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INTRODUCTION

ABSTRACT

Purpose: This study aimed to evaluate the effectiveness of telemedicine and
digital health interventions on improving clinical outcomes among patients
with chronic diseases.

Subjects and Methods: A quasi-experimental design was employed,
focusing on key health indicators such as glycemic control (HbAic levels),
systolic and diastolic blood pressure, and kidney function (eGFR). The study
involved diverse participants across urban and rural regions, with
engagement levels as a moderating variable.

Results: Results showed that participants with higher engagement levels
exhibited better clinical outcomes, including reduced systolic and diastolic
blood pressure, improved HbAic levels, and better eGFR outcomes.
Furthermore, urban participants displayed better health outcomes
compared to their rural counterparts, highlighting the role of geographic
disparities and access to telemedicine interventions.

Conclusions: These findings suggest that promoting engagement and
ensuring equitable telemedicine access can bridge gaps in healthcare
outcomes. This study provides new insights into how engagement and
geographic disparities influence telemedicine effectiveness and addresses
critical gaps in the existing literature.

Chronic diseases such as diabetes, hypertension, and cardiovascular diseases represent one of the
most pressing public health challenges globally and in Indonesia. These diseases significantly
affect both individual health and national economies by contributing to high rates of mortality,
disability, and healthcare costs (Bennett et al., 2018; Burke et al., 2018). In Indonesia, non-
communicable diseases (NCDs) account for a staggering 73% of all deaths, underscoring the
urgent need to focus attention on their prevention and management through innovative
approaches (FARMA, 2023). Urbanization, poor diet, sedentary lifestyles, and environmental
factors have exacerbated this issue, with lifestyle shifts and the growing burden of aging
populations contributing to rising NCD rates. Indonesia's healthcare system faces a daunting
challenge in addressing these escalating trends while managing resource constraints, unequal
access to healthcare, and varied regional health disparities.

Digital health technologies, including mobile health applications, telemedicine, and wearable
devices, are emerging as transformative tools in chronic disease management. These technologies
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offer practical, scalable, and cost-effective solutions for monitoring, early detection, and
treatment adherence, particularly in low- and middle-income countries (Beleigoli et al., 2019). In
Indonesia, digital health interventions have shown promise in reducing barriers related to
geographic inaccessibility and inadequate healthcare infrastructure by offering innovative remote
solutions. Programs such as Preventive Care Medwell illustrate how technology can empower
individuals to adopt healthier habits, access disease screening, and track vital health metrics,
thereby improving both individual and systemic health outcomes (Yoong et al., 2019).
Telemedicine platforms, wearables, and mobile health apps have played pivotal roles in
connecting urban and rural populations with essential medical care. Wearable devices, for
instance, can provide real-time health monitoring, enabling users to detect early warning signs of
chronic conditions. Mobile health applications are increasingly being used to educate patients
about lifestyle modification and treatment adherence, allowing them to make informed decisions
about their health. Despite these technological advancements, the uptake of digital health
interventions in Indonesia is not uniform due to multiple systemic and individual barriers.

Limited digital literacy, lack of equitable internet access, and concerns over privacy continue to
impede the widespread adoption of digital health technologies (Indonesia, 2019; von Huben et
al., 2021). Rural and underserved areas, in particular, struggle with low technological
accessibility, with many individuals facing difficulties in engaging with apps or online health
monitoring tools. Furthermore, the prioritization of curative care over prevention within
Indonesia’s healthcare system has limited the integration of digital health solutions into routine
practice (Rahmawati et al., 2020). This imbalance has hindered the ability of technological tools
to effectively address chronic disease prevention and early intervention. Indonesia has
implemented universal health coverage through its Jaminan Kesehatan Nasional (JKN) program
to provide equitable access to basic healthcare. Although this initiative has improved service
availability, challenges remain in maintaining financial sustainability and promoting preventive
health care (World Health Organization, 2019). Digital health technologies can bridge these gaps
by offering personalized interventions, remote patient monitoring, and real-time health data
analysis that are critical for chronic disease management. Such solutions could reduce reliance
on expensive curative treatments by emphasizing lifestyle changes, routine health checks, and
early detection of disease.

This study aims to explore how digital health technologies impact chronic disease outcomes in
diverse settings across Indonesia, focusing on both urban and rural experiences. By analyzing the
effectiveness of telemedicine, wearable devices, Al-driven tools, and mobile applications, the
study seeks to uncover how these interventions improve health outcomes for Indonesians living
with chronic conditions. In particular, the study examines their role in improving medication
adherence, facilitating early disease detection, and fostering healthier behaviors. Furthermore,
the study will investigate practical implementation challenges such as infrastructure deficits,
literacy gaps, and cultural acceptance. The study builds on recent technological developments
such as AI and cloud-based health monitoring systems, which have the potential to make health
data management more secure, efficient, and user-friendly (FARMA, 2023). These tools can
collect vast amounts of real-time data to monitor chronic diseases and tailor interventions to meet
individual patient needs. Moreover, Al has proven instrumental in analyzing these data sets to
predict disease trends and inform public health strategies. The study integrates these
technological advancements to determine their effectiveness and potential for scaling nationwide.

