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Abstract: There is a need for measures that can prevent the onset of dementia in the rapidly aging
population. Reportedly, sustained physical exercise can prevent cognitive decline and disability.
This study aimed to assess the feasibility of a 12-week physical exercise intervention (PEI) for delay
of cognitive decline and disability in the at-risk elderly population in Korea. Twenty-six participants
(aged 67.9 + 3.6 years, 84.6% female) at risk of dementia were assigned to facility-based PEI (n = 15)
or home-based PEI (n = 11). The PEI program consisted of muscle strength training, aerobic exercise,
balance, and stretching using portable aids. Feasibility was assessed by retention and adherence
rates. Physical fitness/cognitive function were compared before and after the PEL Retention and
adherence rates were 86.7% and 88.3%, respectively, for facility-based PEI and 81.8% and 62.3% for
home-based PEI. No intervention-related adverse events were reported. Leg strength/endurance
and cardiopulmonary endurance were improved in both groups: 30 s sit-to-stand test (facility-based,
p = 0.002; home-based, p = 0.002) and 2 -min stationary march (facility-based, p = 0.001; home-based,
p = 0.022). Cognitive function was improved only after facility-based PEI (Alzheimer’s Disease
Assessment Scale-cognitive total score, p = 0.009; story memory test on Literacy Independent Cognitive
Assessment, p = 0.026). We found that, whereas our PEl is feasible, the home-based program needs
supplementation to improve adherence.

Keywords: dementia prevention; cognitive decline; disability; physical fitness; physical exercise
intervention; feasibility; safety
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1. Introduction

South Korea has one of the most rapidly aging populations in the world, and dementia has
emerged as a major health problem in this country [1]. Therefore, there is an urgent need for measures
that can delay or prevent the onset of dementia in South Korea. Several recent studies in Western
countries suggest that multidomain lifestyle intervention, including dietary counseling, physical
exercise, cognitive training, and vascular and metabolic risk monitoring, can delay cognitive decline
and progression to dementia in at-risk individuals [2-10]. A dementia prevention program targeting
the at-risk elderly, termed SUPERBRAIN (SoUth Korean study to PrEvent cognitive impaiRment and
protect BRAIN), is being developed with the support of the Ministry of Health and Welfare in South
Korea [11]. This program consists of management of metabolic and vascular risk factors, cognitive
training and social activity, physical exercise, nutritional guidance, and motivational enhancement
strategies. It includes both facility-based and home-based multidomain intervention programs suitable
for elderly Koreans and is a modified version of the FINGER (the Finnish Geriatric Intervention Study
to Prevent Cognitive Impairment and Disability) strategy [7].

Sustained physical exercise can prevent cognitive decline and disability [12]. Hence, facility-based
physical exercise intervention (PEI) and home-based PEI programs that are tailored to the cultural
and physical characteristics of the elderly population in Korea were developed as a component
of SUPERBRAIN. Many Korean elderly individuals attend public health centers or senior citizens’
welfare centers for leisure activities or walk around their homes instead of using fitness centers.
Therefore, exercise programs that can be implemented at public facilities at the home are needed.
A recent study found that moderate-to-severe obesity was not uncommon among elderly men in
Korea, cortical thinning in the frontal and temporal regions was significantly greater in underweight
individuals than in their counterparts with normal weight, and overweight (mild obesity) was
associated with increased cortical thickness [13]. Therefore, the emphasis has shifted to developing a
more appropriate PEI for Korean elderly individuals that balances various modes of exercise, including
aerobic, resistance, balance, and stretching, rather than focusing only on aerobic exercises.

In this study, we assessed the feasibility of facility-based and home-based PEI programs before
their incorporation into SUPERBRAIN to prevent cognitive decline and disability in the at-risk elderly
population in Korea. The hypothesis tested was that adherence and retention rates would be at least
75% in both facility-based PEI and home-based PEIL

2. Materials and Methods

2.1. Participants

Individuals aged 65-79 years were recruited from a community health center in Dongtan,
Gyeonggi-do, South Korea, to participate in this feasibility trial of a 12 week PEI program that ran
from September 2018 to December 2018. The inclusion criterion was not having dementia but being at
risk of dementia with at least one of the following risk factors: a confirmed diagnosis of hypertension,
diabetes mellitus, dyslipidemia, or obesity (body mass index [BMI] >25); lifetime smoking of at least
100 cigarettes or smoking of more than one cigarette in the past month; consumption of >170 g of
alcohol per week; <9 years of formal education; and <150 min of moderate-to-vigorous activity and/or
<75 min of vigorous activity per week. The exclusion criteria were a confirmed psychiatric diagnosis
(e.g., major depressive disorder), dementia, other neurodegenerative disease (e.g., Parkinson’s disease),
severe or unstable symptomatic cardiovascular disease, a diagnosis of incurable malignancy within the
previous 5 years, angioplasty or a stent procedure within the previous year, a z-score below —1.5 on
the Korean version of Mini-Mental State Examination (K-MMSE) [14], any other evidence of a severe
or unstable physical condition, severe visual or hearing loss or communication impairment beyond
which validation of intervention could not be performed, illiteracy, inability to participate safely and
fully in the study in the opinion of the investigators, and involvement in other interventional studies.
The participants were assigned to facility-based PEI or home-based PEI according to their preference.
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The trial was registered at the Clinical Research Information Service (KCT0003513) and approved by
the Ajou University Hospital institutional review board (IRB) (AJIRB-BMR-SUR-18-277). Protocol
modifications were reported to and approved by the IRB. Written informed consent was obtained from
all potential participants before they were enrolled in the study.

