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Background and Purpose  The prevalence of dementia is increasing in South Korea. Mul-
tidomain interventions may be useful for preventing dementia. Such programs need to be 
disseminated to elderly Koreans throughout the country. We have developed programs of the 
SoUth Korean study to PrEvent cognitive impaiRment and protect BRAIN health through life-
style intervention in at-risk elderly people (SUPERBRAIN), which consists of a facility-based 
multidomain intervention (FMI) program and a home-based multidomain intervention (HMI) 
program suitable for elderly Koreans. We aim to determine the feasibility of the SUPERBRAIN 
programs before a large-scale randomized controlled trial.
Methods  We will recruit 150 participants among those without dementia aged 60–79 years 
with at least 1 modifiable dementia risk factor. They will be randomly assigned in a 1:1:1 ratio 
to the FMI, HMI, and the waiting-list control arm. The 6-month multidomain intervention 
consists of management of metabolic and vascular risk factors, cognitive training and social 
activity, physical exercise, nutritional guidance, and motivational enhancement programs. The 
primary outcomes are adherence and retention rates and changes in the total scale index score 
of the Repeatable Battery for the Assessment of Neuropsychological Status from baseline to 
the study end. The main secondary outcomes are disability, depressive symptoms, quality of 
life, vascular risk factors, physical performance, nutritional assessment, and motivation ques-
tionnaire. There will be an exploratory evaluation of neurotrophic, neurodegeneration, and 
neuroinflammation factors, microbiome, telomere length, electroencephalography, and neu-
roimaging measures. 
Conclusions  The results obtained will provide information on the applicability of these multi-
domain intervention programs to at-risk elderly people.
Key Words    cognitive impairment, dementia, lifestyle, prevention, 

randomized controlled trial.

South Korean Study to Prevent Cognitive Impairment and 
Protect Brain Health Through Lifestyle Intervention 
in At-Risk Elderly People: Protocol of a Multicenter, 
Randomized Controlled Feasibility Trial

INTRODUCTION

The number of people with dementia worldwide was estimated to be about 47 million in 
2015, and the prevalence is expected to triple by 2050.1 Alzheimer’s disease (AD) is the 
most common cause of dementia and is characterized by an insidious onset and progres-
sive deteriorations in cognition, functional ability, and behavior.2 The currently available 
pharmacological interventions for AD include cholinesterase inhibitors and the N-methyl-
D-aspartate receptor antagonist memantine, whose primary goals are merely symptomatic 
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improvement.3 Studies have investigated drugs that target 
AD pathophysiology in the early stages such as mild cognitive 
impairment (MCI) and cognitively unimpaired individuals, 
with the goal of slowing or preventing the progression of 
AD.4,5 However, effective therapies for modifying the progres-
sion of AD have not yet been developed.

While no disease-modifying treatment for any common 
type of dementia is available, there are interventions that might 
delay or prevent one-third of dementia cases by targeting the 
modifiable risk factors of dementia, including increasing ed-
ucation and exercise, improving the diet, maintaining social 
engagements, reducing smoking, and managing hyperten-
sion, obesity, hearing loss, dyslipidemia, depression, and di-
abetes mellitus (DM).1,6 

There is currently an extensive body of literature report-
ing on both observational and single-domain intervention 
studies related to the modifiable risk factors for dementia.1,7-9 
Those studies have led to multidomain intervention studies of 
dementia prevention in at-risk populations being performed 
over the past decade.10-12 These interventions target multiple 
risk factors simultaneously and are expected to produce ad-
ditive or synergistic preventive effects compared to interven-
tions targeting one risk factor alone. In particular, the Finnish 
Geriatric Intervention Study to Prevent Cognitive Impairment 
and Disability (FINGER) trial found that an intensive multi-
domain intervention targeting a healthy diet based on the 
Finnish Nutrition Recommendations, exercise, cognitive train-
ing, and vascular risk monitoring significantly improved 
cognition compared to a control group.10 

There are some challenges in applying a multidomain in-
tervention program that has been demonstrated to be effec-
tive in Western populations to elderly Koreans. In addition to 
cultural and language differences, many elderly Koreans rarely 
eat dairy products, olive oil, cereals, and wines that are com-
mon in the Western diet, which makes such a diet difficult to 
apply to daily Korean life.8 Conversely, the proportions of 
carbohydrate, protein, and fat in the Mediterranean-Dietary 
Approaches to Stop Hypertension diet Intervention for Neu-
rodegenerative Delay (MIND) diet are closer to those in the 
typical Korean diet, and removing specific recommendations 
regarding dairy products makes it easier for elderly Koreans 
to follow the MIND diet.9 Moreover, rather than using fitness 
centers, many elderly Koreans go to public health centers or 
senior citizens’ welfare centers for leisure activities, or perform 
walking exercises around their houses alone. These charac-
teristics mean that multidomain intervention programs need 
to include exercise programs that can be implemented at pub-
lic facilities or in the home. 

