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Purpose: Information and communication technology (ICT)-based training devices for 
older adults’ care related to dementia are being developed to enhance older adults’ cognitive 
functions. Older adults who require bicycle training devices can improve muscle strength and 
balance of lower limbs by continuously contracting and relaxing lower-limb muscles and 
improving cognitive function to prevent dementia. This study was conducted to investigate 
the effects of an ICT-based multicomponent program on body composition and cognitive 
function in older adults.
Patients and Methods: In a randomized controlled intervention test on 20 people over the 
age of 60 (exercise group: n = 10; control: n = 10), the multicomponent program was applied 
to the exercise group twice per week, once per day for 12 weeks, at 30 min per session, 
whereas the control group was advised to maintain their usual daily activities.
Results: Comparing body composition changes and cognitive function changes before and 
after intervention exhibited statistically significant differences in skeletal muscle mass 
(P=0.01) and modified Alzheimer’s disease assessment scale–cognitive score (P=0.01) 
between the two groups.
Conclusion: It can be difficult to be engaged in a simple repetitive exercise program. Therefore, 
to meet older adults’ interests and expectations, a customized ICT-based multicomponent program, 
which can improve body composition and cognitive function in older adults and is believed to help 
prevent dementia, is recommended.
Trial Registration: UMIN000042129 (https://www.umin.ac.jp/english/).
Keywords: ICT-based multicomponent program, body composition, cognitive function, 
dementia, older adults

Introduction
The number of older people representing South Korea’s population increases, with 
older adults aged 65 or older constituting 15.7% of the national total. The number 
of older adults is expected to rise to 13 million, equivalent to 20.3% by 2025 and 
25.0% by 2030.1 The aging population has led to a surge in pathologic aging, one of 
which is dementia, which causes difficulties in performing daily activities owing to 
decreased cognitive function and physical activity, among other neurobehavioral 
symptoms. Therefore, the prevention of these diseases through exercise is of 
paramount importance.2 A recent study has shown that exercise leads to the 
hippocampus’s neurogenesis and helps with memory and learning, thus improving 
brain aging and cognitive function.3 Additionally, exercise improves physical health 

Correspondence: Myoung-Hwan Ko  
Department of Physical Medicine and 
Rehabilitation, Jeonbuk National 
University Medical School, 20 Geonji-ro, 
Deokjin-gu, Jeonju, 54907, Korea  
Tel +82-63-250-1785  
Email mhko@jbnu.ac.kr   

Jong-Hwan Park  
Health Convergence Medicine 
Laboratory, Biomedical Research 
Institute, Pusan National University 
Hospital, 179, Gudeok-Ro, Seo-Gu, 
Busan, 49241, Korea  
Tel +82-51-240-7071  
Email parkj@pusan.ac.kr

Clinical Interventions in Aging 2021:16 1161–1171                                                         1161
© 2021 Kim et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Interventions in Aging                                                             Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 17 February 2021
Accepted: 27 May 2021
Published: 21 June 2021

C
lin

ic
al

 In
te

rv
en

tio
ns

 in
 A

gi
ng

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-7492-2097
http://orcid.org/0000-0001-7901-3506
http://orcid.org/0000-0002-7739-3979
http://orcid.org/0000-0002-7422-6171
http://orcid.org/0000-0002-4401-8275
http://orcid.org/0000-0002-0566-3677
http://orcid.org/0000-0003-2815-7248
https://www.umin.ac.jp/english/
mailto:mhko@jbnu.ac.kr
mailto:parkj@pusan.ac.kr
http://www.dovepress.com/permissions.php
https://www.dovepress.com


and function by increasing flexibility and physical activity, 
and balance, reducing depression and preventing patholo-
gic aging.4

According to previous studies on exercises, physical 
function, and cognitive functions, aerobic exercises, 
including cycling, have been reported to significantly 
increase volumes of white matter in the anterior and fron-
tal lobes, thereby expanding the hippocampus’s size and 
improving memory.5 Additionally, aerobic exercise signif-
icantly correlates with brain-derived neurotrophic factor 
changes, positively affecting cognitive function.6,7 In one 
study, after 24 weeks of a multicomponent exercise inter-
vention on older adults with dementia, physical function 
measures, such as lower-limb muscle strength, brachial- 
muscle strength, lower-limb flexibility, balance, dynamic 
balance, and mobility, improved significantly.8 Physical 
strength has been proved to enhance morphological 
changes in the brain by promoting cardiovascular and 
neurotransmitter functions that maintain or improve cog-
nitive function.9

