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Abstract

This study examines the integration of wearable device technology in health monitoring
and chronic disease management through a literature review approach. The results
show that this technology is effective in shifting the paradigm from reactive care to
predictive healthcare, although it is limited by challenges such as data accuracy, digital
fatigue, access disparities, and the need for digital literacy. Therefore, this study
recommends a hybrid intervention model based on wearables integrated with local
coaching and JKN infrastructure for the Indonesian context, in order to maximise the
sustainable transformation of chronic disease management.

Keywords: wearable devices, digital health, self-care, chronic disease management,
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Introduction

The development of digital technology has brought significant changes to
various aspects of human life, especially in the field of health. This transformation is
marked by the emergence of the concept of digital health, which combines information
technology, communication, and biotechnology to improve the efficiency, accessibility,
and quality of health services (Koehler, 2022). One of the most tangible manifestations
of this transformation is the use of wearable devices, which are portable devices
designed to monitor the user's physiological condition in real time (Sun, 2025). With
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their continuous data collection capabilities and integration with cloud-based data
systems, wearable devices have become an important part of efforts to raise health
awareness and support more adaptive and data-driven chronic disease management.

Chronic diseases such as diabetes mellitus, coronary heart disease, hypertension,
and respiratory disorders remain the greatest challenges in the global healthcare
system. The characteristics of these diseases tend to require long-term monitoring,
strict control of risk factors, and active patient involvement in self-care (Adepoju, 2024).
In this context, conventional approaches that rely entirely on face-to-face visits and
periodic examinations are considered ineffective. Therefore, advances in wearable
technology offer a new paradigm, where patients can monitor their health status at any
time and medical personnel can continuously obtain relevant objective data without
space and time limitations (Smith, 2024).

The ability of wearable devices to provide immediate feedback to users makes
this technology not just a health monitoring tool, but also an educational tool that
encourages positive behavioural change. With data accessible through smartphone
applications, users have the opportunity to understand their own activity patterns,
sleep quality, heart rate, oxygen levels, and blood pressure. Awareness of this personal
data can increase individuals' motivation to lead a healthy lifestyle and adhere to the
treatment plan set by healthcare professionals (Hidayani, 2024). Therefore, wearable
devices not only function technologically, but also have psychological and social
dimensions in strengthening patients' self-management abilities.

In the realm of digital health, data integration between wearable devices and
formal healthcare systems is a key factor that determines the effectiveness of
implementation. Data generated from these devices can be connected to electronic
health records (EHR) systems, telemedicine applications, and artificial intelligence (Al)-
based analytics platforms. Through this integration, healthcare providers are able to
perform longitudinal analysis, early detection of physiological anomalies, and provide
predictive and personalised interventions (Gagnon & Nsangou, 2024). Thus, healthcare
systems can transform from reactive to proactive, and support a more sustainable
preventive medicine paradigm.

However, the use of wearable technology for chronic diseases is not without
multidimensional challenges. On the one hand, the advantages offered in terms of
effectiveness, efficiency, and personalisation of services are clearly beneficial. On the
other hand, however, there are serious issues related to data validity, information
security, system interoperability, and user acceptance (Ramadhan, 2025). These
problems are particularly prevalent in developing countries such as Indonesia, where
the digital health infrastructure is not yet fully mature and the digital literacy of the
population is still relatively low. Therefore, a comprehensive understanding of the
dynamics of wearable device integration is crucial to optimising their potential (Sulistyo,
2025).
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The period following the COVID-19 pandemic has accelerated the adoption of
digital technology in healthcare. People are becoming accustomed to using symptom
monitoring applications, online medical consultations, and various wearable devices to
measure physical activity and fitness. This trend also reflects a shift in people's paradigm
towards health—from being reactive to being more proactive.

This situation opens up opportunities for wearable devices to play a more
strategic role in supporting self-care, especially for patients with chronic diseases who
require continuous monitoring (Noah & Keller, 2020). From a scientific perspective,
wearable devices also contribute greatly to enriching epidemiological databases and
population health research.

Anonymised aggregate data can be used to understand public health trends,
evaluate the effectiveness of public health interventions, and assist in the development
of artificial intelligence-based predictive models (Patel & Kumar, 2024). Thus, the
presence of wearable devices not only improves the quality of individual self-care, but
also strengthens the national health system through the availability of continuous and
large-scale data (big data health).