We developed a facility-based multidomain intervention 
(FMI) program and a home-based multidomain interven-

tion (HMI) program suitable for elderly Koreans and modi-
fied based on the FINGER. The SoUth Korean study to PrE-
vent cognitive impaiRment and protect BRAIN health through 
lifestyle intervention in at-risk elderly people (SUPERBRAIN) 
consists of a feasibility randomized controlled trial (RCT) 
and a subsequent large-scale RCT for these multidomain in-
tervention programs. Ensuring the feasibility of the SUPER-
BRAIN programs is very important because the ultimate aim 
is to spread the programs for preventing dementia throughout 
the country. Correcting problems with the programs through 
a feasibility study will also help the success of a subsequent 
main study. 

The present study will aim to determine the feasibility of 
these intervention programs before a large-scale RCT is per-
formed to investigate the efficacy of the programs. The tested 
hypothesis is that adherence and retention rates will be at 
least 75% in the FMI and HMI arms, respectively, and that 
there will be at least no differences in the changes in cognitive 
function from baseline to post-intervention between each in-
tervention arm and the control arm. 

METHODS

Study design
This study is a multicenter, outcome assessor-blinded, ran-
domized controlled trial with a three parallel-arm design. 
The FMI and HMI arms are the two experimental arms, and 
the control arm is the comparator. The multidomain inter-
vention period is 24 weeks. Participants will be enrolled in 
three hospitals and five public health centers across South 
Korea. Participants will be selected from people who visit 
outpatient clinics or public health centers for memory prob-
lems, and those recruited through advertising. The trial has 
been registered with ClinicalTrials.gov (NCT03980392). This 
protocol relies on version 2.5 and was written in line with the 
SPIRIT (Standard Protocol Items: Recommendations for In-
terventional Trials) guidelines13 (Supplementary Table 1 in 
the online-only Data Supplement) and included all items 
from the World Health Organization Trial Registration Data 
Set. The first participant in this ongoing study was registered 
on May 29, 2019. 

Participants
The inclusion criteria are summarized in Table 1.14-16 Modifi-
able dementia risk factors will be diagnosed following stan-
dard criteria and guidelines, including hypertension,17 DM,18 
dyslipidemia,19 obesity,20 abdominal obesity,21 and metabolic 
syndrome.22 A current smoker is defined as a participant who 
has smoked more than 100 cigarettes throughout their lifetime 
and smokes more than 1 cigarette each month.23 Physical inac-
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tivity is defined as moderate intensity physical activity last-
ing <150 minutes per week.24 Social inactivity is defined as 
fewer than two social activities per week.25 The exclusion cri-
teria are presented in Table 1. 

Randomization
Participants will be randomly assigned at baseline in a 1:1:1 
ratio to the FMI, HMI, and control arms using the permut-
ed block randomization method with SAS macro program-
ming (SAS Institute, Cary, NC, USA), stratified by the partici-
pating centers. Each center will therefore include participants 
receiving FMI, participants receiving HMI, and controls. The 
allocation sequence is known only to an independent statis-
tics specialist. To randomize participants, a file bearing the 
participant’s research identification number is emailed to 
the statistics specialist by the principal investigator or coor-
dinator of the participating center, and a file containing the 
participant’s assignment information is received via email 
from the statistics specialist. Cognitive outcome assessors 
will remain blind to the treatment allocation. 

Intervention 
The participants in the FMI and HMI arms will receive all 
five components of the intervention: 1) monitoring and man-

agement of metabolic and vascular risk factors, 2) cognitive 
training and social activity, 3) physical exercise, 4) nutritional 
guidance, and 5) motivational training (Fig. 1). 

Facility-based multidomain intervention
A group will consist of 5 or 10 persons depending on the 
size of the study center. The metabolic and vascular risk fac-
tors will be assessed by blood tests and anthropometric mea-
surements (weight, blood pressure, and waist circumference) 
before the intervention. Hypertension, DM, dyslipidemia, obe-
sity, abdominal obesity, smoking, and high alcohol consump-
tion will be monitored and managed. Each participant will 
meet a study doctor at baseline and week 12. The study doc-
tors will inform participants of their risk factors, and will pre-
scribe medications if necessary. Participants will be educated 
at baseline by a study nurse and given education booklets 
describing their risk factors and a booklet of lifestyle guide-
lines to prevent dementia. They will also meet the study nurse 
every 4 weeks for anthropometric measurements and the 
monitoring of the smoking status and alcohol consumption. 
Measurements will be recorded at each visit in the partici-
pants’ notebooks for SUPERBRAIN, so that they can be mo-
tivated by the changes. If the risk factors for a participant do 
not improve, the study nurse will again educate the partici-

Table 1. Inclusion and exclusion criteria applied in the study

Inclusion criteria

1. Aged 60 to 79 years.
2.  Having at least one modifiable dementia risk factor from among hypertension, diabetes mellitus, dyslipidemia, obesity, abdominal obesity, meta-

bolic syndrome, smoking, educational level ≤9 years, physical inactivity, and social inactivity. 
3. MMSE14 Z score* ≥-1.5.
4. Able to independently perform the activities of daily living, as defined by K-IADL15 score <0.4.
5. Can read and write Korean, as defined by a literacy test.16

6. Having a reliable informant who can provide investigators with requested information.
7. Providing written informed consent. 

