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Introduction      Material science plays a crucial role in the development of wearable
biosensors, particularly in ensuring biocompatibility, stretchability and
breathability of the device. Traditional rigid electronics are ill-suited for
continuous skin contact, especially during physical activity. Therefore, modern
wearable biosensors are typically built on flexible polymers such as
Polydimethylsiloxane (PDMS), Polyethylene Terephthalate (PET) and
Thermoplastic Polyurethanes (TPUs), or on textile-based platforms. These
substrates not only maintain comfort but also allow sensors to withstand
mechanical deformation without compromising performance. Some designs
incorporate hydrogel layers that can directly interface with sweat or interstitial
fluid, facilitating real-time biochemical analysis without the need for invasive
sampling. Power management and wireless communication are additional
critical components in wearable biosensor systems. Wireless data transmission
is typically enabled through Bluetooth, Near-Field Communication (NFC), or Wi-
Fi modules, allowing the continuous upload of sensor data to mobile apps or
cloud-based servers. The integration of low-power microcontrollers and edge
computing capabilities enables preliminary data processing directly on the
device, reducing energy consumption and transmission load. The potential
applications of wearable biosensors are vast and diverse. In chronic disease
management, biosensors are already transforming care models [3]. 

     In respiratory conditions such as asthma or Chronic Obstructive Pulmonary
Disease (COPD), wearable patches can monitor respiration rates and detect
early signs of exacerbations, prompting timely intervention. Mental health and
stress monitoring represent another frontier for wearable biosensors. Devices
that measure galvanic skin response, heart rate variability and cortisol levels
offer new opportunities to objectively assess stress, anxiety and fatigue. These
metrics can support mental wellness apps, workplace health programs, or even
digital therapeutics platforms that adjust interventions based on a user’s
physiological state. Similarly, in sleep medicine, biosensors embedded in smart
watches or headbands can track sleep stages, detect sleep apnea events and
provide personalized recommendations for improving sleep hygiene. The sports
and fitness industries have been early adopters of wearable biosensor
technology, using it to monitor hydration status, electrolyte balance, muscle
fatigue and metabolic performance. Professional athletes and trainers use
these insights to optimize training regimens, prevent injuries and enhance
recovery. For the general population, commercial fitness trackers offer real-time
feedback on activity levels, caloric burn and heart rate, fostering greater
engagement in personal health and wellness. As sensor technology becomes
more sophisticated, even casual users are gaining access to medically relevant
data that can bridge the gap between fitness and clinical healthcare [4].

    One of the most promising areas of development lies in sweat-based
biosensors. Sweat is a rich, non-invasive biofluid that contains electrolytes,
metabolites, hormones and proteins, making it ideal for continuous health
monitoring. Advanced microfluidic devices now enable the capture, transport
and analysis of minuscule sweat volumes in real time. These systems can be
engineered to simultaneously measure multiple biomarkers, such as sodium,
potassium, glucose and pH, offering a holistic view of hydration, metabolic and
stress status. Innovations in colorimetric and electronic readouts are making
these sensors accessible to non-specialist users, with data easily interpreted
through smartphone applications.. The role of Artificial Intelligence (AI) and
machine learning is becoming increasingly significant, as these tools can 

    The convergence of biomedical engineering, materials science and digital
health technologies has catalyzed a new era of personalized medicine,
prominently marked by the rise of wearable biosensors. These compact, non-
invasive devices are designed to continuously monitor a wide range of
physiological and biochemical parameters, offering real-time insights into a
person’s health status. As chronic diseases and aging populations place
increasing strain on healthcare systems worldwide, wearable biosensors are
emerging as essential tools for early disease detection, remote patient
monitoring and proactive health management. Unlike traditional diagnostic
methods that rely on intermittent, clinical-based testing, wearable biosensors
offer continuous data collection, enabling dynamic tracking of vital signs such
as heart rate, blood pressure, body temperature and respiratory rate, as well as
biochemical markers like glucose, lactate, cortisol and electrolytes. This study
explores the current landscape and future direction of wearable biosensors,
focusing on the materials, sensing technologies and system architectures that
underpin their development. It also examines their applications in healthcare,
fitness, disease management and beyond, highlighting the transformative
potential of continuous health monitoring in reshaping modern medicine [1].
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   The development of wearable biosensors represents a major leap in
healthcare innovation, shifting the paradigm from reactive treatment to
proactive and preventive care. These devices, worn directly on the body, are
engineered to continuously measure and record physiological and biochemical
signals in real time. By capturing data such as heart rate, respiration, body
temperature, blood glucose, hydration levels, sweat composition and more,
wearable biosensors empower individuals and clinicians with actionable health
insights that were previously unavailable outside of clinical environments. Their
growing relevance is underscored by rising healthcare costs, an aging global
population and the increasing prevalence of chronic diseases, all of which
demand smarter, more efficient monitoring strategies. At the core of any
wearable biosensor is its ability to detect specific biological markers with high
sensitivity, accuracy and stability under variable, often challenging, conditions.
Optical sensors, on the other hand, utilize light absorption, fluorescence, or
reflectance changes to measure parameters like oxygen saturation or hydration
status. Advances in nanomaterials such as graphene, carbon nanotubes and
gold nanoparticles have significantly enhanced the sensitivity and
miniaturization of these devices, making it feasible to integrate them into ultra-
thin, flexible substrates that conform to the contours of human skin [2].
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analyze complex, high-frequency biosensor data to detect patterns, forecast
health trends and personalize health recommendations. Predictive models
trained on large datasets can identify subtle physiological changes that precede
acute events, such as cardiac arrhythmias, glucose spikes, or dehydration,
enabling early intervention and potentially saving lives. Looking ahead, the
future of wearable biosensors is closely tied to the evolution of precision
medicine. As sensors become more personalized, adaptive and responsive,
they will enable tailored health monitoring that considers each individual’s
unique biology, behavior and lifestyle [5]. 

None.

None.

    In conclusion, wearable biosensors represent a transformative shift in
healthcare, providing continuous, real-time access to critical physiological data
that can inform decisions, improve outcomes and empower individuals in
managing their own health. While technical and regulatory challenges remain,
ongoing advances in materials, sensor design, data science and systems
integration are steadily addressing these issues. As these devices become
more accessible, affordable and accurate, they are poised to play a central role
in the global move toward preventive, personalized and data-driven healthcare.
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