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ABSTRACT

Wearable sensors are transforming the landscape of public health, particularly in the
management of chronic diseases such as cardiovascular conditions and diabetes. These technologies
enable continuous, non-invasive health monitoring, early detection of anomalies, and real-time data
collection for both patients and healthcare providers. This paper explores how wearable biosensors,
including Al-integrated devices and electrochemical sensors, contribute to improved chronic disease
outcomes. By reviewing recent advancements published in leading biomedical journals, the study
examines the effectiveness of wearable sensors in promoting patient adherence, enhancing telehealth,
and reducing healthcare burdens. Despite their promise, challenges such as data accuracy, privacy
concerns, and cost remain unresolved. This paper concludes with a discussion of emerging innovations
and long-term hopes for how wearable technologies can further support public health initiatives.
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INTRODUCTION & BACKGROUND

Chronic diseases like cardiovascular disease and diabetes are the leading causes of death and
disability worldwide. Traditional healthcare models rely on clinical visits and hospitalizations.
Wearable sensors — such as heart rate monitors, ECG patches, glucose monitors — offer real-time,
continuous data that enable early detection, lifestyle change, and remote monitoring. These
technologies have the potential to transform public health by improving outcomes, reducing costs, and
enhancing accessibility to care. [2][3]

Despite their promise, wearable sensors face several technological challenges. Data accuracy
remains a central concern, especially in non-invasive devices like wrist-worn smartwatches or
sweat-based biosensors. External factors such as movement artifacts, poor sensor contact, and
physiological variability can lead to noise and false readings. Furthermore, energy efficiency, battery
life, and data privacy are ongoing engineering and ethical challenges that hinder scalability and
long-term adoption. [1]

Therefore, the goal of this research is to examine how innovations in wearable health
technologies are transforming chronic disease management by enabling earlier diagnosis, real-time
monitoring, and personalized care — ultimately driving advancements in public health through more
proactive, data-driven healthcare solutions.

METHOD

To ensure the academic rigor and relevance of this research paper, all sources were selected
from peer-reviewed journals included in the instructor-approved list: Annual Review of Biomedical
Engineering, Biosensors and Bioelectronics, Journal of Biomechanical Engineering, Journal of
Biomedical Materials Research, Journal of Biomedical Optics, and Journal of Biomedical Science.
These journals are recognized for publishing high-quality, cutting-edge research in biomedical
engineering and biosensor technology.

Keyword Search

Initial searches were conducted using databases such as PubMed, ScienceDirect, and Google
Scholar. Combinations of keywords were used, including:

* “wearable biosensors AND chronic disease”

* “wearable sensors AND cardiovascular disease”

* “continuous glucose monitoring OR wearable diabetes biosensor”
* “implantable biosensors AND public health”

* “emerging technology AND wearable health devices”
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Journal Filtering

From the search results, only articles published in the approved journals were considered. Each
article was reviewed to ensure it directly addressed one or more of the following topics:

* Current applications of wearable biosensors for chronic disease (especially cardiovascular
and diabetes)

* Technological limitations and challenges in wearable sensor development

» Innovations in wearable sensing platforms published within the last five years

Articles were prioritized if they met the following criteria:
* Published within the last 5 years to ensure relevance
* Described experimental data, clinical validation, or a comprehensive review of biosensor
technology
» Discussed real-world or public health applications, not only laboratory designs

Final Selection

Four key articles were chosen based on the criteria:

Title Author(s) Key Focus
Wearable Devices: Implications Mohan Babu, Z. Broad overview of wearable devices for
L mp Lautman, X. Lin, early detection, particularly in

for Precision Medicine and the

Future of Health Care M.H.B. Sobota & cardiovascular disease, arrhythmia, and

M.P. Snyder (2024) | remote population health.

Explores Al-integrated wearable
G. Huang, X. Chen | biosensors for real-time chronic disease
& C. Liao (2025) monitoring and adaptive predictive

Al-Driven Wearable
Bioelectronics in Digital
Healthcare

analytics.
Advances in wearable Material science and microfluidics in
electrochemical biosensors non-invasive wearable electrochemical

towards technological and Vo & Trinh (2024) sensors—relevant for glucose and cardiac

material aspects biomarkers.
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Accuracy  enhancement  of
metabolic index-based blood
glucose estimation with a
screening process for low-quality
data

Methodology to improve wrist-worn
Nakazawa  etal. | smartwatch estimation of glucose by
(2024) filtering low-quality signals—applicable to
diabetes monitoring.

These articles serve as the foundation for a categorized synthesis of wearable sensor
technologies, examining both current applications and emerging innovations. The research will
evaluate the extent to which these devices contribute to chronic disease management and how they
align with public health objectives.

RESULTS

Recent advances in wearable biosensor technology have shown significant promise in the
early detection and management of chronic diseases, especially cardiovascular disease and diabetes.

Reduced Hospitalizations

The advancement of wearable sensors represents a pivotal shift from reactive to proactive
healthcare, particularly in managing chronic conditions like cardiovascular disease and diabetes.
Current technologies such as ECG patches, glucose monitors, and multifunctional wristbands have
already demonstrated significant value. As shown by Mohan Babu et al. (2024), continuous
cardiovascular monitoring via wearables resulted in a significant reduction in hospital readmissions,
underscoring their potential to improve long-term outcomes and reduce healthcare costs.

