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What is already known on 
this topic?
•	 Loneliness among older adults 

represents one of the most 
pressing global public health 
challenges of the twenty-first 
century, with comprehensive 
meta-analytical evidence 
revealing a global prevalence 
of 27.6% among older adults 
across 62 countries.

•	 Digital health interventions 
for loneliness have emerged 
as promising approaches 
but demonstrate highly 
inconsistent effectiveness 
across systematic reviews and 
meta-analyses, with most 
showing mixed results, small 
effect sizes, or no statistically 
significant benefits.

•	 Evidence for culturally 
adapted digital mental health 
interventions remains severely 
limited in developing countries, 
particularly in Southeast 
Asian contexts where rapid 
demographic transitions 
toward aging societies 
intersect with expanding 
mobile technology adoption.

Abstract
AIM: This study aimed to evaluate the effectiveness of SIAGA (Sistem Intervensi Anti-Kesepian untuk 
Geriatri), a culturally adapted Android application, in reducing loneliness among community-dwelling older 
adults in Indonesia.
METHODS: A quasi-experimental study with a pre-test post-test non-equivalent control group design was 
conducted from June to July 2025 in Payung Sekaki District, Pekanbaru City, Indonesia. One hundred older 
adults (≥60 years) living with families were recruited through multistage cluster sampling and allocated to 
the intervention group (n = 50, receiving the SIAGA app with music, videos, stories, and cognitive games) 
or the control group (n = 50, standard care). The validated Indonesian UCLA Loneliness Scale Version 3 
(19 items) was administered at baseline, two weeks, and four weeks post-intervention. Statistical analysis 
included independent t-tests and repeated-measures General Linear Model.
RESULTS: Significant loneliness reductions were observed in the intervention group compared to controls 
at 2 weeks (22.00 ± 1.64 vs. 45.74 ± 4.19, p < .001) and 4 weeks (17.60 ± 1.74 vs. 46.54 ± 3.87, p < .001) 
post-intervention. The intervention group demonstrated a 60.4% reduction at 2 weeks and a 68.1% 
reduction at 4 weeks from baseline (55.50 ± 1.82). A total of 94% of intervention participants achieved 
clinically meaningful improvement (≥5-point reduction) compared with 8% of controls.
CONCLUSION: The SIAGA application effectively reduced loneliness among Indonesian community-
dwelling older adults, demonstrating superior effectiveness compared to standard care. This digital 
intervention delivered through community health networks represents a promising, scalable model for 
addressing mental health needs in aging populations.
Keywords: Aged, community health services, digital technology, Indonesia, loneliness

Introduction

Loneliness represents one of the most pressing public health challenges of the twenty-first 
century, particularly affecting older adults worldwide. Defined as the subjective distressing 
experience arising from a perceived discrepancy between desired and actual social relation-
ships, loneliness differs fundamentally from social isolation, which refers to the objective lack 
of social contacts (Taylor et  al., 2023). Recent global epidemiological evidence demonstrates 
that approximately 1,250,322 older adults from 126 studies across 62 countries report a global 
loneliness prevalence of 27.6% (Salari et al., 2025). North America demonstrates the highest 
prevalence at 30.5%, while African populations show the lowest at 15.3%, highlighting the influ-
ence of cultural, socioeconomic, and healthcare system factors on loneliness experiences. In 
high-income countries specifically, meta-analytical evidence from 120,000 older adults dem-
onstrates a pooled loneliness prevalence of 28.5% (95% CI: 23.9–33.2%), with substantial 
between-country heterogeneity suggesting the importance of national context in loneliness 
experiences (Chawla et al., 2021).
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Digital health interventions have emerged as promising approaches for addressing loneliness 
among older adults, with systematic reviews and meta-analyses providing mixed but increas-
ingly encouraging evidence for their effectiveness. The most comprehensive umbrella review 
analyzing 21 reviews covering 326 primary studies with 79,538 participants found that 72% of 
information and communication technology (ICT) and videoconferencing studies demonstrated 
effectiveness in reducing loneliness. At the same time, social networking sites showed mixed 
results (49% effective) and robotics interventions showed promise (73% effective) despite lim-
ited evidence (Balki et al., 2022). Beyond digital modalities, structured social activity programs 
have also demonstrated positive effects on older adults’ functional and social autonomy as well 
as life engagement in institutional care settings, reinforcing the importance of multi-component 
approaches that combine diverse activities to address different dimensions of well-being (Küçük 
& Emiroğlu, 2025). However, methodological concerns persist, with evidence and gap mapping 
revealing that over 70% of systematic reviews in this field have critically low quality, highlighting 
significant gaps in rigorous research design and implementation (Welch et al., 2023).

