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Abstract. Blood glucose monitoring is essential for managing conditions like diabetes and liver dysfunction, 

with a growing need among various population groups, including the elderly, pregnant, and individuals 

engaging in specific dietary and exercise regimes. The technology for glucose monitoring is divided into 

invasive and non-invasive methods.  Invasive techniques, while accurate, involve bodily fluid extraction, 

posing risks of infection and inconvenience for frequent monitoring.  Conversely, non-invasive methods, 

which include biosensors that analyze internal signals, offer a safer and more user-friendly alternative, 

providing instant feedback on glucose levels.  Recent advancements in biosensor technology have focused 

on enhancing accuracy, biocompatibility, and ease of use, with significant progress in areas like optical and 

electrochemical sensors.  These developments aim to offer more reliable, convenient, and comprehensive 

glucose monitoring solutions, leveraging innovations in sensor technology and data analysis to cater to the 

diverse needs of individuals requiring blood glucose tracking. 

1 Introduction  

Individuals afflicted with diseases such as diabetes and 

liver dysfunction are not uncommon, with blood glucose 

monitoring constituting a principal component of the 

management of these conditions, spanning all phases 

including treatment and rehabilitation assessments. 

Particularly for patients with various types of diabetes, 

even when medical interventions are employed for blood 

glucose regulation, frequent monitoring remains 

imperative to ensure that their blood glucose levels remain 

within healthy bounds. Moreover, within the population 

that has not been diagnosed with these conditions, there 

may be a need for blood glucose monitoring among the 

elderly, pregnant women, and individuals who combine 

fasting with physical exercise to control weight. Hence, 

there exists a substantial latent demand for blood glucose 

monitoring capabilities or related equipment. 

Macroscopically, methods for detecting blood glucose 

levels primarily bifurcate into two categories: invasive 

and non-invasive glucose monitoring. The distinction lies 

in whether there is a necessity to directly contact bodily 

fluids to measure glucose concentrations. Invasive 

glucose monitoring encompasses methodologies such as 

automatic biochemical analyzers and rapid glucose meters, 

as well as the adoption of real-time dynamic glucose 

monitoring systems (DGMS). Conversely, non-invasive 

monitoring includes enzyme-based glucose sensors and 

non-enzyme-based glucose sensors. While invasive 

methods, with their instrumental analytical approaches, 

offer precise measurements, they necessitate fluid 

extraction through a wound, which not only requires time 

for healing but also significantly elevates the risk of 

infection for the subject, rendering it unsuitable for 

frequent monitoring scenarios. Non-invasive methods 

generally involve either the one-time subcutaneous 

implantation of relevant sensors for dynamic fluid glucose 

monitoring or external measurement devices that analyze 

certain physiological indicators to deduce real-time 

glucose levels. Predominantly, non-invasive glucose 

monitoring leverages biosensors to analyze internal 

signals, thereby providing instantaneous feedback on 

glucose concentrations. These mhodologies find 

extensive applications both in medical fields and personal 

monitoring, especially those based on biosensors, which 

garner significant attention. 

Biosensors are devices or systems capable of 

detecting specific physiological or chemical changes 

within organisms. They utilize biological molecules, cells, 

or tissues within organisms to detect target molecules or 

changes, converting this information into quantifiable or 

measurable signals. These sensors are extensively 

employed in medical diagnostics, biological research, and 

environmental monitoring, among others. Glucose 

monitoring biosensors, specifically, are devices designed 

to measure glucose levels in human blood, typically for 

managing conditions like diabetes. They often employ 

biochemical reactions to detect glucose concentrations in 

the blood, converting these into electrical signals or other 

interpretable outputs. Research into wearable 

electrochemical glucose biosensors, based on these 

principles, has a long history, tracing back to the 1960s. 

Following the advent of the Clark enzyme electrode, 

biochemical science entered a new phase, with the first 

CGM introduced in 1999, and many different sensors 

have been enhanced over the past two decades. As 
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ongoing research continues to yield new advancements in 

biosensors for glucose monitoring, it is imperative to 

identify and address their limitations for further 

improvement. 

