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ABSTRACT

Lifestyle-related disorders, including diabetes mellitus, hypertension, and cardiovascular diseases (CVDs),
constitute a significant and growing burden on global health systems. These non-communicable diseases (NCDs)
often develop silently, with clinical symptoms appearing only after substantial physiological damage has occurred.
Traditional diagnostic methods are frequently reactive, intermittent, and facility-based, which limits early
detection, especially in resource-constrained settings. Innovations in biomedical sciences particularly the
development of smart wearables and biosensors offer a transformative approach to monitoring and managing these
conditions at both individual and community levels. Smart wearables such as continuous glucose monitors, fitness
bands, smartwatches, and biosensor-embedded textiles now allow for continuous, non-invasive tracking of key
physiological parameters including blood glucose, heart rate variability, blood pressure, and oxygen saturation.
These devices are increasingly integrated with cloud-based data systems, artificial intelligence (Al), and machine
learning algorithms to provide real-time alerts, predictive analytics, and personalized health feedback. Their
applications extend beyond personal use, serving as effective tools in community health surveillance, digital
epidemiology, and population-based interventions. This review explores the technological foundations, clinical
validation, and real-world applications of smart biosensing devices in the early detection and management of
lifestyle diseases. It highlights their role in shifting healthcare from reactive to proactive models, empowering

patients with self-monitoring capabilities, and reducing the long-term economic burden on healthcare systems.

INTRODUCTION

Lifestyle-related disorders, particularly diabetes mellitus,
hypertension, and cardiovascular diseases (CVDs), have
emerged as leading contributors to the global burden of
non-communicable diseases (NCDs), responsible for
significant morbidity and mortality  worldwide.
According to the World Health Organization (WHO),
NCDs account for nearly 74% of all global deaths
annually, with cardiovascular diseases alone causing
approximately 17.9 million fatalities per year (WHO,
2024). The rapid increase in these conditions is closely
associated with sedentary lifestyles, poor dietary habits,
psychosocial stress, and environmental exposures, all of
which contribute to metabolic dysregulation, endothelial
dysfunction, and chronic inflammation (Sultana et al.,
2025). The gradual and asymptomatic progression of
these diseases often delays diagnosis, allowing
underlying pathophysiological alterations to accumulate
over time, thereby narrowing therapeutic windows and
resulting in greater healthcare expenditures (Menassa
etal., 2025).
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Conventional diagnostic approaches for lifestyle-related
disorders primarily rely on episodic, clinic-based
measurements such as fasting blood glucose, lipid
profiles, blood pressure checks, and electrocardiographic
assessments. These methods provide only isolated
snapshots of an individual’s physiological state and often
fail to detect transient abnormalities or circadian
fluctuations that could serve as early warning signs of
disease onset (Cusack et al., 2024). For example, a single
office-based blood pressure measurement may miss
nocturnal hypertension or white-coat effects, while
periodic glucose assessments cannot capture glycemic
variability or postprandial excursions.

This limitation is further compounded in low- and
middle-income countries (LMICs), where limited access
to healthcare services delays screening and treatment for
high-risk  populations  (Hosain  etal.,  2024).
Consequently, there is a critical need for monitoring
solutions that are continuous, real-time, and non-invasive
to enable early detection and timely intervention.
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Recent advancements in biomedical engineering, flexible
electronics, and wireless sensor technologies have paved
the way for the development of smart wearable devices
and biosensors capable of seamless integration into daily
life. These devices include smartwatches, adhesive
patches, fitness bands, biosensor-embedded textiles, and
connected accessories that allow for the continuous
monitoring of key physiological parameters such as heart
rate variability (HRV), blood pressure, blood glucose,
oxygen saturation (SpO;), respiratory rate, physical
activity, and sleep quality (Cusack etal, 2024).
Emerging biosensors can analyze biochemical analytes in
non-invasive biofluids such as sweat, saliva, or
interstitial fluid, offering an alternative to invasive blood
sampling while enabling dynamic biochemical profiling
(Sharma et al., 2021). This transition from static, facility-
based diagnostics to continuous, wearable-based
monitoring marks a significant paradigm shift in disease
prevention and early detection.

Evidence supports the effectiveness of wearable devices
in improving early detection and management of lifestyle
disorders. Sultana et al. (2025), in a systematic review of
cardiovascular disease detection technologies, reported
that wearable devices significantly enhance early
identification of arrhythmias, ischemic events, and
hypertensive crises by providing real-time, remote
monitoring capabilities. Similarly, Cusack etal. (2024)
emphasized that wearable sensors have evolved beyond
consumer fitness applications to include clinical-grade
monitoring solutions that bridge the gap between
personal health tracking and professional diagnostics.
These devices, particularly when integrated with cloud-
based platforms, allow healthcare providers to access
continuous patient data, improving decision-making and
reducing dependence on episodic clinical evaluations.