Furthermore, lower-limb muscle strengthening and bal-
ance-ability exercises are essential to reduce the risk of 
fractures caused by falls among older adults. In contrast, 
upper-limb exercises for the shoulder, arm, and torso are 
necessary to improve flexibility.10,11 Although older adults 
have more time and training opportunities than other age 
groups, they tend to be inactive and passive toward 
practice,12 resulting in low actual exercise rates.13 

Furthermore, simple repetitive exercise programs fail to 
engage older adults to exercise continuously because these 
programs do not induce their interest or meet their 
expectations.14

A multi-intervention program is a technique that com-
bines two or more non-drug treatment methods reported to 
be effective in physical, cognitive, and psychosocial 
aspects,15 including cognitive, emotional, physical, musi-
cal, artistic, and sensory functions. Such a program stimu-
lates interest and encourages participation better than 
implementing a simple intervention program.8,16 In pre-
vious studies conducted on older adults, multi-intervention 
programs effectively improved physical function mea-
sures, such as dynamic balance, and enhanced cognitive 
function.17 In particular, multi-intervention programs 
focused on physical exercise and cognitive and social 
activities helped maintain cognitive functions among 
dementia patient groups.18 Moreover, when applied to 
older adults who had suffered from strokes, these pro-
grams improved upper-limb and balance functions. They 

were effective at promoting cognitive function and redu-
cing depression.19 Accordingly, the application of these 
programs positively affects physical function and cogni-
tive function and reduces depression in older adults.

However, with recent information and communication 
technology (ICT) developments, such as the Internet of 
Things and virtual reality (VR), the expansion of the 
u-healthcare market has led to increased product develop-
ment and the creation of a need for improving wellness 
and physical rehabilitation activities in the concept of 
a personal trainer. However, the undiscerning commercia-
lization of products with insufficiently proven clinical 
effects on rehabilitation continues to increase.20 

Meanwhile, based on ICT R&D and active and healthy 
aging program to tackle the challenges and seize the 
opportunities of demographic change, ICT-based training 
devices for older adults’ care related to dementia are being 
developed to enhance the cognitive functions of older 
adults. For older adults who require lower-limb exercise, 
bicycle training devices can improve muscle strength and 
balance by continuously contracting and relaxing lower- 
limb muscles21 and improve cognitive function to help 
prevent dementia. In particular, VR is a tool that allows 
subjects to entirely imitate an actual situation, which is 
rich in cognitive and physical function.22

Consequently, this study was conducted to evaluate the 
effects of applying a multicomponent program using ICT- 
based bicycles customized for older adults on their body 
compositions and cognitive functions. Additionally, as it 
can be challenging to encourage the older adults to exer-
cise using only a simple repetitive exercise program con-
tinuously, a multicomponent program was applied to 
induce the older adults’ interest and meet their 
expectations.

Materials and Methods
Study Design and Participants
A total of 20 individuals were recruited through a notice 
from Pusan National University Hospital. All participants 
provided their voluntary consent to participate after receiv-
ing a detailed explanation of the study’s purpose and meth-
ods. The inclusion criteria were as follows: (1) males and 
females at least 60 years of age, (2) can read and write, (3) 
have no limitations that prevent them from performing their 
activities in daily life, and (4) do not have any regular (ie, 
more than twice a week) exercise habits. The exclusion 
criteria were as follows: (1) other general conditions 
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associated with dementia, such as, but not limited to, 
hypothyroidism, vitamin B12 or folate deficiency, niacin 
deficiency, hyperkalemia, neurosyphilis, and human immu-
nodeficiency virus, (2) major psychiatric disorders, such as, 
but not limited to, schizophrenia, delusional disorders, bipo-
lar disorder, and alcohol and/or substance abuse disorders, as 
diagnosed according to the DSM-5 diagnostic criteria, (3) 
difficulties that hamper assessment, eg, due to visual and 
hearing impairments, (4) cardiovascular diseases, neurologi-
cal diseases, unstable medical conditions, and other similar 
health disorders, and/or (5) ineligibility of the individual to 
participate in the trial for different reasons, as assessed by 
the principal investigator. The 20 participants were ran-
domly assigned each group. The block randomization 
method was used to distribute the participants between an 
exercise group (n=10) and control group (n=10). The exer-
cise group received an ICT-based multicomponent program 
once (30 min) a day, two days per week for 12 weeks, 
whereas the control group was advised to maintain their 
everyday activities. Our study was conducted following the 
Declaration of Helsinki of 1975 and its subsequent revisions. 
Ethical approval was obtained from the Institutional Review 
Board of Pusan National University Hospital (IRB No. 
H-1905-033-079). All participants provided written 
informed consent before enrollment.