The most prevalent glucose biosensors include 

glucose oxidase (GOx)--based sensors, optical sensors, 

acoustic sensors, and nanomaterial sensors. This study 

conducts a comprehensive analysis of the application of 

biosensors in glucose monitoring, categorizing them 

based on the sensor as mentioned above types, outlining 

their current research progress, and assessing their 

strengths and weaknesses, to inform future related 

endeavors. 

2 Literature review 

2.1 Optical Sensors in Blood Glucose 
Monitoring 

In recent years, human blood glucose monitoring based 

on optical sensors has become a research area of great 

interest. This technology primarily relies on optical 

principles to measure the glucose concentration in the 

blood, typically involving transmitting light through 

human skin and determining blood glucose levels by 

measuring the changes in light absorbed by the glucose in 

the blood. This non-invasive method provides a more 

convenient and safe blood glucose monitoring option for 

diabetic patients. Optical sensors have a long history in 

the field of blood glucose monitoring, with a wide variety 

of types and extensive applications. With advancements 

and innovations in technology, these sensors have seen 

significant improvements in sensitivity, accuracy, and 

portability. Currently, these sensors are not only used for 

routine blood glucose monitoring but also play a vital role 

in the management and treatment of diabetes. 

In the future, with continuous progress in optical 

sensing technology and interdisciplinary integration, we 

can expect this method of blood glucose monitoring to 

become more efficient, intelligent, and user-friendly, 

offering diabetic patients a more comprehensive and 

precise health management plan [1].  

2.1.1 Near-Infrared (NIR) and Mid-Infrared (MIR) 
Spectroscopy 

 Among various non-invasive blood glucose monitoring 

methods, infrared spectroscopy stands out as a prominent 

and promising technique. Specifically, mid-infrared 

spectroscopy is noteworthy for its ability to detect 

significant absorption peaks associated with crucial 

chemical functional groups in glucose, particularly the 

OH group. This detection is pivotal as the OH group's 

vibrational energy absorption is a clear indicator of 

glucose presence. 

The application of Lambert-Beer's law is fundamental 

in this context. This law provides a quantitative basis for 

correlating the absorbance of specific functional groups in 

glucose with their concentration levels, making it a 

cornerstone for interpreting absorbance spectroscopy data. 

By leveraging this law, researchers can deduce the 

concentration of glucose based on the absorbance levels 

observed in the mid-infrared spectrum. 

Focusing on the mid-infrared range, especially the 

3000 ~ 3500 cm-1 wavelength band, reveals its potential 

for non-invasive glucose monitoring. This specific range 

is optimal because it aligns well with the absorption 

characteristics of the OH group in glucose molecules. The 

empirical data suggest that infrared light within this peak 

wavelength range can effectively penetrate the skin and 

interact with glucose molecules, enabling the 

measurement of blood glucose levels without the need for 

blood samples [2]. 

 
Fig.1 Spectroscopy of glucose [2]. 

Fig. 2 underscores the significance of this wavelength 

range, illustrating the correlation between infrared 

transmittance and blood glucose levels. When infrared 

light within the 3000 ~ 3500 cm-1 range is transmitted 

through the skin, the extent of its absorption and 

subsequent transmittance can provide valuable insights 

into the glucose concentration in the blood. This 

relationship is a key focus of ongoing research, aiming to 

refine the accuracy and reliability of non-invasive glucose 

monitoring using mid-infrared spectroscopy [2].  

(a) 

 
(b) 

 
Fig.2 (a)The result of a male’s left index finger in 

spectroscopy. 

(b)The result of a female’s left index finger In spectroscopy 

[2]. 
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In addition, where the measure of NIR would be taken, 

which is selected in fingers, palm, arm, forearms, lips, 

mucosa from the mouth, etc. In some situations, skin color 

and temperature may affect accuracy. The wavelength 

range of this spectrophotometric technique is between 

750-2500 nm, and the presence of various functional 

groups in glucose increases the NIR light absorption, 

which means there are peaks in some specific wavelength 

in blood. The mechanism is similar in these two 

technologies.   

Fig.3 shows an example device of the NIR, it consists 

of 3 different channels with different absorption of LED. 

In addition, this device already collects samples from 

healthy people, prediabetic, and diabetic, which shows a 

high accuracy in predicting blood glucose. The device's 

compatibility with the medical internet framework and its 

ability to accurately measure blood sugar are big 

advantages. So, patients can enjoy greater convenience 

and have access to health services limited to a minimum 

[3]. 

