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Abstract.
Background: Subjective cognitive decline (SCD) is a self-reported experience of declining cognitive function showing normal
performance in cognitive assessments, which is a known risk factor for dementia. Recent studies highlight the importance of
nonpharmacological multidomain interventions that can target multiple risk factors of dementia in older adults.
Objective: This study investigated the efficacy of the Silvia program, a mobile-based multidomain intervention, to improve
cognitive function and health-related outcomes of older adults with SCD. We compare its effects to a conventional paper-based
multidomain program on various health indicators related to risk factors of dementia.
Methods: This prospective randomized controlled trial involved 77 older adults with SCD recruited from the Dementia
Prevention and Management Center in Gwangju, South Korea during May to October 2022. Participants were randomly
assigned to either the mobile- or paper-based group. Interventions were administered for 12 weeks, where pre- and post-
assessments were conducted.
Results: The K-RBANS total score did not show significant differences between groups. The mobile group showed better
improvement in K-PRMQ scores and PSS scores than the paper group. Differences within groups showed that mobile-based
interventions significantly improved K-PRMQ, STAI-X-1, PSS, and EQ-5D-5 L scores, while paper-based interventions
significantly improved PSS, and EQ-5D-5 L scores. Patient adherence rate was 76.6%.
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Conclusion: Overall, the Silvia program was effective for improving self-reported memory failures, stress, anxiety, and
health-related quality of life in older adults with SCD. However, longer periods of administration for more than 12 weeks
may be needed to achieve significant improvements in cognitive function by objective measures.

Keywords: Alzheimer’s disease, clinical trial, cognitive aging, cognitive decline, cognitive training, dementia, health promo-
tion, healthy lifestyle, online intervention, preventive health

INTRODUCTION

Dementia has been significantly associated with
functional deterioration of daily activities, behav-
ioral/psychological problems, and high healthcare
costs, resulting in disability and dependency among
older adults that diminishes quality of life and
increases family/caregiver burden [1]. Prevalence is
on the rise, where more than 55 million people were
living with dementia worldwide in 2020, a number
projected to double every 20 years [2]. To decrease the
burden of this debilitating disorder, early detection
and preventive measures are becoming imperative,
according to recent epidemiologic research [3, 4].
Additionally, systematic reviews and meta-analysis
have indicated that cognitive decline can be reversed
by interventions such as cognitive training [5] or
physical exercise [6], showing small to moderate
positive effects in global cognitive function. This phe-
nomenon is explained by the concepts of cognitive
reserve and neuroplasticity, whereby deterioration of
the brain’s function can be delayed by effective cog-
nitive training [7]. Accordingly, the South Korean
government and healthcare professionals have sought
to design and implement strategies to reverse this
trend by providing interventions to help older adults
maintain or increase their cognitive function [8].

Subjective cognitive decline (SCD) refers to a self-
reported experience of declining cognitive function
compared to one’s past, although standardized cog-
nitive tests show normal performance [9]. Although
the literature on SCD has been inconsistent due
to poor definition of the condition [10], systematic
reviews and meta-analysis have shown that older
adults with SCD are more than twice as likely to
progress to dementia compared to normal [11–13].
Therefore, individuals with SCD would be appro-
priate candidates for early interventional studies to
improve cognitive function and health-related out-
comes, which may help delay the onset of dementia.

A growing body of clinical studies highlight
the importance of nonpharmacological multidomain
interventions which can target multiple risk fac-
tors for dementia development [14]. The Finnish

Geriatric Intervention Study to Prevent Cognitive
Impairment and Disability (FINGER) reported the
first clinical trial to test the efficacy of a multido-
main lifestyle program for older adults at high risk for
dementia [15], which demonstrated its strategic value
to promote cognitive function and improve overall
health. This approach involves attention to multi-
ple lifestyle components such as cognitive activities,
nutrition/diet, exercise, and quality of sleep [15]. Sub-
sequent studies have adopted the FINGER study as
a platform to investigate the effectiveness of mul-
tidomain interventions for the prevention of cognitive
decline, including national studies such as the Mul-
tidomain Alzheimer Preventive Trial (MAPT study)
[16] and the Prevention of Dementia by Intensive
Vascular Care (PreDIVA) study [17]. In addition,
a recent meta-analysis of cognitive interventions
showed that older adults with mild cognitive impair-
ment participating in programs that incorporated two
or more nonpharmacological components, such as
cognitive training and aerobic exercise, showed bet-
ter performance in improving cognitive function than
participants in single interventions [18]. Hence, it
is important to emphasize the multidomain lifestyle
approach as a strategy to protect brain health and
promote overall health. However, more research is
needed to ensure that they are tailored to meet the
needs of diverse populations, as factors such as geog-
raphy, culture, and economic status can influence its
efficacy [19].