ICT-Based Multicomponent Program
The ICT-based multicomponent program used in this study 
trains both physical and cognitive functions. It includes 
both a cognitive program and a VR bicycle riding program 
through Google Maps (Figure 1).

The VR bicycle device improves not just the lower- 
limb muscles but also memory through VR and Google 
Maps and allows riders to reminisce and recall places 
relevant to their memories by cycling anywhere in and 
out of the country. Further, the device is equipped with 
handles to prevent older adults from falling and ride safely. 
In this study, bicycle riding was performed at average 
speeds greater than 3.5 km/h for the 1st–6th weeks and 
4.0 km/h for the 7th–12th weeks.

Meanwhile, the cognitive program consists of training in 
arithmetic operations, fruit picking, and puzzle-solving. The 
arithmetic-operation exercise improves attention and calcu-
lation ability through activities where the participants match 
addition and subtraction expressions with their correct 
answers. The fruit-picking training improves concentration 
and reaction speed through activities where the participants 
pick fruits and put them into boxes. The puzzle-solving 

exercise improves execution abilities that require problem- 
solving skills and high-level cognitive functions through 
activities where the participants match puzzle pieces. All 
cognitive programs improve upper-limb muscle strength 
and cognitive function, measured using motion-recognition 
sensors on the moving upper extremities. Each training area 
was designed with three levels: easy, intermediate, and chal-
lenging. Therefore, training sessions can be adjusted to suit 
the condition of an individual.

Research Procedures
Body Composition Assessment
Body composition in terms of weight (kg), body mass 
index (kg/m2), fat (%), and skeletal muscle mass (kg) 
was measured using the Inbody 120 system (Inbody 120, 
Inbody, South Korea).

Physical Function Assessment
Short Physical Performance Battery (SPPB) 
The SPPB series of tests, which was developed by 
Guralnik et al23 was performed in the following sequence: 
a) standing-balance tests, b) 4-m gait-speed test, and c) 
repeated-chair-stand test.

In the standing-balance test, the participants were 
asked to remain standing with their feet as close together 
as possible, and subsequently in a semi-tandem position 
(ankle of one foot behind the joint of the other foot), 
followed by a tandem position (ankle of one foot directly 
behind the other foot and touching it). Each position had to 
be held for 10 s. The scores ranged from 0 (worst perfor-
mance) to 4 (best performance).

In the gait-speed test, the time required for each parti-
cipant to travel 4 m at an average pace was measured. This 
test was repeated twice, and the analysis used the shorter 
time of the two measured values.

In the repeated-chair-stand test, the participants were 
required to rise from a chair five times while their arms 
were across their chests. Each test was scored from 0 
(worst performance) to 4 (best performance).

The standing-balancing test was evaluated according 
to a hierarchical combination of the performance of the 
three phases of the test (ie, feet close together, semi- 
tandem position, and tandem position). However, for the 
other two tests, a score of 0 was assigned to participants 
who did not (or could not) complete or attempt the task, 
and scores of 1–4 were assigned based on the time spent 
to perform each task. Lastly, the entire battery test’s 
total score was obtained as the sum of all three tests; 
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this total score varied between 0 (worst performance) 
and 12 (best performance). Participants were divided 
into three groups by SPPB score: 0 (unable to perform 
SPPB), 1–6 (low performance), and 7–12 (high 
performance).

Timed Up and Go (TUG) 
The TUG test, which measures the functional mobility and 
dynamic balance of the older adults, was developed by 
Podsiadlo and Richardson24 to predict the risk of falls of 
a person. For this test, an armchair seat with a height of 
46 cm and a mark on the floor 3 m away from the chair 
was used. After being provided with verbal instructions, the 
participants performed one trial of the TUG. Each participant 
stood up from the chair, walked to the mark 3 m away, turned 
around, returned to the chair, and sat down again. Participants 
walked safely but as fast as possible. The time from standing 
up to sitting down again was measured, with a time greater 
than 10 s categorized as abnormal.

Grip-Strength Test 
Each participant’s grip strength was measured using 
a digital grip-strength dynamometer (T.K.K. 5401; Takei, 
Niigata, Japan). Grip strength was measured in the stand-
ing position with the forearm away from the body at the 
thigh-level. Grip strengths for both hands were measured 
alternately twice, totaling four measurements, with 30 s of 
rest between measurements. The maximum value among 
these measurements was considered as the final grip 
strength.