2.2. Assessment of Physical Activity

During screening for enrollment, each potential participant’s level of physical activity was assessed
using the Global Physical Activity Questionnaire (GPAQ) [15], whereby minutes per week spent
in moderate-to-vigorous physical activity (MVPA) in various domains (work, transport, leisure)
were calculated and reported. The total MVPA was then calculated by adding the three domains of
activity. Compliance with World Health Organization physical activity guidelines [16] was assessed
by classifying participants who performed 150 min of moderate or vigorous activity per week and/or
75 min of vigorous activity per week as “active” and those who did not meet these guidelines as
“inactive”.

2.3. Assessment of Physical Performances

Before the intervention, physical performance was evaluated by sports science experts using the
physical fitness test battery for the elderly in the Korean National Physical Performance Evaluation
Program, which was developed by the national project of the Ministry of Cultures, Sports and Tourism
of Korea. Items in the battery were developed to assess the level of physical performance of elderly
individuals aged 65 or older, and the criteria for assessment of physical fitness by sex and age have been
validated [17,18]. The physical fitness battery consists of two parts. The first includes three physical
items (height, weight, and BMI). The second includes six physical fitness items for testing strength,
flexibility, coordination, and balance as well as cardiopulmonary endurance: the hand grip strength
test (kg, upper extremity strength), 30 s sit-to-stand test (times/30 s, leg strength/endurance), 3 m
sit-walk-and-return test (seconds, balance), sit-and-reach test (cm, flexibility), 2 min stationary march
(times/2 min, cardiopulmonary endurance), and Figure-8-walks (seconds, coordination). Poor physical
fitness was defined as physical performance in any test being recorded as below the 30th percentile of
the norms for the normal population matched for age and sex.

2.4. PEI Protocols

The PEI program consists of aerobic exercise, muscle strength training, postural balance,
and flexibility exercises (Table 1). The intensity and difficulty level of physical exercise was increased
every 4 weeks according to the structured protocol. All PEI was carried out using floor plates on which
numbers (0 to 9) were drawn, elastic bands, immobile chairs, and cordless jump ropes. A detailed
description of the components of each type of movement included at each level is provided in
Appendix A.

Participants allocated to home-based PEI were instructed to perform a strength-intensive or
an aerobic-intensive exercise program based on their physical performance and physical condition
(Figure 1). The strength-intensive program included 25 min of muscle strengthening exercise and 20 min
of aerobic exercise in each session, whereas the aerobic-intensive program included 25 min of aerobic
exercise and 20 min of muscle strengthening exercise in each session. Details of the algorithm used to
assign each participant to the type of exercise program are provided in Figure 1. The aerobic-intensive
program was recommended for individuals with poor cardiopulmonary endurance, BMI > 25, or a
cardiovascular disorder. Participants with poor muscular strength/endurance or a musculoskeletal
disorder were assigned to the strength-intensive program.
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Table 1. Components and progression of the exercise program.

Weeks 04 Weeks 5-8 Weeks 9-12

Structured exercise program Level 1 Level 2 Level 3
Exercise frequency, per week 3 3 3
Percentage of maximum heart rate 40-50% 45-55% 50-60%
Duration of exercise (minutes/session) 60 60 60
Resistance exercise (minutes/session) 20-25 20-25 20-25
Muscle groups, n 10 12 15
Sets, n 12 1-3 2-4
Aerobic exercise (minutes/session) 20-25 20-25 20-25
Balance exercise (minutes/session) 5 5 5
Finger-and-toe movements 5 5 5
(minutes/session)
Stretching exercise (minutes/session) 5 5 5
CARDIOPULMONARY ENDURANCE
Physical fitness results above 30" percentile?
D'\
N
LEG STRENGTH / ENDURANCE LEG STRENGTH / ENDURANCE
Physical fitness results above 30™ percentile? Physical fitness results above 30™ percentile?
n“(’ _,—“'”
;9"/‘ \_,'-v'"y
e Q,f""f‘
N G % Are you OBESE ? L. . .
Strength-intensive exercise (BMI > 25) Aerobic-intensive exercise
N

N
Do you have a
MUSCULOSKELETAL disorder?
“\\:
e
‘ Do you have a

CARDIOVASCULAR disorder?

\\

it

Y

Strength-intensive exercise

Aerobic-intensive exercise Strength-intensive exercise

Figure 1. Algorithm for recommendation of exercise types based on physical performance and medical
conditions. Cardiopulmonary endurance and leg strength/endurance were determined by the records
of 2 min walk steps and sit-to-stand for 30 s, respectively. Poor physical fitness was defined as the
recorded physical performance in any test being below the 30th percentile of the norms for the normal
population matched for age and sex.

Participants who opted for facility-based PEI visited the community center three times a week
and undertook a 60 min exercise session at each visit. Facility-based PEI was performed in a group
and guided by two trained exercise professionals. One exercise professional put a command in front of
the group and demonstrated the movement, while the other moved between participants, correcting
movements, and checking for safety. The home-based PEI consisted of a weekly 60 min group workout
at the community center, and two sessions were held separately according to whether the program
was strength-intensive or aerobic exercise-intensive. Whenever participants in the home-based PEI
attended the group session, exercise professionals provided tips on how to incorporate the exercises at
home. The participants exercising at home followed instructions in a booklet. Everyone was provided
with the appropriate equipment to enable them to perform the exercises.

2.5. Outcome Measures

Feasibility was determined by retention and adherence rates in both facility-based and home-based
PEI[19]. Theretention rate was calculated as the percentage of participants who completed the follow-up
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assessment at 12 weeks relative to those who completed the baseline assessment. The adherence rate
was defined as the percentage of completed PEI sessions, calculated by dividing the sum of participants
average adherence by the number of participants who completed the PEI program. Adherence with

7

group work-out sessions was assessed during the time that they participated. Adherence to home-based
PEI was obtained by self-reporting based on exercise diaries. The PEI was deemed to be feasible if the
following criteria were met: 1) a minimum retention rate of 75% at week 12 and 2) minimum adherence
to the PEI of 75%.