With the help of technological advances, cogni-
tive interventions have been going through rapid
digitalization in recent years, especially during the
COVID-19 pandemic [20, 21]. Computerized cogni-
tive training (CCT) involves various computerized or
digital tools including virtual reality, interactive video
gaming, and mobile technology [22]. Advanced
mobile technologies provide enhanced accessibil-
ity, cost-effectiveness, and personalized experiences,
which is effective for increasing cognitive health
and overall quality of life among people at high
risk for developing dementia [22]. Indeed, a recent
meta-analysis has shown promising results for the
effectiveness of CCT interventions in improving
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cognitive function in individuals with MCI [5]. CCT
can overcome the primary drawbacks of conven-
tional interventions in clinical settings, which are
mostly face-to-face interactions using pen-and-paper
exercises or oral tasks [23] that require intensive mon-
etary, time, and space resources and the challenge of
monitoring patient adherence [24]. In addition, CCT
can accommodate variations in task levels according
to the individuals’ competency, unlike paper-based
exercises [25]. However, despite its potential, the
impact of digital health platforms and similar clini-
cal programs have been limited by a lack of scientific
evidence concerning 1) the impact of mobile-based
multidomain programs on cognitive function and
health-related outcomes; 2) the comparative efficacy
of mobile-based programs compared to paper-based
programs; and 3) ways to develop personalized
approaches within multidomain programs for people
with high risk of dementia.

In this study, we adopted the Silvia Program,
which is a mobile-based multidomain health platform
designed for the prevention of dementia. The primary
purpose of this study was to assess the efficacy of the
Silvia Program to improve the cognitive function and
health-related outcomes of older Korean adults with
SCD. In addition, we compared any differences in
health indicators related to cognitive functions and
risk factors of dementia between the Silvia Program
and a conventional paper-based multidomain pro-
gram proposed by the World Health Organization
(WHO) [26].

MATERIALS AND METHODS

Study design

This study was a prospective randomized con-
trolled trial with pre-post assessments. Participants
were randomly assigned to the mobile-based group
or the paper-based group in a 1 : 1 ratio, using a
computer-generated allocation system. Data were
collected at baseline and after a period of 12 weeks
by the evaluators who were blinded as to participants’
group assignments.

Sample and recruitment

Inclusion criteria targeted participants aged 60 to
75 years who 1) were experiencing subjective cog-
nitive decline, 2) had a smart phone and could use
it, and 3) understood the purpose and process of this
study. Participants were excluded if they had expe-

rienced or were experiencing one of the following
seven conditions: 1) major psychiatric disorders, 2)
dementia, 3) degenerative brain diseases, 4) severe
or unstable heart diseases, 5) neurological or psycho-
logical diseases that affected cognitive functioning,
5) severe vision or hearing impairment, 6) current
participation in a cognitive training program; 7) does
not know how to use mobile devices.

Participants were recruited from the Dementia Pre-
vention and Management Center in Gwangju, South
Korea, a community-based public institution that
provides integrated care for dementia such as early
screening, preventive activities, disease education,
and patient/family support, during the period May to
October 2022. The research team distributed recruit-
ment materials to the list of potential participants.
Verbal informed consent was obtained upon con-
tact to the research team by those interested in the
study. Potential participants were initially screened
for eligibility based on the inclusion and exclu-
sion criteria, and individuals who were eligible for
participation were scheduled for baseline measure-
ments. One week before starting the intervention, our
research team visited each potential participant to ver-
ify eligibility and provide 1–2 hours of orientation to
the study.

The intake procedure took place at either the
center or the participants’ homes. At intake, the
research team (i.e., a clinical psychologist and trained
research staff) obtained written informed consent,
conducted the orientation sessions, and administered
questionnaires for baseline measurements with each
participant individually along with the facility staff.

