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Abstract In routine life, diabetes is usually measured by an invasive process.
Although this technique is accurate, there are many drawbacks, especially if you
need to take multiple readings regularly. Hence, it is necessary to develop a highly
reliable non-invasive diabetes screening technology that is better than the pre-existing
invasive technique. In recent investigations, human serums such as tears, saliva, urine,
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and respiratory secretions have been found to reflect the presence of glucose in it.
These factors increase the possibility of non-invasive blood glucose level estima-
tion. Diabetes was a rare condition in past years compared to recent times, but this
has become more widespread in recent decades due to changes in the eating habits
and lifestyles mismanagement of human beings. In some cases, there are chances
of diabetes in newly born infants. When the body cannot produce enough insulin
or cannot use its insulin, blood glucose levels rise in the body. As a result, invasive
methods for measuring blood glucose levels are used, which may cause major or
minor problems for patients in the long run of life. To address this issue, a low-cost,
non-invasive approach for detecting diabetes is urgently required by our society.
Many new technologies have been researched and implemented; each has its advan-
tages and disadvantages. The present chapter gives a qualitative overview of various
non-invasive glucose monitoring systems beneficial for diabetic patients.

Keywords Invasive · Non-invasive · Diabetes · Spectroscopy · NIR

1 Introduction

In contrast to typical invasive laboratory testing of the blood sample, self-monitoring
of glucose level provides a current scenario of diabetes with a continuous, depend-
able, and reliable approach for determining blood glucose concentration. Checking
glucose levels frequently using invasive methods is a critical process for the treat-
ment of diabetes. This invasive technique assists patients in preventing and detecting
hypoglycaemic and hyperglycaemic conditions. Many commercial blood glucose
monitors present in the market require a small drop of blood to be taken by pricking
the skin with a lancet, which is generally a fingertip (often called a fingertip test).
These are the intrusive blood glucose monitors that cause the patients a huge amount
of discomfort because they are likely to be punctured several times a day for checking
their blood glucose level.

Depending upon the amount and condition of the sample, human inaccuracy
during sample collections, calibration errors, humidity, and poor cleanliness in
the testing region, might increase the proportion of mistakes while using invasive
monitoring techniques [1].
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Fig. 1 Flowchart of blood glucose monitoring techniques

The non-invasive approach, a recent technology, requires glucose signals from the
body. Non-invasive methods avoid “finger pricking” and help continuously monitor
blood glucose levels. Techniques such as applying fluorescent light to the body in a
specific location, in addition to the techniques involving the implantation of a sensor
in the subcutaneous tissue, lead to a major disadvantage: the interference of nearby
signals such as ultraviolet and visible light with the process.

Another approach that uses optical beams to detect glucose signals is acoustic
spectroscopy.However, this process suffers from scattering effects, resulting in insen-
sitivity. Near-Infrared (NIR) spectroscopy is also one technique that can also be used
to measure the level of glucose in blood [2]. The level of glucose can also be eval-
uated with the help of multi-modal spectroscopy IC which combines impedance
spectroscopy (IMPS) and multi-wavelength near-infrared spectroscopy (fNIRS) [1].
In Fig. 1 the flowchart of different blood glucose measurement techniques is shown.

This technology employs indirect dielectric properties of the tissue surrounding
the blood and the precision of the glucose levels obtained by the suggested microchip
to eliminate various systemic sounds.

