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Abstract—Wearable sensors are the core technologies
that allow devices like smartwatches, fitness bands, and
smart rings to continuously monitor the human body.
These sensors detect physical, electrical, optical,
chemical, and environmental signals and convert them
into measurable health data. Common types include
motion sensors, optical sensors for heart rate and oxygen
levels, electrical sensors such as ECG, electrodermal
stress sensors, and emerging biochemical sensors that
analyze sweat and metabolites. Together, they power
applications ranging from fitness tracking and sports
performance analysis to remote patient monitoring and
clinical research. As research advances, innovations like
smart textiles, energy-harvesting sensors, and Al-driven
analytics are expanding the role of wearable sensors in
modern healthcare and personalized health monitoring.

Index  Terms—wearable  biosensor, bioanalysis,
telemedicine, personalized health management, lifestyle

I. INTRODUCTION

Wearable biosensors are a class of non-invasive
devices embedded in smartwatches and patches,
among other things, designed to monitor vital
physiological and biochemical signals in real time [1].
This would be achieved through continuous monitoring
of heart rate, glucose level, body temperature,
and more while offering the user instant feedback and
enabling long-term accumulation for personalized
health management [2]. They are an essential part
of chronic disease management, such as diabetes and
cardiovascular diseases [3]. This, in turn, has created
an exponentially higher demand for wearable
biosensors that can monitor the patient continuously
and remotely to minimize doctor visits. Recent
developments in flexible biocompatible materials
have made them more comfortable to wear, thus
enabling such extended wear [4,5]. These devices
also generate voluminous health data. Linked to
artificial intelligence (Al) and machine learning, this

allows for predictive healthcare examples,
identifying potential risks well before symptoms
manifest [6].

This paper provides an extensive review of wearable
biosensors regarding recent developments, current
trends, key technologies, and novel applications in
health, fitness, and wellness. This paper aims to
demonstrate how the new development in sensor
material, design, and integration with Al could mark a
sea change in personalized health monitoring and
chronic disease management. Concomitantly, the
paper also explores the increasing trend in the use of
wearable biosensors in telemedicine and remote
patient care in the context of pandemic and post-
pandemic health care. In addition to reviewing present
applications, the paper then goes on to describe
perspectives for the future, emerging technologies,
and possible applications. The paper also underlines
how wearable biosensors might become one of the
major forces in shaping the future of healthcare toward
more preventive, data-driven, and patient-centered
solutions.

Il. OVERVIEW

The broad use of wearable biosensor equipment
necessitates a thorough comprehension of the
biochemical makeup of physiological fluids,
including sweat and tears. Wearable monitoring
technologies allow for continuous, real-time
monitoring of biomarkers related to an individual's
performance and health, which can provide insights
into the dynamic biochemical processes occurring in
these bio fluids. Real-time tracking can improve the
treatment of chronic diseases, give wellness and health
information, and notify medical experts or the user of
any unusual or unexpected circumstances [12,13].
Wearable biosensors can be easily integrated into a
wearer's daily routine, saving invasive and dangerous
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blood sample processes. To achieve this capacity, the
bio sensing platform must provide direct contact with
the sampled bio fluids without causing the wearer
pain.

1) Types

Various wearable biosensors are available. Each of
them was created for specific applications ina manner
that they measure specific biological or biochemical
functions and then transform the message into
electronic output that can be measured. Among these
types are electrochemical biosensors, optical
biosensors, and piezoelectric biosensors [7,8,9].
Firstly, electrochemical biosensors are devices that
are used in the detection of biochemical substances
such as glucose or lactate using electrochemical
reactions, converting the concentration of the target
molecule into electrical impulses. They are found in
appliances such as glucose meters. Secondly, optical
biosensors are devices that utilize light to find out the
presence of biomolecules by detecting changes in light
absorption, fluorescence, or scattering. Typically,
they are a component of a pulse oximeter used in the
measurement of blood oxygen levels. Thirdly,
piezoelectric biosensors are gadgets that are based on
the piezoelectric effect that show the changes in mass,
pressure, or mechanical stress and convert them into
electrical signals
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2) Real-Time Health Monitoring