 
 Fig.3 Illustrations of iGLU 2.0 devices using dual near-infrared 

spectroscopy (including 940 nm absorption and reflection 

spectra, as well as 1300 nm absorption spectra) [3]. 

Although there are examples of successful commercial 

applications of NIR/MIR spectroscopy in noninvasive 

blood glucose sensors. So in subsequent developments, 

the selectivity and sensitivity of the glucose concentration 

sensors, also the associations between the values that 

measured out and the actual values, and the algorithms 

used.  

2.1.2 Raman Spectroscopy 

Raman scattering is an inelastic scattering and special 

scattering phenomenon of light. Inelastic scattering is the 

opposite of elastic scattering, which is when the photon 

frequency does not change its wavelength. The incident 

light comes out with different wavelengths because the 

molecules rotate and vibrate in the tissue sample, so the 

difference in the wavelength is causing the Raman shift 

[4]. The change provides monochromatic light 

information regarding the rotational and vibrational states 

of the body fluids. The molecular concentration of human 

fluids and their vibrations determine its outcome. The 

scattering frequency is dependent on the material's 

characteristics. The C—H stretching band is where the 

most typical vibration modes for glucose are found, which 

is around 2900 cm-1, and the range of C—O and C—C 

stretching bands are from 800 to 1300 cm-1 [5]. There is a 

monochromatic light enters glucose, only the Raman 

scattering can pass through the detector and give signals 

to the computer.  

 
Fig.4 Schematic representation of a basic Raman spectroscopy 

instrument [5]. 

Three Raman techniques are primarily available: 

surface-enhanced Raman spectroscopy (SERS), 

resonance Raman spectroscopy (RRS), tip-enhanced 

Raman spectroscopy (TERS), and the combination of the 

three technologies. The scattering feature of glucose is in 

the range of 400-1500 cm-1, as the Fig.5 shows [6].  

 

 
Fig.5 Examples of Raman spectra of different sugars  [6].  

Moreover, the Raman Scattering effect can be used for 

the quantitative analysis of glucose concentration. For 

example, the Raman spectroscopy of NIR is one of the 

applications of Raman spectroscopy in non-invasive 

methods. Using the NIR laser is the first choice because 

the depth of penetration is high and inhibits the 

autofluorescence signal. Given the scattering signal of 

glucose is very small, so using multivariate calibration 

(MVC) is necessary to determine the concentration in the 

multichannel nature of the spectroscopic data [7]. It will 

be better to develop a hand-held version instead of the 

current version of the device. 

There are still some variances between the dissimilar 

individuals, and the haemoglobin level tissue density and 

thickness influence the spectrum. These two are the main 

disadvantages of Raman spectroscopy in testing blood 

glucose concentration [8].  
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Fig.6 Schematic of Raman spectroscopy-based transcutaneous 

blood glucose detection. Illustration of glucose molecules in 

bloodstream and interstitial fluid, and the generation of Raman 

spectrum from noninvasive interrogation of the fingertip [7].  

2.1.3 The Commercial devices of optical methods. 

Some devices mentioned in the previous paragraph, some 

of the inaccurate devices were abandoned and the 

companies are still working on the device with high 

accuracy and sensitivity. The table shows the data of 

different devices with different blood glucose monitoring 

technology. 

Table 1. The commercial devices are summarized based on the non-invasive glucose sensing techniques [3]. 

Device Company Technology Target Site Accuracy Approval 

TensorTip 

Combo 

Glucometer 

(CoG) 

Cnoga Medical 

VIS-NIR Spectroscopy 

Consists of four LEDs 

(625,740,850,940nm)                    

and a color image 

sensor 

Fingertip 

PEG:                       

Zone A

（96.6%）       

Zone B

（3.4%）                 

MARD：                          

（14.4%） 

CE approved FDA 

pending  

Wizmi Wear2b Ltd. NIR Spectroscopy Wrist 

PEG:                       

Zone A

（96.6%）           

Zone B

（3.4%）                      

MARD：                          

（14.4%） 

Proof of concept 

HELO 

Extense 

World Global 

Network 
NIR Spectroscopy Fingertip N/A 

CE approved FDA 

pending  

LTT 
Light Touch 

Technology Ltd. 