Cognitive Function Assessment
Modified Alzheimer’s Disease Assessment Scale– 
Cognitive Subscale (ADAS-Cog)
The modified ADAS-Cog test, which was developed by 
Rosen et al25 consists of the following tasks (and their 
respective scoring ranges, with higher scores indicating 
worse performance in the test): Word Recall (0–12), 
Commands (0–5), Constructional Praxis (0–5), Word 

Figure 1 Information and communication technology (ICT)-based multicomponent program. (A) ICT-based bicycle. (B) Arithmetic-operation training. (C) Fruit-picking 
training. (D) Puzzle-solving training.
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Delayed Recall (0–12), Naming Objects/Fingers (0–5), 
Ideational Praxis (0–5), Orientation (0–8), Word 
Recognition (0–12), Remembering Instructions (0–5), 
Spoken Language Ability (0–5), Word Finding Difficulty 
(0–5), Comprehension (0–5), and Distractibility (0–5). The 
test’s total score ranges from 0 to 89, with higher scores 
indicating greater cognitive impairment severity.

Korean Mini-Mental State Examination (K-MMSE)
The cognitive function of each participant was examined 
using the Korean version of the MMSE (K-MMSE),26 

adapted from Folstein et al27. The K-MMSE is the most 
commonly used screening test in South Korea. It includes 
items assessing orientation (5 points each for time orienta-
tion and place orientation), memory (3 points each for 
immediate recall and delayed recall), attention, and serial 
subtraction (5 points), language ability (2 points for nam-
ing, 3 points for oral command comprehension, 1 point 
each for repetition, reading, and writing), and visuospatial 
ability (1 point), where higher scores indicate higher cog-
nitive function. The maximum score for the entire test 
is 30.

Digit Span Test (DST): Forward and Backward
The DST, which is included in the Korean version of the 
Wechsler Adult Intelligence Scale (K-WAIS),28 is 
a numerical memorization test used to assess memory 
span and attention toward auditory stimuli. It is not con-
siderably affected by age, education, or intelligence. The 
“forward“ stimuli consist of numbers with lengths ranging 
from 3 to 9 digits, whereas the ”backward” stimuli consist 
of numbers with sizes ranging from 2 to 8 digits. During 
the test, numbers were read to the participant at a rate of 
one digit per second, up to the last set of numbers. If the 
participant committed two consecutive errors, the forward 
test was stopped, commencing the backward test.

Controlled Oral Word Association Test (COWAT)
The COWAT scores of the participants were evaluated 
using the Korean version of the COWAT29 (Benton devel-
oped the original version of the test in 1968).30 The mea-
sure involves semantic (category) and phonemic (letter) 
word fluency tests. In the semantic (animal) word fluency 
test, the participants were required to generate names of as 
many animals as possible in 60 s. Meanwhile, in the 
phonemic (letter) word fluency test, the participants were 
asked to list as many words as possible that begin with 
a given letter; for example, the letter “ㄱ.” Three 1-min 
trials, each for a different letter (eg, ㄱ, ㅇ, ㅅ), were 

administered. The score for each letter was the total num-
ber of admissible words for that letter.

Digit Symbol Coding (DSC)
For this experiment, the DSC test modified by Kang et al31 

was implemented. This task involves rows containing 
small blank squares, each paired with a randomly assigned 
number from 1 to 9. Above these rows is a printed key that 
pairs each number with a different symbol. The examinee 
had 120 s to pair specific numbers with their correspond-
ing geometric figures using a reference key. Scaled scores 
were obtained for this test.

Korean Color–Word Stroop Test (K-CWST)
The Stroop test measures inhibitory function, cognitive con-
trol, response flexibility, and selective attention from among 
the frontal lobe’s executive functions. In this experiment, the 
frontal-lobe executive function was assessed using the 
Korean version of the CWST (K-CWST).31 The test can be 
broadly divided into two forms: word reading and color 
reading. In the Stroop word-reading test, 112 words were 
presented in color, and the participant was required to read 
the words rather than the colors in which they were printed. 
In contrast, in the Stroop color-reading test, if the word 
“blue,“ for example, is printed in red ink, the participant 
was supposed to say “red” (ie, the color) instead of ”blue” 
(ie, the word). In each test, the participant was given 2 min 
(120 s) to read as many words (or colors, whichever was 
required) as possible, and the number of words (or colors) 
read correctly was counted.

Depression Function Test
Symptoms of depression in the participants were evaluated 
using the short-form geriatric depression scale: Korean ver-
sion (SGDS-K),32 which is a reduced version of the geriatric 
depression scale developed by Yesavage et al33. The short- 
form measurement method consists of 15 short questions 
about the participants’ feelings from the previous week. 
Each question can be answered with a simple “Yes“ (1 
point) or ”No” (0 points). The total score ranges from 0–15 
and is classified as either normal (0–5), mild depression (6– 
9), or severe depression (10–15). A higher SGDS-K score 
indicates more severe depression.