The sample size was calculated using the G*power
3.1.9.7 program (number of groups = 2, � = 0.05,
power = 0.95, effect size = 0.63), and the effect size
was estimated based on relevant studies [27]. The
minimum number of participants was 70 (35 for
each group), but considering an approximately 10%
dropout rate, at least 77 participants were needed.
Based on these calculations, we enrolled 80 partici-
pants. This study was approved by the institutional
review board of Chosun University Hospital (IRB
approval number: 2022-03-013).

Mobile-based multidomain intervention (Silvia
Program)

Participants who were randomly assigned to the
mobile-based intervention group were first pro-
vided access to the Silvia mobile application (Silvia
Health Inc., South Korea) and received a 50-minute
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Fig. 1. Representative images of the Silvia mobile application.

individual, face-to-face training session on how to
use it. The Silvia Program is an mHealth appli-
cation comprising multidomain programs based on
scientific evidence of ways to improve brain health
and reduce dementia risk, which consists of seven
modules: 1) cognitive training, 2) video-assisted exer-
cise, 3) mindfulness and relaxation, 4) daily diary,
5) educational content, 6) cognitive assessment, and
7) online counseling. Figure 1 shows representative
images of the mobile application.

1) Cognitive training: Over 20 types of gamified
programs stimulating all domains of cognitive func-
tioning (memory, visuo-spatial, language, executive
function, attention) were provided. Participants were
allowed to choose a program type and level of diffi-
culty and use the training program on a personalized
mobile device. Participants were recommended to
engage in cognitive training for 10 minutes per day
and 5 times per week.

2) Video-assisted exercise: Over 10 different video
instructions designed by an exercise therapist were
provided, the contents of which included strength-
ening major muscles, moving joints and tendons to
develop balance, etc. Participants could easily follow
the movements demonstrated on the Silvia app and
were recommended to engage in exercise activities
for 15 minutes per day and 5 times per week.

3) Mindfulness and relaxation: Effective relax-
ation techniques, such as deep breathing and
meditation, were provided with video- and audio-
guidance. No specific recommendations were given
for frequency of use.

4) Daily diary: A self-reportable program where
participants could input their lifelog data, such as
what they had eaten, what kinds of exercise they had

performed, or how many hours of sleep they had, was
provided. No specific recommendations were given
for frequency of use.

5) Educational content: Articles on various health-
related topics were provided in the Silvia app, such
as scientific facts about dementia, how to manage
stress and anxiety, a list of healthy foods for prevent-
ing dementia, exercises beneficial for counteracting
dementia, etc. No specific recommendations were
given for frequency of use.

6) Cognitive assessment: Voice-based cognitive
assessments led by artificial intelligence (AI)
were accessible at any time of convenience. The
assessments measured the difficulties participants
experienced with each cognitive exercise or task, the
time they spent completing it, and the scores they
achieved. No specific recommendations were given
for frequency of use.

7) Online counseling: Based on the personalized
data accumulated in the Silvia app, weekly coaching
sessions were provided to each of the participants by a
professional psychological counselor through online
video calls. Participants could ask questions about
their health and receive the counselor’s recommen-
dations. Each session lasted 10 20 minutes.

Paper-based multidomain intervention

Participants who were randomly assigned to the
paper-based intervention group were provided with
the Korean version of the dementia prevention
booklet published by the WHO [26], which con-
tained information and advice on various topics,
such as cognitive training exercises, physical activ-
ity for brain health, smoking cessation, foods for
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preventing dementia, social activities, weight man-
agement, chronic disease management, and depres-
sion management. The booklet consisted of 12
chapters, which were delivered consecutively each
week via post mail to the participants’ home
throughout the study period. Each chapter provided
1) science-based educational content relevant to
improving brain health and reducing dementia risk,
2) quizzes for reviewing previously learned contents,
and 3) formats for setting personal health goals and
recording daily lifestyle information.

Outcome measures

During the first visit, the participants com-
pleted baseline assessments on demographic features,
overall health status, cognitive function, and vari-
ous health-related outcomes. Participants completed
the same set of assessments after the 12-week
intervention.

Demographic features
The demographic and health status informa-

tion included age, gender, educational level, body
mass index, chronic disease status (e.g., diabetes,
hyperlipidemia), lifestyle information (e.g., smoking,
drinking, physical activity), and living arrangements.