Literature Review and Previous Studies

Digital health interventions (DHIs) have gained prominence as effective tools in managing
chronic diseases. They leverage technologies such as mobile applications, telemedicine, electronic
health records, and remote patient monitoring to improve healthcare delivery and chronic disease
management. With the global burden of chronic diseases like diabetes, chronic kidney disease
(CKD), cardiovascular disease, and chronic respiratory disorders escalating, DHIs offer
innovative strategies for early detection, prevention, and treatment (Al Meslamani, 2024).
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One key area of focus in recent research is the use of DHIs for CKD management. A systematic
review and meta-analysis highlighted that digital tools enhance the quality, safety, and efficiency
of primary care for CKD patients by improving medication adherence, early diagnosis, and
lifestyle interventions (Yang et al., 2024). Despite their promising potential, DHIs face challenges
such as accessibility, technological literacy, and integration into primary care settings, especially
in low-resource communities. The effectiveness of digital health interventions in chronic pain
management is another area of considerable attention. Studies have shown that interventions like
telemedicine-based physical therapy and e-mental health strategies can alleviate symptoms and
improve patients’ overall quality of life. A scoping review conducted by Manohar & Prasad (2023)
revealed that technologies such as online self-management programs and virtual physiotherapy
contribute positively to chronic pain outcomes, with consistent evidence supporting their
feasibility and acceptance among users.

Moreover, digital tools such as smart wearables and remote monitoring devices are employed to
track vital health parameters and alert patients or healthcare providers about potential health
risks. These tools provide real-time health insights, making them instrumental in the prevention
of complications. Despite their adoption, gaps remain in integrating these tools into the standard
management protocols for chronic diseases, especially considering technological literacy
disparities among different population groups (Jacob et al., 2022). Telemedicine, as a subset of
DHIs, has proven effective in improving healthcare access for patients in rural and underserved
areas. Telehealth initiatives allow for remote consultations, reducing geographical barriers and
improving timely care delivery (Boppana, 2022; Chauhan et al., 2024). Furthermore, systematic
reviews emphasize that telemedicine has improved key clinical markers like medication
adherence and glycemic control in diabetic patients while increasing patient satisfaction (Chong
et al., 2023).

Research by Cureus (2023) also highlights digital interventions’ success in addressing mental
health challenges associated with chronic diseases. Technologies like online cognitive behavioral
therapy (CBT) programs have shown effectiveness in reducing depression and anxiety among
patients suffering from chronic illnesses. This finding is significant because mental health plays
a critical role in managing chronic disease outcomes, influencing adherence and quality of life
(Deng et al., 2022; White et al., 2024). Evidence from primary care interventions also emphasizes
that digital health frameworks, such as the WHO’s digital health implementation guidelines, are
essential for guiding the development and deployment of digital tools for chronic disease
management (Duffy et al., 2022). These frameworks prioritize patient-centered care and ensure
that interventions are scalable, sustainable, and equitable.

Furthermore, randomized controlled trials (RCTs) provide robust evidence for the effectiveness
of DHIs in managing chronic conditions. Studies such as those reviewed by Yang et al. (2023) and
BMJ Health & Care Informatics (2023) underscore that interventions like remote lifestyle
coaching, electronic monitoring tools, and decision support systems have led to improved
adherence to evidence-based guidelines among CKD and diabetes patients. These outcomes
suggest that structured and well-implemented digital interventions are pivotal for enhancing
long-term health outcomes. However, barriers remain in the widespread implementation of
DHIs. Issues such as disparities in technology access, digital literacy, and lack of integration into
existing healthcare delivery systems pose significant challenges (Harvard, 2023). Additionally,
the willingness of patients and healthcare providers to adopt these technologies is influenced by
trust, perceived usefulness, and familiarity with technological systems.

Overall, studies reveal that DHIs are effective in improving patient outcomes, disease markers,
and quality of care. Nevertheless, persistent challenges must be addressed to ensure equitable
access and implementation across different populations. Addressing these challenges would
enhance the feasibility and sustainability of DHIs as part of chronic disease management
strategies. Sources such as systematic reviews (Yang et al., 2023), recent meta-analyses (Yang et
al., 2024), and WHO implementation guidelines (WHO, 2019) collectively emphasize the need
for strategic integration of these interventions. By improving accessibility, education, and
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technological integration, DHIs have the potential to reshape the landscape of chronic disease
prevention and care delivery.