MIR Spectroscopy 

Uses a solid-state laser 

in the MIR region 

(6000-9000mm) and 

optical parametric 

oscillation technology 

Fingertip N/A Under development 

NBM-200G OrSense 
Occlusion NIR 

Spectroscopy 
Finger 

PEG:                       

Zone A

（69.7%）               

Zone B

（25.7%）                    

MARD: 

(17.2%） 

Discontinued 

C8 

MediSensors 
 Raman Spectroscopy Abdomen N/A 

CE approved                              

(Never released) 

Table 2. Comparison of various non-invasive optical glucose concentration sensing techniques [9]. 

Name of 

Technology 
Selectivity Measurement Site Wavelength Advantages Disadvantages 

NIR Spectroscopy Good 

Ear lobe, finger, 

forearm, cheek, lip 

mucosa, oral 

mucosa, and tongue 

750-2500nm Low coast 

Glucose                                                

heterogeneous 

distributions affect 

accuracy. 

 Easy to implement 

Interferences by 

other chemical 

compounds 

MIR Spectroscopy 
Good,                         

better than NIR 

Finger, skin, and                   

mucosa from mouth 
2500-10,000nm Quite accurate 

Proof skin 

penetration depth 
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 Lightweight Expensive 

 Scattering is low High water abortion 

Raman 

spectroscopy 
Excellent Eye, skin 

400-700nm 

Low sensitivity to 

water and 

temperature 

changes 

Lack of stability in 

the laser wavelength 

and intensity 

 Great specificity 

Spectrum       

acquisition takes 

time 
 Low coast 

2.2 Microwave Method in Blood Glucose 
Monitoring 

Microwave is electromagnetic waves with wavelengths 

from 1mm to 1 m, with frequencies in the range of 

300GHz to 300mHz. It can penetrate through tissues 

deeply. The dielectric properties of glucose are highly 

related to glucose, so finding the effective permittivity is 

still a challenge for the sensors for microwave methods. 

The basic principle of electromagnetic sensing 

is electromagnetic interaction between plasma-bound 

glucose and the sensor. However, the small change in 

the dielectric constant can show the variation in glucose 

concentration. There is another important factor that 

needs to be introduced, it is called the Q-factor. It is a term 

to express the performance of the resonators in numbers. 

And it is worth noting that a greater number of Q-factors 

means stronger resonances and narrower bandwidth. It is 

hard to detect the small changes, which means a higher Q-

factor and the noise exerted on the measurement [10].  

The Cole–Cole equation represents the permittivity 

varies with frequency in the microwave methods [11].  

             (1) 

Just like (1) represents,  is the infinite frequency of the 

permittivity,  is the static permittivity, and   is  the 

angular frequency,  is the static conductance,  

is relaxation time,  is is the permittivity of free space,  
𝛼 is the exponent parameter. If alpha is 0, the equation 

turns into the Debye model, and the factor that represents 

static conductivity can be left out for materials with low 

conductivity [11].  

 

 
Fig. 7 (a) The biosensor uses the microwave method in a non-

invasive blood glucometer (b) micro-fabricated biochip 

mounted printed circuit board (PCB), and (c) The mechanism of 

microwave biosensor[12]. 

    Microwave sensors not only target blood but also target 

the Interstitial fluid (ISF). The sensitivity is high and with 

small size, which is portable, and low cost. However, the 

selectivity of the microwave sensors is low compared to 

other kinds of sensors[12].  

The research on the use of microwave sensors in blood 

glucose monitoring is highly regarded. These sensors 

typically utilize the correlation between microwave 

radiation and blood glucose concentration in biological 

tissues to perform non-invasive blood glucose monitoring. 

There exists a vast array of microwave sensors, mainly 

including traditional microwave sensors, acoustic 

waveguide sensors, and integrated microwave sensors. 

Traditional microwave sensors measure blood glucose 

levels by utilizing the interaction between microwave 

radiation and glucose molecules in the blood. 

