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Abstract 

 
Biochemical sensors integrated into wearable health technology represent one 

of the most transformative innovations of the 21st century. This review delves 

into the evolution, principles, and real-time applications of biochemical sensors 

and their role in personalized health monitoring. Wearable biochemical 

sensors, capable of continuously measuring various biomarkers like glucose, 

lactate, cortisol, and electrolytes, are revolutionizing healthcare by enabling 

proactive management of chronic diseases, including diabetes, cardiovascular 

disorders, and mental health issues. Advances in biosensing technologies, 

coupled with the use of AI and machine learning algorithms, have enhanced 

the sensitivity and accuracy of these devices, ensuring that critical health data is 

available in real-time. From glucose monitoring devices like Abbott's FreeStyle 

Libre to the latest nanomaterial-based sensors, these innovations are reshaping 

healthcare delivery by shifting the focus from hospital-centered treatments to 

patient-centric, continuous monitoring systems. This review provides an in-

depth analysis of the technological advancements, challenges, and future 

directions in biochemical sensors, focusing on key technologies such as 

electrochemical, optical, and enzymatic sensors. It also highlights the critical 

role of AI in interpreting the complex data generated by these sensors, paving 

https://ejournal.yasin-alsys.org/index.php/mikailalsys
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the way for more efficient diagnostics and predictive healthcare models. 

Furthermore, the paper explores how these sensors have been applied in 

infectious disease detection, particularly during the COVID-19 pandemic, and 

discusses their potential to enhance global health surveillance systems. In 

conclusion, wearable biochemical sensors represent a significant leap forward 

in the pursuit of personalized medicine, offering real-time diagnostics and 

timely interventions for disease management. The future of healthcare is 

closely tied to the ongoing innovations in sensor technology, with the promise 

of even more advanced and multifunctional devices on the horizon. 

Keywords: Biochemical Sensors, Wearable Health Technology, Preventive 

Healthcare  

 

 

Introduction  

Biochemical sensors, a critical component of wearable healthcare technology, have evolved 

unprecedentedly in the past decade. These devices detect specific biological or chemical 

signals within the body and convert them into digital data, which can be analyzed to 

provide valuable insights into a user’s health. Advances in miniaturization, biosensing 

materials, and computational technologies have driven this growth, enabling the integration 

of these sensors into compact, user-friendly wearables such as smartwatches, skin patches, 

and even implantable sensors (Zhou et al., 2024). What sets biochemical sensors apart from 

conventional health monitoring devices is their ability to detect and quantify molecular 

changes in the body, offering insights into the user’s health status at unprecedented 

accuracy and speed. The global wearables market, valued at over $60 billion in 2023, is 

projected to reach $130 billion by 2030, mainly driven by demand for health monitoring 

devices (Wang et al., 2023). 

The need for personalized healthcare, where individuals can continuously monitor their 

unique physiological conditions, has further propelled the rise of wearable biochemical 

sensors. Instead of relying on traditional, often infrequent, medical check-ups, individuals 

can now keep track of critical health markers like glucose, cortisol, and hydration levels in 

real time (Teymourian et al., 2020). This shift from reactive to proactive healthcare is 

especially vital in managing chronic conditions like diabetes, cardiovascular diseases, and 

mental health issues, providing timely interventions that can prevent severe complications. 

As more sophisticated algorithms and artificial intelligence are applied to wearable sensor 
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data, the promise of real-time diagnostics and health management becomes even more 

transformative (Wang et al., 2023). 

 

Biochemical Sensors: Principles and Technologies 

At the core of wearable health technology are biochemical sensors that detect and measure 

molecular or chemical changes in the body, converting these signals into meaningful data 

(Ocvirk et al., 2017). These sensors detect specific biomarkers such as glucose, lactate, 

cortisol, and electrolytes, offering insights into the wearer’s overall well-being. Wearable 

biochemical sensors are poised to play a pivotal role in preventive healthcare (Harun-Or-

Rashid et al., 2024). These sensors are typically based on three leading technologies: 1) 

Electrochemical; 2) Optical, and 3) Enzymatic sensing. 

