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Abstract. Currently, diabetes is one of the most serious and widespread diseases which has a
relatively high mortality rate and needs long-lasting therapy to maintain the blood glucose level. In
this case, physicians need to regularly detect patients’ blood glucose levels to adjust their treatments
and prescribes. The traditional measuring method for monitoring blood glucose is through pricking
fingers, which is a kind of invasive method. Though measurement through blood can ensure the
precision of the detection, there are still many disadvantages such as increasing the risk of infection
that this noninvasive method can bring. Therefore, many scientists tend to put more effort into
studying non-invasive biosensors for frequent blood monitoring. To ensure long-lasting
measurements of blood glucose, biosensors are required to have high-quality, efficient, and precise.
In this case, this passage will discuss different non-invasive biosensors by introducing their
mechanisms, comparing the experiment data, and comparing their advantages and disadvantages.
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1. Introduction

Diabetes and hypoglycemia are two of the most common disease all around the world and more
than 422 million people have diabetes today. To maintain blood glucose at a normal level, people
need to reduce the intake of sugar and carbohydrate. However, since sugar and carbohydrate are
necessary for our body to maintain basic metabolism and provide us energy, people with diabetes
need to frequently monitor their blood glucose and make a new diet. Most people today use invasive
biosensors to monitor their blood glucose by pricking their fingers. This invasive method can not only
increase the infection rate for patients but also reduce patients’ willingness to take the detection,
especially for young children. However, nowadays, many scientists and researchers have studied
many non-invasive glucose detection methods that can provide regular, non-painful detection for the
patient. Figure 1 shows an overview of the biosensors for blood glucose monitoring we currently have
[1]. The skin-like biosensor and the GlucoWatch biographer, spectroscopy biosensor, and saliva
biosensor are three of the most advanced and have the most prospect of development. This passage
will first introduce the basic mechanism of each biosensor and then use the data from the experiments
to compare each’s advantages and disadvantages, and finally give suggestions for the future
development of the non-invasive glucose detection biosensor.
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Figure 1. An overview of current glucose detection biosensors [1].
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2. The main non-invasive biosensor we have today

2.1. Skin-like wearable glucose biosensor and GlucoWatch

After the emergence of some crucial techniques used in non-invasive, wearable glucose biosensors
based on monitoring in interstitial fluid, recently, Wang et al. have developed a non-invasive,
wearable, tattoo-based glucose detect biosensor [1]. Generally, the biosensor itself is like a tattoo, a
flexible platform less than 2mm thick. It first attached a thin paper battery to the skin’s surface, then
create the electrochemical gradient, allowing glucose to move from the vessel to the skin's surface.
Then a chip with five different layers can help transfer sugar molecules into electrical signals, which
a biosensor can detect. The skin-like glucose monitoring biosensor is now proven to be effective in
measuring the glucose level in a healthy person.

To be more specific, the skin-like glucose biosensor uses a kind of dual electrochemical channel
(ETCs) and hyaluronic acid (HA). One channel is the anode channel and one is the cathode channel.
At the anode channel, HA penetrates tissue and gets into the interstitial fluid (ISF). Since HA is a
kind of biopolymer ubiquitous in biological tissue and anionic, it can be transdermally repelled into
the ISF. As HA enters the ISF, the osmotic pressure will be increased [2]. ISF tends to flow from the
high-pressure capillary region to the low-pressure body tissues region. Generally, the flow of the ISF
in and out of the blood vessel depends on the difference in pressure between each side of the capillary
wall. Normally, depending on the hydrostatic pressure, the ISF can be transported into the body
tissues from the blood vessels. In contrast, osmosis pressure contributes to ISF reabsorption- the
movement of ISF from body tissues into the blood vessel. Thus, the increase in osmotic pressure will
disturb the filtration equilibrium and the ISF reabsorption, resulting in an increase in filtration and a
decrease in reabsorption. What’s more, the high concentration of glucose in ISF can also contribute
to an increase in the flux of reverse iontophoresis in low-current conditions. As a result, more glucose
in the ISF can be “extracted” from the capillary to the skin surface and be detected by the five-layer
chip on the biosensor. Figure 2 generally shows how ISF glucose is extracted from tissue with ETCs.
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Figure 2. Schematic of the ETCs, showing HA penetration, refiltration, and outward transportation
of glucose [3].