A recent method for identifying diabetes is to use the Gabor filter to analyze face
contour features [3]. Human respiration can potentially be used to diagnose diabetes.
This indicates a good link with blood sugar since human breath includes acetone,
which can be analyzed simply by exhaling it directly into the monitoring device [4].
In Fig. 2, the non-invasive glucose monitoring techniques are shown.
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Fig. 2 Different non-invasive glucose monitoring. Reproduced with permission from [5] CC By
© 2019 by Gonzales et al., Licensee MDPI, Basel, Switzerland

2 NIR Spectroscopy

The spectroscopical region of 12,500–4000 cm−1 belongs to Near-infrared (NIR)
region, and its wavelength is 800–2500 nm. Both wavenumber and wavelength are
being considered in the present chapter. The region in-between IR and the visible
region is NIR spectroscopical region. Generally, NIR spectroscopy deals with reflec-
tion, emission, diffusion, and light absorption. NIR spectroscopy has advanced char-
acteristics that have played a significant role in basic and applied science applications
over the last two decades [6]. In the spectral range of near-infrared, the ability of
light to penetrate soft tissues and biofluids is relatively high (>0.5 mm) as, compared
to visible light and ultraviolet light, it scatters less. Apart from this, this technique
can achieve both reflection and transmission for the sensing measurement of light
[7]. The mathematical formulation for calculating sample absorption is done by
Beer-Lambert law (Eq. 1) from the already known thickness and concentration.

I = Io10
(−l.ε.c) = Ioe

−l.μa (1)
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where I is the intensity of light at depth within the absorption mediumW/cm2, initial
light intensity is represented by I0 (W/cm2), absorption depth is represented by l, ε
is the molar attenuation coefficient or molar extinction coefficient (L/mmol cm), it
depends on the structure of absorbingmolecules and the wavelength of incident light.
Absorbing molecules concentration is represented by c (mmol/L). The absorption
coefficient μa is proportional to the product of c and ε.

This model showcases the transmitted/reflected intensity of light as a function of
concentration, the thickness of the sample, and absorption coefficient. In contrast,
the scattered light effect is ignored in this phenomenon. Log(I0/I) is used to define
absorbance [8]. NIR absorption spectroscopy can quantify the glucose absorbance
and its dependence on wavelength in the aqueous medium. Incident light absorption
by water must be considered as it is the most abundant species in biofluids. Two
absorption peaks, one between 1350 and 1520 nm and the other in-between 1790
and 2000 nm, are revealed in the NIR spectrum range for water. To measure glucose
in the NIR range, wavelength windows in the range of 700–1100 nm, 1500–1850 nm,
and 2000–2400 nm can be used [9–11].

On the contrary, light absorption in a shorter wavelength range is lower for water.
So to obtain selective NIR spectroscopic results with the minimization of interfering
effects of water, one should essentially use shorter wavelengths [7, 12]. Figure 3
shows the spectra recording equipment. The equipment consists of a NIR spec-
trometer, a light source, and a fiber optical measuring head. In NIR spectrometer,
a 128 pixels InGaAs photodiode array detector is attached to a glass block, and it
uses a polychromator with a holographic imaging diffraction grating. According to
the modified Beer’s equation, near-infrared diffused reflection difference spectra are
obtained at the skin tissue to constantly forecast the blood glucose content, which is
proposed and investigated without multivariate analyses. The difference spectra are
presumed to be generated from four primary elements in the human skin (glucose,
protein, fat, and water) and a scattering equivalent component called the baseline. As
a result, the morphological similarity of the absorption spectrum between glucose
and baseline is one of the roots of inaccuracies in predicting blood glucose levels
in the near-infrared region. An artificial component integrated with baseline and fat
is revealed when extracting the glucose components from the distinction spectra at
baseline using fat’s specific wavelength. It is predicated on the notion that a change
in skin scattering induces both the variation in fat contribution and leads to baseline
development.

We can reduce the blood glucose prediction mistakes by using the imaginary
component. In contrast to multivariate analysis methods, the estimation procedure
of blood glucose substances from observed reflection spectra is transparent, making
it easier to evaluate the causes for fluctuations and contributions of the compo-
nents in the observed reflection spectra. In Fig. 3, the typical blood glucose level
profile is shown. Using radial-basis neutral networks (RBF) and partial least-squares
regression (PLS), the calibration coefficient of matrices is calculated.