The safety of the intervention was monitored during the supervised sessions and by inspection of
the exercise diaries. Furthermore, cognitive function, mood, and physical performance were compared
for each participant before and after the 12 week PEI Cognitive function was evaluated using the
K-MMSE, Alzheimer’s Disease Assessment Scale cognitive subscale (ADAS-Cog) [20], and the story
memory test and stick construction test of the Literacy Independent Cognitive Assessment (LICA) [21].
Mood status was assessed using the Korean version of the short form of the Geriatric Depression Scale
(SGDS-K) [22]. Physical performance was assessed by the physical fitness test battery for the elderly
used in the Korean National Physical Performance Evaluation Program as well as the Short physical
performance battery, which consists of three parts (standing balance, gait speed, and repeated chair
stands) [23].

2.6. Statistical Analysis

The demographic and clinical characteristics of the participants were summarized as descriptive
statistics. Paired ¢-test analysis was performed to assess changes in cognitive function and physical
fitness after 12 weeks for both facility-based and home-based PEIL Cognitive/physical items that were
confirmed by the paired t-test to have improved after PEI were entered into a multiple linear regression
analysis to investigate whether there was any significant independent predictor among the variables,
such as age (continuous variable), sex, a Clinical Dementia Rating (CDR) score of 0 or 0.5 [24], adherence
(275% or <75%), baseline physical fitness (fair or poor), or physical activity (active or inactive).

3. Results

3.1. Demographic and Clinical Characteristics of Participants

Four of 30 individuals screened were excluded from participation in the study because of a
need for a cane to ambulate (1 = 1), recent medical history of pacemaker insertion due to arrhythmia
(n = 1), recent rotator cuff tear injury (1 = 1), and diagnosis of cancer that was being treated (n = 1).
The remaining 26 individuals were assigned to facility-based PEI (1 = 15) or home-based PEI (n = 11;
Table 2). Table 2 shows the demographic and clinical characteristics of the participants. The mean age
was 67.9 years and 84.6% of participants were female. The mean number of years of education was 11.6.
The mean K-MMSE score was 27.3; 53.8% of participants scored 0 on the global CDR and the remainder
scored 0.5. Eight individuals (30.7%; four each in the facility-based and home-based PEI programs)
were assessed to be physically inactive by the GPAQ. Assessment of physical performance showed
that seven individuals (26.9%; four in the facility-based group and three in the home-based group) had
poor physical fitness. In the facility-based group, two participants were below the 30th percentile of
the norm for flexibility and the other two participants for coordination. In the home-based group, three
participants showed poor leg strength/endurance (1 = 1), poor flexibility (n = 1), or poor flexibility
and cardiopulmonary endurance (n = 1). Moreover, in the home-based group, a strength-intensive
program was recommended for five individuals and an aerobic exercise-intensive program for six.
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Table 2. Components and progression of the exercise program.

Facility-Based

Variable Total (n = 26) Home-Based (n = 11)
(n=15)
Age, years 679 +3.6 67.3 +3.8 68.3 +3.2
Sex, female, 1 (%) 22 (84.6%) 14 (93.3%) 8 (72.7%)
Education, years 11.6 +4.0 10.5 + 3.2 13.0 +4.7
Hypertension, n (%) 12 (46.2%) 4 (26.7%) 8 (72.7%)
Hypercholesterolemia, 1 (%) 6 (23.1%) 6 (40.0%) 0 (0.0%)
Diabetes mellitus, 1 (%) 4 (15.4%) 3 (20.0%) 1(9.1%)
Musculoskeletal disease, 1 (%) 6 (23.1%) 1 (6.7%) 5 (45.5%)
Body mass index 23.7 £2.7 23.0+2.7 245 +27
K-MMSE 273+15 270+15 278 +1.5
CDR
0, n (%) 14 (53.8%) 8 (53.3%) 6 (54.5%)
0.5, 1 (%) 12 (46.2%) 7 (46.7%) 5 (45.5%)
GPAQ, MVPA (min/week) 366.5 + 310.1 326.0 + 246.8 421.8 + 386.4

Continuous variables are shown as the mean and standard deviation. CDR, clinical dementia rating; GPAQ,
Global Physical Activity Questionnaire; K-MMSE, Korean version of the Mini-Mental State Examination; MVPA,
moderate-to-vigorous physical activity.

3.2. Feasibility of the 12 Week PEI

Four participants (two from each group) dropped out for personal reasons (1 = 2) or because
of injuries not related to the PEI Therefore, 13 participants (86.7%) in the facility-based group and 9
(81.8%) in the home-based group completed the 12 week PEI program (Figure 2).

Assessed for eligibility
(n=30)

Not enrolled
(n=4)

Participants assigned
(n=26)

!

Facility-based PEI
(n=15)

Discontinued (n = 2)
-1 withdrew consent
-1 dropout due to injury

Completed 12 weeks of
PEI and post assessment
(n=13)

}

Home-based PEI
(n=11)

Discontinued (n = 2)

»| -1 withdrew consent

v

Completed 12 weeks of
PEI and post assessment
(n=9)

-1 dropout due to injury

Figure 2. Trial profile. PEI, physical exercise intervention.

The 12-week adherence rate was 88.3% for the facility-based PEI and 62.3% for the home-based
PEL Table 3 summarizes the adherence rate data calculated at 3 week intervals. In the facility-based
group, the adherence rate remained steady at above 80% with an 8% drop between the first and final 3
week periods. In the home-based group, the adherence rate was 32.1% during the first 3 weeks but
increased thereafter, reaching 81.5% in the final 3 weeks.
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Table 3. Adherence rate (%) calculated at 3 week intervals.