Next, the skin-like glucose biosensor can measure the glucose from the capillary. The layers of the
biosensor, from bottom to top, are polymethyl methacrylate, polyimide, a nanostructured deposited
gold thin film, an electrochemically deposited nanometer transducer layer, and a transfer/glucose
oxidase immobilization layer [3]. With the five-layer chip, the biosensor can detect the concentration
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of glucose. While the ISF sample is obtained, a “rose” system is used to carry the sample and thus
the glucose concentration can be detected through the sample. To be more specific, when a liquid
sample is placed on the last layer of the structure, the water in the liquid will evaporate, and the liquid
will stick to the edge of the layer. As more and more water evaporated, the edge of the liquid will
uplift the edge of the layer. Eventually, the whole layer will be separated from the original biosensor,
which can be taken and detected to measure the glucose concentration. By involving this process, the
sample can be obtained with the minimum interference, and thus increase the precision of the
detection.

Skin-like glucose biosensors have many advantages and calibrations to ensure precise glucose
level measurement. The sensor uses a “two-electrode system” in the measurements, which can ensure
high accuracy in very small current measurements. Sand dune nanostructure has also been designed
to obtain nanometer-thick and high-quality Prussian blue films to ensure the toughness of the sensor.
In addition, the biosensor uses a nano-structured gold layer instead of the original natural gold layer.
Since the skin-like biosensor needs to be very thin to ensure its accuracy, this demand brings a
challenge to the quality of the biosensor. In another word, when the structure of the biosensor is too
thin, it may be more likely to break. In this case, by using the nanostructured gold layer, due to its
high stiffness, the nano-gold layer can improve the whole tenacity of the biosensor [3].

Similarly, GlucoWatch uses techniques that also extract glucose from body tissue through non-
invasive methods. Basically, GlucoWatch uses three separate technologies [4]. First, to extract
glucose from the human body, the biosensor adopts a reverse iontophoresis technology. Since skin is
negatively charged at physiological PH, sodium ions which are positively charged are the major
carriers of current. The movement of sodium ions toward the iontophoretic cathode leads to an
electro-osmotic flow toward this electrode. As a result, glucose can be extracted at the cathode site.
Second, as the glucose has been extracted from the body, the biosensor needs to accurately measure
this small amount of glucose. To achieve an accurate measurement, the Glucowatch biographer
utilizes an amperometry biosensor. Through the reaction of glucose and oxygen forming gluconic
acid and hydrogen peroxide under the catalyst of glucose oxidase enzyme (GOXx), the amount of the
hydrogen peroxide is detected at a working electrode containing platinum via an electrocatalytic
oxidation reaction to produces a current, and thus the current can be detected by the circuitry, which
is the third technologies. In clinical trials under laboratory, stimulated home and actual home
circumstances, the GlucoWatch can have a good performance with relatively high accuracy in glucose
detection [4].

2.2. Blood Glucose Biosensor based on Raman spectroscopy

Raman Spectroscopy is a chemical analysis and a light scattering technique to provide detailed
information on chemical structure, concentration, liquid constitution, and other physical or chemical
properties of a substance. When light crosses a substance, it may interact with the chemical bond
between its molecules and thus can receive light across the substance to determine its structure. To
be more specific, when dense laser light is scattered by a molecule, most of the scattered light is at
the same wavelength. However, there is still some scattered light at different wavelengths, and the
wavelength is determined by the property of the molecule, and thus the scattered light, called Rama
Scatter can be detected and help analyze the property of the substance [5].

Currently, since the increasing rate of diabetes, more non-invasive glucose monitoring facilities
are required. In this case, various optical detecting methods have been used, and vibrational
spectroscopy using near-infrared absorption and Ramen spectroscopy has been proven to be the most
efficient and precise. Since glucose is an optically active substance, the light will refract to a different
angle when light passes through the glucose, scattering the light, and the angle is determined by the
glucose concentration [6].

The biosensor uses a quartz crystal balance sensor to detect the acetone concentration, a substance
that can represent glucose concentration that is when blood glucose is low, the acetone concentration
will be relatively high. A circuit is using an impedance spectroscopy circuit and multi-wavelength
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near-infrared spectroscopy to detect the scattered light and use the wavelength they collect to analyze
the concentration of acetone in the blood [5]. To be more specific, the biosensor adopts the optical
coherence tomography technique to ensure timely and precise glucose detection. The optical
coherence tomography technique use interferometer can detect interferometric signals. The
interferometric signal includes a portion of the light that is scattered back from the tissue and the light
returned from the reference part. The combination of these two signals includes the delays of the light
scattered back and the changes in scattered light varied from different glucose concentrations will be
used to examine the glucose concentration [7].