Exclusion criteria

1. Major psychiatric illness such as major depressive disorder.
2. Dementia. 
3. Substantial cognitive decline.
4. Other neurodegenerative disease (e.g., Parkinson’s disease). 
5. Malignancy within the previous 5 years.
6. Cardiac stent or revascularization within the previous 1 year.
7. Serious or unstable symptomatic cardiovascular disease.
8. Other serious or unstable medical disease such as acute or severe asthma, active gastric ulcer, severe liver disease, or severe renal disease.
9. Severe loss of vision or hearing, or communication disability. 
10. Any conditions preventing cooperation as judged by the study physician.
11. Significant laboratory abnormality that may result in cognitive impairment. 
12. Unable to participate in the exercise program safely.
13. Simultaneous participation in any other intervention trial.

*Based on the means and standard deviations in the age- and education-matched normal elderly Korean population.14

K-IADL: Korean Instrumental Activities of Daily Living, MMSE: Mini-Mental State Examination.
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Table 2. Composition and content of the tablet-based cognitive training application 

Cognitive domain Structure Contents 
Memory First, information on a subject is provided. 

Second, a learning process is carried out 
by using memory strategies and process-
based training. Third, quizzes are provided 
on the subject. The number of memory 
tasks is 48.  

The memory tasks cover the following subjects: Korean folk tales and 
myths, history and features of Jeju Island and Gangwon Province, 
health knowledge (dental hygiene, stroke, dementia prevention 
strategies, Alzheimer’s disease, sleep, and air pollution), local festivals, 
foreign greetings, food (brain foods, seasonal foods, history of kimchi, 
and Korean traditional liquors according to regions), and national flags. 

Frontal executive function 
and attention

Each task comprises a tutorial and a main 
task. Process-based training is performed. 
There are 10 levels ranging from level 1 
(the easiest) to level 10 (the most difficult). 
The number of frontal executive function 
and attention tasks is 12. 

Placing footprints forward or backward, placing numbers in ascending 
or descending order, placing all pictures with the features presented, 
tapping blocks in the order presented, catching fish with suggested 
characteristics among various fish, picking up fruit as fast as possible, 
n-back, Sudoku, performing the directed tasks by remembering where 
the tomato sprouts disappeared from, and finding matching cards from 
several face-down cards.

Visuospatial function Each task comprises a tutorial and a main 
task. Process-based training is performed. 
There are 10 levels ranging from level 1 
(the easiest) to level 10 (the most difficult). 
The number of visuospatial tasks is 4. 

Following the arrows and finding a treasure or acorn, visualizing a picture 
as two pictures combined, and finding the same figures oriented in 
different directions.

Calculation A tutorial and a main task are provided. 
Process-based training is performed. There 
are 10 levels ranging from level 1 (the 
easiest) to level 10 (the most difficult). The 
number of calculation tasks is 4.

Calculation of arrival time, breaking honeycomb through calculations, 
summation after rotating numbers, and calculating the total cost of 
shopping items.

Vascular risk 
  factors control

Cognitive training

Physical exercise

Nutrition

Motivation

FMI

HMI

Controls

Vascular risk 
  factors control

Cognitive training

Physical exercise

Nutrition

Motivation

No intervention Providing a booklet of lifestyle guideline to prevent dementia, and usual care

1x/week group session & 
1x/week home session

1x/week group session & 
2x/week home session

1x/2 weeks group session & 1–2x/week home sessions

Efficacy assessmentsEfficacy assessments

Time: weeks

2 times/weeks

3 times/weeks

-4                              0                              4                               8                              12                              16                               20                             24

-4                              0                              4                               8                              12                              16                               20                             24

I                      I                          I                          I                          I                          I

I                       I                          I                          I                          I                          I

I     G            I     G                  G     I            G                  G                  G                  G

I     G            I     G                  H     I            H                  G                  H                  G

G     G                                                                       G                                                                         G

G     H                                                                       G                                                                         G

1x/2 weeks group session & 2–3x/week home sessions

Fig. 1. The SoUth Korean study to PrEvent cognitive impaiRment and protect BRAIN health through lifestyle intervention in at-risk elderly people 
(SUPERBRAIN) protocol. Participants are classified into the FMI arm, the HMI arm, and the control arm. Cognitive training will be performed twice 
weekly and physical exercise will be performed three times weekly in the FMI and HMI arms, while control of vascular risk factors, nutritional educa-
tion, and motivational enhancement programs will be offered several times according to the schedules shown. FMI: facility-based multidomain inter-
vention, G: group intervention, H: home-based session using a tablet or workbook, HMI: home-based multidomain intervention, I: individual inter-
vention.
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pant at week 12 with the aid of the booklets. 

