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Abstract: - Blood tests can help a physician to detect early on certain diseases that a patient suffers. A rapid
analysis, performed by modern techniques, such as the near-infrared spectroscopy (NIRS) method, by
spectroscopic analysis, can reduce the time of blood determination and analysis so that it can be prescribed to a
patient as soon as possible. To reach glucose, the absorption wave must cross three layers of skin and the
constituent elements of the blood. The element studied in this case was blood glucose, because too much amount
leads to diabetes.
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I. INTRODUCTION
Blood testing is one of the most important routine methods used by physicians to diagnose a patient's
health or disease progression at a given time. These blood tests can help the doctor diagnose the functionality of
certain internal organs such as the liver, heart, kidneys etc., to observe and prevent the appearance of diseases
such as anemia, diabetes, or to check and evaluate certain prescribed treatments. This paper aims to analyze the
blood by the near-infrared (NIR) absorption and reflection method, taking as a case study the analysis and
monitoring of blood glucose, cholesterol or hemolithogram. Raman spectroscopic applications were used in the
early 1970s for blood-related investigations of hemoglobin structure. Subsequently, additional applications were
developed along with improvements and innovations in Raman spectroscopy instruments and techniques. Each
of the five sections (hemoglobin and red blood cells, white blood cells, platelets, plasma and serum and whole
blood) contains a chronological overview of the research.

II. THEORY
Blood tests generally help the doctor to diagnose and monitor patients. In this sense, in the chapter iv,
we list below some useful blood tests that can help the doctor in diagnosing a patient, detecting diseases and
establishing a treatment to help the patient. Blood is made up of many constituents that make it difficult to
accurately analyze certain substances. But in order to have a blood test, the near-infrared spectroscopic wave
must pass through the skin layers. The blood consists of plasma (55%) and formed elements (45%). Plasma
contains 7% protein, 91% water and 2% other solutions.

Fig. 1. Blood constituents [1]
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The formed elements contain: platelets <1%, leukocytes <1% and erythrocytes> 99% as can be seen in
Fig. 1 above.
But in order to reach the blood, the infrared wave must pass through several layers of the body. The first layer is
the skin that has three substrates: epidermis, dermis and hypodermis. The epidermis is the outermost layer of the
skin and the first layer that will hit the infrared wave. In this sense, part of the infrared wave is suppressed in the
epidermal layer at a depth of 0.7 ~ 1.3 µm. There is a dermal-epidermal junction between the epidermis and the
dermis. The epidermal layer is located on the surface that in fact it is a layer of non-vascularized epithelium and
is separated from the dermis by a junction. The dermal layer is the second layer of the skin, having no net
limitation to the next layer, the hypodermic one [1].
Therefore, the absorption radius will have to cross three layers of the skin, each layer having its
absorption rate, and in addition it will have a refraction or loss rate of the wave[2]. The cutaneous organ is
therefore composed of the ectodermal leaf, the one from which the epidermis and the appendages develop, and
from the mesodermal leaf, precursor of the dermis.
The epidermis is an epithelial tissue, which contains a variable number of cells and is devoid of blood vessels. It
has a protective role of the tissues and is coated with the following substrates:





Basal layer: it has a photoprotective role due to melanin;
The thorny layer: it is made up of polyhedral cells through which the nutritional lymph circulates;
The granular layer: where keratohyaline cytoplasm predominates;
The glossy layer: made up of cells rich in glycogen and fat, representing that epidermal barrier to water
and other chemicals;
 The horny layer: it is the film or lipo-protein coating of skin acid (pH);
Derma is the connective layer of skin separated from the epidermis by the basement membrane. The dermis is
composed of two layers: a superficial layer made of dermal papillae and a deeper and thicker layer called the
dermis and made of collagen, elastic and crosslinked fibers [17]. Derma is rich in water, salts, proteins,
lipoproteins or glucose. So, we can say that we can also find some glucose in this layer. This is actually glucose
that passes through the blood and is consumed by the dermal layer through perspiration. A higher amount of this
glucose indicates a normal transfer from the blood vessels to the dermal cells. The lack of this glucose indicates
that it is not consumed and continues to reside in the blood [22].
Hypoderma is the layer composed of fat cells, lipocytes, which contain triglycerides separated by conjunctival
septa that contain nerves and blood vessels. This is the layer where the spectroscopic one approaches the
capillary vessels and their own test.