However, the effectiveness of integrating wearable devices into chronic disease
management depends heavily on the extent to which individuals can consistently utilise
the technology in their daily activities. Psychosocial factors such as motivation, risk
perception, trust in technology, and social support from family and medical personnel
are important determinants of successful utilisation (Nugroho, 2024). In fact, the
literature shows that wearable devices are often abandoned after a few months due to
decreased user engagement. Therefore, human behavioural aspects need to be
seriously considered in the implementation strategy for this technology (Fuller et al.,
2022).

Previous studies have identified various positive outcomes from the use of
wearable devices in improving medication adherence and promoting healthy lifestyle
changes. However, these results are not uniform across all populations, due to
heterogeneity in study design, participant characteristics, and the devices used. In
addition, cultural and economic contexts also influence the level of public acceptance
of self-monitoring technology (Wang & Zhang, 2024). In Indonesia, for example, despite
increasing awareness of the importance of health, cost constraints and limited access
to technology remain major barriers to the widespread use of wearable devices.

In the context of the healthcare system, data integration between personal
devices and healthcare facilities requires clear policies on privacy and data security. The
issue of data governance is very important because health information is sensitive data
that must not be misused. The government and health institutions need to ensure
strong data protection regulations and encourage collaboration between the public,
private, and academic sectors to create a secure and sustainable digital health
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ecosystem. The success of integrating wearables with the national healthcare system
will depend heavily on this cross-sector synergy.

Thus, this study is expected to provide an in-depth understanding of the extent
to which the integration of wearable devices has contributed to chronic disease
management and improved patient self-care.

Research Method

This study utilises a literature review approach that aims to analyse in depth the
integration of wearable devices technology in health monitoring and chronic disease
management, as well as its impact on improving self-care. The review was conducted
through a systematic search of national and international scientific publications (Eliyah
& Aslan, 2025). Data were collected by selecting relevant literature using keywords such
as ‘wearable health technology’, ‘digital health’, ‘chronic disease management’, and
‘self-care’. The analysis procedure was carried out through the steps of theme
identification, categorisation of research results, and conceptual synthesis to find
patterns of correlation between the use of wearable devices and self-care behaviour as
well as the transformation of digital health systems (Ferrari, 2020). The validity of the
study was maintained by applying the principle of critical appraisal to assess the
credibility of sources, methods, and the relevance of research results to the objectives
of this study, thereby obtaining a comprehensive picture of the contributions and
challenges of implementing wearable health devices in the context of chronic disease
management in the digital health era.

Results and Discussion
Integration of Wearable Devices in Digital Health Systems for Monitoring and
Managing Chronic Diseases

Wearable technology has revolutionised health monitoring by transforming
portable devices into accurate and continuous sources of physiological data. Devices
such as the Apple Watch, Fitbit, Garmin, and continuous glucose monitors (CGM) are
capable of measuring various vital parameters such as heart rate, blood oxygen
saturation, blood pressure, physical activity, sleep quality, and glucose levels in real time
(Koehler, 2022). This capability enables early detection of physiological disturbances
and provides immediate feedback to users, ultimately supporting more timely and
personalised clinical decision-making. The integration of this technology with the digital
health ecosystem opens up a new paradigm in chronic disease management, which
previously relied on periodic examinations at healthcare facilities (Sun, 2025).

The architecture of a wearable health monitoring system typically consists of
three main layers: the device layer, the application layer, and the cloud layer. At the
device layer, biosensors collect raw data which is then processed through local
algorithms to generate meaningful health metrics. This datais transmitted wirelessly via
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Bluetooth or Wi-Fi to a smartphone application that functions as a gateway and data
visualisation tool (Adepoju, 2024). The data is then uploaded to a cloud server for
further analysis using artificial intelligence, machine learning, and big data analytics. This
architecture enables interoperability between different devices and healthcare systems,
as well as supporting remote data access by medical personnel (Smith, 2024).

In the context of type 2 diabetes mellitus, continuous glucose monitoring (CGM)
has been shown to be effective in reducing blood glucose fluctuations and preventing
dangerous episodes of hypoglycaemia. CGM devices such as Dexcom G7 and FreeStyle
Libre enable continuous glucose monitoring without the need for repeated needle
pricks. Glucose data collected every 5-15 minutes can be analysed to identify dietary
patterns, physical activity, and responses to medications that affect blood sugar levels.
The integration of CGM with insulin pump applications (closed-loop systems) even allows
for automatic insulin dose adjustment, which significantly improves glycaemic control
and reduces the burden of daily diabetes management for patients (Hidayani, 2024). For
cardiovascular disease management, wearable devices with cardiac arrhythmia
detection capabilities have saved lives through atrial fibrillation (AFib) detection and
electrocardiogram (ECG) monitoring functions. The Apple Watch Series 4 and later
models are equipped with a photoplethysmography (PPG) optical sensor capable of
detecting abnormal heart rhythms with high sensitivity. When a positive AFib detection
occurs, the device alerts the user to consult a doctor immediately. The recorded ECG
data can be shared directly with medical personnel, enabling rapid diagnosis and timely
intervention, especially for populations at high risk of stroke and heart failure (Gagnon
& Nsangou, 2024).