Despite these mixed meta-analytical findings, several high-quality individual randomized con-
trolled trials (RCTs) demonstrate the potential of well-designed digital interventions. The land-
mark Personal Reminder Information and Social Management study, a multisite RCT with 300 
older adults aged 65–98 years, tested a custom computer platform featuring email, games, 
and social connectivity tools, demonstrating significant loneliness reduction at 6 months with 
effects maintained at 12-month follow-up (Czaja et  al., 2018). Mobile health applications 
show particular promise, with WhatsApp-based low-intensity cognitive-behavioral therapy 
(mLINCC) demonstrating significant reductions in loneliness during a 3-month intervention 
with 32 older adults, with effects maintained at 1-month follow-up (Jarvis et  al., 2019). An 
internet-based matching intervention cognitive-behavioral therapy (ICBT) and interpersonal 
psychotherapy with 170 participants showed ICBT superiority, with moderate-to-large effect 
sizes (Käll et al., 2021).

Research from Asian contexts reveals particularly complex patterns of technology acceptance. 
In China, examination of the “gray digital divide” indicates that physical problems affect 89% of 
elderly participants, and a lack of digital skills affects 84%, with significant variations by socio-
cultural context (Li & Kostka, 2024; Yang et al., 2022). A study of 312 older adults in Nanjing, 
China, demonstrates that digital inclusion significantly impacts quality of life, with key factors 
including attitudes toward technology, income, and living situation (Yang et al., 2022). Research 
among 401 low-income Asian American older adults reveals significant effects of ethnicity and 
English proficiency, with Chinese participants reporting higher perceived usefulness than Korean 
participants (DeLange Martinez et al., 2024). Qualitative research across various Indian states 
with 20 older adults identifies four critical themes: ICT usability, anxiety and privacy concerns, 
self-perception of technology use, and need for technology literacy (Mitra et al., 2022).

Despite growing evidence for digital interventions, several critical gaps persist that limit the 
translation of research into clinical practice. Methodological limitations include inconsistent out-
come measures across studies, limited long-term follow-up data beyond six months, and insuf-
ficient attention to implementation science considerations such as scalable delivery models 
and healthcare system integration (Welch et al., 2023). Geographic disparities reveal substantial 
underrepresentation of developing country populations despite higher vulnerability, particularly 
in sub-Saharan Africa and rural Asia, where infrastructure challenges compound social isolation 
risks. Technology-specific evidence remains limited for smartphone applications specifically 
designed for older adults, with most effective interventions utilizing custom computer platforms 
rather than commercially available mobile applications.

Indonesia presents a particularly compelling context for digital loneliness interventions, given 
its rapid demographic transition toward an aging society, widespread mobile technology adop-
tion (80.32% of older adults are social media users), and cultural emphasis on family-centered 
care systems (Ministry of Communication and Information Technology Republic of Indonesia, 
2018). Preliminary research indicates that older adults who use Android applications experience 
33.1% lower loneliness than non-users, suggesting the potential for culturally adapted mobile 
interventions (Jin & Kim, 2025). However, the lack of rigorous experimental studies examin-
ing purpose-built applications for Indonesian older adults represents a significant evidence gap 
requiring investigation.

What this study adds on this 
topic?
•	 This study represents the first 

rigorous quasi-experimental 
investigation demonstrating 
a highly effective culturally 
adapted mobile health 
intervention for loneliness 
prevention among community-
dwelling older adults in 
Indonesia.

•	 The SIAGA intervention 
achieved exceptional 
clinical success with 94% 
of intervention participants 
experiencing clinically 
meaningful loneliness reduction 
(≥5-point improvement) 
compared to only 8% of control 
participants, representing a 
transition from high loneliness 
scores (baseline: 55.50) to low 
loneliness categories (final: 
17.60).
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The present study addresses these gaps by developing and 
testing SIAGA (Sistem Intervensi Anti-Kesepian untuk Geriatri), 
an Android-based loneliness prevention application specifically 
designed for Indonesian community-dwelling older adults. This 
quasi-experimental investigation aimed to provide robust evi-
dence for culturally adapted digital mental health interventions 
in a developing country context, contributing to the global evi-
dence base for technology-supported healthy aging initiatives 
while addressing the specific cultural and technological con-
texts of Indonesian older adult populations.

Research Hypotheses

(1)	 Older adults in the intervention group using the SIAGA 
application will demonstrate significantly lower loneli-
ness scores compared to the control group at 2-week and 
4-week follow-up assessments; 

(2)	 The intervention effect will be sustained or enhanced from 
2 weeks to 4 weeks, indicating durable benefits of the cul-
turally adapted digital intervention; and 

(3)	 A clinically meaningful proportion of intervention par-
ticipants will achieve substantial loneliness reduction (≥5-
point decrease on the UCLA Loneliness Scale) compared to 
controls.

