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Highlights

What are the main findings?

• A 7-month mobile application-based dementia prevention program was associated
with a significant reduction in depressive symptoms among community-dwelling
older adults.

• After adjustment for baseline differences, the intervention group showed significantly
better post-intervention anxiety outcomes, whereas no significant between-group
change was observed for life satisfaction.

What are the implications of the main findings?

• Multidomain mobile health interventions may support not only dementia prevention
efforts but also emotional well-being in older adults living in the community.

• Application-based programs such as MELI may offer a practical, scalable, and accessi-
ble non-pharmacological strategy for community-based healthy aging initiatives.

Abstract

Background/Objectives: With increasing aging in the global population, dementia preva-
lence continues to rise. Mobile health (mHealth)-based cognitive interventions have
emerged as widely used non-pharmacological approaches for dementia prevention. In
this study, we aimed to evaluate how the dementia-prevention application MELI affects
depression, anxiety, and life satisfaction in older adults. Methods: Participants were
community-dwelling older adults aged ≥ 60 years without a prior diagnosis of dementia.
While the target sample size was 24 participants per arm based on an a priori power calcu-
lation using G Power, the achieved sample size reached 23 participants per arm (N = 46;
experimental group = 23, control group = 23). The experimental group engaged in a
7-month intervention delivered through the MELI application, designed to support demen-
tia prevention by providing cognitive training, physical activity guidance, and emotional
support. Outcomes were assessed pre- and post-intervention using structured self-report
questionnaires. Data were analyzed with repeated-measures analysis of covariance. Re-
sults: Compared to the control, depression reduced (p < 0.05, partial η2 = 0.227) and anxiety
improved (p < 0.05, partial η2 = 0.110) statistically significantly in the experimental group.
However, changes in life satisfaction did not reach statistical significance (p > 0.05, partial
η2 = 0.000). Conclusions: The MELI mobile application might serve as a feasible digital
intervention to support dementia prevention and promote emotional health in older adults.
While depression and anxiety outcomes notably improved, further studies with larger sam-
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ples would be required to clarify effects on life satisfaction. Mobile health-based programs
represent a practical approach to dementia prevention in community-dwelling older adults.

Keywords: dementia prevention; mobile applications; aged; depression; life satisfaction

1. Introduction
Owing to global population aging, the number of individuals living with dementia is

expected to increase, with estimates suggesting approximately 150 million cases worldwide
by 2050 [1,2]. Consequently, the social and economic burden of dementia is expected to
escalate further, reaching approximately USD 2.8 trillion globally by 2030 [3,4]. These
projections highlight dementia as a major global health challenge with far-reaching con-
sequences for affected individuals and society. Accordingly, increased attention has been
directed toward the development and implementation of preventive strategies.

Various non-pharmacological intervention strategies have been proposed to pre-
vent dementia. Mobile application-based interventions are rapidly advancing because
of progress in information technology, widespread smartphone use, and relative cost-
effectiveness. The current literature suggests that dementia and cognition-related mobile
applications can be categorized into cognitive screening and assessment applications, cog-
nitive training-focused applications, emotional and quality-of-life support applications,
and multidomain dementia prevention applications. Recently, cognitive screening appli-
cations utilizing digital biomarkers, such as eye tracking or machine learning techniques,
have been proposed [5,6]. These studies focused on improving the accuracy of dementia
screening and identifying cognitive decline at an early stage. However, a comprehensive
review of these research trends suggests that despite their functional diversity, research
on dementia prevention applications remains largely skewed toward cognition-centered
technical innovation.

Livingston et al. reported that modifiable risk factors, such as low education level,
hypertension, depression, obesity, and insufficient physical activity, are associated with an
increased risk of dementia. These risk factors include emotional factors such as depression,
underscoring the need to address psychological determinants alongside cognitive function
in dementia prevention interventions. Therefore, interventions dealing with depression
can be an important component in dementia-prevention strategies. Previous studies have
reported that individuals with depression are at a greater risk of developing dementia than
those without depression, regardless of when depressive symptoms first emerge [7,8]. From
this perspective, rather than using a single-function approach, mobile applications aimed at
dementia prevention should adopt an intervention model integrating cognitive, emotional,
and lifestyle factors. Furthermore, mobile applications reportedly provide benefits such as
reducing depression and stimulating cognitive function [9].