Continuous blood pressure monitoring through wearable devices is a significant
breakthrough in managing hypertension, a condition affecting more than 1.2 billion
adults worldwide. Devices such as Omron HeartGuide and Samsung Galaxy Watch utilise
oscillometric cuffless blood pressure monitoring technology, which allows for
measurement without a conventional cuff (Ramadhan, 2025). Blood pressure data
collected periodically provides a more accurate picture of diurnal trends than single spot
measurements in clinics. This information is crucial for determining the effectiveness of
antihypertensive therapy and identifying masked hypertension or white coat
hypertension, which are often overlooked in conventional clinical practice (Sulistyo,
2025).

In the management of chronic obstructive pulmonary disease (COPD) and sleep
apnoea, wearable devices can objectively monitor blood oxygen saturation (SpO,),
respiratory rate, and sleep quality. Devices such as the Wellue O2Ring and Fitbit Versa
use SpO, sensors and accelerometers to detect episodes of nocturnal oxygen
desaturation, which are predictors of COPD exacerbations. Detailed sleep data also
enables the identification of sleep-disordered breathing, which contributes to daytime
fatigue and reduced quality of life in patients. The integration of this data with
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telemedicine platforms allows for remote adjustment of oxygen and CPAP therapy
based on real-time objective data (Noah & Keller, 2020).

The integration of wearable devices with electronic health records (EHR)
systems and telemedicine platforms creates a seamless continuum of care from patient
monitoring to clinical intervention. Data from wearable devices can automatically flow
into digital medical records, allowing healthcare teams to view patient longitudinal
trends in real time. Integrated clinical dashboards display automatic alerts when vital
parameters fall outside normal limits, triggering timely follow-up. This model has been
shown to reduce emergency visits and hospitalisations in chronic patients with high
monitoring compliance (Patel & Kumar, 2024).

Artificial intelligence and machine learning further enrich the analytical
capabilities of wearable health data. Deep learning algorithms can recognise complex
patterns in physiological data that indicate specific health risks, such as early detection
of heart failure through heart rate variability or prediction of asthma exacerbations
through respiratory pattern analysis (Nugroho, 2024). These predictive models enable
preventive interventions before conditions worsen, shifting the paradigm from reactive
care to predictive healthcare. Algorithm accuracy continues to improve as the volume
of training data from diverse user populations increases (Fuller et al., 2022).

Despite their promise, the accuracy and reliability of wearable devices remain
crucial issues that need to be clinically validated. Validation studies show that some
devices have significant measurement errors, especially in extreme physiological
conditions or specific populations such as the elderly and obese patients. Factors such
as sensor position, skin contact quality, artefact movement, and individual physiological
variations affect data quality (Wang & Zhang, 2024).

Therefore, routine calibration, periodic clinical validation, and proper usage
guidelines are prerequisites for ensuring that wearable data is reliable for clinical
decision-making. Interoperability between systems is a major technical challenge in the
wearable health ecosystem. The diversity of communication protocol standards, data
formats, and vendor platforms creates data silos that hinder the exchange of
information between devices and health systems.

Standardisation initiatives such as HL7 FHIR, Fast Healthcare Interoperability
Resources, seek to address this issue by providing a universal framework for health data
exchange (Lupton, 2025). Widespread adoption of interoperability standards will enable
wearable data to move seamlessly between different healthcare ecosystems,
enhancing the overall clinical value and efficiency of the system (Shuai & Gordon, n.d.).

Data security and privacy are crucial concerns given the sensitivity of the health
information collected by wearable devices. Personal data such as heart history, blood
glucose, and GPS location could potentially be misused if not properly protected. Cyber
threats such as data breaches, ransomware, and device hijacking can compromise
patient privacy and safety. The implementation of end-to-end encryption, two-factor
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authentication, federated learning for decentralised data analysis, and compliance with
regulations such as HIPAA and GDPR are mandatory to build user trust and ensure the
sustainability of the digital health ecosystem (Wahyudi, 2025).