Methods

Study Design
This study employed a quasi-experimental design with a pre-
test/post-test non-equivalent control group. Participants were 
allocated to either an intervention group receiving the SIAGA 
application or a control group receiving standard care with-
out the application intervention. Standard care in this context 
comprised the routine community health services provided by 
Puskesmas (Community Health Center) Payung Sekaki, includ-
ing monthly health check-ups (Posyandu Lansia), general health 
education sessions, and access to basic healthcare consulta-
tions. These services represent the typical level of care available 
to community-dwelling older adults in Indonesian urban set-
tings and do not include any specific loneliness intervention or 
digital health components.

Sample
Participants were allocated to either an intervention group 
receiving the SIAGA application or a control group receiving 
standard care without the application intervention. Standard 
care in this context comprised the routine community health 
services provided by Puskesmas (Community Health Center) 
Payung Sekaki, including monthly health check-ups (Posyandu 
Lansia), general health education sessions, and access to basic 
healthcare consultations. These services represent the typical 
level of care available to community-dwelling older adults in 
Indonesian urban settings and do not include any specific lone-
liness intervention or digital health components.

The study population comprised community-dwelling older 
adults aged 60 years and above living with family members in 
Pekanbaru City, Riau Province, Indonesia. The research was con-
ducted from June to July 2025 in Kecamatan Payung Sekaki, 

specifically in Kelurahan Labuh Baru Timur, representing a typical 
urban Indonesian community with mixed socioeconomic char-
acteristics. Participants were selected through a multistage clus-
ter sampling methodology, involving several sequential stages 
to ensure a representative sample. Initially, one of the 15 sub-
districts (kecamatan) in Pekanbaru City was randomly selected, 
followed by the selection of one village (kelurahan) from that 
sub-district. Within the selected village, nine neighborhood areas 
(lingkungan) were proportionally selected based on population 
density and demographic characteristics. The intervention group 
was located in Community Unit/Rukun Warga (RW) 10, while the 
control group was in RW 3, ensuring geographical separation to 
minimize contamination between the study groups.

Sample size was calculated using the hypothesis-testing for-
mula for comparing means between two independent groups, 
following established statistical methodology for intervention 
studies (Xu et al., 2017). Based on this calculation, with a 5% 
margin of error and a 90% CI level, the required sample size 
was determined to be 50 participants per group, yielding a total 
sample of 100 older adults. This sample size provided adequate 
statistical power to detect clinically meaningful differences 
in loneliness scores between intervention and control groups 
while accounting for potential attrition during the study period.

Inclusion criteria encompassed older adults who owned Android 
smartphones, demonstrated adequate reading and hearing abil-
ities necessary for application use, maintained mobility without 
being bedridden, and provided voluntary informed consent for 
study participation. Exclusion criteria included individuals with 
severe cognitive impairment that would prevent application 
usage, those with significant visual impairments that could not 
be corrected with assistive devices, participants with severe 
psychiatric conditions requiring intensive medical management, 
and individuals planning to relocate during the study period.

Intervention Development
The SIAGA application was developed through a systematic, 
three-stage user-centered design process tailored explicitly for 
Indonesian older adults. The first stage, “Specify the Context 
of Use,” involved comprehensive user identification through 
observational studies, in-depth interviews with older adults 
and their families, and an extensive literature review of cultural 
preferences and technological capabilities among Indonesian 
elderly populations. This stage was crucial to ensuring that the 
application design aligned with user needs, expectations, and 
the specific cultural contexts of Indonesian family-centered 
care systems and traditional values regarding aging and social 
connectivity.

The second development stage, “Specify User Requirements,” 
comprised systematic data collection and identification of user 
needs through detailed analysis of older adult social media 
usage patterns, preferred applications, and desired features for 
social connectivity. This phase included focus group discus-
sions with older adults currently using social media platforms, 
interviews with family members regarding communication 
preferences, and consultation with geriatric healthcare provid-
ers to understand clinical needs for loneliness prevention. The 
findings informed the development of application features that 
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would be both culturally appropriate and technically feasible for 
the target population.

The third stage involved prototype development and iterative 
testing based on collected data and identified requirements. 
The prototype underwent rigorous usability testing with 25 
older adults aged 60–79 years, who used the application for 
15–30 minutes, followed by completion of the System Usability 
Scale (SUS) questionnaire. This validated instrument comprises 
ten items assessing ease of use, comfort, and feature effective-
ness. The usability testing yielded SUS scores ranging from 69 
to 92.5 with a mean score of 81.1, indicating good to excellent 
usability according to established SUS interpretation guide-
lines. User feedback highlighted the application’s ease of use, 
simple interface design, and appropriate feature selection for 
older adult needs, while also identifying areas for improvement, 
including larger font sizes and more precise initial instructions.