Electrochemical Sensors  

Electrochemical sensors are widely used in glucose monitoring devices. They rely on an 

enzymatic reaction, typically involving glucose oxidase, which reacts with glucose in 

interstitial fluid, producing an electrical signal proportional to the glucose concentration. 

Devices like Abbott’s FreeStyle Libre and Dexcom G7 are industry leaders in 

electrochemical glucose monitoring (Xu et al., 2023). These devices continuously measure 

glucose levels and provide critical data to users about hypo- or hyperglycemia events. With 

millions of people globally relying on CGMs, innovations in electrochemical sensing have 

improved accuracy, while minimizing the need for invasive blood sampling (Teymourian et 

al., 2020a). New developments in nanomaterials, such as graphene-based sensors, promise 

even more sensitivity and longer sensor lifetimes (Zhan et al., 2022). 

The basic principle behind electrochemical sensors involves the oxidation or reduction of 

the target molecule, which generates an electrical current. This current is proportional to 

the concentration of the target molecule and can be measured and processed to provide 

quantitative data. In glucose monitoring systems, for example, the sensor is coated with 

glucose oxidase, an enzyme that catalyzes the reaction between glucose and oxygen, 

producing hydrogen peroxide as a byproduct. The hydrogen peroxide is then oxidized at 

the sensor’s surface, generating an electrical current that is proportional to the glucose 

concentration in the interstitial fluid (Mahato & Wang, 2021). 



Iyekekpolor Osamudiame Moses 

 Journal of Multidisciplinary Sciences 506 

One of the major advancements in electrochemical sensing has been the development of 

nanomaterials, such as graphene, gold nanoparticles, and carbon nanotubes, which have 

significantly improved the performance of these sensors. Graphene, for instance, has a 

large surface area and excellent electrical conductivity, making it an ideal material for 

immobilizing enzymes and other biomolecules. Gold nanoparticles, on the other hand, are 

biocompatible and enhance the sensor's conductivity, improving the sensitivity and 

accuracy of the readings. These nanomaterials not only improve the sensor's performance 

but also extend its lifespan, reducing the need for frequent calibration and replacement 

(Mahari et al., 2020). 

Electrochemical sensors are also being applied in the detection of other biomarkers, such 

as lactate and cortisol, which are important indicators of metabolic and stress-related 

conditions. Lactate sensors, for example, are used to monitor anaerobic respiration during 

physical exercise, providing athletes and healthcare professionals with valuable information 

about an individual’s fitness and endurance levels. Similarly, cortisol sensors are used to 

monitor stress levels in real-time, offering insights into an individual's mental and 

emotional health (Ausri et al., 2023). 

Recent developments in electrochemical sensing have focused on improving the selectivity 

and stability of the sensors, as well as reducing their size and power consumption. For 

example, researchers have developed wearable electrochemical sensors that are integrated 

into flexible, skin-like materials, enabling continuous monitoring of biomarkers without the 

need for invasive sampling. These sensors are often powered by energy-harvesting 

technologies, such as thermoelectric generators, which convert body heat into electricity, 

allowing the sensors to operate for extended periods without the need for external power 

sources (Ausri et al., 2023). 

Optical Sensors  

Optical sensors use light to detect changes in a sample, either by absorption, reflection, or 

fluorescence. In wearable health devices, optical sensors are often used to measure oxygen 

saturation, heart rate, and even glucose levels in some cases. These sensors work by shining 

light through the skin and measuring how the light is absorbed or scattered by blood or 

other tissues (Zhang et al., 2022). 

Optical sensors offer several advantages, including non-invasiveness and the ability to 

measure multiple parameters simultaneously. However, they can be affected by external 
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factors such as skin pigmentation, ambient light, and motion, which can reduce their 

accuracy in certain conditions. Recent developments in optical sensing technology, such as 

the use of near-infrared spectroscopy (NIRS) and photoplethysmography (PPG), have 

improved the reliability and accuracy of these sensors in wearable devices (Zhang et al., 

2022). 