Glucose measurements are interfered with by chemical and physical parameters
such as albumin, triglyceride, temperature, and pressure variation. Environmental
changes such as variations in humidity, carbon dioxide, atmospheric pressure, skin
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Fig. 3 Schematic representation of the three modes of NIR spectroscopy. a Transmittance mode.
b Reflectance mode. c Interactance mode. Reproduced with permission from [5] CC By © 2019 by
Gonzales et al., Licensee MDPI, Basel, Switzerland

hydration, and temperature also cause errors. The proposed technique may become
a convenient tool for interpreting non-invasive blood glucose monitoring using near-
infrared spectroscopy [13].

RolamjayaHotmartua et al. usedNIR spectroscopy forGlucose detection from the
earlobe. Theyfirst carried out the test by varying glucose concentration from50mg/dl
to 2 g/dl, and 2nd test was carried out directly in the earlobe [14]. Samman et al.
researched glucose monitoring for about 169 days and analyzed the accuracy as well
as stability of the calibration method [15]. In brief, it can be said that the application
of NIR spectroscopy in combination with regression analysis helps quickly to detect
the glucose levels in a non-invasive manner, thereby providing an additional tool for
the early detection of diabetic problems [9].
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3 Raman Spectroscopy

The degree of scattering of monochromatic light is determined by Raman spec-
troscopy which is based on the Raman effect. Scattered light that travels in all direc-
tions is produced when a single wavelength light hits the target. Using the imaginary
component can reduce the error in predicting the blood sugar level. Unlike multi-
variate analysis, this method makes it clearer to calculate blood sugar levels from
the observed reflectance spectrum, making it easier to estimate the reason for the
change and the component contribution in the reflectance spectrum. Rayleigh scat-
tering occurs in visible radiation when the scattering is elastic. The phenomenon
is known as Raman scattering if the scattering is not elastic [16]. The schematic
representation of Raman scattering is shown in Fig. 4.

Raman shift is termed for suchwavelength differences. TheRaman shift represents
the difference between the initial and final vibrational states ofmolecules under study
[17]. The vibrational and rotational states of molecules are dependent on Raman
spectroscopy. The functional group’s vibrational modes are shown in the peaks of
Raman spectra. It consists of a lens that seizes the scattered radiation. It also filters the
radiation and allows the Raman scattered radiation to the detector for getting sensed.
The signals are processed by computer and provide Raman shift correspondingly.

Raman spectroscopy is a favorable non-invasive biomedical method and anal-
yses the problems associated with metabolism. For example, clinical tests and self-
monitoring of glucose levels based on a finger prick technique blood sample are
no longer painful. Raman spectroscopy is based on the elastic scattering of photons
by certain molecules in the sample. The energy shift of the scattered photons is
determined by the bonds of the interacting molecule, thereby resulting in molec-
ular fingerprints. The advantages and limitations of Raman scattering for glucose
monitoring are shown in Table 1.

It also has important benefits in biomedical diagnostics, including non-
invasiveness, a short procurement time, and the capability to offer quick results. It
has been shown that Raman spectroscopy and principal component analysis (PCA)

Fig. 4 Schematic representation of Raman spectroscopy. Reproduced with permission from [5]
CC By © 2019 by Gonzales et al., Licensee MDPI, Basel, Switzerland
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Table 1 The pros and cons of glucose detection using Raman spectroscopy

Pros Cons

• Less susceptible to variations in temperature
• Moderate sensitivity to water
• It can be used on any surface, including
opaque substrates, to measure scattered light

• The elevated degree of specificity

• Susceptible to interference by other
molecules such as hemoglobin

• Intensity and laser wavelength are unstable
• The collection time is long
• Prone to noise interference (low signal to
noise ratio), fluorescence, and turbidity

paired with support vector machine (SVM) has proven to be effective in classifying
glycated hemoglobin levels using in vivo techniques [18].