Cognitive training targets the cognitive domains of episod-
ic memory, executive function, attention, working memory, 
calculation, and visuospatial function. Cognitive training 
will be conducted in group sessions by trained health pro-
fessionals (psychologists, occupational therapists, and study 
nurses) using a tablet-based application. The composition 
and content of the cognitive training application are present-
ed in Table 2. If a participant has difficulty in using a tablet, 
they will be provided with workbooks to be completed under 
the supervision of trained health professionals. Each work-
book for one session contains six pages and is based on home-
work materials that were found to be effective in MCI patients 
in a previous study.7 Three or four pages of each workbook 
consist of memory tasks, and the other two or three pages con-
sist of tasks in other domains, such as executive function, atten-
tion, visuospatial function, calculation, or language (Table 3). 
The content of the workbook is similar to the cognitive train-
ing application. The memory strategies applied to the cogni-
tive training application are also practiced in the workbook. 
The workbooks comprise two levels of difficulty, and the health 
professionals will determine the level to be used according to 
the ability of each participant at baseline. Cognitive training will 
be provided twice weekly for 50 minutes per session. 

Writing a diary using a structured form twice weekly will 
be assigned as homework to the FMI and HMI arms. The di-
ary consists of seven sections: today’s date and weather, how 

you are feeling on the day, meals consumed during the day, 
today’s people and places (places visited, and the traveling 
method, purpose, and persons met), the amount and details 
of expenditure, my thoughts on today’s news, and tomor-
row’s plan. Writing a diary is beneficial in providing training 
related to orientation, mindfulness, episodic memory, healthy 
diet, calculation, and prospective memory. Social activities 
will be stimulated through the numerous group meetings 
of all intervention components and additional social activi-
ties at outside institutions (e.g., theaters and meeting friends) 
at least once a month. Detailed information about the addi-
tional social activities available will be provided, and partici-
pants will document their social activities in their SUPER-
BRAIN notebooks.

The physical exercise program will consist of aerobic exer-
cise, exercise to enhance balance and flexibility, muscle-
strengthening activities involving major muscle groups, and 
finger-and-toe movements. Exercise training will be provided 
three times weekly for 60 minutes per session and will cover 
different kinds of exercise (Table 4, Supplementary Table 2 
in the online-only Data Supplement). The physical perfor-
mance of the participants will be evaluated based on the 
Korean National Physical Performance Evaluation Program 
for testing strength, flexibility, coordination, and balance, 
as well as the cardiopulmonary endurance before the inter-
vention. Based on the results for their physical performance 
as well as their physical condition, participants will perform 

Table 3. Structure and implementation of the tablet-based application and workbooks for cognitive training 

Cognitive training application Workbook for cognitive training
Training cognitive 

domain  
Memory, frontal function, attention, visuospatial function, 

and calculation.
Memory, frontal function, attention, visuospatial function, 

calculation, and language.

Training 
memory strategies

Spaced retrieval, visual imagery, story making, association, 
chunking, categorization, sequencing, acronyms, keyword 
method, rehearsal, and rhyming.

Spaced retrieval, visual imagery, story making, association, 
chunking, categorization, sequencing, acronyms, keyword 
method, rehearsal, and rhyming.

Structure The tablet-based cognitive training application has 48 
memory tasks, 12 frontal/attention tasks, 4 visuospatial 
tasks, and 4 calculation tasks. 

There are 48 workbooks, each of which consists of 3 or 4 
pages for 1 memory task and 2 or 3 pages for tasks in 
different cognitive domains. 

Level of difficulty Ten levels of difficulty in all except memory tasks, which 
have a single level of difficulty.

Two levels of difficulty

Session 
configuration

1.   Welcome, and checking homework (10 minutes).
2.   Four tasks using the tablet application: one memory task 

(20 minutes), two frontal function/attention tasks 
(10 minutes), and one visuospatial or calculation task 
(5 minutes). 

3. Wrap-up (5 minutes).

1. Welcome, and checking homework (10 minutes).
2. Cognitive training using one workbook (30–35 minutes).
3. Wrap-up (5 minutes).

Therapist Psychologist, occupational therapist, or study nurse. Psychologist, occupational therapist, or study nurse.

Adherence Adherence is assessed using the administrative website that 
stores information such as whether a participant uses 
cognitive content.  