The most common type of optical sensor used in wearable devices is the 

photoplethysmograph (PPG), which measures changes in blood volume in the 

microvascular bed of tissue using light. PPG sensors work by shining light through the skin 

and measuring the amount of light that is absorbed or reflected by the blood vessels. The 

sensor then analyzes the changes in light absorption or reflection to determine the heart 

rate and blood oxygen levels (Zhang et al., 2022). 

Another type of optical sensor is the near-infrared (NIR) sensor, which is used to measure 

glucose levels in the blood. NIR sensors work by emitting light in the near-infrared 

spectrum, which is absorbed by glucose molecules in the blood. The amount of light 

absorbed is proportional to the glucose concentration, allowing the sensor to provide a 

real-time reading of glucose levels without the need for invasive blood sampling (Zhou et 

al., 2024). 

Optical sensors have several advantages over electrochemical sensors, particularly in terms 

of non-invasiveness and the ability to measure multiple parameters simultaneously. 

However, they are also more susceptible to interference from external factors, such as 

ambient light and skin pigmentation, which can affect the accuracy of the readings. To 

address these challenges, researchers are developing new algorithms and signal processing 

techniques that can compensate for these sources of error and improve the accuracy of the 

sensors (Zhou et al., 2024).  

Recent advancements in optical sensing technology have focused on miniaturization and 

integration with other sensor types. For example, researchers have developed hybrid 

sensors that combine optical and electrochemical sensing technologies to provide more 

comprehensive health monitoring. These sensors are capable of measuring both 

physiological parameters, such as heart rate and oxygen saturation, as well as biochemical 

markers, such as glucose and lactate, providing a more complete picture of an individual’s 

health (Zhou et al., 2024). 
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Enzymatic Sensors  

Enzymatic sensors are a specific type of biochemical sensor that relies on the activity of 

enzymes to detect the presence of a target molecule. These sensors are commonly used in 

glucose monitors, where the enzyme glucose oxidase catalyzes the reaction that generates a 

measurable signal. Enzymatic sensors are highly specific to their target molecule, making 

them ideal for applications where accuracy is critical (Ausri et al., 2023). 

However, enzymatic sensors can be limited by the stability of the enzyme over time. 

Enzymes are proteins that can degrade or lose activity in certain conditions, such as high 

temperatures or extreme pH levels. To address this issue, researchers have developed 

various techniques to stabilize enzymes in sensor devices, such as encapsulating them in 

protective matrices or immobilizing them on nanostructured surfaces (Kumar et al., 2022). 

In addition to glucose monitoring, enzymatic sensors are being developed for the detection 

of other biomarkers, such as lactate, cholesterol, and urea. These sensors have the potential 

to provide real-time monitoring of a wide range of health conditions, from metabolic 

disorders to kidney function, offering valuable insights into an individual’s overall health 

(Zhou et al., 2024). 

Recent advancements in enzymatic sensing technology have focused on the development 

of wearable sensors that can be integrated into flexible, skin-like materials. These sensors 

are capable of continuous monitoring of biomarkers in sweat, saliva, or interstitial fluid, 

providing a non-invasive and convenient way to track health parameters. For example, 

researchers have developed sweat-based sensors that can detect changes in lactate and 

electrolyte levels during physical activity, offering real-time feedback on hydration and 

metabolic status (Zhou et al., 2024). 

Nanotechnology and its Role in Biochemical Sensors 

Nanotechnology has played a crucial role in the development of biochemical sensors, 

particularly in improving their sensitivity, selectivity, and stability. Nanomaterials such as 

graphene, carbon nanotubes, and gold nanoparticles have been widely used in the design of 

biochemical sensors due to their unique electrical, mechanical, and optical properties. 