Cognitive function
Cognitive function was measured using two assess-

ment tools. The primary outcome was the Korean
version of the Repeatable Battery for the Assess-
ment of Neuropsychological status (K-RBANS). The
Korean version of the mini-mental state exami-
nation, 2nd edition (K-MMSE-2), was used as a
secondary outcome. The reliability and validity of
both instruments had been statistically demonstrated
in numerous studies involving community-dwelling
older adults [28, 29].

The K-RBANS consisted of 5 domains (immediate
memory, visuospatial capacity, language, attention,
and delayed memory). The index scores for each
domain (ranging from 40 to 160) were summed and
converted into a total index score (also ranging from
40 to 160), with higher scores representing supe-
rior cognitive function. All participants received form
A of the K-RBANS at baseline and form B after
the 12-week intervention to prevent content practice
effects. The K-MMSE-2 measured cognitive func-
tion with a total score ranging from 0 to 30, where
scores of 24 or higher indicated normal cognitive
function.

Self-reported memory failures
The Korean version of the prospective and retro-

spective memory questionnaire (K-PRMQ) [30] was
used to determine the degree of memory failures in
daily life as a secondary outcome. The questionnaire
consists of 16 items with a total score ranging from 16
to 80. The higher the overall score, the more memory
failures were reported.

Depression
Depression was assessed as a secondary outcome

using the Center for Epidemiological Studies-
Depression (CES-D) questionnaire [31], which
comprises 20 items with a total score ranging from 0
to 60. Higher scores indicate rising levels of depres-
sion, where scores below 16 indicate normal status.

Anxiety
Anxiety was assessed as a secondary outcome

using the State-Trait Anxiety Inventory-X-1(STAI-
X-1) [32], which consists of 20 items with a total
score ranging from 20 to 80. Higher scores indicate
increasing levels of anxiety, where scores of 51 or
less indicate normal status [33].

Stress
Stress was assessed as a secondary outcome using

the Perceived Stress Scale (PSS) [34], which com-
prises 10 items with a total score ranging from 0 to
40. Higher scores indicate increasing levels of stress,
where scores of 12 or less indicate normal status.

Sleep quality
Sleep quality was assessed as a secondary outcome

using the Pittsburgh Sleep Quality Index (PSQI) [35],
which consists of 19 items with a total score ranging
from 0 to 21. Higher scores indicate rising levels of
sleep dysfunction, where scores of 5 or less indicate
normal status.

Health-related quality of life
Health-related quality of life was measured as a

secondary outcome using the EuroQoL 5-Dimension
5-Level(EQ-5D-5 L) [36], which comprises five
items with scores ranging from 5 to 25. Higher over-
all scores indicate lower quality of the participant’s
health status.

Patient adherence
Patient adherence to the Silvia Program was mea-

sured for the cognitive training and video-assisted
exercise modules by counting the number of days
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each module was completed, which was defined as
fulfilling the time recommendations for each mod-
ule. Overall adherence was calculated by averaging
the day counts for the two modules. Engagement to
the remaining 5 modules were not assessed.

Statistical analysis

Data were analyzed using the SPSS 29.0 (IBM
Corp, Armonk, NY, USA). Baseline characteris-
tics were described with frequencies, percentages,
means, and standard deviations. Independent chi-
square tests and t-tests were conducted to compare
categorical and continuous variables between groups,
respectively. The differences of dependent variables
between groups were analyzed using analysis of
covariance (ANCOVA), with post-test scores as the
dependent variables, group as the independent vari-
able, and pre-test scores as covariates for adjusting
baseline differences. Differences with a probability
of less than 0.05 were considered significant with
two-tailed tests. A paired t-test was used to compare

changes in the mean scores of pre and post-test in
each group.

Bivariate correlations between patient adherence
and cognitive function scores were analyzed using
Pearson’s correlation coefficient.

RESULTS

Figure 2 shows the CONSORT flow diagram of
this study. A total of 90 participants were initially
screened for eligibility, where eight people did not
meet the inclusion criteria and two declined to par-
ticipate. Of the remaining 80 participants enrolled,
77 completed the 12-week program. Three withdrew
from the study because of their health conditions. The
final numbers of participants were 37 in the mobile-
based group and 40 in the paper-based group.