4 Bio-impedance Spectroscopy

The bio-impedance analysis is a non-invasive, low-cost, and widely utilized method
for determining body composition and assessing clinical status. There are numerous
ways of interpreting the measured bio-impedance data. Apart from that, there are
numerous applications of bio-impedance in the assessment of body composition and
the evaluation of clinical status. In addition, bio-impedance spectroscopy is being
used in variousways in healthcare institutions, including disease prognosis andmoni-
toring of vital signs. Thus, we feel that this warrants a review of the most underlying
facets and forecasts healthcare applications of bio-impedance spectroscopy [19].

The bio-impedance analysis is a low-cost, non-invasive method for evaluating
body composition and helps in monitoring of clinical state. There are varieties of
techniques to interpret measured bio-impedance data and a variety of bio-impedance
applications in body composition assessment and clinical status assessment.

A wrist glucose monitor based on impedance spectroscopy has been invented. It
is shown in Figs. 5 and 6. This monitor uses the skin as a dielectric to sample an
LC resonance circuit data. There are numerous approaches for interpreting measured
bio-impedance data and bio-impedance applications in body composition and clin-
ical state assessment. The drawbacks and advantages are shown in Table 2. Bio-
impedance is also used in healthcare facilities for various applications, such as disease
prognosis and vital sign monitoring [20].

5 Thermal Emission Spectroscopy

Thermal Emission Spectroscopy (TES)—the based device is a novel, non-invasive
hand-held BG monitor having the same dimensions and ease of use as an ear ther-
mometer. Still, this technique is with more technological breakthroughs. The gadget
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Fig. 5 Graphical abstract of glucose detection using bioimpedance spectroscopy. Reproduced with
permission from [5] CC By © 2019 Gonzales et al., Licensee MDPI, Basel, Switzerland
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Fig. 6 Bioimpedance model measurement and architecture of gain-phase detector
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Table 2 Advantages and
disadvantages of glucose
detection using bioimpedance
spectroscopy

Advantages Disadvantages

• Relatively low cost
• Effort less investigation on
skin

• Sensitive to changes in
motion and temperature

• Vulnerable to water content
and sweat

• Affects the cell membrane
due to physiological
conditions

is passive, and, in this technique, chronic external radiation does not injure the human
tissues.

This gadget will help individuals with diabetes to live better lives since it will
boost patient BG testing, which will lead to improved glycaemic management
and lesser complications related to diabetes. Thermal emission spectroscopy (TES)
detects infrared signals produced by changes in glucose content in the human body.
According to this technique, the natural mid-infrared emission of the human body,
particularly the eardrum, is regulated by the state of the emitting tissue. Its selec-
tivity is based on the same premise as the absorption spectroscopy technique used
for measurement analysis [21]. Figure 7 represents the pictorial representation of the
principle of thermal emission spectroscopy for glucose detection.

The detection of glucose level using a non-invasive prototype based on thermal
emission in the mid-IR spectral area was measured satisfactorily. Individual daily

Fig. 7 Principle of thermal emission spectroscopy. Reproduced with permission from [5] CC By
© 2019 by Gonzales et al., Licensee MDPI, Basel, Switzerland
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Table 3 Pros and cons of glucose detection using thermal emission spectroscopy

Pros Cons

• It is a passive method
• There is no threat of tissue damage
• Excellent selectivity due to the well-defined
glucose spectra at 9.4 μm

• There is no need for calibrating

• Sensitive to changes in motion and
temperature

• Radiation intensity is vulnerable to tissue
thickness

• It may not be efficient for sensing sudden
variations of glucose

calibrations are unnecessary with this technology, which is one of its benefits [21].
One disadvantage of this technique is that the strength of infrared radiation emitted by
an eardrum is influenced by its thickness and temperature. The other drawbacks and
advantages of this method for glucose detection are shown in Table 3. Although the
clinical outcomes acquired with TES are encouraging, they do not yet meet clinical
accuracy criteria [22].