Weeks 1-3 Weeks 4-6 Weeks 7-9 Weeks 10-12 Total
Facility-based PEI 92.3 90.4 86.3 84.6 88.3
Home-based PEI 32.1 64.2 71.6 81.5 62.3

PEI physical exercise intervention.

No safety issues related to the PEI program occurred during the 12-week study period.

3.3. Changes in Cognitive Function and Physical Fitness after the 12 Week PEI

At the end of the study, there was a significant improvement in leg strength/endurance and
cardiopulmonary endurance in both groups (Table 4), as evidenced by the results of the 30 s sit-to-stand
test (facility-based PEI, 20.6 + 3.0 vs. 23.7 + 3.7, p = 0.002; home-based PEI, 18.9 + 4.3 vs. 23.2 + 3.9,
p = 0.002) and 2 min stationary march (facility-based PEI, 109.3 + 13.8 vs. 120.8 + 15.7, p = 0.001;
home-based PEI, 104.7 + 14.5 vs. 120.3 + 19.0, p = 0.022). The results for the 3 m sit-walk-and-return test
indicated improvement in balance in the facility-based group. However, cognitive function improved
only in the facility-based group (ADAS-Cog total score, 11.6 = 4.2 vs. 9.2 + 3.7, p = 0.009; story memory
test in the LICA, 12.0 £ 5.1 vs. 14.8 + 2.6, p = 0.026; Table 4).

Multiple linear regression revealed that only global CDR was an independent predictor of changes
in the ADAS-Cog total score in the facility-based group (B =4.337, SE = 1.630, p = 0.038). The ADAS-Cog
total score improved more in the CDR 0.5 group (14.0 + 2.8 vs. 11.5 + 2.3) than in the CDR 0 group
(9.6 + 3.8 vs. 7.3 + 3.7) after PEI. No other significant independent predictor was identified.
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Table 4. Changes in cognitive function and physical fitness after PEL

Variable Facility-Based (1 = 13) Home-Based (n = 9)
Pre Post t p-Value Pre Post t p-Value
Cognition

K-MMSE 271+1.6 26.5+2.0 0.846 0.414 279+ 1.6 277 +19 0.555 0.594
ADAS-Cog, total score 11.6 £ 4.2 92+37 3.121 0.009 8.8+4.2 81+47 0.784 0.455
LICA, word delayed recall 78+28 89+09 -1.656 0.124 87+14 9.0+14 -1.000 0.347
LICA, story delayed recall 120 +5.1 148 £2.6 —-2.531 0.026 125+44 13.0 +4.8 —-0.418 0.687
LICA, stick reconstruction 16.8 +1.7 153+ 6.4 0.830 0.420 171+0.9 141+7.0 1.364 0.202
SGDS-K 1.0+13 08+1.3 0.485 0.636 09+13 0.3+0.7 1.474 0.179

Physical performance
Body mass index 23.0+27 23.6+29 -3.150 0.008 241+28 247 £33 —-3.155 0.014
Grip test, left (kg ) 244 +33 244 +3.6 —0.080 0.937 245+71 246 +6.1 —-0.029 0.978
Grip test, right (kg) 247 £ 3.5 243 +3.8 0.853 0.410 241 +£6.3 251 +5.6 -1.737 0.121
Relative grip strength (%) 454 +54 439 +5.7 1.921 0.079 431+112 43.2 +£10.5 —-0.104 0.920
30 s sit-stand test (times) 20.6 £ 3.0 23.7 £ 3.7 —-3.945 0.002 189 +43 232 +39 —4.526 0.002
3 m sit-walk-and-return test (sec) 4.7 +0.7 49+0.7 —2.386 0.034 48 +0.6 5.0+ 0.6 -2.144 0.064
Sit-and-reach test (cm) 16.6 +7.4 182 +6.5 -1.501 0.159 10.5+ 125 11.6 £9.7 —-0.766 0.466
2 min stationary march (times) 109.3 + 13.8 120.8 +15.7 —4.488 0.001 104.7 + 14.5 120.3 £19.0 —2.841 0.022
* Figure-8-walks (sec) 247 £3.7 23.7 £ 3.5 1.864 0.087 248 +£3.9 24.8 £ 3.5 —-0.035 0.973

K-MMSE, Korean version *of the Mini-Mental State Examination; ADAS-Cog, Alzheimer’s Disease Assessment Scale cognitive subscale; LICA, Literacy Independent Cognitive Assessment;
SGDS-K, Korean version of the short form of the Geriatric Depression Scale. * Figure-8-walks, one of the physical fitness items, is for testing coordination. Walking around two cones
arranged to resemble the figure ‘8" involved marking the 1.6 m mark from the side of the chair, and placing cones at 1.8 m distances to the left and right of the cones, marking their furthest
sides. Participants were asked to circle around the cone to their right side to sit down, and then stand immediately after to circle around the cone on their left side to approach the chair to
sit down [18].
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4. Discussion

Our PEI is a multicomponent and structured physical exercise program developed by medical
and sports science professionals. The facility-based PEI was demonstrated to be safe and feasible with
retention and adherence rates of over 75% and was able to prevent dementia by improving physical
fitness and cognitive function in the at-risk elderly population. However, our home-based PEI program
needs some complementary measures to ensure that participants are motivated and do not feel that it
is difficult to carry out the PEI program on their own, to increase its adherence rate.