One of the most significant benefits is probably how
real-time health monitoring has become mostly
facilitated by wearable biosensors for checking
important vital signs and thereby managing fitness and
health. Such devices offer real-time, non- invasive
outputs that allow users to visualize their physiological
status and empower them to make informed healthcare
decisions. The applications in the monitoring include
glucose monitoring, heart rate monitoring, pulse rate

monitoring, oxygen saturation monitoring, blood
pressure monitoring, body temperature monitoring,
and activity and sleep monitoring for glucose
monitoring, biosensors worn on the body, such as
continuous glucose monitors (CGMs), give real-time
blood sugar readings and can be a boon for anyone
with diabetes [11,12,13]. These devices measure the
glucose concentration in interstitial fluid and allow
users to better manage their insulin intake or menu
choices, which reduces the risk of hypoglycemia or
hyperglycemia.  Furthermore, for heart rate
monitoring, modern typical fitness trackers and
smartwatches can track the user’s heart rate by
utilizing photoplethysmography (PPG) or
electrocardiography (ECG) to provide feedback. They
offer an overview of heart rate variability in real time
to enable users to track fluctuations in their
cardiovascular health, better tailor physical activity,
and identify possible arrhythmias or other heart- and
circulatory-related anomalies [14,15]. In oxygen
saturation monitoring, pulse oximeters are devices you
wear that check your blood oxygen levels (SpO2)
using light absorption methods [13]. People with
breathing problems, such as chronic obstructive
pulmonary disease (COPD) or asthma, must always
keep an eye on their oxygen levels. This helps doctors
to step in when needed and tweak treatment plans. In
regard to blood pressure monitoring, new wearable
technology now includes ways to check blood
pressure, giving users a look at their heart health
without needing the old cuff-style devices. Tracking
blood pressure continuously can spot high blood
pressure and encourage people to see their doctor
sooner. Moreover, wearable biosensors can also
monitor body temperature as it occurs, which is useful
for checking fevers or other health issues [11].
Ongoing temperature information can help manage
sicknesses and show patterns in overall health.
Although they are not vital signs, many wearable
biosensors keep records on how much you move and
sleep, giving useful information about your overall
health [1,2,3]. Knowing about your activity and sleep
quality can help you tweak your lifestyle to make your
body work better. Using wearable biosensors to watch
your health in real time makes it much easier to take
care of yourself. By always showing you important
health signs, such as sugar levels, heart rate, and
oxygen in your blood, these gadgets help you take
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charge of your health. This can lead to better results
and a happier life.

3) Non-Invasive Sensing
The ability to attain physiological data without
conventional blood samples has revolutionized health
monitoring thanks to developments in non-invasive
sensor technologies. The new trend leans toward
painless, non-invasive ways that measure vital signs
using bodily fluids, including saliva, sweat, and
interstitial fluid in the skin. First, the use of biosensors
that are based on sweat and may be worn on the body
allows for the monitoring of several different health
indicators [2]. The presence of electrolytes, glucose,
lactate, and other metabolites may be detected by
sweat sensors, making it an excellent predictor of
hydration, activity level, and metabolic status (Fig.2)
[13]. Sweat is a fantastic diagnostic of these things.
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Fig. (2) Wearable sweat analysis patch based on
SilkNCT, an integrated textile sensor patch for real-
time and multiplex sweat analysis. (A, B) Schematic
illustration of wearable sweat analysis patch mounted
on human skin (A) and the multiplex electrochemical
sensor array integrated in the patch (B). (C)
Photograph of the wearable sweat analysis patch. (D,
E) SEM (D) and TEM (E) images of the carbonized
silk fabric, showing its hierarchical  woven
macrostructure and microcrystalline graphite- like
microstructure, respectively. (F) High-resolution XPS
spectrum of N1s for the carbonized silk fabric. a.u.,
arbitrary units. (G) EIS of the carbonized silk fabric
prepared at different temperatures. Inset in (G) shows
an equivalent circuit model. (H)