Subjective Evaluation of Cognitive 
Function
This evaluation was based on the following six categories: 
memory, orientation, visuospatial, attention, executive 
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function, and language function. For each item in the 
questionnaire, the participants were asked to identify 
exactly one selection from the following 7-point scale: 
“very much (1 point),“ “very much better (2 points),“ “a 
little bit better (3 points),“ “no change (4 points),” ”very 
bad (5 points),” ”a lot worse (6 points),” or ”much worse 
(7 points).” The total score ranged from 6 to 42 points. 
A higher score indicates a worse change in the cognitive 
function of the participant.

Statistical Analysis
The data were analyzed using IBM SPSS ver. 22.0 (IBM 
Corp., Armonk, USA). This study has shown a non-normal 
distribution as a small sample size. All data have 
expressed as mean ± standard deviation. The general char-
acteristics of the participants have analyzed using the 
independent t-test. The Mann–Whitney U-test has used to 
compare the participants’ conditions in independent 
groups. The two-way repeated-measures analysis of var-
iance (ANOVA) was used to determine the mean differ-
ence concerning time-by-group. For all tests, statistical 
significance was set at P <0.05.

Results
Characteristics of Participants
A total of 20 participants (control group=10, exercise 
group=10) were involved in this study. The control group 
was composed of one male and nine females of mean age 
64.70±6.83 years, whereas the exercise group was 

composed of two males and eight females of mean age 
68.32±6.32 years. The mean education levels were 9±4 
years for the control group and 7±3 years for the exercise 
group. When asked if they were currently smoking, 0 (0%) 
participants from both the control and exercise groups 
responded “yes.“ When asked if they were presently drink-
ing alcohol, 3 (30%) respondents from the control group, 
and 4 (40%) from the exercise group responded ”yes.” The 
mean systolic blood pressure was 135.70±15.24 mmHg for 
the control group and 117.75±17.58 mmHg for the exer-
cise group, whereas the mean diastolic blood pressure was 
81.55±9.80 mmHg for the control group and 69.35±11.19 
mmHg for the exercise group. The mean height was 
158.05±7.00 cm for the control group and 156.69 
±4.10 cm for the exercise group, whereas the mean weight 
was 54.88±7.51 kg for the control group and 63.21 
±7.16 kg for the exercise group. The mean body mass 
index was 21.98±2.70 kg/m2 for the control group and 
25.34±2.90 kg/m2 for the exercise group. The skeletal 
muscle mass was 20.56±2.67 kg for the control group 
and 20.90±2.30 kg for the exercise group, whereas the 
fat mass percentage was 30.82±6.81% for the control 
group and 37.66±6.65% for the exercise group. (Table 1)

Changes in Body Composition and 
Physical Function
After the program was implemented, statistically signifi-
cant differences in skeletal muscle mass were observed 
between the control and exercise groups: skeletal muscle 

Table 1 Baseline Characteristics in Terms of Socio-Demographic and Physical Characteristics

Group

Control (n=10) Exercise (n=10) P

Socio-demographic
Age (year) 64.70 ± 6.83 68.32 ± 6.32 0.41

Male, n (%) 1 (10%) 2 (20%) 0.14

Education level (year) 9 ± 4 7 ± 3 0.45
Smoking, n (%) 0 (0%) 0 (0%) -

Alcohol drinking, n (%) 3 (30%) 4 (40%) 0.66

Systolic blood pressure (mmHg) 135.70 ± 15.24 117.75 ± 17.58 0.25
Diastolic blood pressure (mmHg) 81.55 ± 9.80 69.35 ± 11.19 0.19

Physical characteristics
Height (cm) 158.05 ± 7.00 156.69 ± 4.10 0.60

Weight (kg) 54.88 ± 7.51 62.21 ± 7.16 0.04*

Body mass index (kg/m2) 21.98 ± 2.70 25.34 ± 2.90 0.02*
Skeletal muscle mass (kg) 20.56 ± 2.67 20.90 ± 2.30 0.76

Fat mass (%) 30.82 ± 6.81 37.66 ± 6.65 0.04*

Notes: Values are in terms of mean ± SD. *Significantly different from group: P<0.05.
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mass (kg) decreased from 20.56±2.67 to 20.44±2.53 for 
the control group and improved from 20.90±2.30 to 21.35 
±2.33 for the exercise group (Figure 2). However, no 
statistically significant differences were exhibited for fat 
percentage (%), which decreased from 30.82±6.81 to 
30.34±6.65 and from 37.66±6.65 to 36.04±6.71 for the 
control and exercise groups, respectively.