In this context, recent studies have not been limited to cognitive function improvement
but have expanded their scope to care support or patient symptom management. For
example, Salahub et al. verified effects of managing risk factors in the area and maintaining
home care in the elderly including in those with dementia through a remote monitoring
application [10], and Cho et al. presented results of a study evaluating the possibility of
customized mobile application-based non-drug interventions for patients with dementia
to alleviate behavioral and psychological symptoms (BPSD) [11]. However, these studies
are mainly focused on care support or the symptom management of patients already
diagnosed with dementia; studies that comprehensively evaluate emotional outcomes
such as depression, anxiety, and life satisfaction from a preventive point of view are still
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insufficient. Therefore, a multidimensional approach would be required rather than a
single function-oriented one, representing a need particularly noticeable in Korea, where
the society is rapidly aging. Han et al. stated that Korea demonstrates an unprecedented
pace of demographic change, reaching the transition from an aging society (defined as
7% of the population aged 65 and over) to a super-aged society (20%) in only 25 years
(2000–2025), whereas other countries have taken between 50 and 100 years to undergo
the same shift [12]. Against this backdrop, mobile applications reflecting the concept of
multi-disciplinary dementia prevention are being developed in South Korea. For example,
the MELI application (version 3.1) provides integrated content for older adults, including
physical activity methods, cognitive training, and emotional well-being enhancement.
Specifically, MELI offers structured exercise programs, puzzle-based and game-based
cognitive training modules, mindfulness and meditation practices for emotional stability,
and simple mental-health assessments, thereby delivering a comprehensive set of tools
within a single platform. In addition, the application incorporates a user-friendly interface
tailored to older adults, ensuring accessibility and sustained engagement.

However, research evaluating the effectiveness of multidisciplinary dementia preven-
tion applications remain limited. Current application-based dementia prevention research
has primarily focused on improving cognitive function or predicting dementia, whereas
emotional factors such as depression and anxiety, as well as life satisfaction indicators, have
been relatively neglected. Nevertheless, recent evidence from digital health interventions
supports the potential relevance of such emotional factors. For instance, a systematic review
and meta-analysis demonstrated that information technology-based cognitive behavioral
therapy significantly reduced depression and anxiety symptoms among older adults [13].

In this study, the concept of intervention was clearly distinguished, and the scope
of the study was established. Dementia prevention refers to a comprehensive approach
to lowering the risk of development, and cognitive training refers to an activity that
strengthens specific cognitive functions such as memory and attention. Emotional health
support includes interventions that promote psychological stability and emotional well-
being, such as depression, anxiety, and stress management; quality-of-life improvement
aims to improve life satisfaction that encompasses physical, emotional, and social areas.
Through this classification, the MELI application can be understood as a multi-functional
dementia prevention tool that goes beyond simple cognitive training to emotional stability
and improvement of life satisfaction.

This study aimed to explore the possibility that MELI intervention is associated with a
reduction in depression and anxiety symptoms and an improvement in life satisfaction,
and these results are expected to provide a basis for further research. The hypothesis of
this study are as follows. First, the experimental group using the MELI application has
the potential to reduce depression and anxiety symptoms and improve life satisfaction
compared to the control group. Second, a multi-level approach that integrates physical
activity and emotional well-being promotion is not limited to simple cognitive function
improvement but is expected to provide psychological and emotional benefits.

2. Materials and Methods
2.1. Study Design

This quasi-experimental, two-group pretest–posttest study evaluated the emotional
outcomes associated with the use of a mobile application for dementia prevention among
community-dwelling older adults. Participants were allocated to the intervention or control
group according to the type of intervention received. The intervention group used the
dementia-prevention mobile application; the control group did not use the dementia-
prevention application, and participants continued with their usual daily routines, which
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generally consisted of household tasks, light physical activity such as walking, and leisure
activities including reading or watching television. Because no attention-control condition
was implemented, the possibility of Hawthorne or expectancy effects should be considered
when interpreting the findings. This study adheres to the TREND reporting guidelines for
non-randomized designs, and the TREND flow diagram is provided in Figure 1.