As a result of recent developments in electrochemical
sensors and microfluidics, sweat analysis has lately
become more sensitive and specific. This has made it
possible to perform real- time monitoring while
participating in physical activity or going about daily
activities. Second, saliva-based biosensors have
attracted significant attention due to their capacity to
identify indicators of systemic health, including
glucose, hormones, and infections. These sensors are
capable of monitoring a wide range of variables, such
as an individual’s metabolic status, oral health, and
hormonal levels, through the use of methods such as
optical detection and electrochemical analysis [15].
This method is particularly appealing for routine
health checks and disease monitoring due to its ability
to capture saliva samples without requiring any
invasive procedures [12]. This renders it an optimal
option for these procedures. Third, the development of
flexible and stretchable electronics has enabled the
creation of skin-based sensors that can monitor
interstitial fluid or skin temperature [11]. These
sensors are capable of identifying specific biomarkers
that may suggest potential health issues, in addition to
providing real- time data on pH and hydration level.
They are appropriate for continuous health monitoring
due to their form-fitting design, which allows for
extended use. The incorporation of these non-invasive
sensing technologies into wearable devices, such as
fitness trackers and smartwatches, makes it easier for
users to receive information regarding their health.

I11. APPLICATIONS

1. Medical Applications

From disease diagnosis to management, wearable
biosensors play a vital role in modern medical
applications. The capability of continuous real-time
monitoring of different physiological parameters helps
provide valuable information toward better patient
care and clinical decision- making. Sensors that
analyze sweat or saliva, for example, can detect
biomarkers for infections, hormonal imbalances, or
metabolic disorders, thus enabling timely intervention.
ECG sensor wearables can monitor for the presence of
arrhythmias or irregular heart patterns. This allows
health professionals to identify potential heart
problems early through constant cardiac status
monitoring, thus improving outcomes. This means, in
turn, that the SpO2 and respiratory rate sensors can get
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close to the diagnosis of conditions such as COPD or
asthma. Moreover, employing monitoring enables
proactive respiratory health management, such as in
COVID-19 cases. Continuous glucose monitors
(CGMs), due to real-time glucose readings, are very
important in the management of diabetes (Fig.3). Data
will be helpful for both the patient and the healthcare
professional in making informed decisions about
administering insulin or making dietary choices to
minimize the risks of hypoglycemia and
hyperglycemia. Wearable biosensors could monitor
heart rate, blood pressure, and physical activity and,
therefore, be important in managing cardiovascular
diseases. Continuous monitoring of these parameters
will ensure that patients receive warnings of
irregularities for timely intervention and changes in
lifestyle that could promote heart health.
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Fig. 3 (A) Circuit diagram for signal transmission of
a POCT device; (B) The app installed on a smartphone
for receiving and processing electrochemical signals;
(C) Wearable device affixed to the skin surface; (D)
Glucose catalyzed into glucuronic acid under the
mediation of Co304/rGO/Pt; (E) Fluctuations in blood
glucose and sweat glucose concentrations before and
after meals; (F) Detection results of sweat glucose at
different time intervals

2. Applications in Sports and Fitness
Wearable biosensors open up a wide range of great
opportunities in the field of sport and fitness for both

professional athletes and amateur sportsmen, enabling
them to closely follow their performance, recovery
process, and injury prevention through real-time
collection of data and analysis for better training and
overall well-being (Fig.4). In terms of physiology
monitoring, wearable biosensors monitor the vital
parameters of heart rate, breathing rate, and blood
oxygen levels during exercise [11]. Based on this kind
of analysis, athletes can determine the intensity of
training that will keep them within the targeted zones
of their heart rate and, hence, achieve their goals more
efficiently [12]. Also, devices with integrated
accelerometers and gyroscopes further capture
movement patterns, distance traveled, speed, and even
cadence. This allows the immediate tracking of
performance by an athlete in order to change their
training programs accordingly. Moreover, advanced
wearables can offer biomechanical insights by tracing
the angles of joints and motion patterns while running
or cycling. It helps improve such techniques and
performance in general. Wearable biosensors can
measure recovery by monitoring key indicators of
heart rate variability (HRV) and quality of sleep. This
is applicable to athletes who will then use such
information to decide whether they are recovering well
enough between workouts and make appropriate
decisions regarding the intensiveness of their training

— I —C oy

e A
‘H»»OHN“' i ‘—-ﬂ"——ﬂ——rr-—*v“*—vz

Fig: 4

Fig.4 Performance and applications of the
multifunctional biosensors. (a—c) The pH sensor’s
performance, including stepped response, linear
sensing, and sensing property under deformation and
stretch. (d—f) The open-circuit potential responses to
the respective analyte solutions of the Ca?*, Na*, and
K* sensors in their original state and under 60% strain.
(9) Images of EMG and multifunctional sweat sensor
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testing. (h) Two-channel electromyography.