No statistically significant differences were measured 
for the SPPB (score), which decreased from 12.00±0.00 to 
11.80±0.63 for the control group and improved from 11.50 
±0.85 to 11.80±0.63 for the exercise group. Similarly, no 
statistically significant differences were demonstrated for 
the TUG (s), which decreased from 5.87±1.03 to 5.80 
±0.91 and from 6.02±1.12 to 5.79±0.94 for the control 
and exercise groups, respectively.

No statistically significant differences were observed 
for the right grip strength (kg), which improved from 
23.02±3.29 to 23.10±3.87 and from 24.04±5.49 to 24.20 
±5.86 for the control and exercise groups, respectively, and 
for the left grip strength (kg), which decreased from 20.41 
±3.33 to 20.38±3.51 and from 21.83±5.93 to 21.62±7.63 
for the control and exercise groups, respectively (Table 2).

Changes in Cognitive Function
Statistically significant differences were measured for the 
ADAS-Cog score, which decreased from 13.10±3.70 to 
12.80±4.37 for the control group and from 14.70±5.01 to 
10.20±4.05 for the exercise group (Figure 3). Moreover, 
no statistically significant differences were exhibited for 
the K-MMSE score, which improved from 26.80±1.69 to 

27.00±2.31 and from 26.30±2.11 to 26.50±2.32 for the 
control and exercise groups, respectively.

Furthermore, no statistically significant differences 
were observed for the DST score (for both forward and 
backward tests), which decreased from 10.00±2.40 to 9.60 
±2.72 for the control group and from 9.60±2.01 to 9.30 
±2.79 for the exercise group. Similarly, no statistically 
significant differences were demonstrated for the 
COWAT animal score, which improved from 15.30±3.43 
to 15.50±4.12 for the control group and decreased from 
14.60±3.44 to 12.80±3.82 for the exercise group, and for 
the COWAT ㄱ+ㅇ+ㅅ score, which improved from 26.60 
±9.82 to 31.10±13.25 for the control group and improved 
from 21.90±7.40 to 25.20±7.44 for the exercise group. No 
statistically significant differences were calculated for the 
DSC score, which improved from 49.70±18.04 to 53.40 
±20.72 and from 39.20±11.75 to 43.50±14.01 for the con-
trol and exercise groups, respectively.

Moreover, no statistically significant differences were 
measured for the word Stroop test scores, which decreased 
from 110.80±1.69 to 109.70±5.58 for the control group 
and from 111.30±1.34 to 111.00±2.31 for the exercise 
group. Similarly, no statistically significant differences 
were measured for the color Stroop test scores, which 
improved from 95.70±22.16 to 96.80±22.63 for the control 
group and decreased from 94.00±17.49 to 93.70±22.35 for 
the exercise group. No statistically significant differences 
were observed for the SGDS-K score, which decreased 
from 2.90±2.42 to 2.00±2.75 for the control group and 
from 3.80±3.19 to 2.60±3.27 for the exercise group 
(Table 3).

Subjective Cognitive Function
A questionnaire assessment was conducted to identify 
subjective cognitive function changes after 12 weeks 
between the control and exercise groups. The results 
showed that the average score was 15.5 for the exercise 
group and 21.8 for the control group. Compared to the 
control group, which was allowed to maintain their daily 
activities, the exercise group felt that their cognitive func-
tions had improved after applying for the ICT-based multi-
component program.

Discussion
This study examined the effects of an ICT-based multi-
component program on older adults’ body composition 
and cognitive function by conducting the program twice 
a week for 12 weeks at 30 min per session. According to 

Figure 2 Changes in modified skeletal muscle mass at 12 weeks between control 
and exercise groups. *Significant difference between pre-intervention and post- 
intervention (P<.05); †Significant difference between time-by-group (P<.05).
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a comparison of the two groups’ body compositions before 
and after intervention via the multicomponent program, 
the mean skeletal muscle mass of the exercise group 
increased statistically significantly compared to that of 
the control group. Moreover, the average time measured 
for the SPPB gait-speed test was reduced from 4.51 s to 
4.32 s for the exercise group. Meanwhile, a decrease in 
time was also measured for the TUG gait-speed test, from 

6.02 s to 5.79 s, but no statistically significant difference 
was exhibited.

