, DST-F, DST-B, TUG-M and 30-second chair stand test of this group 
differed from the control group only at the post-training. Effect sizes of all outcome 
variables between the aerobic and the control group and the resistance and the control 
group were in the range of 0.30 – 0.68 and 0.26 – 0.52, respectively. However, there 
were no differences in cognitive and physical performances after training between 
aerobic and resistance group, except the inhibitory control and aerobic endurance as 
measured by SCWT and 6MWT, respectively that significantly better in the aerobic 
group than the resistance group at post-training and the effect sizes of SCWT and 
6MWT were 0.29 and 0.37, respectively. 
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Table 7 Comparison of changes in cognitive function domains and physical performance 
outcomes between groups at post-training and follow-up. 

 Aerobic & Control Resistance & Control Aerobic & Resistance 
Outcome measures Effect size         95% CI Effect size         95% CI Effect size         95% CI 
MoCA       
   Post-training 0.64* [2.86, 5.61] 0.52* [1.90, 4.83] 0.15 [-0.54, 2.28] 
   Follow-up 0.42* [1.30, 4.56] 0.26* [0.13, 3.52] 0.18 [-0.36, 2.70] 
TMT-A       
   Post-training -0.54* [-40.22, -12.08] -0.39* [-35.62, -4.08] -0.09 [-15.62, 3.03] 
   Follow-up -0.30* [-30.38, -4.05] -0.30 [-29.52, 1.41] -0.01 [-15.06, 8.74] 
TMT-B       
   Post-training -0.56* [-112.62, -39.57] -0.46* [-105.29, -26.91] -0.06 [-33.06, 13.06] 
   Follow-up -0.35* [-117.58, -26.27] -0.27* [-106.52, -7.99] -0.08 [-44.83, 15.48] 
SCWT      
   Post-training 0.68* [8.45, 15.29] 0.51* [4.19, 11.03] 0.29* [0.76, 7.77] 
   Follow-up 0.41* [2.39, 10.28] 0.24 [-0.75, 6.48] 0.21 [-0.83, 7.78] 
DST-F      
   Post-training 0.50* [0.75, 1.98] 0.38* [0.37, 1.56] 0.17 [-0.24, 1.04] 
   Follow-up 0.22 [-0.09, 1.02] 0.04 [-0.49, 0.69] 0.14 [-0.29, 1.02] 
DST-B      
   Post-training 0.38* [0.21, 1.12] 0.29* [0.05, 0.75] 0.10 [-0.22, 0.76] 
   Follow-up 0.19 [-0.06, 0.86] 0.11 [-0.19, 0.39] 0.09 [-0.17, 0.77] 
SDT       
   Post-training 0.12 [-0.55, 0.95] 0.10 [-0.49, 1.09] -0.03 [-0.91, 0.71] 
   Follow-up 0.03 [-0.53, 0.80] 0.05 [-0.53, 0.87] -0.03 [-0.67, 0.61] 
TUG-M     
   Post-training -0.54* [-6.30, -1.98] -0.37* [-5.77, -1.11] -0.11 [-2.00, 0.61] 
   Follow-up -0.23 [-4.75, 0.30] -0.12 [-4.12, 0.93] -0.12 [-2.56, 1.30] 
6MWT       
   Post-training 0.37* [15.47, 70.66] 0.01 [-34.59, 29.26] 0.37* [17.83, 73.64] 
   Follow-up 0.18 [-4.15, 61.62] 0.03 [-29.76, 39.10] 0.18 [-7.85, 55.99] 
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Table 7 Comparison of changes in cognitive function domains and physical performance 
outcomes between groups at post-training and follow-up. (cont’) 

 Aerobic & Control Resistance & Control Aerobic & Resistance 
Outcome measures Effect size         95% CI Effect size         95% CI Effect size         95% CI 
30-second chair stand test     
   Post-training 0.19 [-0.37, 2.23] 0.27* [0.29, 2.49] 0.11 [-1.60, 1.26] 
   Follow-up 0.09 [-0.51, 1.78] 0.10 [-0.61, 2.14] 0.01 [-1.57, 1.30] 