These materials have enabled the development of smaller, more sensitive sensors that can 

detect biomarkers at lower concentrations and with greater accuracy (Wang et al., 2023). 
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One of the key advantages of nanomaterials is their large surface area, which allows for the 

immobilization of a greater number of biomolecules on the sensor’s surface. This increases 

the likelihood of interactions between the target analyte and the sensor, improving the 

sensor's sensitivity. Nanomaterials also enhance the conductivity of the sensor, allowing for 

faster and more accurate signal processing (Zhou et al., 2024). 

Nanotechnology has also enabled the development of new sensing mechanisms, such as 

quantum dots and nanowires, which offer higher sensitivity and faster response times than 

traditional sensor materials. These innovations have opened up new possibilities for the 

detection of a wide range of biomarkers, from glucose and lactate to proteins and nucleic 

acids (Zhou et al., 2024). 

The integration of nanotechnology with wearable devices has also paved the way for the 

development of flexible, skin-like sensors that can be worn comfortably on the body for 

extended periods. These sensors are capable of continuous monitoring of biomarkers in 

real-time, providing valuable insights into an individual’s health without the need for 

invasive sampling or frequent calibration. As the field of nanotechnology continues to 

evolve, we can expect to see even more advancements in the design and functionality of 

biochemical sensors, making them more accessible, reliable, and versatile (Zhou et al., 

2024). 

 

Wearable Biochemical Sensors in Chronic Disease Management 

Wearable biochemical sensors have emerged as game-changing technologies in the 

management of chronic diseases, offering continuous monitoring of vital physiological and 

biochemical parameters. Chronic diseases such as diabetes, cardiovascular disease, and 

stress-related disorders are leading causes of morbidity and mortality worldwide, with 

millions of individuals requiring ongoing monitoring and treatment. Traditional healthcare 

approaches rely heavily on intermittent doctor visits, where health data is collected 

infrequently. In contrast, wearable biochemical sensors offer real-time, continuous data on 

an individual's health status, allowing for early detection of complications, timely 

interventions, and more personalized disease management strategies (Ausri et al., 2023). 

In this section, we will delve into the critical role that wearable biochemical sensors play in 

chronic disease management, with a particular focus on continuous glucose monitoring 
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(CGM) for diabetes, wearable sensors for cardiovascular disease management, and devices 

for monitoring stress and mental health markers (Ausri et al., 2023). 

Continuous Glucose Monitoring (CGM) for Diabetes 

Diabetes is one of the most prevalent chronic diseases worldwide, affecting over 422 

million people according to the World Health Organization (WHO). Managing diabetes 

requires careful monitoring of blood glucose levels, typically several times a day. In the 

past, individuals with diabetes had to rely on finger-prick blood tests to measure their 

glucose levels, which was not only painful but also provided limited data points, making it 

difficult to track glucose fluctuations throughout the day (Ausri et al., 2023). 

The introduction of continuous glucose monitoring (CGM) devices has revolutionized 

diabetes management by allowing individuals to monitor their glucose levels continuously 

in real-time. CGM systems typically consist of a small sensor inserted just under the skin, 

where it measures glucose levels in the interstitial fluid. The sensor sends data to a receiver 

or smartphone app, where users can track their glucose levels and receive alerts if their 

glucose is too high (hyperglycemia) or too low (hypoglycemia) (Xu et al., 2022). 

Devices like Abbott's FreeStyle Libre and Dexcom G6 have transformed diabetes 

management by providing real-time data on glucose trends, helping users make informed 

decisions about their diet, physical activity, and medication. These devices have been 

shown to significantly improve glycemic control, reduce the risk of hypoglycemia, and 

improve the overall quality of life for individuals with diabetes (Ausri et al., 2023). 

Key Innovations in CGM Technology 

CGM technology has advanced significantly over the past decade, driven by improvements 

in sensor accuracy, miniaturization, and usability. One of the key challenges in CGM 

technology has been the accuracy of glucose readings, as interstitial fluid glucose levels can 

lag behind blood glucose levels, particularly during rapid changes in glucose. To address 

this issue, manufacturers have developed advanced algorithms that adjust for this lag and 

provide more accurate readings (Ausri et al., 2023). 