METHODOLOGY

This study utilized a quasi-experimental pre-test and post-test design to evaluate the effects of
digital health interventions on chronic disease management in Indonesia. Participants were
selected through a purposive sampling technique, ensuring that individuals diagnosed with
chronic diseases like diabetes, hypertension, and chronic kidney disease (CKD) who
demonstrated willingness and access to digital health tools were included in the study. A total of
200 participants were recruited from primary healthcare clinics and hospitals across diverse
geographic areas to capture socio-economic and urban-rural disparities. Data collection involved
both clinical markers (HbAz1c, blood pressure, and eGFR) and self-reported adherence behaviors,
measured using a newly developed adherence questionnaire validated for content, construct, and
reliability (a = 0.87) through expert review and pilot testing.

The intervention included digital tools such as telemedicine consultations, wearable health
devices, and mobile health applications monitored over six months. Statistical analyses included
paired t-tests to compare pre-test and post-test scores, regression analysis to explore the
relationships between intervention engagement and clinical outcomes, Pearson’s correlation to
examine associations between adherence and health markers, and ANOVA and ANCOVA to
assess group differences and control for baseline variation. Data analysis was performed using
SPSS Version 25.0, with a significance threshold of *p* < 0.05. Ethical approval was secured from
the relevant institutional review board (IRB), and informed consent was obtained from all
participants, ensuring data privacy and adherence to the Declaration of Helsinki principles. This
methodological approach provided a comprehensive and ethically sound framework to examine
how digital health interventions influenced clinical health outcomes and patient adherence
among individuals managing chronic diseases in Indonesia.

RESULTS AND DISCUSSION

Table 1. Demographic Characteristics of Participants

Demographic Variables n (200) %
Age Group (in years):
18—-30 40 20%
31-45 50 25%
46—60 60 30%
61 and older 50 25%
Gender
Male 100 50%
Female 100 50%
Urban vs Rural Residence
Urban 120 60%
Rural 8o 40%

This table shows that the sample included equal gender distribution, with 50% male and 50%
female participants. Age groups were well-distributed, with the 46—-60 age range being the most
prominent (30%). The participants were evenly distributed between urban (60%) and rural (40%)
areas, ensuring geographic diversity.

Table 2. Pre-Test Clinical Health Marker Means and Standard Deviations

Clinical Health Markers | Mean | SD
HbA1c (Baseline) | 85 | 12

Systolic Blood Pressure (Baseline) | 135 | 120
Diastolic Blood Pressure (Baseline) | 8 | o5
eGFR (Baseline) | 65 | 153
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The table explain that the average HbA1c levels suggest that most participants had suboptimal
glycemic control before intervention. Blood pressure readings (135 mmHg systolic and 88 mmHg
diastolic) indicate that participants likely had hypertension or borderline hypertension at the
baseline. Additionally, the average eGFR of 65 suggests that participants likely experienced
varying levels of kidney function, with some at risk for chronic kidney disease progression.

Table 3. Post-Test Clinical Health Marker Means and Standard Deviations

Clinical Health Markers | Mean | SD
HbA1c (Post-Test) | 78 | 10

Systolic Blood Pressure (Post-Test) | 130 | 105
Diastolic Blood Pressure (Post-Test) | 8 | 87
eGFR (Post-Test) | 72 | 14.2

The table shows that after six months of intervention, participants demonstrated improved
clinical markers. The average HbA1c dropped to 7.8, suggesting better glycemic control and
effective diabetes management. Blood pressure values also improved (130 systolic, 85 diastolic),
reflecting positive lifestyle and intervention effects. Kidney function, as indicated by eGFR,
improved slightly to 72, suggesting stabilization of renal function through digital health
interventions.

Table 4. Pre-Test and Post-Test Adherence Behavior Means and Standard Deviations

Pre-Test Mean

Adherence Behaviors Post-Test Mean (SD)

(SD)
Medication adherence rate (%) | 65% (10.5) | 80% (8.0)
Frequency of exercise (days/week) | 2.0 (1.0) | 4.5 (1.2)
Usage of digital health tools (%) | 40% (15.0) | 75% (10.5)

The table shows that there was a significant increase in medication adherence from an average of
65% at pre-test to 80% at post-test. Additionally, participants reported a substantial increase in
their exercise frequency from 2.0 days per week pre-intervention to 4.5 days post-intervention.
Notably, usage of digital health tools (such as telemedicine apps and wearable devices) showed a
marked increase, rising from 40% pre-test to 75% at post-test, indicating engagement with
intervention strategies.

Table 5. Means and Standard Deviations for Changes in Health Markers and Adherence

Variable Pre-’Iés]; ;\’Iean Post-’fgf)t)Mean Change
HbA1c | 8.5 (1.2) | 7.8 (1.0) |  -0.7
Systolic Blood Pressure | 135 (12.0) | 130 (10.5) | -5
Medication Adherence (%) \ 65% (10.5) | 80% (8.0) | +15%

This table explain participants showed a notable reduction in HbA1c by an average of 0.7,
suggesting improved glycemic control through intervention strategies. Systolic blood pressure
decreased by 5 mmHg, demonstrating significant cardiovascular health improvements.
Moreover, medication adherence showed an increase of 15%, indicating that participants engaged
more actively with their treatment plans and the intervention strategies over time.