Adherence is assessed by checking the workbook.  
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one among a strength-intensive program designed specifi-
cally for those with good physical fitness, a strength-inten-
sive program designed specifically for those with poor 
physical fitness, an aerobic exercise-intensive program de-
signed specifically for those with good physical fitness, and 
an aerobic exercise-intensive program designed specifically 
for those with poor physical fitness. Poor physical fitness will 
be defined as the recorded physical performance in any test 
being below the 30th percentile of the norms for the age- and 
sex-matched normal population. The exercise programs will 
be guided by trained exercise professionals at a gym. The 
physical exercise programs will use portable tools such as 
elastic bands, nine floor plates with numbers, and chairs. 
Every 2 months, the exercise intensity will be increased and 
the exercise content will be changed in the FMI and HMI arms. 
To confirm the effectiveness of the exercise and to adjust the 
exercise plan appropriately, participants in the intervention 
groups will receive an additional assessment of their physical 
performance at week 12 using the Korean National Physical 
Performance Evaluation Program.

The nutritional intervention includes three individual coun-
seling sessions (each lasting 30 minutes) and seven group 
sessions (each lasting 50 minutes) led by study nutritionists. 
Individual sessions include tailoring the participant’s daily 
diet and providing education on customized diets to manage 
individual vascular risk factors. Group sessions provide dis-
cussions, practical exercises for facilitating changes in diet, 
and advice on how to make meals with recommended ingre-
dients via a cooking lesson. According to the recommenda-
tion of the MIND diet, participants will be advised to con-
sume a diet that includes at least three servings of whole grains 

each day; at least one dark-green salad, another vegetable, and 
one ounce of nuts each day; beans or legumes at least every 
other day; berries and poultry at least twice a week; fish at 
least once a week; olive oil instead of butter or margarine; a 
glass of wine each day; cheese, fried food, and fast food no 
more than once a week; and pastries and sweets fewer than five 
times a week.9 The participants will be motivated by writing 
a MIND diet checklist by themselves every 2 weeks.

Motivational enhancement includes four group counsel-
ing sessions lasting 50 minutes each and led by a psycholo-
gist (at 1, 2, 13, and 24 weeks). The purpose of the motivational 
enhancement program is to induce, maintain, and strengthen 
motivation, thereby acting as a psychological resource to 
help maintain the performance of dementia prevention ac-
tivities. Group meetings provide information and support 
for facilitating dementia prevention program activities, and 
include discussions on the importance of change, ambivalence, 
and self-efficacy, as well as family education using video clips. 
We developed three video clips for participants, families, and 
facility workers based on learning and nudge theories.26,27 In 
addition, through the family-coach program, a family mem-
ber can participate in reinforcing the motivation of a partici-
pant. Encouraging pop-up video messages made by partici-
pants’ families and self-rated achievement pop-up messages 
will be provided every week before the tablet-based cognitive 
intervention. Participants in workbook-type cognitive inter-
ventions will be sent the encouraging pop-up video messages 
on their cell phones and will perform self-rated achievement 
assessments on paper. 

Home-based multidomain intervention
The management program for metabolic and vascular risk 
factors, the social activity programs, and the motivational 
enhancement programs in the HMI arm are identical to 
those in the FMI arm. The difference is that the motivational 
enhancement program at week 2 is performed alone at home 
using a tablet or workbook. 

The contents of the cognitive training and physical exercise 
programs in the HMI arm are identical to those in the FMI 
arm. Those in the HMI arm will participate in one group cog-
nitive training session (each lasting 50 minutes) and one home-
based cognitive training session (each lasting 30–40 minutes) 
per week, and one group exercise session (each lasting 60 min-
utes) and two home-based exercise sessions (each lasting 60 
minutes) per week during the first 2 months of the trial. For 
the remainder of the 6-month study, participants in the HMI 
arm will attend one group cognitive training session and one 
group exercise session every 2 weeks. For the weeks that in-
clude group sessions, participants will perform one cognitive 
training session and two exercise sessions alone at home each 

Table 4. Progression of the exercise program

Weeks 
0–8 

Weeks 
9–16

Weeks 
17–24

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

Number of muscle groups 10 12 15

Number of sets 1 or 2 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 
  (minutes/session)

5 5 5

Stretching exercise 
  (minutes/session)

5 5 5
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week. For weeks that do not include group sessions, partici-
pants will perform two cognitive training sessions and three 
exercise sessions alone at home each week. 

Whenever participants attend the group sessions, exercise 
professionals will provide tips on how to incorporate the ex-
ercises at home. Participants will perform a tablet-based 
cognitive training program and will exercise at home watch-
ing videos on the tablet PC. If a participant has difficulty us-
ing the tablet, they will complete a workbook for cognitive 
training in a group session and at home, and will exercise at 
home while following instructions on a poster or in a book-
let. Participants will be given appropriate equipment to en-
able them to perform the exercises. 

