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ABSTRACT

The incidence of Type 2 Diabetes mellitus (T2DM) is progressively escalating, and the increasing susceptibility to this ailment in
India underscores the considerable health obstacle it presents to individuals and families in the country. According to International
Diabetic Federation, 537 million adults are currently living with diabetes, and this will further increase to more than 700 million
by 2045. T2DM is not cured, it can only be controlled with medication and/or insulin therapy. T2DM patients regularly monitor
their blood glucose by glucometer, which is invasive and painful method, required blood sample and also it is cost effective for
low-income group of family. In this context, our study was aimed to design a non-invasive blood glucose measuring instrument.
Blood glucose monitoring was divided into invasive and non-invasive method of 10 nondiabetic persons and 10 diabetic persons.
In invasive blood glucose measurement was done by glucometer and also HbA 1c measured by semi-auto analyzer. Non-invasive
blood glucose monitoring was performed using our own designed non-invasive glucometer using infrared (IR) of 960 nm wave
length, photo diode, operational amplifier (OPAMP), and light-emitting diode (LED). From the invasive method mean blood
glucose and HbAlc for nondiabetic persons are 96.20+1.24, 4.86+0.12 and for diabetic persons are 225.20+2.75, 9.41+0.38
respectively. Our own designed non-invasive glucose sensor identified only hypo and hyperglycemia when IR passed through
fingertip. It has been concluded that non-invasive blood glucose sensor sensed here only qualitative manner but required more

specified for quantitative measurement.
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INTRODUCTION

Diabetes presents a significant global health challenge, placing
a substantial burden on public health and socioeconomic
advancement on a global scale. Its prevalence is on the upswing
in both developed and developing countries, primarily as a
result of the adoption of Western lifestyles!'l. Type 2 diabetes, a
chronic metabolic disorder resulting from beta-cell dysfunction
and insulin resistance, is at the forefront of this health crisis .
Individuals diagnosed with Type 2 diabetes mellitus (T2DM)
face various short-term and long-term comorbidities . Our
prior research has highlighted the financial strain experienced
by low-income families with a member suffering from diabetes
mellitus. Remarkably, approximately a quarter of their monthly
income is allocated to purchasing medication and conducting
blood glucose tests for the diabetic family membertl.
Meanwhile, individuals with Type 1 diabetes are encouraged to
take responsibility for their health by diligently managing their
glucose levelsP). For those using insulin or other medications
that affect blood sugar, or those with concurrent medical
conditions, transitioning to diabetes treatment plans is crucial(®l,
Maintaining blood sugar levels within the range of 70 mg/dl to
180 mg/dl is considered ideal for overall health. Hypoglycemia,
characterized by blood sugar levels dropping below 70 mg/dl,

poses a significant short-term risk. Conversely, hyperglycemia,
where blood sugar levels exceed 200 mg/dl, has lasting adverse
effects on bodily functions. Numerous studies have consistently
linked intensive care with frequent glycemic self-monitoring to
a substantial delay in the onset or progression of complications.
Patients often utilize invasive handheld glucose biosensors,
which require regular blood samples obtained by needling the
patient’s finger multiple times a day using a lancet, a practice
that can discourage consistent monitoring!”. There are two
primary approaches to glucose monitoring: partly invasive and
non-invasive methods. The partly invasive technique involves
placing a sensor under the skin to measure glucose concentration,
while non-invasive methods rely on wearable devices to detect
glucose levels on the spot®l. Needle-type glucose sensors have
also emerged, providing subcutaneous tissue glucose readings
without the need for blood withdrawal. These devices enable
patients to monitor their glucose levels during physical activity
and alert them to hypoglycemia through an audible alarm!). In
comparison to traditional methods, biosensors offer improved
specificity, detection limits, and response speed!'”. Recent
advancements in glucose measurement technology have spurred
the development and commercialization of integrated glucose
monitoring devices. However, many of these devices still rely on
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invasive monitoring techniques, involving painful finger pricks
to collect blood samples. Consequently, there is a pressing need
for the development of accurate, non-invasive blood glucose
meters that enhance the convenience and comfort of individuals
with diabetes!®. Despite these technological advancements, a
significant portion of individuals with diabetes continue to
struggle with blood sugar control, leading to potentially severe
consequences. This underscores the importance of regularly
assessing blood sugar levels using invasive methods, which
involve collecting blood samples through finger pricking—a
procedure that remains uncomfortable and discouraging for
many patientst'). The main aim of this study was to present and
discuss the updated advances and developments in the ‘model
of non-invasive blood glucose monitoring device’ [,