Table 6. Paired Samples t-Test Results for Pre-Test vs. Post-Test Clinical Markers

Variable Pre-Test Mean Post-Test Mean t- pP-
(SD) (SD) Value Value
HbA1c 8.5 (1.2) 7.8 (1.0) 6.25 <0.001
Systolic Blood Pressure 135 (12.0) 130 (10.5) 5.10 <0.001
Dlals,i(;lslguimd 88 (9.5) 85 (8.7) 3.75 0.002
eGFR 65 (15.3) 72 (14.2) 4.55 <0.001
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The paired t-test analysis indicated statistically significant improvements in clinical health
markers between pre-test and post-test periods. HbA1c levels decreased significantly (¢ = 6.25, p
< 0.001), suggesting improved glycemic control. Systolic blood pressure showed a statistically
significant reduction (¢ = 5.10, p < 0.001), and diastolic blood pressure also showed meaningful
change (t = 3.75, p = 0.002). Kidney function, measured through eGFR, improved from pre-test
to post-test (t = 4.55, p < 0.001). These results indicate the intervention’s effectiveness in
improving participants’ physiological responses.

Table 7. Multiple Linear Regression Analysis of Digital Health Tool Usage and Clinical Health
Outcomes

Predictor Variables | B | SE | Beta | p-Value

|
Frequency of telemedicineuse | 0.42 | 0.12 | 0.35 | 0.001
Frequency of wearable device use | 0.31 | 0.10 | 0.30 | 0.004
Adherence rate (%) | 0.25 | 0.08 | 0.28 | 0.005

The table revealed that the frequency of telemedicine use (B = 0.42, p = 0.001) and wearable
health device use (B = 0.31, p = 0.004) were significant predictors of improved HbA1c values.
Additionally, adherence rates were positively associated with clinical improvements (B = 0.25, p
= 0.005). This demonstrates that higher engagement with telemedicine services, wearable
devices, and consistent adherence behaviors were strong predictors of better health outcomes.

Table 8. Correlation Analysis Between Adherence Behavior and Clinical Health Markers

Variable 1 ’ Variable 2 r éggggiﬂgn V;)l-ue
Medication adherence rate (%) | HbA1c | -0.52 | <0.001
Frequency of exercise (days) | Systolic blood pressure | -0.43 | 0.002
Usage of digital tools (%) | eGFR | 0.41 | 0.003

The table indicated a strong negative correlation between medication adherence and HbA1c levels
(r = -0.52, p < 0.001), showing that higher medication adherence was associated with improved
glycemic control. Additionally, the frequency of exercise was negatively correlated with systolic
blood pressure (r = -0.43, p = 0.002), suggesting that increased physical activity reduced blood
pressure levels. Furthermore, a positive correlation was observed between the usage of digital
health tools and improved kidney function (r = 0.41, p = 0.003), indicating that greater
engagement with telemedicine or wearable health monitoring tools positively impacted eGFR.

Table 9. ANOVA Results for Post-Test Clinical Markers by Geographic Location

GeographicGroup | n | Mean HbAic | F-Value | p-Value
Urban | 120 | 7.6 | 525 | 0.022
Rural | 80 | 8.0

The table showed a statistically significant difference in post-test HbA1c levels between urban and
rural participants (F = 5.25, p = 0.022). Urban participants (mean = 7.6) exhibited better glycemic
control compared to rural participants (mean = 8.0). This suggests that geographic disparities
may impact intervention effectiveness, potentially due to differences in access to healthcare
services, technology, or health literacy.

Table 10. ANCOVA Results Adjusted for Baseline Clinical Differences

Adjusted Clinical Variable | Mean | F-Value | p-Value
Adjusted HbA1c (post-test) | 79 | 4.56 | o0.014
Adjusted systolic blood pressure | 131 | 3.95 ] 0.050

The ANCOVA analysis controlled for baseline differences in health markers and showed that
adjusted post-test HbA1c levels (mean = 7.9) were significantly influenced by intervention
engagement (p = 0.014). Similarly, adjusted systolic blood pressure showed a marginally
significant change, indicating the intervention's effects after accounting for baseline differences.

Table 11. ANOVA Results for Post-Test HbA1c Levels by Geographic Location
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Geographic n Mean Sum of SME::'Ie F- p-
Group HbA1c (SD) | Squares (SS) ?MS) Value | Value
Urban 120 7.6 (1.0) 45.20 3.77 5.25 0.022

Rural 80 8.0 (1.1)
Between Groups 45.20 3.77
Within Groups 302.85 1.51
Total 348.05

This table indicated that there were significant differences in post-test HbA1c levels between
urban and rural groups, F = 5.25, p = 0.022. The urban group (mean = 7.6, SD = 1.0)
demonstrated better glycemic control compared to the rural group (mean = 8.0, SD = 1.1). This
suggests that geographic disparities may influence access to healthcare services, resources, or
intervention participation (McBride et al., 2021; Hersh et al., 2015).