Another key innovation in CGM technology is the development of factory-calibrated 

sensors that do not require the user to perform frequent fingerstick calibrations. For 

example, the Dexcom G6 sensor is factory-calibrated and provides accurate readings 
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without the need for calibration. This has made CGM devices more user-friendly and 

accessible to a broader population of individuals with diabetes (Ausri et al., 2023). 

Integration with Insulin Pumps and Artificial Pancreas Systems 

One of the most exciting developments in CGM technology is its integration with insulin 

pumps and artificial pancreas systems. These systems combine CGM data with an insulin 

pump that automatically adjusts insulin delivery based on the user's glucose levels. This 

closed-loop system mimics the function of a healthy pancreas, providing insulin in 

response to rising glucose levels and suspending insulin delivery when glucose levels are 

low (Xu et al., 2023). 

The Medtronic MiniMed 670G was the first FDA-approved hybrid closed-loop system, 

combining CGM with insulin pump technology to automatically adjust basal insulin 

delivery. This system has been shown to significantly improve glycemic control and reduce 

the risk of hypoglycemia, particularly in individuals with type 1 diabetes. As technology 

continues to advance, fully closed-loop systems, also known as "artificial pancreas" 

systems, are expected to become more widely available, offering even greater benefits for 

diabetes management (Ausri et al., 2023). 

Cardiovascular Disease Management 

Cardiovascular diseases (CVD) are the leading cause of death globally, responsible for an 

estimated 17.9 million deaths each year. Effective management of CVD often requires 

continuous monitoring of vital signs such as heart rate, blood pressure, and blood oxygen 

levels. Wearable biochemical sensors have the potential to revolutionize cardiovascular 

disease management by providing real-time data on these parameters, allowing for early 

detection of cardiac events and more personalized treatment strategies (Xu et al., 2023). 

Heart Rate Variability (HRV) and Cardiovascular Health 

One of the key biomarkers used to assess cardiovascular health is heart rate variability 

(HRV), which measures the variation in time between heartbeats. HRV is a reflection of 

the autonomic nervous system's regulation of the heart and is an important indicator of 

cardiovascular health and stress levels. Low HRV is associated with an increased risk of 

cardiovascular events, such as heart attacks and strokes, as well as chronic conditions like 

hypertension and diabetes (Xu et al., 2023). 
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Wearable devices like smartwatches and fitness trackers are equipped with optical sensors 

that can measure HRV in real-time. These devices use photoplethysmography (PPG) to 

detect changes in blood volume in the microvascular bed of the skin, allowing them to 

calculate HRV. By continuously monitoring HRV, individuals can track their cardiovascular 

health over time and detect early signs of stress or cardiovascular problems (Xu et al., 

2023). 

Blood Pressure Monitoring 

High blood pressure (hypertension) is a major risk factor for cardiovascular disease, and 

regular monitoring of blood pressure is essential for managing this condition. Traditionally, 

blood pressure monitoring has required the use of a cuff, which can be cumbersome and 

uncomfortable for continuous monitoring. However, advances in sensor technology have 

led to the development of cuffless blood pressure monitors that can be worn as wristbands 

or integrated into smartwatches (Mahato & Wang, 2021). 

These devices use a combination of PPG and electrocardiography (ECG) sensors to 

estimate blood pressure based on the pulse transit time (PTT), which is the time it takes for 

a pulse wave to travel between two arterial sites. By continuously monitoring blood 

pressure in real-time, these devices offer a more convenient and comfortable solution for 

individuals with hypertension, allowing for early detection of high blood pressure and more 

personalized treatment strategies (Mahato & Wang, 2021). 

Wearable ECG Monitors 

Electrocardiography (ECG) is one of the most important tools for diagnosing and 

managing cardiovascular diseases. Traditionally, ECG monitoring has been limited to 

clinical settings, where patients must undergo tests in a controlled environment. However, 

wearable ECG monitors, such as those integrated into smartwatches, are changing the way 

cardiovascular health is monitored (Harun-Or-Rashid et al., 2024). 