The functionality of smart wearables has been further
strengthened  through integration with artificial
intelligence (Al), machine learning (ML), and the
Internet of Things (loT). Data streams generated by
biosensors can now be analyzed in real time to detect
abnormal physiological patterns, predict adverse events,
and deliver personalized recommendations for preventive
care (Mo etal., 2024). Continuous electrocardiographic
data, for example, can be processed using Al algorithms
to identify arrhythmic patterns, while glucose monitoring
systems can forecast hyperglycemic or hypoglycemic
episodes hours before onset. loT-enabled connectivity
facilitates secure transmission of this information to
healthcare professionals, enabling remote monitoring and
telemedicine solutions that are particularly beneficial for
populations with limited access to specialized care
(Hosain et al., 2024).

Wearable biosensors are also increasingly recognized for
their potential in public health surveillance and digital
epidemiology. Aggregated, anonymized health data from
large populations can provide insights into behavioral
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trends, environmental exposures, and early disease risk
factors at the community level (Menassa et al., 2025).

Technological Foundations of Smart Wearables and
Biosensors

Smart wearables and biosensors represent a convergence
of biomedical engineering, microelectronics, wireless
communication, and materials science, enabling the
continuous and non-invasive monitoring of physiological
and biochemical parameters relevant to lifestyle-related
diseases. Modern  wearable devices, including
smartwatches, fitness trackers, adhesive patches, and
biosensor-embedded textiles, are designed to capture
data such as heart rate variability (HRV), blood glucose
levels, oxygen saturation (SpO,), electrocardiogram
(ECQG) signals, and sleep patterns (Cusack et al., 2024).
These devices integrate multiple sensor modalities,
including optical, electrochemical, mechanical, and

biochemical  sensing  technologies, to provide
comprehensive health information outside clinical
settings.

Optical sensors, such as photoplethysmography (PPG),
are widely utilized for measuring heart rate, blood
pressure, and oxygen saturation, while electrochemical
biosensors analyze biomarkers like glucose, lactate, and
electrolytes in biofluids (Sharma et al., 2021). The use of
flexible, stretchable, and skin-conformable materials has
improved the wearability and accuracy of these devices,
allowing continuous monitoring without causing
discomfort (Vo etal., 2024). Additionally, advancements
in wireless technologies, including Bluetooth Low
Energy (BLE) and near-field communication (NFC),
have facilitated real-time data transmission to
smartphones, cloud platforms, and healthcare providers
for further analysis.

Emerging innovations include non-invasive glucose
monitoring through sweat analysis, continuous blood
pressure tracking via pulse wave velocity, and multi-
analyte sensing for simultaneous detection of
cardiovascular risk markers (Sultana etal., 2025). As
highlighted by Pateraki etal. (2020), the integration of
biosensors into wearable platforms is a cornerstone of
smart healthcare systems, offering opportunities for
remote monitoring, early disease detection, and

population-wide health management. These
technological foundations provide the basis for
transforming reactive healthcare approaches into

proactive, personalized interventions.

Recent developments in nanomaterials, microfluidics,
and energy-harvesting technologies are enhancing the
sensitivity, specificity, and autonomy of wearable
biosensors. Incorporating nanostructured electrodes and
advanced signal processing algorithms allows detection
of ultra-low biomarker concentrations, enabling earlier
identification of disease risk factors (Vo etal., 2024).
Self-powered biosensors utilizing biofuel cells or body-
motion energy sources are also emerging, reducing the
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dependence on frequent recharging and improving long-
term usability (Chandrasekaran et al., 2025).

Clinical Validation and Effectiveness in Lifestyle
Disease Detection

For wearable biosensors to be integrated into healthcare
systems, rigorous clinical validation is essential to ensure
accuracy, reliability, and safety in detecting early signs of
lifestyle disorders. Clinical validation studies have
demonstrated that wearables can effectively detect
physiological abnormalities indicative of diabetes,
hypertension, and cardiovascular disease progression
(Sultana etal., 2025). For instance, continuous glucose
monitoring (CGM) devices provide dynamic data on
glycemic variability, offering early identification of
prediabetic states and improving glycemic control in
diagnosed patients (Sharma et al., 2021).

In cardiovascular health, wearables equipped with ECG
and PPG sensors have proven effective in identifying
arrhythmias, atrial fibrillation, ischemic events, and
hypertension crises. Randomized clinical trials have
shown that early alerts from wearable devices can
significantly reduce the risk of hospitalization and severe
cardiovascular complications (Menassa etal., 2025).
Similarly, wearable blood pressure monitors have
outperformed traditional office-based measurements by
detecting masked hypertension and abnormal nocturnal
blood pressure fluctuations (Cusack et al., 2024).