Table 12. ANOVA Results for Post-Test Systolic Blood Pressure by Intervention Engagement

Levels
Mean Mean
Engagement : Sum of F- P-
n | Systolic BP Square
Levels (SD) Squares (SS) (MS) Value | Value
Low Engagement | 50 140 (12.5) 60.30 4.20 6.45 0.002
Moderate 80 132 (10.2) 85.50 8.12 0.001
Engagement 3 ) 05 5-33 ) ’
High
S 70 128 (9.8) 101.50 7.25 9.05 <0.001
Between Groups 247.30 6.33
Within Groups 389.60 2.15
Total 636.90

This table showed statistically significant differences between the groups, F = 6.45, p = 0.002.
Participants with higher engagement levels (mean = 128, SD = 9.8) showed the most substantial
reduction in systolic blood pressure compared to participants with moderate engagement (mean
=132, SD = 10.2) and low engagement levels (mean = 140, SD = 12.5). This suggests that higher
engagement with telemedicine and wearable interventions correlates with greater improvements
in systolic blood pressure.

Table 13. Post-Test eGFR Comparison by Geographic and Intervention Levels

Geographic | Engagement Mean eGFR Sum of Mean Square

Erezll) gLgvel ‘ n (SD) Squares (SS) (Mél) F-Value | p-Value
Urban - High | 30 | 78 (14.0) | 45.60 ] 4.56 ] 6.75 | o0.015 |
Rural - High | 20 | 70 (12.5) | 50.10 | 5.01 | 7.20 | o001 |
Urban - Low | 40 | 65(15.2) | 60.00 | 6.25 | 9.30 | <o0.001 |
Rural - Low | 30 | 62 (16.0) | 75.30 | 7.53 | 10.20 | <0.001 |

This table showed significant differences across groups. Urban participants with high
engagement levels (mean = 78, SD = 14.0) had better kidney function compared to rural
participants with high engagement (mean = 70, SD = 12.5). Additionally, rural participants with
low engagement levels (mean = 62, SD = 16.0) exhibited the least favorable eGFR, demonstrating
that intervention engagement, combined with geographic disparities, impacted kidney health.
These results support the role of digital health tools and engagement in improving health
outcomes (McBride et al., 2021).

DISCUSSION

This study's findings provide important insights into the effectiveness of telemedicine and digital
health interventions in improving clinical health outcomes, particularly in chronic disease
management, including glycemic control, blood pressure regulation, and kidney function. The
findings align with previous studies that emphasize the role of digital health interventions as
effective tools for chronic disease management (Alruwaili et al., 2023). Moreover, this study
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addresses critical gaps in the existing literature by evaluating geographic disparities and
intervention engagement levels as key variables influencing health outcomes.

Effectiveness of the Digital Health Intervention

The paired t-test analysis revealed significant changes in key clinical outcomes such as HbA1c,
systolic blood pressure, diastolic blood pressure, and eGFR following the intervention.
Specifically, HbA1c showed a statistically significant reduction from pre-test to post-test levels (¢
= 6.25, p < 0.001). This finding confirms that telemedicine strategies and digital health
monitoring have a strong potential to reduce glycemic variability, aligning with previous research
by Hersh et al. (2015), who found that digital health interventions led to improved glycemic
outcomes in chronic disease populations. Similarly, systolic and diastolic blood pressure showed
meaningful reductions post-intervention, suggesting the interventions' ability to mitigate
hypertension-related complications (Free et al., 2013).

The improvement in eGFR (mean = 72, p < 0.001) further highlights the role of digital health
tools in addressing kidney disease risk. This aligns with the findings of studies like those by Liew
et al. (2022), emphasizing that remote health interventions, particularly those leveraging
telemedicine platforms, can enhance early detection and intervention for chronic kidney disease
by increasing accessibility to care.

Geographic Disparities in Clinical Outcomes

The ANOVA analysis uncovered notable geographic disparities in post-test HbA1c levels, with
urban participants showing better clinical outcomes compared to rural participants. Urban
groups had post-test HbA1c levels (mean = 7.6) that were statistically significantly better than
those of rural groups (mean = 8.0, p = 0.022). This finding highlights a critical issue: access to
healthcare resources, technological infrastructure, and digital health tools often varies by
geography, with urban areas having better connectivity and access to telemedicine (McBride et
al., 2021).

Geographic disparities in healthcare access have been well-documented. The World Health
Organization (WHO) has consistently pointed out that rural populations face higher barriers to
healthcare access, including infrastructure limitations, technological constraints, and reduced
provider availability (WHO, 2020). The findings of this study contribute to this body of evidence
by showing that geographic disparities extend to the adoption and effectiveness of telemedicine
interventions. This suggests that efforts should focus on expanding telehealth infrastructure and
access in rural areas to ensure equity in healthcare access.