According to a previous study, the application of var-
ious multicomponent programs covering several aspects of 
physical and mental health, including aerobic and muscu-
lar exercises, working memory, calculation, attention con-
centration, spatial memory, self-control, and planning, on 
older adults for 12 weeks has been effective in improving 
their measures of physical function, such as dynamic 
balance.17 In a study that organized aerobic exercise pro-
grams thrice a week for four weeks, endurance and cog-
nitive task performance significantly improved.34 In this 
study, the lower-limb pedaling exercise on the VR bicycle 
device improved gait speed and balance ability by 
strengthening the thigh muscles, contributing to falling 
prevention and calf muscles, which helps with positioning. 
It is believed that a significant increase in skeletal muscle 
mass owing to the application of a multicomponent pro-
gram improves physical function and positively impacts 
the bodily functions of mobility, coordination, and 
balance.

A study involving 24 weeks of a multicomponent exer-
cise intervention on older adults with dementia showed 
significant improvement in measures of participants’ phy-
sical function, such as lower-limb flexibility, muscle 

Table 2 Changes in Body Composition Measurements and Physical Functions at Baseline and After 12 Weeks for Exercise and 
Control Groups

Variables Group Pre Post %diff P

Weight (kg) Control 54.88 ± 7.51 55.52 ± 7.50 1.17 0.58
Exercise 62.21 ± 7.16 62.62 ± 6.79 0.66

Body mass index (kg/m2) Control 21.98 ± 2.70 22.19 ± 2.63 0.96 0.92
Exercise 25.34 ± 2.90 25.53 ± 2.86 0.77

Skeletal muscle mass (kg) Control 20.56 ± 2.67 20.44 ± 2.53 −0.58 0.01†
Exercise 20.90 ± 2.30 21.35 ± 2.33 2.15*

%fat (%) Control 30.82 ± 6.81 30.34 ± 6.65 −1.56 0.09
Exercise 37.66 ± 6.65 36.04 ± 6.71 −4.30*

SPPB (score) Control 12.00 ± 0.00 11.80 ± 0.63 −1.67 0.11
Exercise 11.50 ± 0.85 11.80 ± 0.63 2.61

Timed up and go (sec) Control 5.87 ± 1.03 5.80 ± 0.91 −1.18 0.54
Exercise 6.02 ± 1.12 5.79 ± 0.94 −3.85

Right grip strength (kg) Control 23.02 ± 3.29 23.10 ± 3.87 0.37 0.93
Exercise 24.04 ± 5.49 24.20 ± 5.86 0.67

Left grip strength (kg) Control 20.41 ± 3.33 20.38 ± 3.51 −0.15 0.89
Exercise 21.83 ± 5.93 21.62 ± 7.63 −0.94

Notes: Values are in terms of mean ± SD. *Significantly different from pre-intervention and post-intervention: P<0.05, †Significantly different from group and time: P<0.05. 
Abbreviation: SPPB, Short Physical Performance Battery.

Figure 3 Changes in modified ADAS-Cog score at 12 weeks between control and 
exercise groups. *Significant difference between pre-intervention and post-inter-
vention (P<.05); †Significant difference between time-by-group (P<.05).
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strength, brachial-muscle strength, dynamic balance, and 
mobility.8 The multicomponent program promoted local 
and global muscles’ movement through the upper limbs’ 
functional motion, resulting in improved upper-limb and 
balance functions for the exercise group.19 In this study, 
cognitive training activities, such as arithmetic operations, 
fruit picking, and puzzle-solving, required the upper 
limbs’ movement. This is considered to have improved 
the participants’ skeletal muscle masses and positively 
affected their upper-limb and balance functions.

Regarding cognitive functions before and after inter-
vention via the multicomponent program, the ADAS- 
Cog scores for the exercise group were statistically sig-
nificantly reduced compared to those for the control 
group. In a previous study, after 24 sessions of a multi- 
interim cognitive training program were implemented on 
normal older adults for eight weeks, their overall cogni-
tive functions were improved based on examining the 
program’s impact on cognitive and cerebral functions. In 
particular, their recognition abilities were considerably 
improved, as demonstrated in tasks relevant to working 
memory and episodic memory.35 In this study, the 

cognitive function evaluation’s average score, or the 
modified ADAS-Cog, decreased from 5.50 to 4.40 for 
Word Recall and from 5.70 to 3.50 for Word Delayed 
Recall. In particular, the cognitive improvement between 
the two groups in terms of modified ADAS-Cog was 
significant for Word Recognition: the exercise group’s 
average score decreased from 2.10 to 1.20, whereas it 
increased from 1.80 to 2.90 for the control group. In this 
program, the VR bicycle ride stimulated memory 
through recall training in reminiscing places relevant to 
memories.