However, there are a lot of challenges for vibration spectroscopy detection. While the biosensor is
detecting the scattered light’s wavelength, the transition bands are very broad, which may lead to a
large degree overlap of signal both from the substance that needs to be detected and other inference
substances. Although some calibration modes can eliminate the interference in the detection, still
since some calibrations are based on the relation of glucose detection, using the mold may also affect
the precision of glucose detection. In addition, since other molecules or activities may also contribute
to the different wavelengths of scattered light, the analysis based on the wavelength can be imprecise.
As we study less about other factors’ relationship with the scattered light and wavelength, currently,
it is nearly impossible to ratify the data [8]. Currently, a reliable and accurate non-invasive glucose
monitoring biosensor that depends on spectroscopy is yet to exist. Nevertheless, there are still some
advantages to the optical biosensor. For example, Raman spectroscopy has high molecular specificity,
which can contribute to a harmless detection for the user and be more precise. Furthermore, the price
of the biosensor is relatively low compared to other glucose biosensors.

2.3. Biosensor based on saliva measuring

Though glucose measurement through saliva drew little attention, and there is no suitable product
for glucose monitoring at home or daily use, saliva glucose detection can still be a potential non-
invasive alternative for undiagnosed diabetes measurement.

Experiments show that in the saliva from people at different intervals for fasting, random
postprandial levels, saliva from people with diabetes tends to have high glucose levels. This
demonstrates that the glucose concentration in saliva is highly statistically significant, which indicates
that glucose detection through saliva is feasible [9].

Wenjun Zhang proposed a nano-biosensor with relatively high precision. The biosensor includes
single-walled carbon nanotubes and multilayers of chitosan, gold nanoparticles, and glucose oxidase,
using a layer-by-layer assembly technique. The researcher uses Scanning Electron Microscope to
observe the detection result in a buffer solution with one layer of GOx and three layers of GOXx coating
with poly allylamine/ single-walled carbon nanotube suspension/(chitosan/gold nanoparticles/GOx)3
films while glucose is present in the condition. Generally, the chip monitors glucose levels by tracking
the electrons that pass the glucose oxidase enzyme coated on the electrode. The adaption of SWNT-
chitosan-gold nanoparticles can facilitate the electron transfer between the center of glucose oxidase
and the electrode, which can eliminate the limitation of the redox effect in bio-electrocatalytic
applications [10].

The result reveals that there is a significant correlation between glucose levels and saliva. After
intake of glucose for two hours, the saliva has proven to be capable of measuring glucose levels. Thus,
the biosensor can be adapted to monitor saliva glucose and speculate blood glucose detection.

3. Discussion

To discuss the advantages and disadvantages of all three biosensors, experiments must be taken to
examine the actual efficiency of the biosensors. The experiment done for the skin-like glucose
biosensor has revealed the high precision of glucose detection among healthy people. However,
drawbacks remained for the biosensor. No evidence has proved that the biosensor can be used
appropriately to detect people with high or low glucose levels. In addition, the skin-like biosensor is
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single-used and needs to be replaced by a new one after one measurement. Efforts are still required
to make the biosensor for continuous, low-cost measurements. For the GlucoWatch biographer, its
performance in clinical trials is relatively successful. In all three trials under a laboratory environment,
stimulated home environment, and actual home environment, experiments reveal that the biographer
can have a well-precise detection. In addition, by having a rich stream of glucose readings and alert
function to remind patients, GlucoWatch biographer can enable their patients to better control their
regimens without worry about hypoglycemia and hyperglycemia. In the experiment for spectroscopy
biosensors, the result reveals that the received scattered light cannot offer a precise concentration
degree, especially when detecting out from the skin layer. The limitation of the precision of the
spectroscopy includes the assimilation of light from other biological chromophores, the interference
brought by stratum corneum, calibration, physiological standard, environmental factors, and the
wavelength that is selected to use in the sensor. In addition, Raman spectroscopy is less likely to be
calibrated through different modes, which may lead to more inaccuracy of the detection, concluding
that more effort needs to make to improve the calibration process of the biosensor. For saliva detection,
experiments reveal that the detection is highly dependent on individuals, which means that the actual
glucose can vary even though the test of saliva glucose has the same result. Still, relative research is
required since the experiment do not include people with diabetes and the data on the impact that
different age, gender, and health condition have brought.