Some of these wearable biosensors include the ability
to detect physiological parameters that could indicate
injury risk, such as an abnormal heart rate or extensive
fatigue, by using real-time alarm functions [12]. Thus,
immediate feedback allows athletes to modify their
training activities or take advice from experts
promptly. In sports and fitness, wearable biosensors
have played a critical role in improving performance
tracking, recovery monitoring, and injury prevention
[13]. These help athletes understand in real time
and allow for personalized feedback to make
informed decisions on how to train smarter, recover
effectively, and minimize the risk of injuries. As
technology improves, one can expect that wearable
biosensors will make an even bigger difference in
sports and fitness, which may result in improved
athletic performance and overall health. Signals.

3. Applications in Military and Industrial

Wearable biosensors are finding increased application
in military and industrial domains, especially in
extreme environments where safety and performance
monitoring become quite critical. This is itself able to
provide physiological and environmental data on a
real-time basis, hence increasing operational
efficiency and ensuring the safety of personnel at work
under demanding conditions. In physiological
monitoring, wearable biosensors can offer on-the-spot
monitoring of life signs, such as heart rate, body
temperature, and hydration levels. Continuous
monitoring automatically enables military personnel
and industrial workers in very stressful work
environments to become more aware of the early onset
of their body’s fatigue, heat stress, and other health
risk factors. Whereas in environmental monitoring,
many wearables provide data about environmental
conditions, such as temperature, humidity, and air
quality. This information helps personnel understand
their surroundings and take precautions to avoid heat-
related illnesses or exposure to hazardous substances
[13]. Wearable biosensors can provide instant
feedback on physiological parameters and allow users
to throttle their efforts according to the current state of
their physiology.

Most wearable biosensors can be programmed to
alarm when they detect abnormal physiological
readings, such as a sudden rise in heartbeats or high
fatigue. This allows for real-time intervention, crucial

in precluding serious injury or health crisis situations
[10]. Wearable devices with communication features
will enable better coordination among members of any
team in military or industrial operations. Data on
health and performance may be shared to enhance
situational awareness and collective safety. Wearable
biosensors designed for military and industrial use are
often ruggedized to withstand extreme environmental
conditions concerning temperature, moisture, and
physical stress in order to guarantee functionality
under the most unfavorable conditions.
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Fig.5 (a)Devices for measuring biomarkers using a
sweat-based lactate biosensor, a Nova Biomedical
blood lactate meter, and a fatigue questionnaire, the
fatigue assessment scale (FAS), to obtain biomarkers
from participants, including sweat lactate (SL)
concentration, blood lactate (BL), and a subjective
fatigue score. (b) Schematic drawing of the OECT
sensor for measuring lactate concentration. (c)
Comparisons of (a) sweat lactate, (b) blood lactate,
and (c) FAS scale between experimental and control
groups

IV. FUTURE SCOPE

Some of the budding technologies that are going to
play a crucial role in the future of wearable biosensors
include hybrid sensors, self-powering biosensors, and
implantable devices that will extend both the
functionality and application of biosensing
technologies, opening up exciting avenues for
healthcare, fitness, and wellness. The integration of
various sensing technologies will enable hybrid
sensors to capture a comprehensive range of
physiological signals. Future developments (Fig.6)
may allow for real-time monitoring of multiple
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biomarkers, such as glucose, hydration levels, and
metabolic rates, simultaneously, providing users with
detailed insights into their health status. Such hybrid
sensors will also enable personalized health
management strategies with advanced algorithms and
data analytics. These devices correlate input from
various sensors and can make personalized
suggestions, thereby rendering health monitoring
more relevant and efficient to the individual use. This
wearability factor would be completely revamped in
self-powered biosensors sans the use of external
batteries]. Future developments in energy-harvesting
technologies such as nanogenerators and biofuel cells
will enable these devices to run continuously without
stopping, hence allowing proper and continuous health
monitoring.
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Fig. 6. Accessory sensors such as (a) contact lenses
and eyeglasses and (b) headbands have been used for
real-time health monitoring, (c) an ELISA-based
patch-type printed sensor for health sign monitoring,
and (d) a versatile implantable sensor for real-time
health monitoring, drug delivery, and data
transmission, with versatile functions