The exercise behaviors of the participants will be monitored 
by wearing a Fitbit smartwatch (Fitbit, Inc., San Francisco, 
CA, USA) on their wrists while they perform their daily ac-
tivities. Because the Fitbit smartwatch does not capture all 
types of physical activity and is unable to discriminate between 
the activities of our exercise program and other daily activi-
ties, participants will write down and report the day and time 
when they perform the exercise program. We will subsequent-
ly cross-check their written self-report with the recorded Fit-
bit activity. During the nonvisiting week, a study coordinator 
will motivate participants in the HMI arm to complete their 
homework well and perform a safety assessment via telephone 
conversations.

The contents of the nutritional programs are identical in 
the HMI and FMI arms. The nutritional intervention program 
consists of three individual counseling sessions and four 
group education sessions by the study nutritionist, and three 
home-based sessions using a tablet or workbook (Fig. 1). 

Control condition
At baseline, participants in the control group will meet a study 
doctor, be prescribed medication if necessary, and receive a 
booklet on lifestyle guidelines to prevent dementia. The 
participants will also be informed that they can participate in 
the multidomain intervention program after this study ends 
and will receive their usual care during the study period. 

Outcome measures
The primary outcomes are adherence and retention rates, 
and the change in the total scale index score of the Repeat-
able Battery for the Assessment of Neuropsychological Status 
(RBANS) from baseline to the end of the study. The RBANS 
consists of tests A, B, C, and D that have an identical degree 
of difficulty. Each test includes 12 subtests and evaluates the 
following 5 cognitive domains: attention, language, visuo-
spatial/constructional abilities, immediate memory, and de-
layed memory.28 Participants will perform tests A and D of 

the RBANS at baseline and postintervention, respectively. 
The intervention program will be determined feasible if the 
following success criteria are met: 1) a minimum retention 
rate of 75% at week 24 (based on a previous study),7 2) a min-
imum adherence to the intervention program of 75%, and 
3) at least no difference from the control arm in the RBANS 
analysis.29 Feasibility will be determined separately in the 
FMI and HMI arms.

Adherence with all of the group and individual interven-
tions carried out at the institution will be assessed during 
the time that they are participating in the intervention. The 
tablet-based cognitive application is configured to allow ad-
ministrators to view all of the data of the participants in user 
access. Information such as whether or not a participant uses 
the cognitive content and their correct answer rate and atten-
dance rate is stored. The study coordinators will assess ad-
herence with the cognitive program home sessions on the ad-
ministration homepage, or by checking the last workbook 
homework in the HMI arm. The study coordinators will check 
adherence with the exercise program home sessions by com-
paring the written self-reports with the recorded Fitbit activ-
ity. The study coordinator will assess adherence by checking 
the homework of the nutritional and motivational home ses-
sions. The study coordinator will assess adherence of the ad-
ditional social activity by checking the written self-reports in 
participants’ SUPERBRAIN notebooks. The retention rate 
will be calculated as the percentage of participants in each 
group who have not dropped out from the study at its end. 

The secondary outcome measures are summarized in Ta-
ble 5,30-48 which include the measures to evaluate the effec-
tiveness of each of the five components of the intervention. 

Exploratory outcomes
We have planned exploratory studies to investigate the mech-
anism via which the multidomain intervention program 
works in the brain (Table 5). Changes in cortical thickness and 
functional networks will be examined using brain MRI in ap-
proximately 60 participants from 3 centers. The brain MRI data 
will be acquired using a 3.0-Tesla MRI scanner. Electroen-
cephalography will be performed to evaluate changes in func-
tional connectivity after the multidomain intervention.49 In 
addition, changes in blood biomarkers including plasma 
amyloid-β42, neurotrophic factors, neurodegeneration fac-
tors and neuroinflammation factors, telomere length, stool 
microbiome, and actigraphy after the multidomain interven-
tion will be investigated. 

Study procedure
Before initiating the study, all assessors and other individuals 
implementing the intervention will participate in a workshop 



www.thejcn.com  299

Park HK et al. JCN

to receive education on how to perform outcome measure-
ments or how to apply the programs. The RBANS and Pro-
spective Memory Test7 will be assessed by the same psychol-
ogist at baseline and within 4 weeks after completion of the 
intervention. Other secondary and exploratory outcomes will 
be evaluated within 4 weeks before the intervention and with-
in 4 weeks after completion of the intervention. Adherence 
to the intervention program and the occurrence of adverse 
events will be evaluated by the study coordinator in the FMI 
and HMI arms every 4 weeks. The safety committee will meet 
regularly to assess the occurrence of any adverse events. Par-

ticipants who withdraw prematurely will be asked to complete 
all end-point assessments at the time of such early termina-
tions. Antidepressants, antianxiolytics, and acetylcholines-
terase inhibitors taken in stable doses for more than 8 weeks 
prior to the baseline will be continued without changing their 
doses until the end of the study. 