This success of our facility-based PEI program may lie in the fact that it is tailored to the cultural
and physical characteristics of the elderly population in Korea. It can be performed in public facilities
with portable aids and includes various modes of exercise, including aerobic, resistance, balance,
or stretching exercises, rather than focusing only on aerobic exercise. Our retention and adherence rates
for facility-based PEI were 86.7% and 88.3%, respectively. The adherence rate in the final three weeks
was 84.6%. Our finding of high retention and adherence rates during 12 weeks of facility-based PEI
has feasibility implications, because it is known that sustaining exercise habits for as long as possible
promotes cognitive brain health through interest and a sense of accomplishment [12]. A systematic
review of studies of practical prescriptive exercise regimens revealed that the most important variable
in terms of improved cognition was total exercise intervention time [12], irrespective of whether the
exercise was aerobic, resistance (strength) training, mind-body exercises, or combinations of these
interventions. Exercising for a total of at least 52 h is likely to improve cognitive performance in
older adults, whether or not they have cognitive impairment; however, there was no relationship
between cognitive improvement and session time, frequency, intensity, or weekly minutes. Therefore,
a practical exercise regimen for cognitive benefit in the elderly should be tailored to the cultural and
physical characteristics of the individual patient and include various modes of exercise and exercising
for as long as possible. Although our facility-based PEI had good feasibility, measures to improve
the withdrawal rate of 13.3% and decrease in adherence rate of 8% over 12 weeks could be necessary
in longer trials. The inclusion of a motivation enhancement program in SUPERBRAIN seemed to be
helpful for maintaining adherence to PEI [11].

Unlike facility-based PEI, there are some concerns regarding compliance with home-based PEI.
Adherence with our home-based PEI program over 12 weeks was 62.3%, which is lower than the
rate of 82.9% in another report [25]. However, by looking at the pattern of change in adherence over
time in our study, we understood how to improve adherence with home-based PEI. For the first
three weeks, the adherence rate was 32.1% but improved from week 4 onwards and reached 81.5% in
the final three weeks. Early on in the program, our participants may have had trouble performing
exercise at home with only booklets for guidance even though exercise professionals had provided
tips on how to incorporate the exercises at home. Therefore, in SUPERBRAIN, in addition to the
motivation enhancement program, tablets with exercise movies performed in group workouts were
distributed [11].

After PEI, improvement in several indicators of efficacy, particularly leg strength/endurance and
cardiopulmonary endurance, were also observed. Furthermore, the ADAS-Cog total score, an index
of cognitive function, improved in participants who undertook facility-based PEI, and improved
significantly more in the CDR 0.5 group than in the CDR 0 group. This suggests that the improvement
in ADAS-Cog total score after PEI is not a result of the learning effect on the evaluation method,
but that of the PEI efficacy. Moreover, when compared with the findings of previous studies, such
as the Multidomain Alzheimer Preventive Trial [26,27] or FINGER [2,28], our results suggest that
lifestyle intervention to prevent cognitive decline could be more beneficial in individuals at higher risk
for dementia.

Our study has some limitations. First, adherence with home-based PEI was assessed by self-reports
only. Second, the sample size was small, which limits the generalizability of its findings. The results of
this study suggest that, whereas facility-based PEI could be feasible, a home-based program would
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need to include strict monitoring or more helpful reference material for exercise at home to improve
the adherence rate before it is implemented as part of SUPERBRAIN.
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Appendix A
Table A1. Detailed description of exercises.
Home Session
Group Session
Strength-Intensive Aerobic Exercise-Intensive
Exercise category/name L1 L2 L3 L1 L2 L3 L1 L2 L3
Aerobic exercise
Number walking ° ° .
Number running ° ° °
Time to stop ° °
Quiz walking ° ° .
Crab walking ° °
Spider walking . .
Jump rope ° ° ° ° °
Ladder walking .
Step up and down . . . o . . . o
Music walking °
Resistance exercise
Band routine ° . °
Chair routine ° ° ° ° . ° °
Animal walking ° ° °
Band pull touch °
Crab walking with a band ° ° °
Balance exercise
Single leg standing ° ° °
Touch number ° °
Move towel ° ° °
Balloon toss ° ° °
Balloon kick ° ° °
Finger-and-toe exercise
Grip . ° ° °
Finger stamp . ° . ° °
Okay 2 .

Stretching exercise
Brain stretching . . ° ° ° ° ° ° °
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AEROBIC exercise program

NUMBER WALKING

Figure 1

Beginner
1. Walk on the numbers 1 to 9
2. Walk 10 steps on each number with your normal walking speed (3km/h)
Intermediate & Advanced
1. Change the number order
1.1 odd number ( 1 =3 =5 =7 =9 =7 =5 =3 —1)

1.2 even number (2 -4 —6 —8 —6 —4 —2)
1.3 random number ( 1 =9 =7 =3 =7 =9 =1 =3 =7)

2. Change the number positions of the mat (refer to Figure 1)

3. Walk 20-30 steps each number with brisk walking speed (25km/h)

NOTE
The walking speed depends on heart rate, age, and the level of fitness.

Figure Al. Detailed description and components of each movement in the “Number walking”
aerobic exercise.
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AEROBIC exercise program

NUMBER RUNNING

Beginner
1. Run on the numbers 1 to 9
2. Walk 10 steps on each number with your normal running speed (Ekm/h)
Intermediate & Advanced
1. Change the number order
1.1 odd number ( 1 =3 =5 =7 =9 =7 =5 -3 —1)

1.2 even number (2 —4 —6 —8 —6 —4 —2)
1.3 random number ( 1 =9 —7 —3 =7 =8 —1 =3 —=T7)

2. Change the number positions of the mat (refer to Figure 1)

3. Cover 20-30 steps on each number with a brisk running speed(28km/h)

NOTE
The walking speed depends on heart rate, age, and the level of fitness.

Figure A2. Detailed description and components of each movement in the “Number running”
aerobic exercise.
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AEROBIC exercise program

QUIZ WALIKING

Beginner

1. Stand at the center of the number mat
2. Move to the answer of trainer quiz
2.1 Sample quiz: 3+2=5
5-2=3
4+5=9

Intermediate & Advanced

1. Speed up the trainer quiz

2. Higher level of quiz

2.1 Sample guiz: 3+2+1=6
9-2-3=4
4+5-1=8

NOTE
The quiz can be used in various ways.