 

Analyzed for primary outcome (n=23) 

Excluded from analysis (give reasons) (n=0) 

Enrolment 

Analyzed for primary outcome  

(n= 23) 

Excluded from analysis (give reasons) (n= 0) 
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Follow-Up 
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Allocated to non-randomized groups 

Allocated to intervention (n=29) 
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Allocated to intervention (n=29) 

Received allocated intervention (n= 29) 

Did not receive allocated intervention (give 

reasons) (n=0) 

Allocation 

Assessed for eligibility (n=58) 

Figure 1. TREND flow diagram.

2.2. Participants

Participants were adults aged ≥ 60 years who had not been diagnosed with dementia
and were not receiving treatment for the condition. Furthermore, the participants were
required to use a smartphone, understand and respond to the study questionnaire, under-
stand the purpose of the study, and consent to participate. Exclusion criteria included a
clinical diagnosis of dementia, severe sensory impairments (such as significant hearing or
vision loss), major psychiatric disorders (e.g., major depressive disorder, schizophrenia),
and serious medical illnesses that could interfere with participation.

This study was approved from the Public Institutional Review Board (IRB No.
P01-202504-01-053) and was registered with the Clinical Research Information Service
(CRIS) (KCT0011586).
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2.3. Interventions
Program Overview

The intervention in the study was conducted using MELI, a mobile application de-
veloped to prevent dementia. This application provided modules for cognitive training,
physical activity, and mental-health promotion and encourages user participation through
notification and feedback functions. On the main screen of the application, balanced recom-
mendation activities (today’s activities) were presented every day and generally consisted
of 2–3 activities such as cognitive games, emotion regulation activities, and exercise rou-
tines, which could be performed in an average of about 20 min. Participants were guided
to use MELI 5 days a week; a study manager monitored the status of use and provided
support if necessary. A detailed description of the application’s structure and content has
been reported in a previous study [14].

The MELI application included modules for cognitive training, physical activity,
and mental health promotion. The cognitive training module consisted of 15 games
that aimed to improve memory, problem solving, language, attention, and space-time
skills, some of which were developed based on standard neuropsychological tests such
as the Trail Making Test and the Stroop Test; interval recall techniques were also applied.
Physical-activity modules were designed to be easily performed in everyday life, including
>90 types of exercise suggested by experts, and to help with cerebrovascular circulation
and strengthening muscle strength. Mental-health promotion modules relieved tension and
support emotional stability through relaxation activities such as breathing or butterfly hugs.
In addition, participants could monitor their status by performing self-report questionnaires
such as SMCQ, GDS, PSS, ISI-K and functional evaluations such as the TUG Test through
the application. An example of the MELI application is presented in Figure 2.

Figure 2. The MELI application.

2.4. Outcome Measures
2.4.1. Assessment Schedule

The evaluation was conducted twice: before the dementia prevention application-
based intervention and after the completion of the 7-month intervention period. The
examination was conducted in person or by phone by the researcher in charge. There
was no difference in evaluation methods between groups, and both methods followed the
same standardized procedure. There was a possibility that the self-report results would be
affected by the evaluation method, but the same guidelines were applied to minimize this
measure. This study utilized standardized measurement tools whose reliability has been
validated in Korea.
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2.4.2. Depression

Depression was assessed using the Korean version of the Short Geriatric Depression
Scale (SGDS-K). The GDS is a self-administered tool developed to evaluate depressive
symptoms in older adults [15]. In Korea, the GDS-K is used to suit the Korean cultural
and linguistic context and consists of 30 items. The SGDS-K is a self-report tool that has
been shortened to 15 items, and its reliability and validity have been verified in domestic
studies [16]. Each item is scored using a yes/no response format, and total scores are
calculated by summing individual item responses, with higher scores indicating more
severe depressive symptoms.