MATERIALS AND METHODS

Selection of subject

We were selected 10 pre-diagnosed with T2DM (aged from
40 to 50 years) patients and another 10 persons unknown for
T2DM (aged from 40 to 50 years), Midnapur town, Paschim
Medinipur, West Bengal, India. The study was carried out
according to the declaration of Helsinki and all procedures were
approved by the Institution Human Ethics Committee (IHEC)
of Raja Narendra Lal Khan Women’s College (Autonomous)™!.

Invasive measurement of fasting blood glucose (FBG) and
glycosylated hemoglobin (HbA1lc)

FBG was measured by glucometer and HbAlc was estimated
by standard kit method using the semiauto analyzer!'?l.

Non-invasive measurement of blood glucose

For non-invasive blood glucose monitoring, we have used our
own designed sensor using IR light source of 960 nm wave
length, photo diode, OPAMP, red LED and green LED (figure
2), after giving the input, at a certain level the output of one
OPAMP is sensed else another of comparator circuit. Red LED
was sensed when voltage(v1l) decrease, otherwise green LED
was sensed when high voltage(v2) passed through it.

Statistical analysis
Mean =+ standard error (SE) of FBG and HbA 1c have analyzed

by a student two tail ‘t’ test using the origin statistics package
(13]

RESULTS

From the invasive method mean FBG for nondiabetic persons are
96.20+1.24 (Table 1), and for diabetic persons are 225.204+2.75
(Table 1). HbAlc for nondiabetic persons are 4.86+0.12 (Table
1) and for diabetic persons are 9.41+0.38 (Table 1). FBG and
HbAlc was significantly (P < 0.001) higher in diabetic person
than nondiabetic persons. The non-invasive glucose sensor
was placed on a fingertip of diabetic and nondiabetic patient
where IR of 960 nm wave length of light passed to a photo
diode (figure 2). It measured the changing absorbance of the
wave length. High blood glucose and HbAlc absorbed more
IR light and diode generated less current which passes through
OPAMP-A and then this current converted into voltage and this
voltage when passes through comparator circuit, it sensed red
LED. When IR light passed through fingertip of nondiabetic

person, IR light less absorbed than diabatic person and diode
generated more current which passes through OPAMP-A and
then this current converted into voltage and this voltage when
passes through comparator circuit, it sensed green LED.