Abbreviations: DST-F = Forward Digit Span Test; DST-B = Backward Digit Span Test; MoCA = Montreal Cognitive 
Assessment; SCWT = Stroop Color and Word Test; SDT = Stick Design Test; TMT = Trail Making Test; TUG-M = 
Timed Up and Go Test with manual task, 6MWT = six-minute walk test 
* Indicates statistical significance at p<0.05 

 

  

 

 

 

  

 

 

Figure 2 Comparison of changes in cognitive function domains between the 3 groups at 
post-training and follow-up 

* Significance compared with the pre-training at p<0.05; † Significance compared with the control group during the 
same time at p<0.05; ‡ Significance compared with the resistance group during the same time at p<0.05. 
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Figure 3 Comparison of changes in cognitive function domains and physical 
performances between the 3 groups at post-training and follow-up 

* Significance compared with the pre-training at p<0.05; † Significance compared with the control group during the 
same time at p<0.05; ‡ Significance compared with the resistance group during the same time at p<0.05. 
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Cognitive and physical performance changes during each month of training 
Changes in cognitive and physical performance after receiving the exercise 

program at 1, 2 and 3 months in each group; aerobic group, resistance group, and 
control group are shown in Table 8. Both aerobic and resistance groups showed 
significant improvements in MoCA, SCWT and TUG-M at 2 months post-training, while 
no changes were found in other variables during 1-month and 2-month after training. 
There were also significant improvements in the 6MWT and 30-second chair stand test 
in the aerobic and resistance groups, respectively, after 2 months post-training. The 
effect sizes of all outcome variables within groups ranged of 0.47 - 0.62 and 0.34 - 0.62 
for the aerobic and resistance groups, respectively. In contrast, the control group did 
not demonstrate any improvement in cognitive and physical performance over 1-2 
months. This suggested that the earliest significant improvement of MoCA, SCWT, TUG-
M, 6MWT and 30-second chair stand test were evident after 2 months after training. 
However, both aerobic and resistance groups significantly improved in all variables at 3 
months post-training except the SDT. 
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CHAPTER 5 
DISCUSSION 

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

The exercise program in this study was classified as low intensity, as evidenced 
by the exhaustion level of 11 points on the Borg scale (154). Based on FITT-VP principle 
that include: frequency, intensity, time, type, volume or total amount of exercise, and 
progression, exercise programs in this study had sufficient exercise volume, adjusted to 
high frequency and high total duration to induce changes in cognitive function. 
Additionally, the exercise with low intensity and the initial exercise duration of 15 minutes 
might be the reason for high exercise adherence of the participants and no drop out 
from exercise programs. This is because most of the participants in this study had low 
physical activity levels, when participants started exercising at low intensity and short 
periods of time, participants did not feel overload and were able to complete the entire 
program each session. In this study, significantly large changes in scores of SCWT, 
TMT-A and TMT-B were observed in the aerobic and resistance exercise groups after 3-
month post-training. A study investigated the minimal clinically important differences 
(MCID) of SCWT, TMT-A and TMT-B had values of 9.3, 13.0 and 20.1, respectively 
(155). When compared with this study, it was found that there are clinical changes in 
executive function (mental flexibility and inhibitory control) and attention (processing 
speed). 
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The improvements in cognitive function from aerobic and resistance exercise 
were in the same lines as the previous research. Regarding low intensity aerobic 
exercise, a significant increase in cognitive function was supported by Byun K, et al.  
(156) who concluded that mild aerobic exercise intervention improved executive 
function, namely inhibitory control in the older adults. Similarly, previous systematic 
reviews (40-42) suggested that moderate intensity aerobic exercise intervention 
increased global cognitive function, working memory and attention in older people with 
mild cognitive impairment. This present study, however, observed improvements in 
mental flexibility and memory domains that was contrary to previous systematic reviews 
(26, 41). One possible explanation could by the use of different outcome measures. 
Previous study had measured delayed recall using an auditory verbal learning test (26) 
but this study measured short-term memory using DST-F. In the case of mental flexibility, 
discrepancy may lie in the data for analysis, previous study analyzed data from both 
aerobic and resistance exercises (41) but this study separated data into either aerobic 
or resistance exercise. 