2.4.3. Anxiety

Anxiety was assessed using the Korean version of the Hospital Anxiety and Depression
Scale (HADS), a self-report tool developed to assess emotional states in hospital settings [17].
It has been translated into Korean, with its validity and reliability confirmed previously [18].
The HADS evaluates psychological distress through two main subscales: one for anxiety
and another for depression. The HADS consists of two subscales that assess anxiety and
depression separately. The HADS-A subscale used in this study comprises seven items,
each rated on a 4-point Likert scale ranging from 0 to 3. Item scores were summed to
generate a total anxiety score, with higher scores indicating greater levels of anxiety.

2.4.4. Life Satisfaction

To evaluate the life satisfaction, we used the Korean version of the Satisfaction with
Life Scale (K-SWLS). The SWLS is a self-reported tool developed to assess overall life
satisfaction [19]. The Korean version was translated, and its reliability and validity were
verified [20]. The K-SWLS comprises five items, each rated on a 7-point Likert scale ranging
from 1 to 7. Total scores were calculated by summing the responses to all items, with higher
scores indicating greater life satisfaction.

2.5. Sample Size Calculation

To estimate the required sample size, G*Power (version 3.1) for a repeated measures
design was used. Assuming an large effect size of 0.40, a significance level (α) of 0.05,
and a statistical power of 0.80, a minimum of 24 participants per group was required.
Considering the possibility of dropping out, 58 participants were finally recruited. Twelve
participants dropped out, resulting in a final analysis of 46 participants (23 per group).

2.6. Statistical Analysis

Data analysis was performed using SPSS (version 22.0, IBM Corp., Armonk, NY, USA).
A homogeneity test was conducted to analyze demographics of the study participants.
Prior to the main analysis, model assumptions were examined. Levene’s test confirmed
homogeneity of variances, whereas normality tests (Kolmogorov–Smirnov and Shapiro–
Wilk) indicated that some variables did not fully meet the assumption of normality. For
the main analysis, repeated-measures analysis of covariance (ANCOVA) was performed to
examine group differences over time while controlling for baseline values.

For all statistical analyses, statistical significance was defined as p < 0.05. Effect sizes
were calculated using partial eta squared (η2).

3. Results
Baseline characteristics and homogeneity test results of the participants are presented

in Table 1. The experimental and control groups had a mean age of 72.35 years and
68.96 years, respectively, indicating a slightly higher mean age in the experimental group.
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Thus, a statistically significant difference in age was observed between the two groups
(p < 0.05).

Table 1. Baseline characteristics of participants.

Variable Intervention
(n = 23) Control (n = 23) Test p-Value

Age t
Mean ± SD 72.35 ± 3.74 68.96 ± 6.99 0.048 *

Sex, (%) Chi-square 0.381
Male 2 (8.7) 4 (17.4) -

Female 21 (91.3) 19 (82.6) -

K-CIST (baseline) 28.00 ± 2.43 25.52 ± 3.75 t 0.011 *
K-SGDS (baseline) 2.20 ± 3.95 2.57 ± 2.74 t 0.738

K-HADS-A
(baseline) 4.13 ± 2.72 2.57 ± 2.11 t 0.034 *

K-SWLS
(baseline) 18.08 ± 4.31 19.17 ± 3.62 t 0.360

* p < 0.05. Values are presented as mean ± standard deviation (SD) or number (%). t, independent t-test; Chi-square,
chi-square test. K-CIST, Korean version of the Cognitive Impairment Screening Test. K-SGDS, Korean version
of the Short Geriatric Depression Scale. K-HADS-A, Korean version of the Hospital Anxiety and Depression
Scale-Anxiety Subscale. K-SWLS, Korean version of the Satisfaction with Life Scale.

The sex distribution was as follows: 2 males (8.7%) and 21 females (91.3%) in the
experimental group, and 4 males (17.4%) and 19 females (82.6%) in the control group. No
significant differences were observed between the groups at baseline (p > 0.05). Baseline
K-SGDS and K-SWLS scores also did not differ significantly between the groups (p > 0.05).
However, at baseline, significant differences were found in K-CIST and K-HADS-A scores
between the two groups.