Conversely, the multicomponent training activities 
related to cognitive functions, such as arithmetic opera-
tions, fruit picking, and puzzle matching, significantly 
improved cognitive function. A study conducted on 
a long-term exercise program for older adults, atrophy of 
the frontal and temporal lobes, specifically, atrophy of the 
hippocampus, was reported to have slowed down due to 
the program, which significantly enhanced memory 
functions.36 In particular, attention and memory have 
been reported to increase by implementing computer- 
based multicomponent rehabilitation training.37 

Table 3 Changes in Measurements of Cognitive Functions at Baseline and After 12 Weeks for Exercise and Control Groups

Variables Group Pre Post %diff P

Modified ADAS-Cog (score) Control 13.10 ± 3.70 12.80 ± 4.37 −2.29 0.01†
Exercise 14.70 ± 5.01 10.20 ± 4.05 3.61*

K-MMSE (score) Control 26.80 ± 1.69 27.00 ± 2.31 0.75 1.00
Exercise 26.30 ± 2.11 26.50 ± 2.32 0.76

Digit span F+B (score) Control 10.00 ± 2.40 9.60 ± 2.72 −4.00 0.87
Exercise 9.60 ± 2.01 9.30 ± 2.79 −3.12

COWAT animal (score) Control 15.30 ± 3.43 15.50 ± 4.12 1.31 0.24
Exercise 14.60 ± 3.44 12.80 ± 3.82 −12.33

COWAT ㄱ,ㅇ,ㅅ (score) Control 26.60 ± 9.82 31.10 ± 13.25 16.92 0.65
Exercise 21.90 ± 7.40 25.20 ± 7.44 15.07

Digit Symbol (score) Control 49.70 ± 18.04 53.40 ± 20.72 7.44 0.77
Exercise 39.20 ± 11.75 43.50 ± 14.01 10.97*

Stroop word (score) Control 110.80 ± 1.69 109.70 ± 5.58 −0.99 0.64
Exercise 111.30 ± 1.34 111.00 ± 2.31 −0.27

Stroop color (score) Control 95.70 ± 22.16 96.80 ± 22.63 1.15 0.70
Exercise 94.00 ± 17.49 93.70 ± 22.35 −0.32

SGDS-K (score) Control 2.90 ± 2.42 2.00 ± 2.75 −31.03 0.87
Exercise 3.80 ± 3.19 2.60 ± 3.27 −31.58

Notes: Values are in terms of mean ± SD. *Significantly different from pre-intervention and post-intervention: P<0.05, †Significantly different from group and time: P<0.05. 
Abbreviations: Modified ADAS-cog, Modified Alzheimer’s disease assessment scale–Cognitive subscale; K-MMSE, Korean mini-mental state examination; Digit span F+B, 
Digit span test forward/backward; COWAT, Controlled oral word association test; DSC, Digit symbol coding; Stroop, Korean-color word Stroop test; SGDS-K, Korean 
version of geriatric depression scale–short form.
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Furthermore, in this study, applying a multicomponent 
program has been demonstrated to improve cognitive 
function significantly.

However, SGDS-K, which evaluates depression, exhib-
ited no significant difference. However, the exercise group’s 
average SGDS-K score decreased from 3.8 to 2.6, whereas 
evaluation of compliance with the program measured a 95% 
engagement rate. This high engagement rate indicates 
a positive effect on depression reduction; the program is 
shown to induce older adults’ interest and encourage posi-
tive response and active participation. Moreover, a previous 
review reported that ICT tools could be used as a lifestyle in 
older adults to improve life quality. Further, the use of ICT in 
the daily life of caregivers can help them understand the 
disease process and manage situations in a way that is 
beneficial for both parties. It is expected that future devel-
opments concerning technological projects can support this 
group of people.38,39

Limitations
Several limitations should be considered in this study. 
First, a multicomponent program has a higher proportion 
of cognitive programs than physical exercises and there-
fore has less effect on improving bodily functions than 
enhancing cognitive functions. Accordingly, future 
research on guidelines for proper exercise intensity and 
follow-ups to inspect the continuation of the effect after 
completion of intervention will be required. Second, more 
females than males were recruited in the present study. 
Thus, data interpretation needs to be cautious. Third, short 
intervention duration (12 weeks) and different program 
timing would also be the limitations of this study. 
Finally, multicenter clinical studies should also be con-
ducted because the sample size in this study was relatively 
small. Moreover, studies with larger sample sizes should 
be conducted to identify the effectiveness of the multi-
component program. Nevertheless, this study has strengths 
in terms of an RCT design and standard test to provide 
reliable evidence.

Conclusion
It can be difficult to be engaged in a simple repetitive 
exercise program. Therefore, to meet the interest and 
expectations of older adults, a customized ICT-based mul-
ticomponent program, which can improve body composi-
tion and cognitive function in older adults and is believed 
to help prevent dementia, is recommended.
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