Figure A3. Detailed description and components of each movement in the “Quiz walking”
aerobic exercise.
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AEROBIC exercise program

i

TIME TO STOP

. | !
g 3 :
J
wion 3 motion 4

+ L + -
maotion 1 miotion 2 madtion 5 maiion b
Beginner

1. Listen to the song and walk in a circle with normal speed
(clockwise rotation)

2. “Time to stop” in song, then follow the motion of trainer
(refer to motions 1 to 6)

Intermediate & Advanced
1. Speed up the tempo of the song, walk/run in a circle with brisk speed

(clockwise, counterclockwise rotation)
2. Increase motion time (*Time to stop”)

NOTE
It can be applied to various songs depending on the ability of the trainer.

Figure A4. Detailed description and components of each movement in the “Time to stop”
aerobic exercise.
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AEROBIC exercise program

MUSIC WALKING

Beginner

1. Follow the steps of the trainer
2. Follow the steps of the trainer with music
2.1 Sample music(ANDONGRYUKESEQ)

Intermadiate & Advanced

1. Speed up the tempo of the music
1.1 Sample music (JAGIYA)

NOTE
MUSIC WALING sample video can be made available upon an email request.

Figure A5. Detailed description and components of each movement in the “Music walking”
aerobic exercise.
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AEROBIC exercise program

STEP UP & DOWN

Beginner

1. Bend over and place the mini-band at the center of your thigh
2. Step up and down, touching your thigh to the mini-band (30 steps/min)

Intermediate & Advanced

1. Keep your back straight and place the mini-band parallel to the belly button
2. Step up and down, touching the mini-band with knee (30-50 steps/min)

NOTE
The speed depends on heart rate, age, and the level of fitness.

Figure A6. Detailed description and components of each movement in the “Step up and down”
aerobic exercise.
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AEROBIC exercise program

LADDER WALKING

B— B

Beginner

1. Move one step on the mat with the following step pattern (1.1-1.4) (5 laps)

1.1 Forward walking

1.2 Backward walking

1.3 Sideways walking(right sidefleft side)

1.4 Cross step (right sidefleft side/front cross/back cross)

Intermediate & Advanced

1. Move two steps on the mat with the following step patterns (1.1-1.4) (5 laps)
1.1 Forward walking

1.2 Backward walking

1.3 Sideways walking (right side/left side/squat)

1.4 Cross step (right side/left side/front cross/back cross)

NOTE
Exercise intensity depends on heart rate, age, and the level of fitness.

Figure A7. Detailed description and components of each movement in the “Ladder walking”
aerobic exercise.
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AEROBIC exercise program

JUMP ROPE

Beginner

1. Jump on the numbers 1 to 9
2. Perform 10 jumps on each number
3. Jump rope with a sprint

Intermediate & Advanced

1. Jump on the numbers 1 to 9

2. Perform 20-30 jumps on each number
3. Jump rope with basic single under

4. Jump rope with single foot (right/left)

NOTE
Use a wireless skipping rope

Figure A8. Detailed description and components of each movement in the “Jump rope” aerobic exercise.
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AEROBIC exercise program

t ﬁ t CRAB WALKING

Beginner

1. Place the mini-band just above each knee, wrapped around both the legs

2. Walk onto the next square on the mat with right/left leg leading
(sideways/forward/backward)

3. Move 10 steps

Intermediate & Advanced

1. Walk to the next two squares on the mat with right/left leg leading
(sideways/forward/backward)
2. Move 20~30 steps

NOTE
Assume a halfifull-squat position

Figure A9. Detailed description and components of each movement in the “Crab walking”
aerobic exercise.
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AEROBIC exercise program

L 2y,

SPIDER WALKING

Beginner

1. Place the long-band above the head
2. Walk onto the next square on the mat with lateral stretch

(sideways/forward/backward)
3. Move 10 steps

Intermediate & Advanced

1. Walk onto two squares ahead with right/left leg leading
(sideways/forward/backward)

2. Move 20~30 steps
3. Adjust the length/tension of the long-band (easy — hard)

NOTE
Assume a half/full-squat position

Figure A10. Detailed description and components of each movement in the “Spider walking”

aerobic exercise.
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RESISTANCE exercise program
CHAIR ROUTINE

RAISE THE HEEL

SLOWLY RAISE THE HEEL
UNTIL STANDING ON TOES

LUNGE

22

PLACE ONE FOOTFORWARD AND
SLOWLY LOWER UNTIL YOUR THIGH IS
PARALLEL TO THE GROUND

NOTE
Using a chair as support, perform 10-15 reps, depends on your fitness level

Figure A11l. Detailed description and components of each movement in the “Chair routine part 1”
resistance exercise.
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RESISTANCE exercise program

SIDE LEG RAISE

31 3.2
'r r 1
3.3 3.4
f i f I|"|'

SLOWLY LIFT ONE LEG
OUT TO THE SIDE

STANDING LEG LIFTS
5.1 5.2

TIE THE ROPE AROUND BOTH ANKLES
LIFT YOUR RIGHTILEFT LEG UP AND
BACKWARDS

CHAIR SQUAT

41 4.2

A
RAISE YOURARMS OUT STRAIGHTIN
FORNTOF YOU TO SHOULDER HEIGHTAND
SLOWLY TO SITDOWN
AND STANDUP
BENT-OVER
LATERAL RAISE
6.1 6.2
6.3 6.4

RAISE THE ARMBAND OUTWARDS
UP TOYOUR SHOULDER HBIGHT
AND SLOWLY DROP TO THE
OUTSIDE OF THELOWER LEGS

Figure A12. Detailed description and components of each movement in the “Chair routine part 2”

resistance exercise.
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RESISTANCE exercise program