Improvements of Al-integrated Wearable Sensor

Huang, Chen, and Liao (2025) focus on the integration of artificial intelligence into wearable
bioelectronics, enabling real-time feedback and adaptive predictive modeling. These Al-enhanced
systems demonstrate improved responsiveness and accuracy (Table 1), particularly in managing
fluctuating conditions like diabetes and hypertension, by automatically adjusting data interpretation
based on personalized health trends.

Table 1: Al-Integrated Sensor Measurement Performances

. Traditional Al-Enhanced . .
Metric Methods it Improvement Clinical Impact
. . o .
Diagnostic 72.3% (£5.1%) 89.7% (£2.3%) 249, 38% reducfuon in
Accuracy false negatives
Prediction Enables real-time

2.1s (0.3 ) 0.4 s (0.1 s) 5.2x faster

Latency intervention
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Al Detection aphy Musltlcde?nt
er Studies
Histopath
PathAl E’]lﬁzst Ee%Esf(;?s 94.6%  |93.8% | — 0.98 iﬁ;"logy
cancer)
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Caption: Accuracy comparison of Al models used in wearable biosensors for chronic disease
prediction. Adapted from Huang, G., Chen, X., & Liao, C. (2025). Al-Driven Wearable Bioelectronics
in Digital Healthcare. Biosensors, 15(7), 410. https://doi.org/10.3390/bios15070410

New Material Development

Vo and Trinh (2024) explore the material and sensor design innovations behind wearable
electrochemical biosensors. They report improvements in sensitivity, stability, and comfort through the
use of flexible materials and microfluidic systems, with blood pressure estimation errors within +5%.
Their findings suggest that these technologies are especially useful for non-invasive monitoring of
glucose, lactate, and cardiac biomarkers via sweat or interstitial fluid.

Improvement of Measuring Algorithms

Nakazawa et al. (2024) demonstrate a novel approach to improving the accuracy of blood
glucose estimation from smartwatches by filtering out low-quality data using a metabolic screening
algorithm. This method significantly reduces error rates, with strong correlation (r = 0.90), and
enhances the clinical reliability of consumer-grade wearables for diabetes care.

DISCUSSION
Review of Current Technology

Current wearable technologies show notable advancements in both sensor design and data
processing. For instance, Babu et al. (2024) emphasize how wearables are increasingly used for remote
cardiovascular monitoring, with applications ranging from heart rate tracking to arrhythmia detection.
Simultaneously, Vo and Trinh (2024) highlight advances in electrochemical biosensors that enable
continuous glucose and biomarker monitoring through improved flexible and biocompatible materials.
These technologies are being successfully deployed in both clinical and consumer contexts to improve
health outcomes and reduce hospital readmissions.

Emerging Technology

Emerging technologies—expected to become widespread within the next five years—include
Al-driven wearable systems that deliver adaptive feedback and predictive insights. Huang, Chen, and
Liao (2025) describe how artificial intelligence is being embedded into wearable biosensors to
enhance chronic disease management, especially for conditions with dynamic markers like blood
glucose or blood pressure. These smart wearables can learn from user data over time to deliver more



SGHOLARLY DEBUT

by Scholarly Review

Winter 2025/2026

personalized alerts, dietary recommendations, or even adjust medication schedules. Similarly,
Nakazawa et al. (2024) present a method to improve glucose estimation by screening low-quality input
data, which significantly increases clinical accuracy and reliability.

Future Potentials

Looking to the future (5+ years), wearable health technologies are likely to move beyond
standalone devices toward fully integrated health ecosystems. Sensors embedded in everyday clothing
or even implanted subdermally may provide seamless, unobtrusive data collection. Real-time data will
likely be coupled with telemedicine platforms and electronic health records, enabling clinicians to
make decisions based on continuously updated physiological information. We may also see wearable
devices used not only for monitoring but also for closed-loop interventions, where drug delivery or
behavior coaching is triggered automatically based on sensor input.

Problems Remained Unresolved

Despite the rapid advancement of wearable health technologies, several critical challenges
remain unresolved, limiting their full integration into public health systems. Privacy and data security
are major concerns, as wearable devices continuously collect sensitive health information that may be
vulnerable to breaches or misuse. Legitimacy and clinical validation are also issues, with many
consumer-grade wearables lacking rigorous scientific testing or regulatory approval, leading to
skepticism from healthcare providers. Furthermore, affordability and accessibility create disparities, as
high costs and limited insurance coverage can prevent underserved populations from benefiting
equally. These unresolved problems highlight the need for stronger regulatory frameworks, equitable
distribution strategies, and further research to ensure wearable technologies are both trustworthy and
inclusive in improving chronic disease management.

CONCLUSION

In all, wearable health sensors hold significant promise for transforming chronic disease
management and advancing public health. By enabling continuous monitoring, early detection, and
personalized care, these technologies have already demonstrated positive impacts on conditions like
cardiovascular disease and diabetes. However, their widespread adoption depends on overcoming
persistent challenges, including privacy concerns, clinical validation, cost barriers, and integration into
healthcare systems. Continued innovation, along with robust policy and regulatory support, will be
essential in unlocking the full potential of wearables. As the technology evolves, it offers a hopeful
path toward more proactive, data-driven, and equitable healthcare solutions.
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