Acoustic waveguide sensors utilize the propagation 

characteristics of microwaves in dielectric waveguides to 

monitor blood glucose levels. These sensors infer blood 

glucose levels by measuring changes in the dielectric 

constant of the blood, offering a contactless glucose 

measurement approach that reduces the discomfort or risk 

of infection associated with traditional glucose 

monitoring methods. Integrated microwave sensor 
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systems combine microwave sensors with other types of 

sensors or signal processing units to form a 

comprehensive measurement system. This integrated 

approach allows for the combination of multiple sensor 

signals, thereby enhancing the overall accuracy and 

stability of the measurements. For example, the integrated 

system can consider changes in both the dielectric 

constant of the blood and the concentration of other 

biomarkers, providing a glucose monitoring result that is 

more comprehensive and precise. 

Furthermore, the penetration depth and microwave 

sensitivity in biological tissues vary with different 

frequencies. Therefore, selecting the appropriate 

frequency range is crucial for ensuring the accuracy and 

stability of the measurements when designing microwave 

sensors. Choosing the optimal frequency not only 

enhances the sensitivity to changes in glucose levels but 

also optimizes the sensor's ability to penetrate biological 

tissues, ensuring the reliability of the data [2]. 

2.3 Electrochemical Methods in Blood Glucose 
Monitoring 

The application for the electrochemical method is very 

wide, and there are many biomarkers considered in the 

diagnosis. (Fig. 8) 

 
Fig.8 Application of electrochemical glucose sensors [13] 

  2.3.1 Reverse Iontophoresis (RI) Technology 

Interstitial fluid (ISF) is one of the most useful sources in 

the human body which contains a lot of biological and 

chemical information. ISF accounts for about 75% of the 

extracellular fluid that surrounds the tissue cells, which 

means it can change substances with the blood in 

capillaries. As a result, ISF has a similar composition to 

blood. 

 
Fig.9 Schematic diagram of reverse iontophoresis (RI)[12].  

Reverse Iontophoresis (RI) technology is one of the 

common ones, it tests the small change of current with two 

electrodes on the skin and causes the ion migration inside 

the skin. Cl- moves to the anode, and skin is the negatively 

charged environment, the move of positively charged 

sodium ions flows toward the cathode, which induces an 

electro-osmotic and carries neutral glucose molecules 

toward the same electrode, just like Fig.11 shows [13]. In 

addition, there is a glucose sensor using enzymatic 

methods to test the concentration of glucose, glucose 

oxidase (GOx) would be one of the examples [5]. (Fig.10)  

 

 
Fig.10Principle in the cathode of RI for glucose monitoring 

[5]. 

GlucoWatch is one of the typical devices of the Ri 

technology. The steps of the measurement are not many. 

So firstly, the application of iontophoresis current (0.3mA) 

for 3 minutes is carried out, and the glycogen is extracted 

by the iontophoretic cathode. Second, activating the 

biosensor and the iontophoretic cathode's current is 

integrated for a duration of 7 minutes. The reverse of the 

polarity of the iontophoresis current is achieved by 

changing it to the opposite and repeating this process 

multiple times. The sum of each iontophoretic cathode in 

two biosensors is calculated and put into a signal-

processing algorithm. After 3 hours, there is a one-point 

calibration via the measurement of blood glucose 

measurements. So, the calibration factor is for the glucose 

measurement every 20 minutes for 12 hours. the glucose 

reading would be skipped, if there is excess noise or fault 
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connection or changing temperature rapidly, etc. during 

the testing [14]. 

The advantages and disadvantages are obvious in RI. 

For advantages, it has high accuracy, which means ISF 

has a high correlation with blood glucose concentration. 

What is more, the electrodes are not hard to produce and 

are user-friendly, which is an easy step for consumers. 

The skin thickness, constant current or pulsed current and 

other factors may affect the result of the measurements. 

On the other hand, the drawback is that it may cause skin 

irritation because the current passes through. The rapid 

changes in concentration cannot be diagnosed in a short 

time. As a result, the subsequent study may improve from 

these aspects. 

2.3.2 Tear-Based Glucose Monitoring 

There are varied body fluids that can act as biomarkers for 

blood glucose monitoring. However, this article only 

discusses tear-based glucose monitoring in blood. Tears 

are secreted in the lachrymal gland and can act as a 

protector of the eyes. Tears contain different substances, 

such as proteins, lipids, metabolites, and electrolytes, 

which are clean and pure for continuous glucose 

monitoring. The concentration of glucose in tears is 

around 0.05 to 0.5 mM, which means the sensor should be 

extremely sensitive and biocompatible [13]. It is hard to 

collect tears outside of the body because it takes a long 

time and there might contaminate the tears during the 

transfer. So, the contact lens is recommended, as it may 

convert the glucose concentration into electrochemical 

signals [14] 

 

 
Fig. 11System of using a smartphone for detecting the 

thickness of the PBA-based HEMA contact lens [15]. 