BAND FORWARD RAISE BAND ROUTINE

i

1.1

t

-STAND WITH YOUR FEET AS APART AS YOUR
SHOULDER-WIDTH AFART

-PLACE THE BAND UNDER THE RIGHTILEFT FOOT

-HOLD THE HANDLE WITH RIGHTILEFT HAND
PALMS MUST BE FACING YOUR THIGHS

-RAISE ARMS STRAIGHT OUT IN FRONT OF YOU UP
TO SHOULDER/HEAD HEIGHT

-SLOWLY RELEASE THE TENSTION AND RETURN TO
THE STARTING POSITION

BAND CHEST FLY

21 22

-STAND WITH YOUR FEET AS APART AS YOUR
SHOULDER-WIDTH

-GRASP THE HANDLES WITH THE BAND PORTION
BEHIND YOU

-PLACE YOU HANDS STRAIGHT OUT ON YOUR
SIDES, THEN BRING TOGETHER WITH PALMS
FACING IN

-SLOWLY RELEASE THE TENSION TO RETURN TO
THE STARTING POSITION

NOTE
Using a chair as support, perform 10-15 reps, depends on fitness level

Figure A13. Detailed description and components of each movement in the “Band routine part 1”
resistance exercise.
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RESISTANCE exercise program

BENT-OVER ROW

31 3.2

-STAND WITH FEET SHOULDER-WIDTH APART

-PLACE THE BAND UNDER FEET

-BEND SLIGHTLY AT THE KNEES, KEEPING HIPS
BACK

-GRASP EACH HANDLE AND PULL THE BAND UP
TOWARD HIPS WITH ELBOWS BENT

-SLOWLY RELEASE TENSION TO RETURN TO
THE STARTING FOSITION

BAND SEATED ROW

6.1

5.2

-SIT WITH YOUR LEGS EXTENDED

-LOOFP THE BAND AROUND THE
SOLES OF YOUR FEET AND HOLD
EACH END IN EACH HAND

-PULL THE BAND TOWARD THE
WAISTLINE WHILE SQUEEZING THE
SHOULDER BLADES

-SLOWLY RELEASE TENSION TO
RETURN TO THE STARTING
POSITION

BAND BICEP CURL

41

-STAND WITH FEET SHOULDER-WIDTH APART
-PLACE THE BAND UNDER RIGHT/LEFT FOOT
-HOLD A HANDLE IN RIGHT/LEFT HAND,
PALMS FACING UP

-CURL THE BAND UP TO SHOULDER THEN
LOWER

BAND SIDE BENDS

LR
LI

-STAND WITH YOUR FEET AS APART
AS YOUR SHOULDER- WIDTH

-PLACE THE BAND UNDER THE
RIGHT/LEFT FOOT

-HOLD THE HANDLE IN RIGHT/LEFT
HAND, PALMS MUST BE FACING
YOUR THIGHS

-BEND YOUR WAIST TOWARDS THE
RIGHT TOWARD THE FLOOR, AND
SLOWLY BACK TO THE START
POSITION

Figure A14. Detailed description and components of each movement in the “Band routine part 2”

resistance exercise.
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RESISTANCE exercise program

motion 1

ANIMAL WALKING

motion 2

Figure 1

motion 3

motion 4 motion 5

Beginner

1. Place the mat in a ‘T" shape (refer to figure 1)

2. Keep your back straight and core tight, lowering the knees onto the mal
hold for 10sec (refer to motion1)

3. Hold one hand the mat and touch other hand/elbow (refer to motion2/3),
10 times for each hand

Intermediate & Advanced

1. Lift the knees until supporting weight is on just toes and hands,
hold for 10-30sec (refer to motion 4/5)
2. Place one hand on the mat and touch another hand/elbow 10 times with each hand

NOTE
Exercise intensity depends on heart rate, age, and the level of fitness.

Figure A15. Detailed description and components of each movement in the “Animal walking”
resistance exercise.
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RESISTANCE exercise program

BAND PULL TOUCH

Beginner
1 Sit on the chair and tie a band around one of the front chair legs,

creating a small loop
2. Place one foot on the floor, and pass the other through the band loop

3. Touch number 4, 5, 6 (near distance) with your foot
4. Perform 10 repetitions on each foot

Intermediate & Advanced

1. Touch the number 1, 2, 3 (far distance) with your foot
2. Perform 20-30 repetitions with each foot
3. Hold for 5-10sec

NOTE
Exercise intensity depends on heart rate, age, and the level of fitness.

Figure A16. Detailed description and components of each movement in the “Band pull touch”

resistance exercise.
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RESISTANCE exercise program

CRAB WALKING WITH A BAND

Beginner

1. Hold the mini-band just above each knee and wrapped around both the legs

with long-band above head
2. Walk onto the next square on the mat with lateral stretch

(sideways/forward/backward)
3. Move 10 steps

Intermediate & Advanced

1. Walk onto the next two squares on the mat with right/left leg leading

(sideways/forward/backward)
2. Adjust the length/tension of the long-band (easy — hard)

3. Move 20-30 steps

NOTE
Put in a halfffull-squat position

Figure A17. Detailed description and components of each movement in the “Crab walking with band”

resistance exercise.
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BALANCE exercise program

SINGLE LEG STANDING

Beginner

1. Stand on right/left leg with hands straight out to your sides
2. Lift one leg with knee bent at a 90-degree angle
3. Hold for 10sec each legs

Intermediate & Advanced
1 Performed the same exercise with eye closed (guide can assist)
2. Hold each leg for 20-30 sec

NOTE
Be careful not to fall

Figure A18. Detailed description and components of each movement in the “Single leg standing”

resistance exercise.
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BALANCE exercise program