Criteria for early discontinuation
The criteria for early discontinuation are as follows: 1) the 
participant withdrawing their consent; 2) unavoidable cir-
cumstances, such as moving residence or being lost to fol-

Table 5. Primary and secondary outcome measures

Instrument or method (with score range, assessor)
Primary outcomes 

Feasibility 
 

Retention rate 
Adherence rate 
Total scale index score of the RBANS

Secondary outcomes 

Cognition MMSE (range 0–30)14

Clinical Dementia Rating–Sum of Boxes (range 0–18)30

Prospective Memory Test (range 0–12)7,31 
Prospective Retrospective Memory Questionnaire (range 16–80, participant & informant)32

Cognitive Complaint Interview (range 0–10, participant)33

Mood Geriatric Depression Scale-15 items (range 0–15, participant)34

Disability Bayer Activities of Daily Living (range 1–10, informant)35

Quality of life  Quality of Life in Alzheimer’s Disease (range 0–52, participant & informant)36

Physical function Global Physical Activity Questionnaire (participant)37

Short Physical Performance Battery (range 0–12)38 

Korean National Physical Performance Evaluation Program*

Nutrition Nutrition Quotient for Elderly (range 0–100, participant)39

Mini Nutritional Assessment (range 0–14)40 
Food Frequency Questionnaire
Folate, vitamin B12, homocysteine, and 25-OH vitamin D levels

Vascular risk factors
 

Blood pressure, body mass index, waist circumference, smoking, alcohol consumption, lipid profile, hemoglobin A1c, 
glucose, other inflammation biomarkers, and lipid and glucose metabolism  

Motivation  Motivational Enhancement Program Questionnaire (participant)41-44

Sleep Pittsburgh Sleep Quality Index (participant)45

Progression Conversion to mild cognitive impairment or dementia46-48 

Exploratory outcomes
 

Electroencephalography
Brain MRI: 3D T1-weighted imaging, DTI, and resting-state functional imaging
Actigraphy
Telomere length 
Neurotrophic factors: brain-derived neurotropic factor, VEGF, insulin-like growth factor 1
Neurodegeneration factors: neurogranin, TREM-2, YKL-40, neurofilament light chain Neuroinflammation factors: 

interleukin-18, transforming growth factor-β, MCP-1
Plasma amyloid-β42
Microbiome

*Consisting of grip power, sit-to-stand movements for 30 seconds, walking in one place for 2 minutes, bending the upper body forward, standing on 
one foot while lifting the other knee up, fast walking along a figure-of-eight trajectory, and bioelectrical impedance analysis. 
DTI: diffusion-tensor imaging, MCP-1: monocyte chemoattractant protein 1, MMSE: Mini-Mental State Examination, RBANS: Repeatable Battery for the 
Assessment of Neuropsychological Status, TREM-2: triggering receptor expressed on myeloid cells-2, VEGF: vascular endothelial growth factor, YKL-40: 
chitinase-3-like protein 1.
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low-up; or 3) the investigator deciding to terminate in order 
to ensure the welfare or health of the participant. Nonadher-
ence will not be a reason for terminating participation, and 
any progression to dementia during the study will not pre-
clude participation.

Data management
Data entry will be completed by study coordinators at each 
center. The quality of data will be improved by automatical-
ly examining the ranges of data values. The data collected 
in this study will be monitored by an independent monitor 
in accordance with Good Clinical Practice (GCP) guide-
lines and clinical research protocols. Only authorized users 
will be able to access the data system. 

Estimating the sample size 
Since the objectives of this feasibility trial are to estimate re-
tention and adherence rates, the sample size was calculated 
using the width of the 95% confidence interval for the rate. 
Based on recommendations on sample-size calculations for 
feasibility studies from the National Institute for Health Re-
search,50 we can estimate retention and adherence rates of 75% 
when the sample size is 50 within a 95% confidence interval 
of ±12%. Therefore, the required sample size was calculated 
to be 150, with 50 participants in each arm.

Statistical analysis
The end points of the study will be assessed using a modi-
fied intention-to-treat (ITT) population, defined as all ran-
domized participants who undergo a baseline evaluation 
and at least one postbaseline assessment, and so participate 
at least once in the intervention program if they are in the 
FMI or HMI arm. Additional analyses on per-protocol pop-
ulations will also be performed. The conclusion of the trial 
will use the modified ITT analysis. Analysis of covariance 
with a baseline score as a covariate will be used to compare 
changes in the RBANS and secondary outcomes from base-
line to the end of the study between each intervention arm 
and the control arm. The safety analysis population will com-
prise participants who undergo at least one safety evaluation 
after baseline, and participate at least once in the intervention 
program if they are in the FMI or HMI arm. The chi-squared 
test will be used to compare the prevalence of adverse events 
between each intervention arm and the control arm. The re-
tention rate and adherence to the intervention program will 
be assessed in each arm at the end of the study. 