Demographic features

Table 1 shows the demographic features of the
study participants. The mean age was 70.08 years,

Fig. 2. CONSORT flow diagram of the present study.
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Table 1
Baseline characteristics and homogeneity tests between groups (N = 77)

Characteristics Total Mobile Paper t or χ2 p
(N = 77) (n = 37) (n = 40)

Age, mean (SD) 70.08 (4.17) 70.3 (4.21) 69.88 (4.19) T = 0.44 0.66
Gender

Male, n (%) 19 (24.7) 10 (27.0) 9 (22.5) χ2 = 0.21 0.64
Female, n (%) 58 (75.3) 27 (73.0) 31 (77.5)

Education ∼ ∼ χ2 = 0.18 0.66
<High school, n (%) 14 (18.2) 6 (16.2) 8 (20.0)
High school or higher, n (%) 63 (81.8) 31 (83.8) 32 (80.0)

Living arrangement χ2 = 0.21 0.65
Single, n (%) 64 (83.1) 30 (81.1) 34 (85.0)
With partner, n (%) 13 (16.9) 7 (18.9) 6 (15.0)

BMI, mean (SD) 24.42 (3.38) 23.87 (3.52) 24.92 (3.2) T = –1.37 0.17
Diabetes mellitus, n (%) 12 (15.6) 3 (8.1) 9 (22.5) χ2 = 3.02 0.08
Hyperlipidemia, n (%) 37 (48.1) 17 (45.9) 20 (50.0) χ2 = 0.12 0.72
Smoking, n (%) 3 (3.9) 1 (2.7) 2 (5.0) χ2 = 0.27 0.6
Drinking, n (%) 17 (22.1) 8 (21.6) 9 (22.5) χ2 = 0.009 0.92
Physical activity, n (%) 73 (94.8) 36 (97.3) 37 (92.5) χ2 = 0.89 0.34

and 75.3% of the total participants were female. The
mean BMI was 24.42, and 81.8% had at least a
high school level education. Regarding health status,
15.6% had diabetes and 48.1% had hyperlipidemia.
In addition, 3.9% of participants smoked and 22.1%
drank alcohol. Most of the participants (94.8%) said
they worked out more than three days a week, and
83.1% lived with a partner. There were no significant
differences in demographic features between the two
groups.

Differences of outcome variables within groups
and between groups

Table 2 and Fig. 3 shows the differences of outcome
variables between groups and within groups.

Differences between groups were analyzed with
ANCOVA, which compared post-test scores between
the two groups with pre-test scores as covariates.
The K-RBANS total score did not show significant
differences between groups. K-PRMQ scores, indi-
cating self-reported memory failures, significantly
decreased in the mobile group compared to those
of the paper group (F = 8.74, p = 0.004). PSS scores,
indicating perceived levels of stress, also significantly
improved in the mobile group compared to those of
the paper group (F = 4.68, p = 0.03).

Differences within groups were analyzed with
paired t-tests. The K-RBANS total score showed no
significant differences within groups, although some
sub-domains of K-RBANS showed changes after
the intervention: language scores were significantly
decreased in both groups (p = 0.01 for mobile group,
p < 0.001 for paper group), and delayed memory

scores significantly increased only in the paper group
(p = 0.01). Additionally, mobile-based interventions
significantly improved memory failures by K-PRMQ
(p < 0.001), anxiety by STAI-X-1 (p = 0.03), stress
by PSS (p < 0.001), and health-related quality of life
by EQ-5D-5 L scores (p < 0.001), and paper-based
interventions significantly improved stress by PSS
(p = 0.004) and health-related quality of life by EQ-
5D-5 L scores (p < 0.001).

Patient adherence to the Silvia Program

Figure 4 shows patient adherence to the Silvia
Program in this study. During the 12-week inter-
vention, the average number of completed days was
46.0 (SD = 13.0) days. As the recommendation of
use was 5 days a week, or 60 days for 12 weeks,
this amounts to a 76.6% adherence to the program.
When we calculated bivariate correlations between
patient adherence and pre-post changes for cogni-
tive function scores, we did not find any significant
correlations for the K-RBANS total score (r = 0.146,
p = 0.388) and MMSE score (r = –0.156, p = 0.358).