III. RESEARCH
To reach the blood vessels, the infrared light must pass through the skin. From the main source a part of
the NIR wave will be reflected and only a part will be absorbed.
Before reaching the skin, the NIR wave will have to pass through the adipose tissue, which consists of
perspiration and vasodilation. These fat cells are the first elements that will oppose the passage of light through
the skin tissue.
The first result will be an infrared wave that will be strongly reflected. The incident light beam and the
reflected light beam will be coplanar. The ray of incident light (φi) is the energy value that will pass on, and the
ray of reflected light (φr) is the reflected ray that will be lost. This reflection can be mitigated by arranging an
enclosed space that redirects the reflected rays back into the test environment. Only that this reflection can be
controlled just on the surface, within human tissues this light will no longer be able to be controlled as well,
because it is in an uncontrollable biological environment (Fig. 2).
φ = φ i – φr
(1)
where:
 φ - absorption radius;
 φi - incidental radius;
 φr - reflected radius;
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Fig. 2. Reflection infrared
According to Lambert's law, the reflection is more intense as the surface is smoother and the reflection angle is
perpendicular to the test surface.

Fig. 3. Skin length wave [14]
As can be seen in the figure above Fig. 3, the near infrared wave must cross in the first epidermal layer
~ 0.6mm, in the second layer, the dermis, the length of the cross-section is between 0.6 ~ 2.0 mm, and in the
third layer between 2.0 ~ 3.0 mm. The total cross section is approximately ~ 3mm [15].
There are three types of blood vessels:
 Arteries: it transports blood from the heart to the capillaries;
 Capillaries: they exchange water and substances between blood and tissues;
 Vein: transports blood from the capillaries to the heart;
The anatomy of a blood vessel, is composed largely of plasma (55%) and elements formed (45%).
Plasma is formed in most of the water. The infrared wave could easily pass through this plasma without having
too much absorption.
The highest absorption of the NIR wave will have it in the constituent elements of the blood, of which are the
red cells, erythrocytes that are 99%, white cells - lymphocytes and platelets, which together are 1%.
In this sense, the absorption rate of the spectroscopic wave will have the highest absorption in the formed
elements, and especially in erythrocytes.
Capillaries have a different structure from arteries and veins. In general, all blood vessels have the same
structure:
 The tunic penetrates the innermost layer of a blood vessel;
 The media tunic is the middle layer which ensures the resistance and elasticity of the blood vessels;
 The external tunic is the layer that protects the blood vessels through collagen and fiber [22];
Arteries are the blood vessels that carry oxygenated blood to the capillary. Oxygen exchange occurs in
capillaries and post-capillaries. The capillary walls are very thin, being made up only of the intimate tunic (Fig.
4).
The diameter of this wall is large enough to allow the red blood cells to pass to reach the exchange vessels,
where the exchange of nutrients, oxygen and waste between blood and tissues is done.
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The capillaries are of three types: continuous, fenestrated and discontinuous. The most permeable are the
discontinuous capillaries, which allow even the erythrocytes to pass through the capillary wall (Fig. 4).
Veins are blood vessels that carry blood from the capillary to the heart, deoxygenated blood. The connection
between capillaries and veins is made through venules which, by branching, are transformed into veins.

Fig. 4. Cross sectional area vessels blood [12]
The walls of the veins are smaller than those of the arteries and the lumen is larger. Blood pressure is the force
of blood that flows through the wall of a vessel and is given by the equation:
Blood pressure = flow * resistance
(2)
It is measured in Hg (millimeters of mercury) and occurs during the systolic period. The highest
pressure is in the aorta and decreases as it spreads throughout the body. The absorption rate is at its highest point
when blood pressure pushes the blood throughout the body. Our goal is to measure absorption through three
levels: skin, blood vessels and blood constituents, in our case glucose.
The exchange of gases, nutrients and wastes between blood and tissues is done in the capillary, which is
surrounded by lymph and interstitial fluid. Oxygen is transferred from the blood into the liquid through
diffusion,
and
the
carbon
dioxide
passes
into
the
blood.
For the tests that we will approach, we are interested in the rate of absorption in the capillary [16]. The size of
the capillaries is between 5 ~ 10 microns in diameter. Oxygen, carbon dioxide, nutrients and waste are
exchanged through the thin walls of the capillaries. The blood flow to the capillary is controlled by structures
called precapillary sphincters. These structures are located between arterioles and capillaries and contain fibers
that allow them to contract. When the sphincters are open, blood flows freely to the capillary beds of the body
tissue. When the sphincters are closed, blood is not allowed to flow through the capillaries. Fluid exchange
between capillaries and body tissues occurs at the capillary bed.
In order for the spectroscopic wave to reach these capillaries and to measure for example glucose from blood,
it must pass through the three layers of the skin, where the absorption rate will be more than half the value.