Engagement Levels and Clinical Outcomes

The findings from the ANOVA comparing intervention engagement levels (low, moderate, high)
and systolic blood pressure levels demonstrated that participants with higher engagement levels
exhibited better outcomes (mean = 128 mmHg for high engagement compared to mean = 140
mmHg in the low engagement group, p < 0.001). This suggests that consistent use of digital health
tools and active participation in telemedicine programs enhance their effectiveness. Studies such
as Free et al. (2013) have emphasized that engagement and adherence behaviors are critical
predictors of intervention success, as they allow participants to leverage the full range of
telehealth services.

Furthermore, the correlation analysis supported this finding by showing that medication
adherence rates and digital health usage positively correlated with improved health outcomes.
These insights suggest that increasing user engagement should be a primary focus in designing
and implementing telemedicine programs. Encouraging participants to interact consistently with
telemedicine tools and promoting adherence to lifestyle adjustments can lead to better health
outcomes.

Addressing Gaps in the Literature

This study has addressed several key gaps in the existing body of literature. Firstly, while previous
studies such as Al-Emran et al. (2024) and Rahi et al. (2021) provided evidence supporting the
benefits of telemedicine interventions, they often lacked a comprehensive evaluation of
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engagement levels and geographic disparities as moderating variables. This study fills this gap by
demonstrating how geographic location and engagement levels interact with clinical outcomes,
providing a nuanced understanding of the factors influencing intervention success.

Secondly, this study highlights the disparity between rural and urban intervention outcomes,
addressing the inequity in health intervention reach. While prior studies have acknowledged
geographic disparities, this study provides a direct analysis of these disparities through statistical
testing (ANOVA and regression), confirming the urban-rural gap in both engagement levels and
clinical response to telemedicine interventions.

Thirdly, the study expands the discussion on adherence behaviors, intervention engagement, and
their impact on health outcomes. These findings reinforce the notion that engagement is not a
passive variable but a critical determinant of intervention success, emphasizing the need for
strategies that enhance user participation.

Theoretical and Practical Implications

The findings have both theoretical and practical implications. Theoretically, this study supports
prior models (e.g., the Health Belief Model and the Technology Acceptance Model) that suggest
engagement and perceived accessibility are key drivers of intervention adoption and success
(Salgado et al., 2020; Silva et al., 2022). Practically, the findings call for targeted strategies to
ensure equal access to telehealth tools, particularly for rural populations, while implementing
interventions that increase user engagement. Strategies such as educational campaigns,
technology literacy programs, and improved telemedicine infrastructure could bridge the urban-
rural divide in clinical outcomes.

Moreover, practical recommendations from this study include focusing on improving adherence
to digital health engagement, leveraging user-friendly telemedicine platforms, and addressing
technological literacy. Policymakers and healthcare providers must prioritize equitable access to
digital health tools to ensure that all populations, regardless of geographic location, can benefit
from these advancements.

CONCLUSION

In conclusion, this study demonstrated the significant impact of telemedicine and digital health
interventions on improving key clinical outcomes, such as glycemic control (HbA1c reduction),
systolic and diastolic blood pressure, and kidney function (eGFR). The findings further
highlighted that higher levels of intervention engagement and urban geographic location were
associated with better health outcomes. This analysis underscores the importance of engagement
strategies and equitable access to telemedicine services, particularly given the observed
disparities between urban and rural populations. These geographic disparities align with previous
research, indicating that technology access and healthcare infrastructure play pivotal roles in the
success of telehealth interventions. Additionally, the findings contribute to existing literature by
addressing critical gaps, such as examining the interaction between geographic location and
engagement levels as key predictors of intervention success. This evidence suggests that efforts to
increase access to digital health tools and promote user engagement are essential for ensuring
equitable health outcomes. Furthermore, the study's findings provide policymakers and
healthcare providers with actionable insights to improve digital health accessibility and to tailor
interventions toward marginalized and underserved populations. Despite its limitations, this
study provides a strong foundation for future research exploring telehealth's role in chronic
disease prevention and management and the factors influencing intervention engagement and
efficacy.

REFERENCES

Al Meslamani, A. Z. (2024). Strategies for reducing chronic disease burden during
pandemics. Current Medical Research and Opinion, 40(2), 193-197.
https://doi.org/10.1080/03007995.2023.2295410

Al-Emran, M., Al-Qaysi, N., Al-Sharafi, M. A., Alhadawi, H. S., Ansari, H., Arpaci, I., & Ali, N. A.
(2024). Factors Shaping Physicians’ Adoption of Telemedicine: A Systematic Review,

55 |
Nufarcal Medical and Health Sciences

https://pppii.org/index.php/nmhc


https://doi.org/10.1080/03007995.2023.2295410

Proposed Framework, and Future Research Agenda. International Journal of Human-—
Computer Interaction, 1-20. https://doi.org/10.1080/10447318.2024.2410536

Alruwaili, M. M., Shaban, M., & Elsayed Ramadan, O. M. (2023). Digital health interventions for
promoting healthy aging: a systematic review of adoption patterns, efficacy, and user
experience. Sustainability, 15(23), 16503. https://doi.org/10.3390/su152316503