After controlling for age, a repeated-measures ANCOVA was conducted with group
(intervention vs. control) as a between-subjects factor and time (pretest vs. posttest) as
a within-subjects factor. The analysis revealed a significant group × time interaction for
the K-SGDS (F(1, 35) = 10.28, p = 0.003, partial η2 = 0.227). Adjusted means indicated
that the depression score of the intervention group decreased from 2.07 (SE = 0.86, 95% CI
[0.33, 3.81]) to 1.59 (SE = 0.76, 95% CI [0.04, 3.14]), whereas that of the control group
increased from 2.65 (SE = 0.69, 95% CI [1.25, 4.05]) to 3.44 (SE = 0.61, 95% CI [2.20, 4.68]).

In contrast, the group × time interaction for the K-SWLS was not significant
(F(1, 43) = 0.01, p = 0.933, partial η2 = 0.000), indicating no differential change in life satis-
faction between groups. The difference in degrees of freedom between the two outcomes
reflects the existence of missing data on the K-SGDS measure, which reduced the analytic
sample, while the full sample was available for the K-SWLS analysis. Table 2 summarizes
these repeated-measures ANCOVA results. Figure 3 illustrates changes in adjusted mean
depression scores (K-SGDS) between the intervention and control groups.

Table 2. Repeated-measures analysis of covariance results for K-SGDS and K-SWLS (covariate: age).

Outcome Group
Pre

Adjusted M ± SE,
95% CI

Post
Adjusted M ± SE

95% CI
Effect F p-Value Partial η2

K-SGDS

Intervention 2.07 ± 0.86
[0.33, 3.81]

1.59 ± 0.76
[0.04, 3.14]

Group × Time 10.28 0.003 * 0.227
Control 2.65 ± 0.69

[1.25, 4.05]
3.44 ± 0.61
[2.20, 4.68]
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Table 2. Cont.

Outcome Group
Pre

Adjusted M ± SE,
95% CI

Post
Adjusted M ± SE

95% CI
Effect F p-Value Partial η2

K-SWLS

Intervention 18.18 ± 0.86
[16.44, 19.91]

18.58 ± 0.71
[17.15, 20.02]

Group × Time 0.01 0.933 0.000
Control 19.09 ± 0.86

[17.36, 20.82]
19.42 ± 0.71
[17.99, 20.85]

* p < 0.05. M, mean; η2, partial eta squared. K-SGDS, Korean version of the Short Geriatric Depression Scale.
K-SWLS, Korean version of the Satisfaction with Life Scale.

Figure 3. Changes in K-SGDS Scores.

After controlling for age and baseline anxiety, the adjusted mean posttest anxiety score
was significantly lower in the intervention group (M = 2.10, SE = 0.34, 95% CI [1.41, 2.79])
than in the control group (M = 3.25, SE = 0.34, 95% CI [2.56, 3.94]) (F(1, 42) = 5.21, p = 0.028,
partial η2 = 0.110) (Table 3).

Table 3. Baseline-adjusted analysis of covariance results for K-HADS-A.

Group Adjusted Mean SE 95% CI F p-Value Partial η2

Intervention 2.10 0.34 [1.41, 2.79]
5.21 0.028 * 0.110

Control 3.25 0.34 [2.56, 3.94]

* p < 0.05. M, mean;.η2, partial eta squared.

4. Discussion
This study investigated effects of application-based dementia prevention intervention

on depressive symptoms and life satisfaction in the elderly living in local communities
in Korea. In the basic analysis, the experimental and control groups were similar in most
demographic and psychological characteristics, but differences were observed in the K-
CIST and K-HADS-A scores. To consider these baseline differences, age and prior score
were included as covariates in the subsequent analysis. As a result of repeated-measures
ANCOVA controlling for baseline differences, the interaction effect between group and time
was significant. The intervention group displayed greater improvements in depression
and anxiety levels than the control group. These findings suggest that application-based
dementia prevention interventions have a positive impact on emotional health (reducing
depression and anxiety).