The adoption of wearable health technology in developing countries such as
Indonesia faces unique challenges related to accessibility, digital infrastructure, and
health literacy. Despite high smartphone penetration, the cost of premium wearable
devices is still expensive for the majority of the population, while uneven internet
connectivity limits data synchronisation capabilities (Kim & Lee, 2022).

Effective implementation strategies require the development of low-cost
devices, the optimisation of offline-first applications, and digital health literacy
education programmes. Public-private collaboration in subsidy schemes and integration
with the JKN programme can also accelerate the adoption of this technology at the
community level (Direito & Carraca, 2019).

Future trends in wearable health integration point towards the development of
multi-modal sensing that combines various types of sensors in one compact device.
Innovations such as tattoo-like electronics, smart textiles, and implantable
bioelectronics will provide more seamless and less invasive monitoring. Advances in
edge computing enable local data processing with low power consumption, while
5G/6G connectivity supports ultra-low latency data transmission for real-time
telemedicine applications.

The Internet of Medical Things (IoMT) paradigm will connect thousands of
devicesin anintegrated network for large-scale population health management (Direito
& Jiang, 2024). The integration of wearable devices in digital health systems has been
shown to transform the paradigm of chronic disease management from an episodic
approach to a continuous and personalised one. Although technical, regulatory, and
socio-cultural challenges remain, the transformational potential of this technology
cannot be ignored.

The success of implementation will depend on the synergy between
technological innovation, appropriate policies, and user empowerment through
education and support. In the current era of digital health, wearable devices are no
longer just tools, but have become a key pillar in building adaptive, predictive, and
patient-oriented healthcare systems.

The Impact of Wearable Devices on Self-Care and Health Behaviour Change

The concept of self-care in chronic disease management refers to an individual's
ability to actively manage their health condition through symptom monitoring,
medication adherence, lifestyle modifications, and timely decision-making. Wearable
devices support self-care by providing real-time health data that users can access
directly, enabling a better understanding of their personal physiological patterns
(Koehler, 2022). Through intuitive data visualisation such as activity trend graphs, sleep
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scores, and other vital metrics, users feel a greater sense of control over their health,
which is the main foundation for sustainable self-management behaviour (Sun, 2025).

One of the most significant impacts of wearable devices on health behaviour is
the increase in continuous self-monitoring. Unlike sporadic manual measurements,
these devices provide continuous feedback that creates self-awareness of daily habits.
Systematic studies show that users of fitness trackers experience an average increase
in physical activity of 1,000-2,500 steps per day compared to control groups, especially
in individuals with type 2 diabetes and obesity (Koehler, 2022).

This effect is reinforced by goal achievement and progress tracking notifications
that trigger dopamine release, creating a positive reinforcement loop that encourages
consistent healthy behaviour (Adepoju, 2024). Patient empowerment is a key dimension
in health behaviour transformation through wearable technology. Direct access to
personal data increases individuals' self-efficacy in managing their chronic conditions.

As many as 80% of wearable users report increased confidence in managing their
health, due to the ability to see trends and make behavioural adjustments
independently. This phenomenon is in line with Bandura's self-efficacy theory, where
experiences of mastery through successful monitoring build stronger self-belief,
reducing dependence on external health services (Adepoju, 2024).

The personalised feedback feature on wearable devices plays a central role in
changing behaviour through contextual nudges. Notifications such as ‘You've taken
8,000 steps today—only 2,000 more to reach your target!” or ‘Your glucose levels are
stable after a low-carbohydrate meal’ provide timely encouragement relevant to the
user's current condition.

These behaviour change techniques, which include prompts/cues, feedback on
outcomes of behaviour, and goal setting, have been proven effective in improving diet,
exercise, and medication adherence in patients with hypertension and COPD (Smith,
2024). Gamification integrated into wearable applications—such as badges,
leaderboards, daily challenges, and streaks—increases intrinsic motivation through
elements of competition and achievement.

Diabetes users who use gamified apps show a 35% increase in glucose monitoring
compliance and an average 0.8% decrease in HbA1c. This approach utilises the principles
of self-determination theory by fulfilling the needs for autonomy, competence, and
social relatedness, transforming boring health routines into engaging and rewarding
activities (Hidayani, 2024).