6 Optical Polarimetry

Optical polarimetry works on the principle of chiral molecules, i.e., the plane of
polarization is rotated by the molecules. The chiral molecule glucose can rotate the
plane of polarisation of a beam of light by an angle α in the clockwise direction. This
glucose detection method is one of the basic techniques of non-invasive technology.
When the beam of polarized light is incident on the glucose solution, the plane of
polarization of the incident light is rotated by the presence of glucose.

At present, the sum of glucose level is comparative to the directional angle
concerning the original incident direction formed by the polarisation direction [23–
27]. The rotation amount is proportional to the optical path length, the laser beam
wavelength, the temperature, and the analyte concentration.

Thiswavelengthwill usually appear in theNIRupper region and the optical band is
in the lower region (approximately 780–400 nm). The polarimetermeasures the plane
of polarised light when it passes through the sample. The pictorial representation of
optical polarimetry is shown in Fig. 8. Themaximum intensity of light is identified by
a photodetector when the electric field rotation is comparable with the polarization
axis of the analyzer. The photodetector cannot detect light when the polarization
angle is perpendicular to the electric field rotation angle [28, 29].

The application of optical polarimetry in the skin is not feasible as the scat-
tering of light in tissue and skin is high, decreasing the glucose’s optical rotation
[30]. The optical polarimetry can be used in the eyes anterior chamber as it has a
good optical property [30, 31]. Eye glucose monitoring is shown in Fig. 8. For this
method, a satisfied error accuracy is not obtained even though this method can be
detected by visible light, easy operation, and obtaining results [32–34]. Currently,
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Fig. 8 Schematic
representation of optical
polarimetry in the eye for
glucose detection.
Reproduced with permission
from [5] CC By © 2019 by
Gonzales et al., Licensee
MDPI, Basel, Switzerland

there are two new mechanisms for resolving the interference issues of the birefrin-
gence of the polarization of glucose overlooked in blood. Dual-wavelength polarizer
and birefringence compensator are the two mechanisms used to resolve this issue.
Dual-wavelength polarimetric glucose detection is shown in Fig. 9.
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Fig. 9 Dual-wavelength polarimetric glucose detection
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7 Fluorescence

Fluorescence technology is associated with the principle of fluorescent light emis-
sion. This fluorescent light emission results in stock shift, wavelength difference due
to the effect of the light emission.

Unlike optical approaches, this approach of utilizing fluorescence requires contact
between sample and sensor. Recently, new techniques have been developed for
analyzing glucose and vitamin A using field instruments. Pickup et al. [47] studied
glucose monitoring using the intrinsic tissue fluorescence. This technique utilizes
the product of glucose metabolism, nicotinamide adenine dinucleotide phosphate
(reduced) (NAD(P)H), a fluorescent cofactor. The test was carried out in in-vivo
analysis, and later they were studied in vitro. The fluorescence sensitivity is highly
required as the glucose concentration in the fluid is in the micromolar range.

The fluorescence techniques can be categorized into affinity-binding and glucose
oxidase (GOx) based sensors. GOx based sensors have a certain limitation as the
results depend not only on the concentration of glucose but also on the oxygen
tension under in-vivo conditions.

Fluorophores, a specialized molecule that release fluorescent light with certain
characteristics, are proportional to the analyte concentration under study. Some fluo-
rophore molecules can bind with glucose molecules directly, but they are associated
with interference, irreversibility, analyte depletion, and low selectivity. Therefore, the
use of intermediatory molecules like receptors binds with glucose molecules more
effectively, leading to changes in their local properties reversibly. This results in fluo-
rescence alteration [67]. Different types of receptors are used for this such as boronic
acid derivatives, enzymes, and glucose binding proteins, which are nature-derived
and fabricated synthetic materials such as quantum dots and carbon nanotubes.

Fluorescence resonant energy transfer (FRET) has gained much attention based
on binding assays. The energy transfer in this technique occurs between the donor
and acceptor molecules, the light-sensitive molecules. When the acceptor molecules
bind with glucose, the bond between acceptor and donor gets disrupted, increasing
fluorescence due to less electron sharing. This is shown in Fig. 10.