The final SIAGA application incorporated four main feature cat-
egories designed to address different aspects of social connec-
tivity and cognitive engagement. The music feature provides 
carefully curated nostalgic songs that support emotional well-
being, improve quality of life, and foster comfort and connection 
through familiar cultural melodies. The video component offered 
light entertainment content designed to improve mood and 
provide engaging visual stimulation appropriate for older adult 
preferences. The stories feature enabled users to read and share 
light, inspirational, and meaningful narratives, encouraging active 
participation, maintaining social connections, and providing 
opportunities for healthy, positive expression. The games com-
ponent was specifically designed to exercise memory, concen-
tration, and cognitive abilities through enjoyable, non-stressful 
activities appropriate for older adult capabilities and interests.

Expert validation was conducted through consultation with 
geriatric nursing professors specializing in older adult health 
and healthcare practitioners from Puskesmas Payung Sekaki, 
ensuring clinical relevance and cultural appropriateness. The 
experts provided recommendations regarding content suit-
ability, intervention duration, and implementation strategies 
based on their clinical experience and understanding of local 
healthcare systems. Following expert review and incorporation 

of recommendations, the SIAGA application was deemed ready 
for implementation with demonstrated usability, clinical rel-
evance, and cultural appropriateness for Indonesian older adult 
populations.

Data Collection Procedures
Data collection was conducted in collaboration with trained 
community health cadres who had established relationships 
with older adult populations in the study areas and an under-
standing of local cultural contexts. These community partners 
facilitated participant recruitment, provided cultural mediation 
during data collection, and assisted with ongoing monitoring 
throughout the intervention period. Prior to data collection, 
comprehensive training sessions were conducted with partici-
pating health cadres to ensure standardized data collection pro-
cedures, ethical protocols, and consistent intervention delivery.

The data collection process began with community-based 
recruitment sessions, during which potential participants who 
met the inclusion criteria were identified and invited to par-
ticipate. Research staff provided detailed explanations of study 
purposes, procedures, risks, and benefits, ensuring that potential 
participants fully understood their involvement before providing 
informed consent. Following consent procedures, participants 
completed baseline assessments, including sociodemographic 
questionnaires and administration of the UCLA Loneliness 
Scale. For the intervention group, the baseline assessment was 
followed by a comprehensive orientation to the SIAGA applica-
tion, including demonstrations of features, hands-on practice 
sessions, and the provision of user guides specifically developed 
for older adult users.

The intervention was implemented over 4 weeks with struc-
tured follow-up assessments at 2 weeks and 4 weeks post-
baseline to evaluate both immediate and sustained intervention 
effects. The selection of these assessment time points was 
informed by evidence from digital health intervention literature 
and loneliness research methodology. A recent intervention 
study using a social connectivity app for older adults employed 
identical assessment timepoints (baseline, two weeks, and four 
weeks), demonstrating that meaningful changes in loneliness 
can be detected within this timeframe (Harkin et al., 2025). The 

Table 1.
Intervention Procedure

Week Duration Activity Location Methods

1 30 minutes Pre-test assessment Community Health Center Explanation and discussion

45 minutes Educational session covering:
1.	 Biological and psychological problems 

experienced by older adults due to aging process
2.	 Causes of loneliness
3.	 Impact of loneliness
4.	 Warning signs of loneliness
5.	 Loneliness prevention using SIAGA application

Community Health Center Lecture, question and answer 
session, and group discussion

45 minutes SIAGA application usage training Hands-on demonstration and 
practice

2 45 minutes First post-test assessment Participants’ family homes Explanation and discussion

4 45 minutes Second post-test assessment Participants’ family homes Explanation and discussion
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National Academies of Sciences, Engineering, and Medicine 
recommends using more than two data points to reliably mea-
sure trajectories of social isolation and loneliness (National 
Academies of Sciences, Engineering, and Medicine, 2020). The 
detailed intervention schedule is presented in Table 1, which 
outlines the systematic approach to intervention delivery, 
including educational components, practical application train-
ing, and follow-up assessments.