Moreover, the continuous and longitudinal data captured
by these devices enable clinicians to analyze temporal
trends, providing superior diagnostic insights compared
to intermittent, facility-based measurements (Vo etal.,
2024). As highlighted by Hosain etal. (2024), IoT-
enabled wearable biosensors enhance remote patient
monitoring, making early detection and management
more accessible, especially in low-resource settings
where frequent clinical assessments are challenging.
These findings underline the clinical effectiveness of
wearables as tools for early disease detection and
prevention, though device calibration and standardization
remain critical to avoid diagnostic errors.

Additionally, recent studies indicate that integrating
multi-parameter biosensors with advanced machine
learning algorithms significantly enhances detection
sensitivity while reducing false alerts (Mo et al., 2024).
This approach allows early recognition of subtle disease
biomarkers that conventional diagnostics often miss
(Menassa et al., 2025). Ongoing clinical investigations
have demonstrated improved patient risk stratification
and personalized treatment guidance through continuous
wearable data analysis (Pateraki etal., 2020). Such
evidence reinforces the role of wearable biosensors as
dependable tools for proactive disease management.
With ongoing advancements, their clinical utility in
preventive healthcare is projected to expand rapidly.
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Integration with Al, 10T, and Population Health
Surveillance

The integration of wearable biosensors with artificial
intelligence (Al), machine learning (ML), and the
Internet of Things (10T) has significantly enhanced their
capacity to detect early signs of lifestyle-related diseases
and facilitate population-wide health management. Al
algorithms can process high-frequency, multidimensional
data streams generated by wearable devices to identify
subtle deviations in physiological parameters, predict
potential adverse events, and generate personalized
feedback aimed at disease prevention and lifestyle
modification (Mo et al., 2024). For instance, ML models
trained on continuous ECG data can detect arrhythmic
patterns with higher sensitivity and specificity than
conventional diagnostic techniques, while predictive
analytics applied to glucose monitoring systems can
forecast hyperglycemic or hypoglycemic episodes well
before clinical manifestation (Hosain et al., 2024). These
capabilities provide a crucial advantage in early
diagnosis, allowing for proactive intervention and better
management of chronic conditions.

10T connectivity plays a pivotal role in linking wearable
biosensors to cloud-based platforms, ensuring seamless,
secure, and real-time data transmission to healthcare
providers for remote patient monitoring and decision
support (Pateraki et al., 2020). This feature is particularly
valuable in geographically dispersed or resource-limited
regions, where frequent in-person clinical consultations
are not feasible (Menassa et al., 2025). Wearable devices
integrated with 10T frameworks enable continuous
monitoring, telemedicine services, and rapid clinician
response to emergent health anomalies, thereby
improving healthcare access and outcomes. Furthermore,
the aggregation of large-scale, anonymized wearable data
contributes to digital epidemiology, allowing public
health authorities to observe population-level trends in
physical activity, sleep quality, stress biomarkers, and
early indicators of non-communicable diseases (Cusack
etal., 2024). These datasets can be instrumental in
developing preventive public health policies, allocating
resources efficiently, and designing targeted intervention
programs.

The convergence of Al-driven analytics with wearable
biosensing technologies is paving the way for
personalized predictive healthcare and enhanced disease
surveillance. Advanced deep learning models can
integrate data from multiple sources, including wearable
sensor outputs, electronic health records, and
environmental exposure datasets, to build individualized
health risk profiles and adaptive treatment pathways (Vo
etal., 2024).
Challenges  and Barriers  to
Implementation

Despite rapid technological progress, several challenges
hinder the widespread adoption of wearable biosensors in
healthcare. Data privacy and cybersecurity concerns are

Widespread
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among the most significant barriers, as continuous health
monitoring generates sensitive personal information that
must be securely stored and transmitted (Chandrasekaran
etal., 2025). Breaches or unauthorized data sharing
practices can compromise patient trust and hinder
broader acceptance of these technologies.

Device accuracy and standardization also remain critical
issues, as many commercially available wearables lack
robust  medical-grade  validation, leading to
inconsistencies in measurements compared to gold-
standard clinical tools (Mizuno etal, 2021).
Furthermore, long-term user adherence is often
problematic, with many individuals discontinuing device
use due to discomfort, poor battery life, usability
challenges, or perceived lack of clinical benefit
(Chandrasekaran etal., 2025). Regulatory frameworks
for wearable biosensors are still evolving globally, with
significant uncertainty regarding certification pathways
and integration of consumer-grade devices into clinical
workflows, particularly in low- and middle-income
countries (Mizuno et al., 2021).