Ethics and dissemination
The study will be conducted in accordance with the Interna-
tional Conference on Harmonization GCP Guideline. This 

study has been approved by Inha University Hospital Institu-
tional Review Board (IRB)(INHAUH-2018-11-022), Ewha 
Womans University Mokdong Hospital IRB (EUMC-2019-04-
013), Ajou University Hospital IRB (AJIRB-BMR-SUR-19-070, 
AJIRB-BMR-SUR-19-077), Dong-A University Hospital IRB 
(DAUHIRB-19-078), and Chonnam National University Hos-
pital IRB (CNUH-2019-139). Protocol modifications will be 
reported to and approved by the IRB of each center. Written 
informed consent and additional consent for the collection 
and use of biological specimens will be obtained from all po-
tential participants by a study doctor before they are enrolled 
in the study. All names of the participants will be kept con-
fidential and their privacy will be assured, with participants 
identified by research identification numbers assigned dur-
ing the study. The study results will be presented at national 
and international conferences and published in peer-reviewed 
journals. The principal investigator will consider which re-
searchers are eligible for inclusion as authors. No professional 
writers will be used. Access to raw data will be available upon 
reasonable request.

Patient and public involvement
Patients and other members of the public will not be involved 
in the design, conduct, reporting, or dissemination of our re-
search.

DISCUSSION

South Korea became an aged society in 2017, when more 
than 14% of the population was aged 65 years or older, and 
it is projected to become a postaged society by 2025, when 
20% of the population will be older than 65 years.51 The 
number of dementia patients is increasing rapidly along with 
this unprecedented rate of population aging in South Korea. 
We aim to address this situation by developing a multido-
main intervention program that will be easy to disseminate 
to large numbers of older people nationwide. The physical 
exercise in the SUPERBRAIN programs can be performed 
at public facilities, hospitals, and in the home using portable 
tools. Those who experience difficulty using the Internet-based 
tablet application can also perform workbook-type cognitive 
training in the SUPERBRAIN programs. Since there are re-
strictions on the number of people who can receive intensive 
multidomain interventions at any given facility, we have devel-
oped the HMI program so that more elderly people can ben-
efit from such interventions. The HMI program will also be 
useful to those who have difficulty in regularly attending ses-
sions at a facility and to those that are reluctant to take part 
in group-based classes. 

The cognitive training application and the paper-and-pen-
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cil-based workbook program are comparable in terms of the 
training cognitive domains, memory strategy, and session con-
figuration and time; their contents are also similar. The tablet 
application has more levels of difficulty than the workbooks, 
while the content is more varied in the workbooks than in the 
tablet application. Gamification is an important factor for the 
tablet application and writing is an important factor for the 
workbook. A previous study found that the effectiveness of 
homework materials similar to the workbooks was compara-
ble to the conventional cognitive training in MCI patients.7 
The tablet application and the workbooks consisted of the most 
appropriate contents in each setting of the intervention. 

The SUPERBRAIN programs are also characterized by the 
motivational enhancement program. In the FINGER, adher-
ence was highest for cardiovascular monitoring and nutrition-
al counseling, and lowest for unsupervised computer-based 
cognitive training.52 In the present study, it is likely that par-
ticipants in the HMI arm will have a low adherence with home-
based cognitive training and exercise. We tried to overcome 
this problem by utilizing motivational programs. 

This study will be subject to some limitations. First, it has a 
cognitive assessor-blinded design rather than a double-blind-
ed design. Participants will be instructed not to discuss their 
study involvement with the assessor, but there will be a po-
tential to influence the masking of the assessments and intro-
duce rater bias. The study coordinators who will check ad-
herence will not be blinded. Second, the FINGER enrolled 
1,260 elderly people, and the multidomain intervention last-
ed for 2 years.10 The intervention period is relatively short 
and the sample is small in the present feasibility study, and 
both of these factors may influence the potential for negative 
efficacy results. If participants in each intervention arm show 
significant improvement in the RBANS score compared to the 
control arm at the end of the study, the intervention program 
will be considered to have a high tendency to be effective. 
Third, the Fitbit smartwatch does not capture data from fin-
ger-and-toe exercises or from resistance exercises performed 
in a seated position. This makes it likely that the assessments 
of adherence with some exercise programs will be incorrect 
in the HMI arm. 

In addition to the efficacy of the FMI and HMI programs, 
feasibility is also an important factor affecting the ability to 
implement programs nationwide, which also makes this study 
meaningful. If our primary outcomes are not reached, we 
will need to find the cause, fix the SUPERBRAIN programs, 
and apply the modified SUPERBRAIN programs in a subse-
quent large-scale randomized controlled trial to investigate 
the efficacy of the modified programs. The results obtained in 
this study will represent useful information for applying these 
multidomain intervention programs aimed at preventing cog-

nitive impairment and protecting brain health to at-risk elder-
ly people. 

Supplementary Material
The online-only Data Supplement is available with this arti-
cle at https://doi.org/10.3988/jcn.2020.16.2.292.
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