IV. METHODS AND RESULTS
A. Methods
To measure the study element, in our case blood glucose, we considered all the layers through which
the NIR test wave passes. The first layer covered is the skin, where the absorption is very high due to the
resistance of the constituent elements of the skin. The following standard elements for measurement and testing
were used:
 wavelength with variation 610 ~ 960 nm;
 the amount of glucose used in the test;
 sampling time;
 the limits of the absorption values;
The electric light beam when it passes through the skin tissue will have a very high absorption rate and the
photoelectric signal will be diminished. The values of the infrared wave remain constant at the beginning, the
change of these values being caused only by the circulation of the arterial blood. When blood flow increases in
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the blood vessels during the systolic period, we have a maximum absorption of near infrared light, which means
that the photoelectric signals will have a lower intensity.
For tests was used the Qwiic sensor AS7263, the version for absorbance. This sensor also has the
variant for colorimetric measurements, Qwiic AS726. AS7263 is the NIR version of the spectral sensor capable
of measuring 610, 680, 730, 760, 810 and 860 nm of light, each with a maximum detection error of 20nm. The 6
light channels have the following wavelengths:
R = 610nm; S = 680nm; T = 730nm; U = 760 nm; V = 810nm; W = 860nm;
AS7262 is the NIR version of the spectral sensor capable of measuring and transmitting on 6 channels the
values for:
V = purple; B = blue; G = green; Y = yellow; O = orange; R = red;
The following results were obtained on the thumb according to Table 1:
TABLE I STANDARD REFERENCES ABSORBANCE

Sample1
Sample 2
Sample 3
Sample 4
Sample 5
Sample 6

R-610
7797.6
8
7894.7
1
8011.6
6
7888.0
6
7739.2
0
7937.2
4

S-680
3150.9
9
2573.4
3247.0
7
3186.1
2
3184.0
5
3175.7
9

T-730
874.1
3
897.2
8
901.9
2
882.2
3
874.1
3
882.2
3

U-760
416.0
4
424.9
9
427.9
8
419.0
415.0
4
420.0
2

V-810
387.0
1
305.8
4
388.0
0
389.9
8
392.9
5
391.9
6

W-860
291.97
296.62
298.95
294.29
290.80
295.46

Therefore, we will have to calculate the absorption rate through the three layers of skin: epidermis, dermis and
hypoderma, as well as absorption through the structure of a capillary vessel. We will first have the absorption
formula through the skin:
∆n = (ε + δ + χ) – φn
(3)
where:
 φn is the radius of total incidence through the three layers of skin;
 ε is the rate of absorption through the epidermis;
 δ is the absorption rate through the dermis;
 χ is the rate of absorption through the hypodermis;
After crossing the layers of the skin, the spectroscopic wave will have to pass through the capillary, and
implicitly through the blood. Here we will calculate the absorption rate through the capillary wall and through
the blood constituents. Glucose will have a higher absorption rate than the other constituents.
To calculate the rate of absorption through the capillary, we must find out the absorption through the capillary
wall and then through the blood, which consists of plasma (55%) and elements formed (45%).
β n = (π + λ) – φn
(4)
where:
 φn is the radius of total incidence through the blood and capillary wall;
 π is the rate of absorption through the capillary wall;
 λ is the rate of absorption through the blood;
Therefore, the rate of absorption by blood glucose would be given the sum over a given interval of time:
where:
 Γ = it is the rate of glucose uptake;
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B. Results
A normal blood glucose on an empty stomach should be between 70-108. Between 120-180 would be at the
limit, between 215-250 the blood sugar is high and over 350+ would be dangerously high for a patient. If we
calculate the values on the W-860 nm channel in this case, we have set some reference values:
∆n = 80
βn = 80
φn = 40
In this case glucose will be on each sample:
TABLE II VALUES(GLUCOSE / SAMPLE
W-860
Sample1
Sample2
Sample3
Sample4
Sample5
Sample6

Γ
91.9
7
96.6
2
98.9
5
94.2
9
90.8
0
95.4
6

For graphical monitoring and for a more adequate visualization of glucose, we have developed an
application software, that will discuss in future, that synchronizes with the heartbeat and when the blood flow is
maximum.

V. CONCLUSIONS
The analysis and monitoring of blood elements can help us to detect many diseases, such as glucose,
when they may be in abnormal quantities. The problems encountered were generally related to the accuracy of
the measurements through the three layers of the skin, the blood vessels, especially the capillaries, and not
ultimately through the blood and its constituent elements. We started from a normal reference value, to measure
the absorption spectroscopic wave deviations and to observe the absorption rate caused by glucose. One of the
problems that the measurements could deceive is the presence of glucose in the skin layers, which would mislead
the absorption rate. Besides these challenges, there are differences in the texture of the skin that differ from the
person by thickness or age.
ACKNOWLEDGMENT
The work has been funded by the Operational Programme Human Capital of the Ministry of Europe
Funds through the Financial Agreement 51675/09.07.2019, SMIS code 125125.