Fig. 10 Fluorescence glucose monitoring
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The FRET and fluorescence lifetime techniques were used to measure glucose
concentration byLakowicz and co-workers [50]. They used reagents such asmaltose-
insulin-malachite green and ruthenium-Con A to fabricate a similar sensor. The
fluorescence lifetime and fluorescence intensity of ruthenium dye is increased with
an increase in glucose concentration. The advantage of this type of fluorescence
sensor is that they are highly specific and highly sensitive to the analyte under study.
Apart from that, it also eliminates the potential interferences. The drawback of this
technique is the short lifespan of the fluorophore, foreign materials in biological
media which can cause potential toxicity, etc.

There are somany other techniques that can non-invasively detect glucose concen-
tration, such as Metabolic Heat Conformation (MHC), Photoacoustic Spectroscopy
(PAS), Optical Coherence Tomography (OCT), Millimeter and Microwave Sensing,
etc. Table 4 shows the list of recent research developments on MI and NI techniques
in Glucose detection. Table 5 compares non-invasive and minimally invasive glucose
monitoring devices that are currently accessible or about to be released in the market
soon. Figure 11 depicts the position of non-invasive and minimally invasive methods
and devices for monitoring glucose in the spectrum.

8 Conclusion

The scientific advancement of non-invasive glucose monitoring technologies in
recent years is discussed in this chapter. Optical, microwave, and electrochemical
methods are the three types of non-invasive blood glucose monitoring technologies
available. The advantages of optical andmicrowave technologies, in general, are their
non-invasive nature and ability to monitor continuously without causing discomfort
to the human body. In terms of detection, there are still certain issues, such as sophis-
ticated detection means, harsh detecting components, a time-consuming detection
procedure, high detection equipment needs, and significant background signal inter-
ference. Future research will see if other physical characteristics and other indicators
linked to blood glucose may be integrated to increase the accuracy of non-invasive
skin glucose test results.
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Table 4 List of recent research on MI and NI techniques for monitoring glucose levels

Institution Technology Comments Target

Polytechnic
University of
Catalunya

NIR spectroscopy
Photoplethysmography

• Principle: the
relationship between
PPG waveform and
glucose levels

• No calibration needed
• Linear response even
in hypoglycemia and
hyperglycemia

Finger

Karunya University NIR spectroscopy
Photoplethysmography

• Blood viscosity,
breathing, emotional
state, and autonomous
nervous system are
linked to glucose
levels

• Analysis was done
with machine learning

Forearm and finger

Tohoku University MIR spectroscopy
Trapezoidal
multireflection

• Suitable for areas
without a thick skin
layer

• Tuned at 8658 nm
• Sensitive to contact
pressure

Oral mucosa
Inner lips

ETH Zurich MIR spectroscopy
Photoacoustic detection

• It uses Quantum
Cascade lasers
(QCLs)

• Wavelengths:
8.47–10 nm

Forearm

RSP Systems Raman spectroscopy • Glucose sensing at a
critical depth in the
skin

• Accuracy affected by
time-lag

• λ: 830 nm

Hand Palm

Electronics and
Telecomm Research
Inst. of Korea (ETRI)

Photoacoustic
spectroscopy

• Insensitive to skin
secretions

• Acoustic signal:
47 kHz

• λ: 8–10.4 nm

Fingertip

National Cheng Kung
University (NCKU)

Optical coherence
tomography

• It senses optical
rotation angle (γ) and
depolarization index
(�) using the Mueller
model

• Increase in glucose
increases γ and
decreases �

Fingertip

(continued)
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Table 4 (continued)

Institution Technology Comments Target

Caltech Millimeter-wave
transmission

• Based on waveguides
and patch antennas

• f: 15–25 GHz,
16–36 GHz

Ear lobe

Cardiff University Microwave split-ring
resonance

• Glucose level change
shifts resonant
frequency

• Up to 17.5 mm depth
penetration

Abdomen

University of Bath Reverse iontophoresis • Based on the
electro-osmotic flow
principle