However, not all body fluid has a high correlation with 

blood glucose, such as the glucose in tears. And it is easy 

to wear and check the results on phones. 

    And not just use blood as the only test sample, other 

body fluids can be used as the test sample, such as urine, 

sweat, saliva, tears, etc. This technology is not mature at 

this stage, so it needs to be improved in various ways. The 

sensitivity and accuracy are not very high, the glucose 

concentration is also different in different body fluids, 

which means some of the glucose in the specific body 

fluid is very low and other conditions are not as stable as 

blood, such as pH value. This technology is mainly used 

in wearable devices. Solving these problems is very 

crucial to non-invasive glucose monitoring. 

 2.3.3 Sweat-based glucose monitoring 

Due to its unique nature, sweat is considered one of the 

most important bio-liquids for non-invasive, continuous 

monitoring applications. Sweat is more suitable for health 

monitoring than other biofluids such as tears, urine, and 

saliva due to its unobtrusive accessibility. In other words, 

continuous and real-time monitoring of blood glucose 

levels in diabetic patients, aids in more precise glucose 

control and disease management. There are a lot of 

materials for sweat-based glucose sensors (Fig.12). The 

non-enzymatic glucose sensors do not use enzymes as the 

catalyst obviously, which use electrocatalysts. These 

substances are usually on the electrodes or the materials 

that can be modified are on the electrodes [16]. 

 

 
Fig. 12 Electrochemical wearable sweat glucose sensors use 

different sensing materials depending on their biocompatibility 

with catalysts [16]. 

As a result, the electrochemical methods can be still 

separated into different detection methods, such 

as Potentiometry, Chronoamperometry, Voltammetry, 

and Electrochemical Impedance Spectroscopy. 

When it comes to Potentiometry, it shows the blood 

glucose concentration as the ion concentration, which is 

the voltage from the electrodes representing the target 

concentration. The whole process of the testing is very 

easy, but it is demand for the membrane layers of some of 

the ions that are for detection.  

For the Chronoamperometry, due to the stimulation of 

redox processes, the current flowing through the sensing 

electrode is proportional to the required analyte 

concentration. Low power consumption 

and straightforward detection are two main benefits of this 

method. However, the biosensors need to be specific in 

this situation and the testing condition needs to be stable 

too.  

Moreover, Voltammetry is a method that determines 

the concentration when current properties are extracted by 

performing a voltage scan between the sensor and the 

reference electrode. So, it can have more analytes in one 

testing sample, but the detection is low level because 

of the presence of compounds that are actively 

intervening or some problems in forming the intermetallic 

degradation-signal compounds etc. [16]  

EPEC 2024 
, 05001 (2024)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202455305001553

7



 

Last is the Electrochemical Impedance Spectroscopy, 

which can be used as a replaceable method 

of voltammetry, which has a better performance in the 

electrochemical system and can used in a variety of 

frequencies. On the other hand, it takes longer times to 

accomplish the testing process with larger uncertainties. 

For sweat-based glucose monitoring, the requirement 

of sweat is high, for instance, there is no contamination of 

the skin, which means the environment of the skin is in 

demand, and the result may change when the pH value on 

your skin changes. What is more, it is not possible for a 

person get sweat all the time, so this is not sustainable to 

do the test in a continuous way [4].  

3 Hypothesis Research 

Various types of glucometers have been developed these 

years, some of them are still in the study stage, but some 

of them are in the market, which is selling to the 

consumers. It is worth noting that some perspectives need 

to be improved. Noninvasive glucose monitoring faces 

challenges including accuracy, precision, user comfort 

level, and environmental factors. Looking ahead, 

advancements in sensor technology, data analytics, and 

machine learning are essential for overcoming these 

obstacles. Improving algorithms to account for individual 

and environmental variability will enhance accuracy and 

reliability. Future developments should focus on user-

friendly designs, ensuring that noninvasive glucose 

monitoring becomes a practical, effective tool for 

managing diabetes and monitoring overall health [17].  