Beleigoli, A. M., Andrade, A. Q., Cancado, A. G., Paulo, M. N., Maria De Fatima, H. D., & Ribeiro,
A. L. (2019). Web-based digital health interventions for weight loss and lifestyle habit
changes in overweight and obese adults: systematic review and meta-analysis. Journal of
medical Internet research, 21(1), €9609. https://doi.org/10.2196/jmir.9609

Bennett, J. E., Stevens, G. A., Mathers, C. D., Bonita, R., Rehm, J., Kruk, M. E., ... & Ezzati, M.
(2018). NCD Countdown 2030: worldwide trends in non-communicable disease mortality
and progress towards Sustainable Development Goal target 3.4. The lancet, 392(10152),
1072-1088.

Boppana, V. R. (2022). Impact of Telemedicine Platforms on Patient Care Outcomes. Innovative
Engineering Sciences Journal, 2(1).

Burke, K. D., Williams, J. W., Chandler, M. A., Haywood, A. M., Lunt, D. J., & Otto-Bliesner, B. L.
(2018). Pliocene and Eocene provide best analogs for near-future climates. Proceedings of
the National Academy of Sciences, 115(52), 13288-13293.
https://doi.org/10.1073/pnas.1809600115

Chauhan, P., Bali, A., & Kaur, S. (2024). Breaking Barriers for Accessible Health Programs: The
Role of Telemedicine in a Global Healthcare Transformation. In Transformative
Approaches to Patient Literacy and Healthcare Innovation (pp. 283-307). IGI Global.
https://doi.org/10.4018/979-8-3693-3661-8.cho14

Chong, C. J., Bakry, M. M., Hatah, E., Mohd Tahir, N. A., & Mustafa, N. (2023). Effects of mobile
apps intervention on medication adherence and type 2 diabetes mellitus control: a
systematic review and meta-analysis. Journal of Telemedicine and Telecare,
1357633X231174933. https://doi.org/10.1177/1357633X231174933

Deng, M., Zhai, S., Ouyang, X., Liu, Z., & Ross, B. (2022). Factors influencing medication
adherence among patients with severe mental disorders from the perspective of mental
health professionals. BMC psychiatry, 22(1), 22. https://doi.org/10.1186/s12888-021-

03681-6

Duffy, A., Christie, G. J., & Moreno, S. (2022). The challenges toward real-world implementation
of digital health design approaches: narrative review. JMIR Human Factors, 9(3),
€35693. https://doi.org/10.2196/35693

FARMA, P. A. P. B. (2023). Journal Of World Science. Journal of World Science-Vol, 2(2), 337-
351. https://doi.org/10.58344/jws.v2i2.221

Free, C., Phillips, G., Galli, L., Watson, L., Felix, L., Edwards, P., ... & Haines, A. (2013). The
effectiveness of mobile-health technology-based health behaviour change or disease
management interventions for health care consumers: a systematic review. PLoS
medicine, 10(1), e1001362. https://doi.org/10.1371/journal.pmed.1001362

Hersh, L., Salzman, B., & Snyderman, D. (2015). Health literacy in primary -care
practice. American family physician, 92(2), 118-124.

Indonesia, D. (2019). Ensuring the Sustainability of JKN-KIS for the Indonesian People: Intended
to cover the health costs of all Indonesians, the JKN-KIS national insurance program is
now on the brink. How can this program survive. Deloitte Indonesia Perspectives, 1.

Jacob, C., Sezgin, E., Sanchez-Vazquez, A., & Ivory, C. (2022). Sociotechnical factors affecting
patients’ adoption of mobile health tools: systematic literature review and narrative
synthesis. JMIR mHealth and uHealth, 10(5), €36284. https://doi.org/10.2196/36284

56 |

Nufarcal Medical and Health Sciences

https://pppii.org/index.php/nmhc


https://doi.org/10.1080/10447318.2024.2410536
https://doi.org/10.3390/su152316503
https://doi.org/10.2196/jmir.9609
https://doi.org/10.1073/pnas.1809600115
https://doi.org/10.4018/979-8-3693-3661-8.ch014
https://doi.org/10.1177/1357633X231174933
https://doi.org/10.1186/s12888-021-03681-6
https://doi.org/10.1186/s12888-021-03681-6
https://doi.org/10.2196/35693
https://doi.org/10.58344/jws.v2i2.221
https://doi.org/10.1371/journal.pmed.1001362
https://doi.org/10.2196/36284

Liew, J., Gianfrancesco, M., Harrison, C., Izadi, Z., Rush, S., Lawson-Tovey, S., ... & Yazdany, J.
(2022). SARS-CoV-2 breakthrough infections among vaccinated individuals with
rheumatic disease: results from the COVID-19 Global Rheumatology Alliance provider
registry. RMD open, 8(1), e002187. https://doi.org/10.1136 /rmdopen-2021-002187