Wearable ECG devices, such as the Apple Watch and AliveCor Kardia, allow users to take 

an ECG reading at any time, providing real-time data on heart rhythm and detecting 

arrhythmias such as atrial fibrillation (AFib). Atrial fibrillation is a common heart condition 

that increases the risk of stroke and other complications, and early detection is crucial for 

preventing serious outcomes (Harun-Or-Rashid et al., 2024). 
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By continuously monitoring heart rhythm, wearable ECG devices offer a non-invasive and 

convenient way to track cardiovascular health, detect arrhythmias, and provide early 

warning signs of heart disease. These devices have the potential to reduce the burden on 

healthcare systems by enabling remote monitoring and reducing the need for frequent in-

clinic ECG tests (Harun-Or-Rashid et al., 2024). 

 

 

Figure 1: Typical commercial wearable devices for activity monitoring and tracking. 

(a) Vicon; (b) Fitbit Flex; (c) XSens; (d) TracPatch; (e) Movesense; (f) APDM; (g) Noraxon; 

(h) BioX Bands. 

Source:  (Harun-Or-Rashid et al., 2024) 

Stress and Mental Health Monitoring 

Stress is a major contributor to a wide range of chronic health conditions, including 

cardiovascular disease, diabetes, and mental health disorders. Chronic stress can lead to 

elevated levels of cortisol, the body’s primary stress hormone, which is associated with 

negative health outcomes such as hypertension, weight gain, and weakened immune 

function (Xu et al., 2023). 

Wearable biochemical sensors that monitor cortisol levels in real-time offer a powerful tool 

for managing stress and improving mental health. These sensors can detect changes in 

cortisol levels in sweat, saliva, or interstitial fluid, providing real-time feedback on stress 

levels. By continuously monitoring cortisol levels, individuals can gain insights into their 

https://www.sciencedirect.com/topics/medicine-and-dentistry/ascorbic-acid
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stress patterns and take proactive steps to manage their mental well-being through lifestyle 

changes, such as exercise, meditation, or therapy (Xu et al., 2022). 

Wearable Stress Monitors 

Several wearable devices are currently available that can monitor stress levels in real-time by 

measuring physiological indicators such as heart rate variability (HRV), skin conductance, 

and cortisol levels. For example, the Garmin Vivosmart 4 and Fitbit Charge 5 use HRV to 

assess stress levels throughout the day, providing users with real-time feedback on their 

stress levels and offering guided breathing exercises to help manage stress (Teymourian et 

al., 2020b). 

Advances in biochemical sensor technology are also enabling the development of more 

sophisticated stress monitors that can directly measure cortisol levels in sweat or saliva. 

Researchers are developing wearable patches that use electrochemical sensors to detect 

changes in cortisol concentration, offering a non-invasive and continuous way to monitor 

stress levels. These devices have the potential to revolutionize mental health management 

by providing real-time data on stress levels and helping individuals take a more proactive 

approach to managing their mental well-being (Xu et al., 2022). 

Mental Health Applications 

In addition to stress monitoring, wearable biochemical sensors have the potential to play a 

significant role in the management of mental health disorders such as anxiety and 

depression. Elevated cortisol levels are often associated with these conditions, and 

continuous monitoring of cortisol can provide valuable insights into an individual’s mental 

health status (Xu et al., 2022). 