DISCUSSION

This comparative clinical trial investigated the
efficacy of the Silvia Program, a mobile-based
multidomain intervention, to improve the cogni-
tive function and health-related outcomes among
older Korean adults with a high risk of devel-
oping dementia. Overall, our results showed that
the mobile-based intervention was superior to the
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Table 2
Differences of outcome variables within groups and between groups

Within groups Between groups
(Paired t-test) (ANCOVA)

Variables Group n Pre-test, Post-test, t p F p
Mean ± SD Mean ± SD

K-RBANS Mobile 37 114.92 ± 10.94 113.68 ± 14.08 –0.91 0.37 0.13 0.71
Paper 40 108.35 ± 13.36 107.55 ± 12.05 –0.56 0.57

Immediate memory Mobile 37 110.03 ± 10.25 107.76 ± 15.78 –1.17 0.24 0.02 0.87
Paper 40 103.78 ± 10.56 103.33 ± 10.86 –0.27 0.78

Visuospatial capacity Mobile 37 105.76 ± 8.38 106.49 ± 7.69 0.55 0.58 0.48 0.48
Paper 40 106.15 ± 9.13 105.40 ± 8.73 –0.44 0.66

Language Mobile 37 109.08 ± 13.51 103.43 ± 14.94 –2.60 0.01 2.13 0.14
Paper 40 105.43 ± 13.44 97.35 ± 13.26 –3.86 <0.001

Attention Mobile 37 111.97 ± 10.48 113.27 ± 12.96 0.89 0.37 0.01 0.92
Paper 40 105.28 ± 12.31 107.43 ± 12.86 2.00 0.05

Delayed memory Mobile 37 106.49 ± 14.16 108.30 ± 15.34 1.07 0.29 0.17 0.67
Paper 40 101.8 ± 15.12 105.85 ± 12.91 2.48 0.01

K-MMSE-2 Mobile 37 27.95 ± 1.29 28.08 ± 1.53 0.57 0.57 0.001 0.97
Paper 40 27.63 ± 1.65 27.95 ± 1.51 1.18 0.12

K-PRMQ Mobile 37 34.35 ± 11.06 28.49 ± 9.01 –3.67 <0.001 8.74 0.004
Paper 40 35.25 ± 10.24 33.53 ± 9.44 –1.96 0.24

CES-D Mobile 37 8.05 ± 9.75 6.03 ± 7.50 –1.41 0.16 2.12 0.14
Paper 40 9.58 ± 9.37 9.28 ± 9.87 –0.21 0.83

STAI-X-1 Mobile 37 30.27 ± 8.26 27 ± 9.06 –2.22 0.03 2.86 0.09
Paper 40 34.5 ± 13.39 33.28 ± 13.67 –0.61 0.54

PSS Mobile 37 12.54 ± 5.81 7.89 ± 5.94 –5.28 <0.001 4.68 0.03
Paper 40 14.63 ± 5.15 12.03 ± 7.02 –3.04 0.004

PSQI Mobile 37 4.59 ± 2.39 4.59 ± 2.06 0.0 1.0 1.98 0.16
Paper 40 5.53 ± 3.10 5.98 ± 3.58 1.09 0.27

EQ-5D-5L Mobile 37 6.19 ± 1.33 5.62 ± 0.75 –3.81 <0.001 0.01 0.89
Paper 40 6.85 ± 1.73 5.9 ± 1.0 –5.31 <0.001

Fig. 3. Differences of pre- and post-test scores of outcome variables within groups. *p < 0.05, **p < 0.01.

paper-based intervention in improving self-reported
memory failures and stress, and both interventions
improved stress levels and health-related quality of
life. In particular, PRMQ scores were reduced only in
the mobile group, which is an accurate tool for iden-
tifying self-experiences of memory deficits [37] that
has been psychometrically validated unlike most sub-

jective memory measurements included in dementia
studies [38]. Therefore, the Silvia Program may be an
effective method to prevent cognitive decline before
the manifestation of pathologic impairment.