Outcome Measures
The primary outcome measure was loneliness assessed using 
the adapted Indonesian version of the UCLA Loneliness Scale 
Version 3, an internationally validated instrument specifically 
designed for older adult populations (Rahimmatussalisa & 
Rinaldi, 2025). This questionnaire initially comprised 20 items; 
however, the Indonesian version used 19 items following valida-
tion testing. Participants responded using a 4-point Likert scale 
ranging from 1 (never) to 4 (always), with total scores catego-
rized as low loneliness (20–39), moderate loneliness (40–59), 
and high loneliness (60–80). The Indonesian version underwent 
comprehensive validation using Rasch modeling to ensure psy-
chometric robustness for the local population. Person abil-
ity measures averaged 0.28 logits (SD = 0.80), indicating good 
alignment between item difficulty and participant ability levels. 
Person measures ranged from 1.77 to −2.2 logits, while item 
difficulties ranged from 1.35 to −0.96 logits, demonstrating an 
appropriate measurement range for the target population.

Secondary outcome measures included sociodemographic 
characteristics collected through a structured questionnaire, 
including age, gender, educational level, ethnicity, occupation 
status, income relative to the regional minimum wage (RMW: 
IDR 3,675,937, equivalent to USD 216), health insurance cov-
erage, and marital status. These variables were assessed to 
characterize the study population and identify potential con-
founding factors that might influence intervention outcomes. 
The sociodemographic questionnaire was developed based on 
Indonesian national census categories and validated through 
pilot testing with similar populations to ensure cultural appro-
priateness and comprehensibility.

Statistical Analysis
Data analysis was conducted using IBM SPSS Statistics, version 
28.0 (IBM Corp., Armonk, NY, USA), employing a comprehensive 
analytical approach to address study objectives and hypotheses. 
Descriptive statistics, including frequencies, percentages, means, 
and standard deviations, were calculated to summarize partici-
pant characteristics, including age, gender, educational level, 
ethnicity, occupation, income, insurance coverage, and mari-
tal status. Normality testing was performed using Shapiro–Wilk 
tests to select appropriate statistical tests for outcome analyses.

Baseline comparability between the intervention and con-
trol groups was assessed using independent samples t-tests 
for continuous variables and chi-square tests for categori-
cal variables to ensure that the groups were equivalent prior 
to intervention implementation. This analysis was crucial for 
establishing that any post-intervention differences could be 
attributed to the intervention rather than pre-existing group 
differences.

Bivariate analysis was conducted using independent-samples 
t-tests to examine the effectiveness of the SIAGA application 
on loneliness prevention at 2-week and 4-week time points, 
comparing mean loneliness scores between the intervention 
and control groups. Practical significance was assessed by cal-
culating the percentage change from baseline to follow-up 
assessments within each group.

A multivariate analysis employed a General Linear Model 
repeated-measures analysis of variance to examine changes 
in loneliness scores across the three time points (baseline, two 
weeks, four weeks), while controlling for potential confounding 
variables identified during baseline comparability testing. The 
repeated-measures design allowed examination of within-sub-
ject changes over time, between-group differences, and time-
by-group interactions. Assumptions for repeated-measures 
analysis of variance were tested, including sphericity (Mauchly’s 
test), homogeneity of variance (Levene’s test), and normal-
ity of residuals. When sphericity assumptions were violated, 
Greenhouse–Geisser corrections were applied to adjust degrees 
of freedom and significance levels.

Post-hoc analyses included pairwise comparisons to identify 
specific time points where significant differences occurred 
between groups. Additionally, within-group analyses examined 
whether significant changes occurred from baseline to each fol-
low-up time point within intervention and control groups sepa-
rately. Statistical significance was set at α = 0.05 for all analyses, 
with 95% CIs provided for effect estimates.

Ethical Considerations
This study received ethical approval from the Institutional Ethics 
Committee of Institut Kesehatan Payung Negeri (Approval no: 
091/IKES PN/KEPK VI/2025 Date: 10.06.2025) prior to the 
initiation of participant recruitment and data collection. The 
research protocol underwent a comprehensive ethical review to 
ensure the protection of participant rights, welfare, and dignity 
throughout all study phases. All procedures were conducted in 
accordance with the principles of the Declaration of Helsinki for 
ethical research involving human subjects and the Indonesian 
national guidelines for research ethics. Informed consent was 
obtained from all participants through a comprehensive process 
that included detailed verbal and written explanations of the 
study’s purposes, procedures, potential risks and benefits, vol-
untary participation, and the right to withdraw without penalty. 
To address ethical considerations regarding equitable access to 
the intervention, participants in the control group were offered 
access to the SIAGA application following study completion, 
ensuring that all participants could ultimately benefit from the 
intervention.

Results

Participant Characteristics
One hundred older adults completed the study (intervention: 
n = 50, control: n = 50). Groups showed excellent baseline com-
parability with no significant differences across all demographic 
variables (all p > .05). Participants were predominantly female 
(70%), aged 60–69 years (63%), with junior high education 
(63%), Malay ethnicity (75%), and unemployed (80%). Most 
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had monthly incomes below the regional minimum wage (80%), 
were uninsured (60%), and were widowed (73%) (Table 2).