Wearable devices that combine biochemical sensors with AI algorithms can analyze 

patterns in cortisol levels and other physiological markers to identify early signs of anxiety 

or depression. For example, changes in HRV, combined with elevated cortisol levels, may 

indicate increased stress or anxiety. By providing real-time feedback on mental health 

status, these devices can help individuals manage their mental health more effectively and 

seek intervention when necessary (Xu et al., 2022). 
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In Detection of SARS-COV2 

Applications of Biochemical Sensors During Pandemics: The Case of COVID-19 

The COVID-19 pandemic, caused by the novel SARS-CoV-2 virus, significantly impacted 

global health and economies. The rapid transmission and evolving variants of this virus 

created an urgent need for reliable, cost-effective, and fast diagnostic methods (Kumar et 

al., 2022). While traditional methods such as RT-PCR are considered the gold standard for 

detecting viral infections due to their high sensitivity and specificity, these tests have some 

limitations. RT-PCR is time-consuming, costly, and requires specialized equipment and 

trained personnel, making it less practical for widespread and rapid testing, especially in 

low-resource settings. In response to these challenges, electrochemical sensors emerged as 

a promising alternative for SARS-CoV-2 detection, offering several advantages such as 

portability, fast response times, high sensitivity, and cost-effectiveness (Kumar et al., 2022).   

 

Figure 2: schematics of the principle of operation of COVID-19 sensor: (A) infected 

samples are collected from nasal swab or saliva of the patients; (B) viral SARS-CoV-

2 RNA is extracted; (C) the viral RNA is added on the top of graphene-ssDNA-AuNP 

platform; (D) incubation of 5 min; and E: digital electrochemical output is recorded.  

Source: (Kumar et al., 2022) 

SARS-CoV-2 is an RNA virus with several structural proteins, including the spike (S) 

protein, nucleocapsid (N) protein, membrane (M) protein, and envelope (E) protein. 

Among these, the spike protein is crucial for the virus’s entry into host cells, and the 

nucleocapsid protein plays an essential role in packaging the viral RNA. Both of these 

https://www.sciencedirect.com/topics/chemistry/rna
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/virus-rna
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proteins have been extensively targeted in electrochemical sensor development due to their 

high immunogenicity and relevance in viral replication. In addition to viral proteins, the 

detection of viral RNA and antibodies (IgG and IgM) generated in response to infection is 

another important approach for diagnosing COVID-19. Electrochemical sensors function 

by detecting changes in the electric properties resulting from interactions between the viral 

components (such as antigens, antibodies, or RNA) and the sensor’s electrode. These 

changes can be measured using a variety of electrochemical techniques, including 

electrochemical impedance spectroscopy (EIS), voltammetry, and amperometry (Kumar et 

al., 2022). 

 

Figure 3: Schematic representation of electrochemical sensor for detection of SARS-COV-2 

Source: (Kumar et al., 2022) 

The COVID-19 pandemic has highlighted the critical role that biochemical sensors can 

play in global health surveillance and infectious disease detection. During the pandemic, 

biochemical sensors were rapidly adapted to detect the presence of the SARS-CoV-2 virus, 

which causes COVID-19. These sensors provided a valuable tool for screening, diagnosis, 

and monitoring of individuals infected with the virus, particularly in settings where 

traditional diagnostic methods, such as RT-PCR, were impractical due to time constraints 

or limited resources (Kumar et al., 2022). 

Electrochemical sensors were particularly effective in detecting SARS-CoV-2 proteins and 

RNA. For example, researchers developed sensors that could detect the spike (S) protein 
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and nucleocapsid (N) protein, which are key structural proteins of the virus. These sensors 

offered several advantages over traditional diagnostic methods, including faster response 

times, lower costs, and the ability to be used in point-of-care settings (Kumar et al., 2022). 

Wearable biochemical sensors were also used to monitor symptoms of COVID-19 in real-

time. For example, devices equipped with temperature and oxygen saturation sensors were 

used to detect early signs of fever and hypoxia, which are common symptoms of COVID-

19. These sensors enabled early detection of the virus and allowed for timely medical 

interventions, reducing the spread of the disease and improving patient outcomes (Kumar 

et al., 2022). 

The success of biochemical sensors during the COVID-19 pandemic has demonstrated 

their potential for use in future pandemics and other public health emergencies. As sensor 

technology continues to advance, we can expect to see even more sophisticated devices 

that can detect multiple pathogens simultaneously and provide real-time data on global 

health trends (Ausri et al., 2023). 