4. Conclusions

There are many kinds of noninvasive biosensors for blood glucose detection that have emerged
and take into an experiment to detect their efficiency. Generally, compared to invasive detection by
drawing blood through pricking fingers, the non-invasive biosensor is capable for decrease the risk
of infection and increasing patients’ willingness to follow the detection. However, all of the
biosensors that the passage discusses and the non-invasive glucose detection people currently are less
precise than blood glucose detection. Since most of the non-invasive biosensors are highly individual-
dependent, which means that their precision can be highly affected by individual variation and other
factors such as what the patient eats and their physical state. Yet the experiments have not examined
how many factors may contribute to the precision of the detection and how to calibrate these factors.
Currently, GlucoWatch can be the most precise biosensor for glucose monitoring compared to others
discussed in the passage. However, for all four biosensors, experiments have shown that there is still
a huge gap between noninvasive detection and invasive detection, which reveal that the precision of
the biosensor is the most significant issue that should be dealt with. Despite the comparison to
invasive detection based on comparing their precision, many non-invasive biosensors are unable to
achieve continuous glucose detection which can help patients regularly monitor their blood glucose
and adjust their treatment. For example, both saliva biosensors and skin-like biosensors are unable to
have long-lasting detection. Furthermore, the cost of the non-invasive biosensor can be relatively high.
The skin-like biosensors have a high cost since their material. Last but not least, all three kinds of
biosensors are only tested in the experiment to detect people with normal glucose levels. No
experiment has demonstrated that they can also have proper functioning when detecting people with
abnormal glucose levels since when too high or too low glucose concentration may also contribute to
the inaccuracy of the biosensors. In conclusion, there are still many challenges for noninvasive
glucose monitoring biosensors including precision, cost, and lack of experiments.

References

[1] KIMJ, CAMPBELL A S, WANG J. Wearable non-invasive epidermal glucose sensors: A review [J/OL].
Talanta, 2018, 177: 163-170. https://doi.org/10.1016/j.talanta.2017.08.077.

[2] HORKAY F, BASSER P J, LONDONO D J, etal. lons in hyaluronic acid solutions [J/OL]. The Journal
of Chemical Physics, 2009, 131(18): 184902. https://doi.org/10.1063/1.3262308.

35


https://doi.org/10.1016/j.talanta.2017.08.077
https://doi.org/10.1063/1.3262308

Highlights in Science, Engineering and Technology BLSME 2023

Volume 45 (2023)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

CHEN Y, LU S, ZHANG S, et al. Skin-like biosensor system via electrochemical channels for
noninvasive blood glucose monitoring [J/OL]. Science Advances, 2017, 3(12): e1701629.
https://doi.org/10.1126/sciadv.1701629.

TIERNEY M J, TAMADA J A, POTTS R O, et al. The Gelcoats’ ® biographer: a frequent, automatic,
and noninvasive glucose monitor [J/OL]. Annals of Medicine, 2000, 32(9): 632-641.
https://doi.org/10.3109/07853890009002034.

FERRANTE DO AMARAL C E, WOLF B. Current development in non-invasive glucose monitoring
[J/OL]. Medical Engineering & Physics, 2008, 30(5): 541-549.
https://doi.org/10.1016/j.medengphy.2007.06.003.

LI Q, XIAO X, KIKKAWA T. Absorption spectrum for non-invasive blood glucose concentration
detection by microwave signals [J/OL]. Journal of Electromagnetic Waves and Applications, 2019, 33(9):
1093-1106. https://doi.org/10.1080/09205071.2019.1596168.

ZHANG W, ZHANG L, GAO H, et al. Self-Powered Implantable Skin-Like Glucometer for Real-Time
Detection of Blood Glucose Level In Vivo [J/JOL]. Nano-Micro Letters, 2018, 10(2): 32.
https://doi.org/10.1007/s40820-017-0185-x.

YADAYV J, RANI A, SINGH V, et al. Prospects and limitations of non-invasive blood glucose monitoring
using near-infrared spectroscopy [J/OL]. Biomedical Signal Processing and Control, 2015, 18: 214-227.
https://doi.org/10.1016/j.bspc.2015.01.005.

PANCHBHAI A S. Correlation of Salivary Glucose Level with Blood Glucose Level in Diabetes Mellitus
[J/JOL]. Journal of Oral and Maxillofacial Research, 2012, 3(3)[2022-11-28].
http://www.ejomr.org/JOMR/archives/2012/3/e3/v3n3e3ht.htm.

[10] ZHANG W, DU Y, WANG M L. Noninvasive glucose monitoring using saliva nano-biosensor [J/OL].

Sensing and Bio-Sensing Research, 2015, 4: 23-29. https://doi.org/10.1016/j.sbsr.2015.02.002.

36


https://doi.org/10.1126/sciadv.1701629
https://doi.org/10.3109/07853890009002034
https://doi.org/10.1016/j.medengphy.2007.06.003
https://doi.org/10.1080/09205071.2019.1596168
https://doi.org/10.1007/s40820-017-0185-x
https://doi.org/10.1016/j.bspc.2015.01.005
http://www.ejomr.org/JOMR/archives/2012/3/e3/v3n3e3ht.htm
https://doi.org/10.1016/j.sbsr.2015.02.002