Intervention Effectiveness
At baseline, both groups showed comparable loneliness scores 
(intervention: 55.50 ± 1.82; control: 55.00 ± 0.78; p = .781). 
Following the intervention, significant reductions in loneliness 
occurred in the intervention group at two weeks (22.00 ± 1.64 
vs. 45.74 ± 4.19, p < .001) and four weeks (17.60 ± 1.74 vs. 46.54 
± 3.87, p < .001). The intervention group demonstrated reduc-
tions of 60.4% and 68.1% from baseline at two and four weeks, 
respectively. Repeated-measures analysis confirmed significant 
between-group differences (p < .001) and a time-by-group 
interaction effect (Table 3).

Table 3 also showed the clinical significance: 94% of inter-
vention participants (47/50) achieved clinically meaning-
ful improvement (≥5-point reduction), compared with 8% of 
controls (4/50). Participants transitioned from high loneliness 
(baseline: 55.50) to low loneliness categories (final: 17.60) 
according to UCLA Loneliness Scale criteria. No adverse events 
were reported, and 96% of participants completed the full 
intervention protocol.

Visual Representation of Intervention Effects
Figure 1 illustrates the trajectory of loneliness scores across 
the study period for both intervention and control groups. The 
graph clearly demonstrates the dramatic reduction in loneliness 
among participants using the SIAGA application, in contrast to 
the stable levels in the control group. The visual representation 
emphasizes both the immediate effectiveness (evident at two 
weeks) and the sustained benefits (continued improvement at 
four weeks) of the intervention.

The figure shows divergent trajectories between groups, with 
the intervention group showing a steep decline in loneliness 
scores from baseline (55.50) to two weeks (22.00), followed by 
further improvement at four weeks (17.60). The control group 
maintained consistently elevated loneliness scores through-
out the study period (baseline: 55.00; 2 weeks: 45.74; 4 weeks: 
46.54), highlighting the specific effectiveness of the SIAGA 

Table 2.
Participant Characteristics by Study Group (N = 100)

Characteristic

Intervention 
Group (n = 50)

Control Group 
(n = 50)

pn % n %

Age (years) ​ ​ ​ ​ .21

  60–69 28 44.4 35 55.6

  70–79 22 59.2 15 40.5

Gender ​ ​ ​ ​ .27

  Female 38 54.3 32 45.7

  Male 12 40.0 18 60.0

Education ​ ​ ​ ​ .67

  Junior high school 30 47.6 33 42.4

  Senior high school 20 36.1 17 54.9

Ethnicity ​ ​ ​ ​ .08

  Malay 34 45.3 41 54.7

  Japanese 16 68.0 9 32.0

Employment status ​ ​ ​ ​ .80

  Employed 11 55.0 9 45.0

  Unemployed 39 48.6 41 51.3

Monthly income ​ ​ ​ ​ .45

  ≥RMW 8 40.0 12 60.0

  <RMW 42 52.5 38 47.5

Health insurance ​ ​ ​ ​ .22

  Yes 33 55.9 27 44.1

  No 17 41.5 33 58.5

Marital status ​ ​ ​ ​ .36

  Married 11 66.7 16 33.3

  Widowed 39 15.1 34 84.9

RMW = Monthly Regional Minimum Wage. Chi-square tests were used 
to compare categorical variables between groups; p-values indicate no 
significant baseline differences.

Table 3.
Mean Loneliness Scores by Study Group and Time Point (N = 100)

Time Point Group n Mean ± SD Min-Max ∆ (%) p (Between Groups) p (GLM)

Baseline SIAGA 50 55.50 ± 1.82 53–60 — 0.781 —

Control 50 55.00 ± 0.78 54–56 —

2 Weeks SIAGA 50 22.00 ± 1.64 20–25 — <0.001 <.001

Control 50 45.74 ± 4.19 36–57 —

Practical difference ​ ​ ​ 35.04

4 Weeks SIAGA 50 17.60 ± 1.74 15–21 — <0.001 <.001

Control 50 46.54 ± 3.87 38–56 —

Practical difference ​ ​ ​ 45.81

Δ (%) = Percentage change from baseline; GLM = General Linear Model repeated-measures analysis.
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intervention in addressing loneliness among community-dwell-
ing Indonesian older adults.

Discussion

This study demonstrates that the SIAGA application effec-
tively reduced loneliness among community-dwelling older 
adults in Indonesia. The observed 60.4% reduction in loneli-
ness scores at two weeks and 68.1% reduction at four weeks 
represents clinically meaningful improvements that align with 
the most successful technology-based interventions reported 
globally. These findings contribute important evidence to the 
growing but inconsistent literature on digital mental health 
interventions for older adults, particularly in developing coun-
try contexts where rigorous experimental evidence remains 
limited.