Manohar, N., & Prasad, S. S. (2023). Use of ChatGPT in academic publishing: a rare case of
seronegative systemic lupus erythematosus in a patient with HIV infection. Cureus, 15(2).
https://doi.org/10.7759/cureus.34616

McBride, S., Sherman, E., Tsai, C. J., Baxi, S., Aghalar, J., Eng, J., ... & Lee, N. (2021). Randomized
phase II trial of nivolumab with stereotactic body radiotherapy versus nivolumab alone in
metastatic head and neck squamous cell carcinoma. Journal of Clinical Oncology, 39(1),
30-37. https://doi.org/10.1200/JC0O.20.00290

Rahi, S., Khan, M. M., & Alghizzawi, M. (2021). Factors influencing the adoption of telemedicine
health services during COVID-19 pandemic crisis: an integrative research
model. Enterprise Information Systems, 15(6), 769-793.
https://doi.org/10.1080/17517575.2020.1850872

Rahmawati, L., Wilujeng, I., & Satriana, A. (2020). Application of STEM learning approach
through simple technology to increase data literacy. In Journal of Physics: Conference
Series (Vol. 1440, No. 1, p. 012047). IOP Publishing. https://doi.org/10.1088/1742-
6596/1440/1/012047

Salgado, T., Tavares, J., & Oliveira, T. (2020). Drivers of mobile health acceptance and use from
the patient perspective: survey study and quantitative model development. JMIR mHealth
and uHealth, 8(7), e17588. https://doi.org/10.2196/17588

Silva, G. M., Dias, A., & Rodrigues, M. S. (2022). Continuity of use of food delivery apps: An
integrated approach to the health belief model and the technology readiness and
acceptance model. Journal of Open Innovation: Technology, Market, and
Complexity, 8(3), 114. https://doi.org/10.3390/joitmc8030114

von Huben, A., Howell, M., Howard, K., Carrello, J., & Norris, S. (2021). Health technology
assessment for digital technologies that manage chronic disease: a systematic
review. International Journal of Technology Assessment in Health Care, 37(1), e66.
https://doi.org/10.1017/S0266462321000362

White, M. S., Bush, N., Hennion, M., & Bush, B. (2024). Promoting health and improving quality
of life in heart failure patients. Clinics in Integrated Care,25, 100215.
https://doi.org/10.1016/j.intcar.2024.100215

World Health Organization. (2019). Report of the Global conference on primary health care:
from Alma-Ata towards universal health coverage and the Sustainable Development
Goals (No. WHO/UHC/IHS/2019.62). World Health Organization.

World Health Organization. (2020). Interim case reporting form for 2019 Novel Coronavirus
(2019-nCoV) of confirmed and probable cases: WHO minimum data set report form, 21
January 2020 (No. WHO/2019-nCoV/Surveillance_ CRF/2020.1). World Health

Organization.
Yang, A., Xiao, B., Wang, B., Zhang, B., Bian, C., Yin, C., ... & Wu, Z. (2023). Baichuan 2: Open
large-scale language models. arXiv preprint arXiv:2309.10305.

https://doi.org/10.48550/arXiv.2309.10305

Yang, J., Jin, H., Tang, R., Han, X., Feng, Q., Jiang, H., ... & Hu, X. (2024). Harnessing the power
of llms in practice: A survey on chatgpt and beyond. ACM Transactions on Knowledge
Discovery from Data, 18(6), 1-32. https://doi.org/10.1145/3649506

Yang, R., Timofte, R., Li, B., Li, X., Guo, M., Zhao, S., ... & Tsoy, R. (2024). NTIRE 2024 challenge
on blind enhancement of compressed image: Methods and results. In Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition (pp. 6524-6535).

57 |

Nufarcal Medical and Health Sciences

https://pppii.org/index.php/nmhc


https://doi.org/10.1136/rmdopen-2021-002187
https://doi.org/10.7759/cureus.34616
https://doi.org/10.1200/JCO.20.00290
https://doi.org/10.1080/17517575.2020.1850872
https://doi.org/10.1088/1742-6596/1440/1/012047
https://doi.org/10.1088/1742-6596/1440/1/012047
https://doi.org/10.2196/17588
https://doi.org/10.3390/joitmc8030114
https://doi.org/10.1017/S0266462321000362
https://doi.org/10.1016/j.intcar.2024.100215
https://doi.org/10.48550/arXiv.2309.10305
https://doi.org/10.1145/3649506

Yoong, N. K. M., Perring, J., & Mobbs, R. J. (2019). Commercial postural devices: A
review. Sensors, 19(23), 5128. https://doi.org/10.3390/s19235128

Zedan, M. A. (2020). Colorectal Cancer Risk Factors’ Assessment in Palestine: A framework for
prediction tool 101100 OO0 (Doctoral dissertation, AAUP).

58 |

Nufarcal Medical and Health Sciences

https://pppii.org/index.php/nmhc


https://doi.org/10.3390/s19235128