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

With regard to the resistance exercise, this study was in concordance with 
several studies which suggested the resistance exercise had beneficial effects on 
global cognitive function (39), working memory (38) and processing speed (124) in 
older adults with mild cognitive impairment. Along the same line, systematic reviews (36, 
37) reported that the resistance training improved global cognitive function, inhibitory 
control and short-term memory in the adults. 
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Study on time interval for earliest changes in cognitive function as a result of 
low intensity exercise are scarce. Previous studies using the low intensity exercise 
evaluated the effects of low intensity exercise on physical performance (157) or other 
domains of cognitive function (156, 158). For example, this study observed significant 
changes of inhibitory control at 2 months post-training, while a previous study found 
change at 3 months after low intensity aerobic exercise (156). Changes in inhibitory 
control at these 2 months post-training in this study, however, was only a statistical 
change, as the scores did not reach the level of clinical change. In comparison with the 
moderate intensity exercise, moderate intensity aerobic exercise or resistance exercise 
demonstrated change in executive function at 3 months, but the study did not identify 
the specific subdomains of executive function (159). Other previous studies 
demonstrated changes in global cognitive function after 6 weeks of either moderate 
intensity aerobic or moderate intensity resistance exercise (117, 160). In contrast, this 
study reported changes in global cognitive function at 2 months or approximately 8 
weeks post-training at low intensity. Such disagreement could be due to the exercise 
intensity, such that moderate intensity led to the improvement in cognitive functions 
faster than low intensity aerobic or resistance exercise. 

As for physical performances, this study was in line with a previous systematic 
review that found an improvement in lower limb muscle strength and balance by low 
intensity exercises in older adults (157). Similarly, a study by Kanda K, et al. (161) 
indicated that low intensity bodyweight training significantly increased in walking ability 
and lower extremity muscle strength in the elderly. In general, resistance exercise 
increased muscle strength and power more than aerobic exercise. This is because 
resistance training caused neuromuscular adaptations, increased in the cross-sectional 
area of the muscle and changed in connective tissue stiffness (162). While aerobic 
exercise increased mitochondrial biogenesis and capillary density. This helped the body 
transport and use oxygen to create energy and when aerobic exercise was performed 
for a long time, it helped delay the onset of muscle fatigue (163). In addition, resistance 
exercise for 8 weeks was found to be more likely to improve bone strength (164). 
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Likewise, low-intensity aerobic exercise significantly increased endurance or aerobic 
capacity in healthy adult (165) that exercise in aerobic level with a total duration of 120 
minutes per week improved recovery and endurance performance in adults. In this 
study, exercise was performed 5 days per week and took 25-30 minutes to reach 
aerobic fitness levels in the 2nd month of training which used a total exercise duration 
similar to a previous study. As a result, endurance changed during the 2 months after 
training. 