The magnitude of the loneliness reduction observed with SIAGA 
substantially exceeds the effects reported in recent systematic 
reviews and meta-analyses of digital interventions. While Shah 
et  al. (2021) found no statistically significant pooled effects 
across six randomized controlled trials, and Jin et al. (2021) simi-
larly reported minimal effects for smartphone-based interven-
tions, the SIAGA intervention achieved effect sizes approaching 
those of the most successful technology-based interventions 
(Jin et al., 2021; Shah et al., 2021). The Korean ICT-based lone-
liness alleviation program reported similar success with statis-
tically significant improvements in loneliness, depression, and 
social engagement among 40 community-dwelling older adults 
over six weeks (Ae-Ri et  al., 2023). Videoconferencing inter-
ventions in long-term care settings have achieved large effect 

sizes, though these typically involve more intensive technologi-
cal infrastructure than mobile applications (Hoang et al., 2022).

The sustained improvement observed from two to four weeks 
represents a particularly noteworthy finding, as longitudinal 
effectiveness represents a persistent challenge in digital loneli-
ness interventions. Most studies report diminishing effects over 
time, with Shah et  al. (2021) finding no sustained benefits at 
12-month follow-up across multiple intervention types (Shah 
et al., 2021). The continued improvement among SIAGA partici-
pants suggests that the culturally adapted, multi-component 
approach may facilitate sustained engagement and benefit 
maintenance. This finding aligns with theoretical frameworks 
that emphasize that successful digital interventions must 
address maladaptive social cognition patterns through sus-
tained cognitive restructuring rather than temporary facilitation 
of social contact (Hawkley & Cacioppo, 2010).

Cultural adaptation emerges as a critical factor distinguish-
ing SIAGA’s effectiveness from previous digital interventions 
conducted primarily in Western, high-income contexts. The 
systematic design process incorporating Indonesian cultural 
values, family-centered communication patterns, and locally 
appropriate content appears to have enhanced intervention 
acceptability and effectiveness. Research on culturally adapted 
cognitive-behavioral therapy in Southeast Asian populations 
demonstrates superior outcomes compared to standard inter-
ventions. However, the evidence base remains limited, with 
only seven studies meeting the inclusion criteria for systematic 
reviews (Praptomojati et al., 2024). The integration of nostalgic 
music, culturally relevant storytelling, and games designed for 
Indonesian older adults reflects evidence-based approaches to 
cultural adaptation that enhance engagement and therapeutic 
alliance.

The technology acceptance patterns observed in this study 
align with research demonstrating that perceived useful-
ness and cultural appropriateness strongly influence adoption 
among older adults in developing countries. Indonesian mobile 
health adoption studies identify initial trust in platforms as the 
strongest predictor of usage intention, significantly outweighing 
performance expectancy factors emphasized in Western tech-
nology acceptance models (Octavius & Antonio, 2021). The high 
completion rate (96% of participants completing the interven-
tion protocol) suggests that SIAGA’s user-centered design pro-
cess effectively addressed common barriers, including interface 
complexity, cognitive load, and technological anxiety. This con-
trasts with typical dropout rates of 20%–70% reported across 
digital mental health interventions, highlighting the importance 
of cultural and contextual adaptation in intervention design 
(Balki et al., 2022).

The theoretical mechanisms underlying SIAGA’s effectiveness 
appear consistent with social cognitive theory and loneliness 
regulatory loop frameworks that emphasize the importance 
of addressing maladaptive cognitive patterns while facilitat-
ing meaningful social connections. The multi-component 
intervention design, incorporating music therapy, storytelling, 
video content, and cognitive games, addresses multiple path-
ways to reducing loneliness. Music therapy components align 

Figure 1.
Mean Loneliness Scores by Study Group Over Time. Comparison 
of UCLA Loneliness Scale Scores Between Intervention (n = 50) 
and Control (n = 50) Groups Across Three Assessment Time 
Points. The Intervention Group Using the SIAGA Application 
Showed a Dramatic Decline in Loneliness Scores (Baseline: 
55.50 to 4 Weeks: 17.60), While the Control Group Receiving 
Standard Care Maintained Consistently Elevated Scores 
Throughout the Study Period. Error Bars Indicate Standard 
Deviation. ***p < .001 for Between-Group Comparisons at Two-
Week and Four-Week Time Points.
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with evidence demonstrating that nostalgic music enhances 
positive emotions, social connectedness, and autobiographi-
cal memory among older adults (Jin et al., 2021). The storytell-
ing feature facilitates narrative expression and social sharing, 
which research demonstrates can reduce loneliness through 
meaning-making and social validation processes (Jarvis et  al., 
2020). Cognitive games target executive function and working 
memory, which research suggests may mediate the relationship 
between loneliness and cognitive decline in aging populations 
(Xiang et al., 2020).