TOUCH NUMBER

Beginner

1. Place one foot on the floor, and the other touch number
2. Touch 10 times with each foot

2.1 Next number (e.q. stand 5 and touch 4/6)

2.2 Up/down number (e.g. stand 5 and touch 2/8)

2.3 Diagonal number (e.g. stand 5 and touch 1/9)

Intermediate & Advanced

1. Touch a distant number (far from your other foot)

2. Touch 20-30times with each foot

2.1 Next two steps number (e.g. stand 7 and touch 9)

2.2 Up/down two steps number (e.g. stand 7 and touch 1)
2.3 Diagonal two steps number (e.g. stand T and touch 3)

NOTE
Be careful not to fall

Figure A19. Detailed description and components of each movement in the “Touch number”
balance exercise.
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BALANCE exercise program

MOVE TOWEL

motion 1

e —— —

pr g 4

mation 3

'E_..
motion 2

Beginner

1. Place one foot on the floor, and use the other to push the towel (refer to motion 2)
2. Performed 10 times with each foot

2 1 Push next number (e.g. 3 — 1)

2.2 Push up/down number (e.g. 3 — 9)

2.3 Push diagonal number (e.g. 3 —T)

Intermediate & Advanced
1. Place one foot on the floor, and use the other to grasp and move the towel
(refer to motion 1)
2_5tand on a single leg, and grasp and move the towel with the hand
(refer to motion 3)
3. Perform 20-30 times with each foot

NOTE
Be careful not to fall

Figure A20. Detailed description and components of each movement in the “Move towel”
balance exercise.
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BALANCE exercise program

BALLOON TOSS

Beginner

1. Toss with a large balloon (single/with partner)
2. 10 underhand tosses (single/with partner)
3. 10 overhand tosses (single/with partner)

Intermediate & Advanced

1. Adjust the balloon size (large — small)
2. Change the balloon (balloon — softball, volleyball)
3. Increase the numbers of the tosses (20~30 times)

NOTE
Exercise intensity depends on heart rate, age, and the level of fitness.

Figure A21. Detailed description and components of each movement in the “Balloon toss”
balance exercise.
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BALANCE exercise program

BALLOON KICK

Image 1 Image 2 Image 3

Beginner

1. Kick with large balloon (single/with partner)

2. Perform 10 kicks with each leg (right/left) (single/with partner)
2.1 Kick with the knee (refer to Image 1)

2.2 Kick with the inside of the foot (refer to Image 2)

2.3 Kick with the topside of the foot (refer to Image 3)

Intermediate & Advanced

1. Adjust the balloon size (large — small)
2. Change the balloon (balloon — softball, volleyball)
3. Increase the numbers of tosses (20~30 times)

NOTE
Exercise intensity depends on heart rate, age, and the level of fitness.

Figure A22. Detailed description and components of each movement in the “Balloon kick”
balance exercise.
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FINGER&TOE exercise program

GRIP

Beginner
1. Perform a grasping action with your hands and feet at the same time,

and spread them
2. Perform a grasping action with right hand and right foot at the same

time, and spread them
3. Perform a grasping action with left hand and left foot at the same time,

and spread them
4. Repeat 10 times
Intermediate & Advanced

1. Perform grasping action with right hand and left foot at the same time,

and spread them
2. Perform grasping action with left hand and right foot at the same time,

and spread them
3. Repeat 20-30 times

NOTE
Before the exercise, stretch fingers and toes sufficiently to prevent muscle cramps.

Figure A23. Detailed description and components of each movement in the “Grip”

finger-and-toe exercise.
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FINGER&TOE exercise program

FINGER STAMP

Beginner

1. Press the second finger with the thumb and spread the fingers
2. Press the third finger with the thumb and spread the fingers

3. Press the fourth finger with the thumb and spread the fingers
4. Press the little finger with the thumb and spread the fingers
5. Perform 10 times with each finger

Intermediate & Advanced

1. Change the order
2. Speed up the stamping (=pressing) and spreading actions

Figure A24. Detailed description and components of each movement in the “Finger stamp”
finger-and-toe exercise.
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FINGER&TOE exercise program

OKAY 2

Beginner

1. With one hand, make the "OKAY" gesture

2. With the other hand, make the 2 (two) gesture
3. Switch the gestures between hands

4. Repeat 10 times

Intermediate & Advanced

1. Speed up the switching
2. Repeat 20-30 times

Figure A25. Detailed description and components of each movement in the “Okay 2”
finger-and-toe exercise.
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STRETCHING program

BRAIN STRETCHING

Figure A26. Detailed description and components of each movement in the “Brain stretching”
stretch exercise.
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STRETCHING program

NOTE: Stretch your body along with classical music, and
nature and breathing sounds

BODY STRETCH
Lie on your back with both arms/legs extended.

KNEE TO CHEST STRETCH
Lie on your back and pull right/left knee towards the chest.
Keep the left/right leg straight.

LYING HIP STRETCH

Lie on your back with your feet flat on the floor.

Cross right/left foot over your left/right quad.

Lift left/right leg off the floor.

Grab the back portion of the left/right leg and pull it towards the chest.

LYING QUAD STRETCH

Lie on right/left side.

Keep the leg at the bottom straight and bend the top leg at knee, so
that your foot is facing your buttocks.

BUTTERFLY STRETCH
Sit on the floor with the soles of feet together,
knees bent out to sides, and upper body bend forward.

BEND OVER STRETCH
Sit on the floor with legs extended.
Bend the upper body over towards the legs with the hand extended.

CAT-COW STRETCH

Assume a position with your hands and knees touching the floor.
Inhale as you drop your belly towards the mat.

Left the chin and chest and gaze up towards the ceiling.

CAT STRETCH

Position yourself with your hands and knees touching the floor.
Pull your belly in and curve your spine, back, shoulders, and neck,
while letting your head drop

EREATHING
Sit on the floor and perform abdominal breathing

Figure A27. Detailed description of movements performed in the stretching program.
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