Regarding the primary outcome, our results
showed no difference between the mobile-based and
the paper-based programs in their effects on overall
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Fig. 4. Adherence to the Silvia Program in the mobile group
(n = 37).

cognitive function. As both programs were imple-
mented for only 12 weeks, the duration of the
intervention may have been insufficient to reveal
differences, as most multidomain cognitive interven-
tions were conducted for 19.8 weeks on average and
ranged up to 2 years [18, 19]. A recent systematic
review and meta-analysis indicated that comput-
erized cognitive training interventions with more
sessions and longer durations were more effective
in improving global cognitive function [39], and
another systematic review reported that significant
changes in cognitive function were rarely reported
with interventions of fewer than 24 sessions [23].
Although some studies have reported improvements
in cognitive function within short periods of less than
12 weeks, most were empirical studies using single
domain interventions that targeted specific cognitive
functions [40–42], for which the effects were shown
to decrease over time [43]. In contrast, most multido-
main interventions have shown a steady improvement
of cognitive function throughout the intervention
period [43].

Previous studies have demonstrated that stress and
anxiety serve as possible risk factors for the pro-
gression of cognitive decline in older adults [44–46].
Recently, the COVID-19 pandemic brought many
restrictive changes into people’s lives, such as social
distancing and self-quarantine, which often caused
high levels of stress [47]. Notably, research has shown
that older adults experiencing cognitive decline regis-
tered higher scores on anxiety and stress issues during
these situations, suggesting that designing and imple-
menting effective strategies to reduce anxiety and
stress are also important for dementia prevention [47].
Our results showed that the Silvia Program effec-
tively reduced levels of stress and anxiety, which may

contribute to delaying the progression of cognitive
decline.

Prior studies have demonstrated that cognitive
decline is negatively associated with health-related
quality of life [48, 49]. While there was no sta-
tistical difference between the Silvia Program and
the paper-based program, both groups showed some
improvements in health-related quality of life. As
previous studies have mainly focused on the cog-
nitive benefits of multidomain programs for older
adults with high risk for dementia [18, 50], this
finding extends the literature by showing that the
mobile-based multidomain program can improve the
quality of life as well as the cognitive health of this
population.

Engagement and attrition rates can greatly influ-
ence therapeutic efficacy, and the WHO has
emphasized the need for testing the feasibility and
efficacy of multidomain lifestyle interventions in
different geographical and cultural settings [26]. A
recent review on mobile-based interventions showed
engagement rates of 58 to 83% and attrition rates of
6 to 61% [51], and a meta-analysis showed a pooled
dropout rate of 26.2% [52]. In this study, the Sil-
via Program showed high and persistent engagement
rates of 76.6% and a low dropout rate of 7.5%, which
proves its feasibility. In addition, we focused on older
Korean adults with SCD, which expands the geo-
graphical and cultural range of documentation for
the efficacy of multidomain lifestyle interventions.
Little information exists on the feasibility and effi-
cacy of mobile-based multidomain approaches tested
in different settings, where this study contributes to
the existing body of knowledge about the benefits of
digital health.

Limitations

This study has some limitations to be addressed.
First, a 12-week program was provided, and as
indicated, that duration may be insufficient to demon-
strate cognitive changes among older adults. Future
studies are needed that monitor the cognitive health
benefits of mobile technology over longer periods.
Second, this study focused on older adults with SCD.
Further research is needed to address the broad range
of cognitive function in older adults, such as subgroup
analysis according to MMSE scores (normal versus
abnormal) or comparative analysis between partici-
pants with or without subjective symptoms. Third,
other health comorbidities and variables such as qual-
ity of family/social relationships, level of exercises,
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and technology acceptance may also affect health
outcomes. The inclusion of additional factors might
provide insights to researchers and practitioners.
Finally, in the present study, two programs (mobile
versus paper) were compared to investigate any dif-
ferences in their effects on the cognitive function and
mental health among older Korean adults with SCD.
Future studies including an additional control group,
which does not participate in a multidomain program
(e.g., usual care or social conversation as alterna-
tives), is needed to further validate the clinical effects
of the Silvia Program.

Overall, the Silvia Program, a mobile-based mul-
tidomain intervention, was found to be effective in
reducing self-reported memory failures, anxiety, and
stress, and improving health-related quality of life.
Given the many benefits of digital health, the Silvia
Program can allow users to easily access the mul-
tidomain program, monitor their progress through AI
assessment, and avoid the physical and structural bar-
riers of face-to-face participation. Thus, the present
study supports the potential health benefits of mobile
health technology for the prevention of dementia and
improvement of health-related quality of life in older
adults with SCD.
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