• ISF extracted through
hair follicles

• Independent from
skin characteristics
variance

• Some skin irritation is
associated

Skin

Ulsan National Inst.
of Science and
Technology (UNIST)

Contact
lenses—enzymatic
detection

• Measures the level of
glucose in tears

• Electrodes embedded
in the contact lens

• The lag time is
between 10 and
30 min

• Interference from
other electroactive
species

Tears

University of
Maryland

Contact lenses
fluorescence

• Based on a
glucose-silicone
hydrogel

• Decrease of
fluorescence with the
increase of glucose

• It works with
fluorophore Quin-C18

• Long storage seems
not to affect the lens’
response

Tears

KTH Royal Institute
of Technology

Microneedle-enzymatic
detection

• The measurement
taken within the
dermis

• Based on passive fluid
extraction

• Microneedle length:
700 μm

Forearm

Reproduced with permission from [5] CC By © 2019 Gonzales et al., Licensee MDPI, Basel,
Switzerland
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Table 5 Comparison table of non-invasive and minimally invasive glucose monitoring devices

Device Technology Target Type Accuracy Status

Combo
glucometer
(Cnoga Medical)

NIR spectroscopy
(combination of four
LEDs and four sensors
to analyze absorption
and scattering pattern)
λ: 625, 740, 850,
940 nm

Finger NI
NCGM

PEG
Zone A:96.6%
Zone B: 3.4%
MARD: 14.4%

Available

NBM-200G*
(OrSense)

NIR spectroscopy
(occlusion
spectroscopy)
λ: 610, 810 nm

Finger NI
Point-of-care

CEG
Zone A: 69.7%
Zone B: 25.7%

Dropped

HELO Extense
(world global
network)

NIR spectroscopy Finger NI
NCGM

N/A Available

GlucoTrack
(integrity
applications)

Combination of:
• Ultrasound
• Thermal
• Electromagnetic
sensing

Earlobe NI
NCGM

PEG
Zone A: 62.4%
Zone B: 37.6%
MARD: 19.7%

Available

GlucoWise
(MediWise)

mm-wave transmission
spectroscopy
f: 60 GHz

Hand NI
NCGM

N/A Under
development

SugarBEAT
(NemauraMedical)

Reverse iontophoresis Upper
arm

MI
NCGM

MARD:13.76% Waiting for
CE approval

Symphony
(echo therapeutics)

Sonophoresis Skin MI
CGM

CEG
Zone A: 81.7%
Zone B: 18.3%
MARD: 12.3%

Unknown

WizmiTM
(Wear2b Ltd)

NIR spectroscopy Arm
wrist

NI
NCGM

CEG
Zone A: 93%
Zone B: 7%
MARD: 7.23%

Proof of
concept

LTT (light touch
technology)

MIR
spectroscopy/optical
parametric oscillation
λ: 6–9_m

Finger NI
NCGM

N/A Under
development

K’Watch
(PK vitality)

Enzymatic
detection/microneedles

Arm
wrist

MI
CGM

N/A Pre-clinical
tests

Eversense®

(Senseonics)
Fluorescence Upper

arm
MI
CGM

MARD: 14.8% Available

(continued)
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Table 5 (continued)

Device Technology Target Type Accuracy Status

GlucoGenius Metabolic heat
conformation
λ: 660, 760, 850,
940 nm

Finger NI
NCGM

N/A Unknown

Reproduced with permission from [5] CCBy© 2019 Gonzales et al., LicenseeMDPI, Basel, Switzerland

Fig. 11 The chart with location of non-invasive and minimally invasive methods and devices for
glucose in the frequency spectrum. Reproduced with permission from [5] CC By © 2019 Gonzales
et al., Licensee MDPI, Basel, Switzerland
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