V. CONCLUSION

In recent years, one of the fastest developing areas has
been wearable biosensors. Advances in this field have
enabled devices to be increasingly sophisticated in
their monitoring capabilities. These have included the
development and use of many different types of
sensing technologies, such as electrochemical, optical,
and piezoelectric sensors. Consequent to this, most
physiological parameters that indicate health can now

be monitored. The application of breakthroughs in
material sciences has been further advanced through
the use of flexible electronics and nanomaterials,
which enable comfortable, long-lasting, miniaturized
devices. Artificial intelligence, combined with
machine learning, particularly when integrated into
wearables, opens up more robust prediction
capabilities and bespoke health insights. Applications
have expanded to cover a wide range of topics,
including illness prevention, real-time health
monitoring, and measuring athletic and fitness
performance. The promise of wearable biosensors to
improve the management of chronic diseases and
improve overall health outcomes is becoming more
widely acknowledged as these devices continue to
evolve.

REFERENCES

[1] J. Kim, A. S. Campbell, B. E.-F. de Avila, and J.
Wang, “Wearable Biosensors for Healthcare
Monitoring.”

[2] X. Zeng, R. Peng, Z. Fan, and Y. Lin, “Self-
Powered and Wearable Biosensors for
Healthcare.”

[3] A. Tandon, H. H. Nguyen, S. Avula, D. R.
Seshadri, A. Patel, M. Fares, O. Baloglu, S.
Amdani, R. Jafari, and O. T. Inan, “Wearable
Biosensors in Congenital Heart Disease: Needs to
Advance the Field.”

[4] M. Mathew, S. Radhakrishnan, A. Vaidyanathan,
B. Chakraborty, and C. S. Rout, “Flexible and
Wearable Electrochemical Biosensors Based on
Two-Dimensional Materials: Recent
Developments.”

[5] J. Li, C. Carlos, H. Zhou, J. Sui, Y. Wang, Z.
Silva-Pedraza, F. Yang, Y. Dong, Z. Zhang, and
T. A. Hacker, “Stretchable Piezoelectric
Biocrystal Thin Films,” Nature Communications,
2023.

[6] K.-C. Un, C.-K. Wong, Y.-M. Lau, J. C.-Y. Lee,
F. C.-C. Tam, W.-H. Lai, Y.-M. Lau, H. Chen, S.
Wibowo, and X. Zhang, “Observational Study on
Wearable Biosensors and Machine Learning-
Based Remote Monitoring of COVID-19
Patients.”

[7]1 J. R. Windmiller and J. Wang, “Wearable
Electrochemical Sensors and Biosensors: A
Review,” Electroanalysis, 2013.

191403 © IJIRT | www.ijirt.org MARCH 2026 177



International Conference on Emerging Trends in Technology and Management ISSN: 2349-6002

[8] P. Damborsky, J. Svitel, and J. Katrlik, “Optical
Biosensors,” Essays in Biochemistry, 2016.

[9] P. Skladal, “Piezoelectric Biosensors,” TrAC
Trends in Analytical Chemistry, 2016.

[10] L. Johnston, G. Wang, K. Hu, Q. Cian, and G. Liu,
“Advances in Biosensors for Continuous Glucose
Monitoring Towards Wearables,” 2021.

[11]S. A. Siddiqui, Y. Zhang, J. Lloret, H. Song, and
Z. Obradovic, “Pain-Free Blood Glucose
Monitoring Using Wearable Sensors: Recent
Advancements and Future Prospects,” IEEE
Reviews in Biomedical Engineering, 2018.

[12] X. Jin, G. Li, T. Xu, L. Su, D. Yan, and X. Zhang,
“Fully Integrated Flexible Biosensor for
Wearable Continuous Glucose Monitoring,”
2022.

[13] M. Umair, N. Chalabianloo, C. Sas, and C. Ersoy,
“HRV and Stress: A Mixed-Methods Approach
for Comparison of Wearable Heart Rate Sensors
for Biofeedback,” IEEE Access, 2021.

[14]S. Shen, X. Xiao, and J. Chen, “Wearable
Triboelectric Nanogenerators for Heart Rate
Monitoring,” Chemical Communications, 2021.

191403 © IJIRT | www.ijirt.org MARCH 2026 178