 

Challenges and Limitations in Current Wearable Biochemical Sensors 

Despite the significant advancements in wearable biochemical sensors, several challenges 

and limitations remain. One of the primary challenges is sensor stability. Biochemical 

sensors, particularly enzymatic sensors, can degrade over time, leading to reduced accuracy 

and the need for frequent recalibration. Electrode fouling, where non-specific interactions 

block the sensor’s surface, is another common issue that can affect sensor performance 

(Harun-Or-Rashid et al., 2024). 

Selectivity is another challenge, as sensors must be able to distinguish between the target 

analyte and other molecules present in the sample. For example, glucose sensors must be 

able to differentiate between glucose and other sugars such as fructose and galactose, 

which may be present in the blood (Ausri et al., 2023). 

Scalability is also a concern, particularly in terms of producing sensors that are both cost-

effective and reliable for widespread use. Mass production of biochemical sensors requires 

overcoming manufacturing challenges related to miniaturization, material costs, and quality 

control(Kumar et al., 2022). 
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Finally, data privacy and security are significant challenges in wearable health devices. As 

these sensors collect vast amounts of personal health data, ensuring that this data is stored 

and transmitted securely is essential. Advances in blockchain technology and end-to-end 

encryption are being explored to address these concerns and protect user data from 

unauthorized access (Kumar et al., 2022). 

Future Scope: Toward Next-Generation Wearable Health Technology 

The future of wearable biochemical sensors is bright, with ongoing research and 

development focused on enhancing sensor performance, expanding the range of detectable 

biomarkers, and integrating new technologies such as artificial intelligence, machine 

learning, and nanotechnology. Next-generation sensors will likely be smaller, more 

accurate, and capable of detecting multiple biomarkers simultaneously, providing a more 

comprehensive picture of an individual’s health (Kumar et al., 2022). 

The development of multi-target sensors that can simultaneously measure glucose, lactate, 

cortisol, and other biomarkers is already underway. These sensors will be particularly 

valuable in managing chronic conditions, as they will allow for continuous monitoring of 

multiple parameters without the need for multiple devices (Ausri et al., 2023). 

Flexible and stretchable sensors, made possible by advancements in nanotechnology, are 

also expected to play a key role in the future of wearable health technology. These sensors 

can be worn comfortably on the skin for extended periods, providing continuous 

monitoring without discomfort or irritation. Additionally, implantable sensors with 

enhanced biocompatibility are being developed for long-term use in monitoring conditions 

such as diabetes, cardiovascular disease, and cancer (Xu et al., 2022). 

As artificial intelligence continues to evolve, AI-powered wearable sensors will become 

even more sophisticated, offering real-time diagnostics and personalized health 

recommendations. AI algorithms will be able to predict health issues before they occur, 

enabling preventive interventions and improving patient outcomes. The integration of AI 

with biochemical sensors represents the next frontier in personalized medicine, and its 

impact on healthcare will be transformative(Xu et al., 2022).A 
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Conclusion 

In conclusion, wearable biochemical sensors are revolutionizing healthcare by providing 

continuous, real-time data on a wide range of physiological and biochemical parameters. 

These sensors have proven particularly valuable in managing chronic diseases such as 

diabetes, cardiovascular disease, and stress-related disorders, allowing individuals to 

monitor their health and take preventive actions. The integration of AI and machine 

learning further enhances the capabilities of these sensors, enabling real-time diagnostics 

and personalized healthcare solutions. However, challenges such as sensor stability, 

accuracy, scalability, and data privacy must be addressed to fully realize the potential of this 

technology. 

As we look to the future, advancements in nanotechnology, AI, and multi-target sensing 

will drive the development of next-generation wearable health devices, offering even more 

comprehensive health monitoring and transforming the way healthcare is delivered. 

Wearable biochemical sensors are not just a tool for managing disease; they are a gateway 

to the future of personalized, preventive medicine, where individuals can take control of 

their health and well-being. 
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