Previous application-based dementia prevention studies have primarily focused on
enhancing cognitive function and reducing dementia risk factors. More recent dementia
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prevention research has emphasized multidomain interventions that comprehensively
address cognition, physical activity, and lifestyle habits [21]. Qiu et al. investigated the
effectiveness of a mobile-based multidomain intervention, setting cognitive function as the
primary outcome variable and assessing depression, quality of life, and other secondary
measures [22]. Although their study reported significant improvements in cognitive func-
tion and quality of life, no statistically significant change was noted in depression. In
contrast, in the present study, we observed improvements in depression and anxiety, al-
though no significant change in life satisfaction (K-SWLS). Although both studies assessed
depression, their results differed, which might be explained by differences in participant
characteristics, timing of assessment, and intervention methods. Furthermore, while the
present study measured life satisfaction, the previous study measured quality of life. Al-
though these instruments are not identical, they address related constructs and were
therefore compared. The differing results of these studies indicate that life satisfaction,
as a broader and more subjective construct encompassing multiple sub-domains, may
be less sensitive to short-term intervention effects. In addition, although not a dementia
prevention study, the meta-analysis conducted by Linardon et al. on smartphone-mediated
mental health strategies is another relevant line of research. That study reported statistically
significant reductions in depression and anxiety symptoms, despite the small overall effect
size [9], which were consistent with the findings of the present study although its small
effect size also warrants cautious interpretation. Taken together, these results indicate
that application-based health management can be usefully applied to emotional-health
management. In the same context, application-based interventions for dementia prevention
may also have the potential to contribute to mental-health promotion.

This study has some limitations. First, the research period was relatively short in
terms of research design, making it difficult to verify the long-term effects of the appli-
cation and to closely analyze the relationship between the intervention effects and the
actual program use pattern owing to the lack of objective data on application adherence.
Second, a limitation of the measurement method is that psychological indicators such as
depression and life satisfaction were measured through a self-report questionnaire, and
the comprehensive analysis was limited because cognitive scores could not be measured
after using the application. Third, there was a base difference in K-CIST and K-HADS-A
between the intervention and control groups in the statistical analyses, and the baseline
value was included as a covariate to minimize this limitation, but care must be taken when
interpreting the results because these adjustments may not completely eliminate the effect.
Only some variables satisfied normality, possibly affecting the assumptions of the statistical
test; thus, the results should be interpreted with caution, and a larger sample size or non-
parametric tests should be employed in future studies. Finally, regarding the effect of study
participation, the possibility that the Hawthorne effect, which can change behavior or emo-
tional response, influenced the results could not be completed ruled out. Follow-up studies
are needed to review the effectiveness of digital-based dementia prevention interventions
more systematically and reliably by addressing the aforementioned limitations.

In this study, the term “dementia prevention” reflects the design purpose of the
MELI application, intended to lower the risk of dementia through cognitive training,
physical activity, and emotional support. However, since the actual onset of dementia
was not directly measured, these findings should be interpreted as improvements in
emotional health that may contribute to reducing dementia risk, rather than as strong
evidence of dementia prevention itself. Furthermore, because dementia includes multiple
subtypes, such as Alzheimer’s disease, vascular dementia, frontotemporal dementia, Lewy
body dementia, and Parkinson’s-related dementia, it could not be strictly defined as the
prevention of all forms.
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Nonetheless, this study is important as it examined the effects of a mobile application-
based dementia prevention intervention on emotional outcomes in older adults. Unlike
previous studies that primarily focused on cognitive function enhancement, this study
assessed key psychological outcomes, including anxiety, depression and life satisfaction,
thereby providing a more multidimensional verification of the effects of digital dementia
prevention interventions. These results suggest that mobile application-based interventions
can be utilized not only to improve cognitive health, but also to manage emotional health
in older adults, highlighting the potential for digitally assisted interventions in future
community-based dementia prevention strategies.

5. Conclusions
The findings of this study indicate that MELI-based dementia prevention application

might contribute to positive changes in the emotional health of older adults. Our anal-
ysis indicated improvements in depression and anxiety scores, whereas changes in life
satisfaction did not reach statistical significance. Therefore, digital dementia prevention
interventions retain the potential to support emotional well-being. Nonetheless, the hereby-
presented results were not consistent across all measures and should thus be interpreted
with caution. Nevertheless, this study is meaningful in that it adopted a multidimensional
approach by including psychological indicators (e.g., depression, anxiety, and life satisfac-
tion) rather than focusing solely on cognitive outcomes as in previous research. Future
studies should address the limitations of the present work and examine the effects of digital
dementia prevention interventions, with particular attention to the nuanced aspects of
emotional health.
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