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

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

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

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

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

Until now, the effects of aerobic and resistance exercises have not been 
directly compared in a single study, except this study. In comparison to the control 
group, aerobic and resistance group showed similar amount of improvement at post-
training in physical performance and all cognitive domains, except visuoconstructional 
reasoning. We did the follow up assessment at 3-month post-training to assess whether 
the effect of training could be maintained. This study demonstrated that the aerobic 
group were able to maintain the positive impact on cognitive function in term of global 
cognitive function, executive function (mental flexibility and inhibitory control) and 
attention (processing speed), whereas the improvement of global cognitive function and 
mental flexibility could be maintained in the resistance group. In addition, the aerobic 
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group showed better improvement of inhibitory control than the control group at post-
training. This could be because an aerobic exercise led to an increase in circulating 
neurotrophin levels and gray matter volume in the prefrontal cortex as well as the 
preservation of neural connection between prefrontal cortex and other regions of the 
brain (170, 171), which were responsible for the inhibitory control (172). Meanwhile, 
resistance exercise increased gray matter density in the posterior cingulate cortex and 
increased functional connectivity among the posterior cingulate cortex, anterior 
cingulate cortex and hippocampus (173), which is implicated in decision making based 
on action-outcomes learning and related to memory (174). In addition, the fact that 
aerobic exercise was different from resistance exercise might be because the nature of 
aerobic exercise poses were more complex movements and more rely on the 
coordination of the body. Moreover, participants in the aerobic group had more effort to 
memorize exercise moves with the exercises being changed every 2 weeks. 

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

Clinical implications 
The findings of this study highlight the importance of exercise in the older 

adults, as recommended by the World Health Organization (WHO) (45) and the 
American College of Sports Medicine and the American Heart Association (28). The 
older adults should do regular aerobic exercise and muscle strength training to maintain 
physical fitness and independence in daily life and reduce the risks of cognitive decline. 
According to the results of this study, both aerobic and resistance exercises had similar 
amount of positive impact on cognitive function. Therefore, the older adults can choose 
either type of exercise to fit their own health conditions and exercise preference. For 
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example, people at risk of cardiovascular disease may prefer aerobic over resistance 
exercise to prevent holding their breath which could increase the load on the 
cardiovascular system. Moreover, low intensity exercise is considered as an attractive 
exercise approach in terms of practicality and effectiveness. In addition, it encourages 
older people who have sedentary conditions or have limitations that are unable to 
exercise at a moderate intensity to still receive the benefit of exercise for improving the 
cognitive function. Finally, Home exercise provides the alternative for people with limited 
exercise space, who have travel difficulty and this mode of exercise does not require 
specific exercise equipment. 

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

Limitations of the study 
There are some limitations in this study. The average age of the older adults 

participated in this study was 69 years, so the results are limited and may not be 
generalized outside of this age group. Moreover, the results of this study only measure 
cognitive change, but it is not known what the corresponding neurological changes or 
biological changes were. Thus, in the future study, the underlying neurobiological 
mechanisms of low intensity aerobic and resistance exercises should be investigated in 
order to better understand functional and/or structural changes in the brain. 
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CHAPTER 6 
CONCLUSION 

In the present study, we revealed that low-intensity aerobic and resistance 
exercises at home can improve cognitive function in the areas of executive function, 
attention and memory domains in older persons with mild cognitive impairment, with 
MoCA and SCWT being the outcomes which improved earliest at 2 months after training, 
and the effect continued for another 3-month after the training. This results also highlight 
the feasibility and accessibility of low intensity exercise in the older adults which has 
important impact on cognition. 
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Exercise recording form 
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Daily life activities recording form 
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Data recording form 
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Aerobic exercise program (example) 
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Resistance exercise program (example) 

 
 
 

 
 
 

Source: University of Otago, Otago Medical School. Otago Exercise Programme to prevent falls in older adults: 

A home-based, individually tailored strength and balance retraining programme. 2003. 

Source of Images: Available from: https://californiamobility.com/21-chair-exercises-for-seniors-visual-guide/, 

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

แขน: 15 คร้ัง/ท่า พกั 30 – 60 วินาท ีระหว่างท่า ท าทัง้หมด 3 รอบ 

ขา: 12 คร้ัง/ทา่ พัก 30 – 60 วนิาท ีระหว่างท่า ท าทัง้หมด 3 รอบ 

แขน: 15 คร้ัง/ท่า พกั 30 – 60 วินาท ีระหว่างท่า ท าทัง้หมด 3 รอบ 

ขา: 10 คร้ัง/ทา่ พัก 30 – 60 วนิาท ีระหว่างท่า ท าทัง้หมด 3 รอบ 
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