In addition, socio-economic disparities and health
inequities  limit access to advanced wearable
technologies, potentially exacerbating the digital divide
in preventive healthcare (Chandrasekaran et al., 2025).
High device costs, limited availability, and insufficient
digital literacy among vulnerable populations pose
significant obstacles to equitable implementation.
Addressing these challenges will require collaborative
efforts among technology developers, healthcare
providers, policymakers, and regulatory agencies to
establish strong data protection measures, clinical
validation standards, and cost-effective, scalable
solutions that promote widespread, inclusive adoption.

Future Directions and Opportunities in Global Health
The future of wearable biosensors in global health lies in
their ability to transition healthcare from episodic and
reactive models to continuous, proactive, and
personalized systems of care. Next-generation wearables
are expected to integrate multi-analyte sensing platforms,
combining physiological, biochemical, and behavioral
data to provide comprehensive health profiles (Vo etal.,
2024). Advances in  non-invasive  biosensing,
nanotechnology, and implantable or biodegradable
sensors may further enhance early detection capabilities
for NCDs.

Coupling wearable data with Al-driven digital twins
virtual models of individual health profiles could enable
predictive simulations of disease risk and personalized
interventions (Hosain etal., 2024). The integration of
wearable biosensors into public health frameworks can
support real-time disease surveillance, community-level
prevention strategies, and rapid responses to emerging
health threats, including pandemics and environmental
hazards (Menassa et al., 2025).

www.ejbps.com | Vol 12, Issue 10, 2025.

European Journal of Biomedical and Pharmaceutical Sciences

Future research should focus on improving sensor
accuracy, ensuring interoperability across devices and
platforms, enhancing cybersecurity, and addressing
ethical concerns related to data ownership and informed
consent (Pateraki etal., 2020). Additionally, expanding
access to affordable wearable technologies in LMICs
will be critical to reducing global health disparities.
Collaborative initiatives ~ between  governments,
technology developers, and healthcare organizations are
essential to leverage wearable biosensors as scalable,
equitable tools for early detection and prevention of
lifestyle-related diseases worldwide.

Emerging research is also exploring the role of wearable
biosensors in mental health monitoring, enabling early
detection of stress, anxiety, and depression markers
(Hosain et al., 2024). The development of standardized
regulatory pathways and global data-sharing policies will
be crucial for safe and reliable integration of these
technologies into clinical care (Menassa et al., 2025). In
the coming years, wearable biosensors, combined with
big data analytics, have the potential to transform
healthcare into a predictive and preventive ecosystem.
This evolution could significantly reduce the global
burden of non-communicable diseases while improving
quality of life across populations.

CONCLUSION

Lifestyle-related  disorders such as  diabetes,
hypertension, and cardiovascular diseases remain among
the leading global causes of morbidity and mortality,
demanding a transition from reactive healthcare models
to proactive, preventive approaches. Smart wearables
and biosensors have emerged as transformative tools for
continuous, real-time, and non-invasive monitoring of
key physiological and biochemical parameters, bridging
critical gaps in traditional, episodic diagnostic methods
(Sultana et al., 2025). Advances in miniaturized sensor
technology, flexible electronics, and  wireless
communication have enabled these devices to seamlessly
integrate into daily life, providing unprecedented
opportunities for early disease detection and personalized
health management (Cusack et al., 2024; Sharma et al.,
2021).

The integration of artificial intelligence (Al), machine
learning (ML), and Internet of Things (IoT) frameworks
has further enhanced the analytical power of wearable
biosensors, allowing real-time detection of abnormal
physiological patterns and predictive modeling of disease
risk (Mo etal, 2024). At a population level, the
aggregation of wearable-derived health data presents
new possibilities for digital epidemiology, supporting
public health surveillance, targeted interventions, and
improved allocation of healthcare resources (Menassa
etal.,, 2025). These technologies, therefore, hold
significant promise in reducing the burden of non-
communicable diseases globally, particularly in low- and
middle-income settings where access to conventional
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diagnostic infrastructure remains limited (Hosain et al.,
2024).

However, widespread adoption of wearable biosensing
technologies is challenged by issues of device accuracy,
data privacy, regulatory ambiguity, user adherence, and
socio-economic inequities (Pateraki eral., 2020).
Without addressing these barriers, the benefits of smart
wearables may remain inaccessible to vulnerable
populations, potentially exacerbating health disparities.

Overall, smart wearables and biosensors represent a
pivotal step toward predictive, personalized, and data-
driven healthcare. By enabling early detection of
lifestyle-related disorders and empowering individuals
with self-monitoring capabilities, these technologies
offer a transformative potential to reshape global health
systems, reduce long-term disease burdens, and improve
health outcomes across diverse populations (Sultana
etal., 2025; Cusack etal, 2024). Continued
interdisciplinary collaboration between researchers,
clinicians, engineers, and policymakers will be essential
to fully realize their potential as integral components of
next-generation healthcare solutions.
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