The integration of social features such as leaderboards, challenges with friends,
and social sharing utilises social influence to strengthen behavioural commitment.
Studies found that participants with social accountability through wearables were 2.1
times more likely to maintain activity targets than solo users. These features create
positive social norms and peer support, which are crucial for chronic patients who often
experience social isolation due to physical limitations (Gagnon & Nsangou, 2024).
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Although positive evidence is dominant, research shows mixed results regarding
the long-term effectiveness of wearables on clinical outcomes. A systematic review of
30 RCT studies found that 50% showed significant improvements in disease biomarkers
(HbA1c, blood pressure), exercise capacity, and quality of life, while the other 50% found
no superior effects compared to conventional interventions. This variability is due to the
short duration of the studies (average 12 weeks), device heterogeneity, and lack of
personalisation of interventions (Ramadhan, 2025).

Digital fatigue and device abandonment are major barriers to self-care
sustainability. Approximately 30-50% of users stop using wearables after 6 months due
to loss of novelty effect, intrusive notifications, or incompatibility with lifestyle. This
factor is more severe in the elderly and groups with low digital literacy.

Retention strategies require user-centred design with adaptive notifications,
minimal viable tracking, and seamless integration into daily routines (Sulistyo, 2025).
Demographic factors influence the effectiveness of wearables in promoting self-care.
Young, highly educated, and upper-middle-income individuals show better adherence.

Conversely, older adults (>65 years) face barriers related to ergonomics,
technological literacy, and scepticism about data accuracy. A study of older adults with
COPD found that only 42% consistently used the device after 3 months, emphasising the
need for age-appropriate design and intensive training (Noah & Keller, 2020).

Cultural and social contexts also shape responses to wearable feedback. In
collectivist cultures such as Indonesia, social comparison through leaderboards is more
effective than individual goal setting. However, concerns about data privacy and the
stigma of health monitoring can hinder adoption.

A culturally sensitive approach requires adjusting message framing (e.g.,
emphasising family benefits over individual achievements) and educating about data
security (Patel & Kumar, 2024). From a psychological perspective, wearable devices can
trigger side effects such as cyberchondria (excessive anxiety due to abnormal data) or
healthy user bias (only healthy users persisting).

Excessive monitoring also has the potential to cause surveillance fatigue.
Therefore, adaptive monitoring algorithms that adjust tracking frequency based on
data stability and contextual anomaly detection algorithms are crucial to maintaining a
balance between information and cognitive load (Nugroho, 2024).

The integration of wearables with shared decision making strengthens their
impact on self-care. Objective data from devices facilitates more effective two-way
communication between patients and healthcare providers. Clinical visits become more
productive as doctors can access longitudinal trends, while patients feel more valued as
decision-making partners.

This model has been shown to increase patient satisfaction by 25% and
medication adherence by up to 30% in hypertensive patients (Fuller et al., 2022). Overall,
wearable devices have transformational potential in improving self-care and health
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behaviours through a combination of real-time feedback, personalisation, and
behavioural nudges.

Although challenges of sustained engagement and heterogeneity of
effectiveness remain, empirical evidence supports their strategic role in chronic disease
self-management. Moving forward, the development of hybrid interventions that
combine wearables with human coaching, Al personalisation, and context-aware
adaptation will maximise the long-term impact on transforming population health
behaviours.

Conclusion

The integration of wearable devices into digital health systems has
revolutionised health monitoring and chronic disease management through continuous
physiological data collection, Al-based predictive analysis, and interoperability with
telemedicine platforms and electronic health records. The shift from a reactive to a
proactive approach has proven effective in controlling diabetes, hypertension,
cardiovascular disease, and respiratory disorders, with empirical evidence showing a
reduction in hospitalisations, increased treatment adherence, and early detection of
complications. Although technical challenges such as data accuracy, interoperability,
and privacy security remain, the potential of this technology is undeniable as a key pillar
of modern preventive healthcare.

Furthermore, wearable devices significantly improve self-care and health
behaviours through real-time feedback, personalised nudges, gamification, and social
accountability mechanisms that trigger self-efficacy and intrinsic motivation. Users
experience increased physical activity, diet adherence, sleep quality, and sustained
control of clinical biomarkers, especially in populations with high digital literacy and
adequate social support.

However, long-term effectiveness is limited by digital fatigue, device
abandonment, and access disparities, emphasising the need for user-centred design and
adaptive behavioural retention strategies. Overall, wearable technology bridges the
gap between objective medical knowledge and patient empowerment, creating a more
adaptive, personalised, and patient-oriented healthcare ecosystem.

In the Indonesian context, successful implementation requires cross-sector
collaboration to overcome barriers to accessibility, digital literacy, and data regulation,
while capitalising on the momentum of post-pandemic digital health transformation.
This study recommends the development of a hybrid intervention model that integrates
wearables with local human coaching and JKN infrastructure to maximise the
transformational impact on chronic disease management and sustainable self-care at
the national level.
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