The implementation approach utilizing community health cad-
res represents an innovative model for scaling digital mental 
health interventions in resource-limited settings. This com-
munity-based delivery method addresses fundamental barriers 
to technology adoption among older adults, including limited 
digital literacy, technological anxiety, and ongoing technical 
support needs. Research on digital health implementation in 
Indonesian primary care settings reveals substantial infrastruc-
ture limitations and provider knowledge gaps, necessitating 
comprehensive ecosystem approaches rather than individual-
focused interventions (Aisyah et al., 2024). The integration of 
community health workers aligns with evidence demonstrating 
that human support significantly enhances the effectiveness of 
digital interventions, with supported digital interventions show-
ing superior outcomes compared to fully automated approaches 
across multiple systematic reviews (Welch et al., 2023).

From a public health perspective, the high response rate (94% 
of intervention participants achieving clinically meaningful 
improvement) suggests substantial population-level impact 
potential if scaled appropriately. The transition from high loneli-
ness scores (baseline: 55.50) to low loneliness categories (final: 
17.60) according to established UCLA Loneliness Scale cut-
off criteria indicates that participants experienced meaningful 
improvements in subjective social connectedness that extend 
beyond statistical significance. This magnitude of change sub-
stantially exceeds the minimal clinically important differences 
typically reported for loneliness scales. However, standardized 
clinical significance thresholds remain inadequately estab-
lished for older adults in developing country contexts (National 
Academies of Sciences, 2020).

The cost-effectiveness implications of the SIAGA intervention 
warrant consideration within Indonesia’s expanding universal 
health coverage framework. Digital mental health interventions 
generally demonstrate favorable cost-effectiveness profiles, 
with 57.1% of studies showing higher quality-adjusted life years 
at lower cost than traditional care delivery models (Gentili et al., 
2022). Mobile applications show particular promise for improv-
ing quality-adjusted life years while reducing overall healthcare 
costs. However, most economic analyses are conducted in high-
income countries with different healthcare financing structures 
(Buntrock, 2024). The community-based delivery model utilizing 
existing health cadre networks may enhance cost-effectiveness 
by leveraging established infrastructure while addressing digital 
literacy barriers that limit intervention accessibility.

Technology factors, including smartphone model compatibil-
ity, internet connectivity requirements, and ongoing technical 

support needs, represent practical implementation consider-
ations requiring systematic evaluation. While 96% of partici-
pants completed the intervention protocol, the study population 
was pre-selected for Android smartphone ownership and basic 
technological capability. Population-level implementation 
would require addressing digital divide issues, including access 
to devices and connectivity, internet affordability, and compre-
hensive digital literacy training. The Indonesian ICT maturity 
assessment across nine provinces revealed substantial regional 
variations that would influence the scalability of interventions 
(Aisyah et al., 2024).

Safety considerations, while showing no adverse events in this 
study, require ongoing monitoring in larger-scale implementa-
tions. Digital mental health intervention safety research remains 
limited, with most studies reporting informal safety monitor-
ing rather than systematic adverse event tracking (Taher et al., 
2023). Risk mitigation strategies should include graduated 
technology introduction, accessible technical support systems, 
and protocols for identifying and addressing technology-related 
anxiety or social withdrawal. Privacy and data security concerns 
are particular considerations for older adults, who may have a 
limited understanding of digital privacy risks.

Study Limitations
Several study limitations warrant acknowledgment and consid-
eration for future research directions. The quasi-experimental 
design, while appropriate for community-based intervention 
research, limits causal inference compared to randomized 
controlled trial approaches. The 4-week follow-up period, 
though showing sustained improvement, provides insufficient 
evidence for long-term effectiveness maintenance. Future 
research should examine intervention effects at three, six, 
and 12-month intervals to assess sustained benefit and iden-
tify factors supporting long-term engagement. The single-site 
urban community setting may limit generalizability to rural 
populations, where technological infrastructure, digital literacy, 
and cultural contexts differ substantially from those of the 
study population.

Conclusion and Recommendations

In conclusion, the SIAGA application demonstrates substan-
tial effectiveness for reducing loneliness among community-
dwelling older adults in Indonesia. The culturally adapted, 
multi-component design delivered through community health 
networks represents a promising model for addressing mental 
health needs among aging populations in developing countries. 
While limitations, including study design, follow-up duration, 
and generalizability, warrant consideration, these findings pro-
vide important evidence supporting the potential for cultur-
ally adapted digital mental health interventions to address the 
growing global challenge of loneliness among older adults.
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