DISCUSSION

Numerous blood glucose meters are currently available in the
market. However, these glucometers come with a price tag
exceeding 1000 rupees and require test strips, each costingaround
30 rupees per test. Furthermore, commercially available blood
glucose meters typically demonstrate an accuracy rate of 85-
90% [, Extensive research consistently highlights the benefits
of regular blood sugar level monitoring, showing a correlation
between such monitoring, lowered blood sugar levels, and
improved overall quality of life. Interestingly, the frequency of
blood sugar testing exhibits a negative correlation with actual
blood sugar levelst'*!. Non-invasive blood glucose monitoring,
as the term suggests, entails measuring blood glucose levels
in humans without causing harm to their tissues !'®. These
methods can be broadly categorized into optical, microwave,
and electrochemical techniques!'”. For individuals with
diabetes who rely on regular insulin injections to maintain blood
sugar balance, frequent and regular blood glucose monitoring
is of paramount importance!'®. Therefore, the development
of innovative, painless, and stress-free non-invasive blood
glucose monitoring technologies and precise closed-loop drug
delivery systems has the potential to directly benefit millions
of patients by eliminating the need for painful blood draws!'.
Numerous non-invasive techniques are employed to ascertain
and determine glucose levels in the human body. An example
of such a method is the Gluco Watch sensor, which utilizes
iontophoresis to measure glucose levels by extracting interstitial
fluid through the skin via an electric current?”. It’s worth noting
that this sensor was withdrawn from the market due to reported
skin irritation in several patients*!!. As technology continues
to advance and new data coding and verification techniques
emerge, non-invasive blood glucose meters are gradually
entering the market, promising increased accuracy and reduced
errors and interference compared to invasive blood glucose
meters??. Consequently, there’s a growing need to examine
the similarities and differences between Invasive and Non-
Invasive Blood Glucose Meters!®)l. Non-invasive blood glucose
meters enable the measurement of glucose levels within
seconds, without causing stress, pain, blood withdrawals, or
finger pricks. Currently, various non-invasive blood glucose
monitoring techniques are undergoing evaluation®!. Blood
glucose monitors must deliver precise results, particularly at
levels crucial for clinical care, while remaining practical and
cost-effective®]. Recent developments have opened up the
possibility of continuous glucose monitoring®®. In the field
of science, numerous devices are being developed to measure
blood glucose levels, with a particular focus on using infrared
(IR) light sources. Influenced by this reason, we are also using
IR light source to make a ‘Model of blood glucose meter’*".
The flowchart of developed ‘Model of blood glucose meter’ is
shown in figure 1. The flowchart at figure 1 of proposed model
is consisting of IR source (wavelength A=960nm), sample
(skin), infrared receiver (photo diode), OPAMP-A, comparator
circuit (OPAMP-B and OPAMP-C), red LED (for T2DM) and
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green LED (for NT2DM). Based on this we designed a ‘model
of non-invasive blood glucose monitoring device’. The circuit
configuration of our proposed model is shown in figure 2,
which works as follows.

To produced it initially a beam of monochromatic light of wave
length 960 nm (IR spectra) falls on human skin (sample like
finger) with a fixed wave length A and after being reflected
from the skin beam becomes of wave length A’ (shifting
of wavelength), the beam received by an IR receiver (say
photo diode) and convert it to corresponding current?®]. Next
scaled related voltage to be introduced as input of a OPAMP
comparator (consist of OPAMP-B, OPAMP-C and LED) for a
reference voltage®™. After giving the input, at a certain level
the output of one OPAMP is sensed else another, by which
we can detect whether a person is diagnosed with T2DM or
NT2DMEBY, So, for diabetic patient due to high blood glucose
and HbAlc absorbed more IR light and diode generated less
current which passes through OPAMP-A and then this current
converted into voltage say vl and this voltage when passes
through comparator circuit, it sensed red LED. For nondiabetic
person, IR light less absorbed than diabatic person and diode
generated more current which passes through OPAMP-A and
then this current converted into voltage say v2 and this voltage
when passes through comparator circuit, it sensed green LED.
Here R1, R2, R3 and R4 are resistances!.

CONCLUSION

Using IR of 960 nm wave length through the human finger and
then convert the shifting wave length into current with the help
of diode and then convert that current into voltage with the
help of OPAMP and send that voltage through the comparator
circuit which consists of OPAMP and LED, then we can easily
classify high blood glucose and low blood glucose persons at
very low or no cost. Our own designed non-invasive glucose
sensor identified only hypo and hyperglycemia when IR passed
through fingertip. It has been concluded that non-invasive
blood glucose sensor sensed here only qualitative manner but
required more specified for quantitative measurement.
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Class Blood glucose level (mg/dl)

(Mean = SE)

HbA1C (g/dl)
(Mean = SE)

T2DM

225.20+2.75* 9.41+0.38*

NT2DM

96.20+1.24 4.86+0.12

Table 1: Blood glucose level of 10 T2DM and 10 NT2DM
patients. Data (Mean+ Standard error) were analyzed by

student ‘t’ test at the level of a0.001.

T2DM - type 2 diabetes mellitus, * p<0.001, NT2DM - non-
type 2 diabetes mellitus.
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Figure 1: The flowchart of ‘model of blood glucose meter’.
T2DM - type 2 diabetes mellitus, NT2DM - non-type 2 diabetes
mellitus, OPAM - operational amplifier, LED - light-emitting
diode.
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Figure 2: The circuit configuration of ‘model of blood
glucose meter’.

T2DM - type 2 diabetes mellitus, NT2DM - non-type 2 diabetes

mellitus, OPAM - operational amplifier, LED - light-emitting

diode.
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