The aspects that need to be upgraded are helping the 

enhance accuracy and precision. Different sensors have 

different disadvantages, but these drawbacks basically 

on the susceptibility of various factors, such as 

temperature, pressure, skin condition, etc. There are some 

fluctuations during the testing process. As a result, the 

sensitivity and the selectivity need to be improved, such 

as the microwave sensor. As for the level of comfort, 

some of them would irritate the skin.  

Soon, the biosensors of blood glucose monitoring. It 

is important that the testing process be in the minimized 

steps, which is more friendly to users, which means the 

wearability and the price need to be reasonable. This trend 

gives an opportunity for manufacturers and researchers to 

have a further study and introduce new types of devices 

that are not possible with existing technology [17].   

Future research will focus more on the comprehensive 

performance of sensors, including enhancing their 

sensitivity, stability, and long-term reliability. Integrating 

artificial intelligence and machine learning technologies 

will allow for deeper analysis and processing of collected 

data, enabling more accurate and personalized blood 

glucose management. Furthermore, the research outlook 

in the field of biosensors for blood glucose monitoring is 

multifaceted, aiming to overcome existing limitations 

through technological innovation and interdisciplinary 

research, thus enhancing the accuracy, convenience, and 

comfort for patients. Here are several key research 

directions: 

1. Enhancing Accuracy and Reliability: Current 

research is focused on improving the sensor's sensitivity 

and accuracy in detecting changes in blood glucose levels. 

This includes developing new biorecognition elements, 

such as enzymes or antibodies with greater specificity and 

stability and optimizing sensor design to minimize the 

impact of interfering substances. 

2. Enhancing Biocompatibility and Stability: The 

long-term stability and biocompatibility of sensors are 

among the key challenges. Researchers are working on 

new biocompatible materials and strategies to reduce 

inflammatory responses and enhance the stability of 

sensors in the body, thereby extending their lifespan. 

3. Non-invasive or Minimally Invasive Technologies: 

Non-invasive or minimally invasive glucose monitoring 

technologies remain a research focus, as these methods 

can significantly improve patient acceptance and comfort. 

Advanced optical, electromagnetic, or nanotechnologies 

are being explored to develop blood glucose monitoring 

solutions that do not require skin penetration. 

4. Integration and Miniaturization:  With 

advancements in microelectronics and nanotechnology, 

miniaturization and integration are future trends for 

sensors. Miniaturized sensors can reduce patient 

discomfort and integrate with other medical devices, such 

as wearable devices or smartphones, for real-time data 

transmission and processing. 

5. Intelligent Data Processing:  In-depth analysis of 

collected data using artificial intelligence and machine 

learning can offer more personalized and precise blood 

glucose management suggestions. This includes 

developing predictive models to forecast future blood 

glucose trends and creating intelligent alert systems to 

warn patients of abnormal glucose levels [18].  

6. Multiparameter Monitoring: Future biosensors 

might not only monitor blood glucose but also track other 

physiological parameters, such as blood pressure, heart 

rate, or other biochemical indicators. This multiparameter 

monitoring will provide more comprehensive information 

for assessing a patient's health condition. 

4 Conclusion 

Blood glucose monitoring is crucial for the management 

of diabetes, with an increasing demand for diversified 

needs. Non-invasive monitoring technologies are 

favoured for their safety, convenience, and less hurt. 

Advances in technologies such as biosensors, particularly 

in accuracy, biocompatibility, and ease of use, are pushing 

blood glucose monitoring to new heights. Innovations in 

optical and electrochemical sensors provide individuals 

with more comprehensive and reliable monitoring 

solutions, laying the groundwork for future innovations in 

health monitoring. Future developments will explore 

more advanced monitoring methods, including 

completely non-invasive techniques. Integrating artificial 

intelligence and machine learning to enhance data 

analysis and personalize monitoring strategies is a key 

direction for future research. The development of multi-

parameter monitoring technologies will offer a more 

holistic perspective for comprehensive health assessments. 
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Progress in blood glucose monitoring technology aims not 

only to improve performance but also to ensure 

accessibility and affordability, benefiting a broad range of 

populations. The ongoing advancement of these 

technologies reflects the convergence of biotechnology, 

engineering, and data science, aiming to improve the 

quality of life for individuals requiring strict blood 

glucose control. 
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