[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]

REFERENCES
The
Centers
for
Disease
Control
and
Prevention,
Cardiovascular
Disease.
<www.cdc.gov/nccdphp/cardiov.htm>.
Lewis, Ricki. "Homing in on Homocysteine." The Scientist 14 (2000): 1.
The Mayo Clinic's Heart and Blood Vessel Center. <www.mayo.edu>.
Shier, D., J. Butler, and R. Lewis. Hole's Human Anatomy and Physiology, 8th ed. Dubuque, IA:
McGraw-Hill Higher Education, 2000.
Aaronson, Philip, et al. The Cardiovascular System at a Glance. Oxford, UK: Blackwell Sciences, Ltd.,
1999.
Chang, John B., et al. Textbook of Angiology. New York: Springer-Verlag, 2000.
Diehm, C., et al. Color Atlas of Vascular Diseases. Berlin: Springer-Verlag, 2000.
Marieb, Elaine N. Essentials of Human Anatomy and Physiology. Boston: Benjamin Cummings, 2001.
B.A. Raasch, Aust. Fam. Physician 28 (1999) 466–471.

Manuscript id. 754235547

www.ijstre.com

Page 23

Measuring and analysis of blood glucose using near infrared spectroscopy
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]

M.F. Stranc, M.G. Sowa, B. Abdulrauf, H.H. Mantsch, Br. J. Plast. Surg. 51 (1998) 210–217.
J.R. Payette, M.G. Sowa, S.L. Germscheid, M.F. Stranc, B. Abdulrauf, H.H. Mantsch, Am. Clin. Lab.
18 (1999) 4–6.
M.G. Sowa, J.R. Payette, M.D. Hewko, H.H. Mantsch, J. Biomed. Opt. 4 (1999) 474–481.
L. Leonardi, M.G. Sowa, J.R. Payette, M.D. Hewko, B. Schattka, A. Matas, H.H. Mantsch, Proc. SPIE
3918 (2000) 83–90.
J.R. Mansfield, M.G. Sowa, C. Majzels, C. Collins, E. Cloutis, H.H. Mantsch, Vib. Spectrosc. 19
(1999) 33–45.
H.H. Eysel, M. Jackson, A. Nikulin, R.L. Somorjai, G.T.D. Thomson, H.H. Mantsch, Biospectroscopy
3 (1997) 161– 167.
C.R. Shea, V. G Prieto, Dermatol. Clin. 17 (1999) 615– 630.
G.G. Hallock, D.A. Lutz, Plast. Reconstr. Surg. 101 (1998) 1255–1261.
"Blood Vessels – Heart and Blood Vessel Disorders – Merck Manuals Consumer Version". Merck
Manuals Consumer Version. Retrieved 2016-12-22.
J.R. Mansfield, L.M. McIntosh, A.N. Crowson, H.H. Mantsch, M. Jackson, Appl. Spectrosc. 53 (1999)
1323– 1330.
Hamid MH, ChishtiAL, MaqboolS. Clinical utility and accuracy of a blood glucose meter for the
detection of neonatal hypoglycemia. J Coll Physicians Surg Pak 2004;14(4):225-8.
Anderson DG, Gleeson M, Boulton TJ. Blood glucose monitoring by childern at home: a comprasion of
methods. Aust Paediatr J 1986;22(4):309-12.
Grek S, Gravenstein N, Morey TE, et al. A cost-effective screening method for preoperative
hyperglycemia. Anesth Analg 2009;109(5):1622.
Boyd R, Leigh B, Stuart P. Capillary versus venous bedside blood glucose estimations. Emerg Med J
2005;22:177-179.
Hyde P, Betts P. Galactosaemia presenting as bedside hyperglycaemia. J Paediatr Child Health. 2006
Oct;42(10):659.
A.J. Bailey, Molecular mechanisms of ageing in connective tissues, Mech Ageing Dev 122 (2001), pp.
735–755
Paolo U. Giacomoni, Advancement in skin aging: the future cosmeceuticals, Clinics in Dermatology
(2008) 26, 364–366.
G. Jenkins, Molecular mechanisms of skin ageing, Mech. Ageing Dev. 123 (2002): 801 – 810 [28] V.
Păiş, Ultrastructura pielii umane, Edition Medicală Bucureşti,1983:17-22,33-36.

Manuscript id. 754235547

www.ijstre.com

Page 24

