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Abstract: Adrenaline hormone may effect on cholesterol and glucose levels in the human body 
which may cause different diseases such as stroke. On the other hand, numerous biomedical 
research relies on bioimpedance technique because it possesses a lot of features such as the 
ability to analyse the blood components to identify different diseases. Therefore, this study aims 
to measure the adrenaline level non-invasive based on bioimpedance technique using a new 
proposed sensor to measure the adrenaline, cholesterol and glucose levels. The proposed sensor 
has been interfaced and simulated by COMSOL MULTIPHYSICS 5.0, and the impedance was 
measured at different frequencies. Then the adrenaline, cholesterol and glucose values are 
computed using the equations. Finally, the obtained results from the simulator and the equations 
show that the proposed sensor would be a better choice for designing a real non-invasive medical 
Sensor. 
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1 Introduction 
The future of healthcare looks to improve the medical 
technologies to deliver new health services in both the 
workplace and the home (Paternò et al., 2018; AbdElnapi  
et al., 2018). Internet of things (IoT) offers an important  
e-health service in the health informatics field through 
different technologies to achieve better health, which is 
called the internet of medical things (IoMT) services (Zheng 
et al., 2014). IoMT refers to developing applications and 
medical devices, by receiving or logging data from the 
Internet and other things or people. It has been recognised 
as a revolution in both ICT and healthcare fields to improve 
the quality of life and present new opportunities to help the 
specialists and people (Ng and Wakenshaw, 2017). It is 
likely to provide a range of functions; such as diagnosis, 
monitoring, treatment, and ambient assisted living (AAL) 
using sensors (Pal et al., 2019; Ng and Wakenshaw, 2017). 

Sensors can be in the form of accessories, or integrated 
into clothing, and in the environment. It is used to collect 
health information from human or environment in daily 
living. Moreover, sensors can even be designed to directly 
set onto human skin to enable long-term health monitoring 
(Wu et al., 2017; Narayanamoorthi and Juliet, 2018). It 
generates and collects various streams of health bio signals 
which locally analyse to build a user profile and wirelessly 
transmitted to private Cloud storage through mobile or web 
applications. Cloud storage, is a kind of Internet-based 
services, where the stored data is provided and shared with 
computers and other devices on-demand (AbdElnapi et al., 
2016). The medical sensors can measure health data in two 
ways; invasive and non- invasive. The glucometer sensor 
which is used to measure the glucose level in the blood by 
using a sample of blood is an example of the invasive way 
(Guerra et al., 2012). While galvanic skin response (GSR) 
Sensor which is used to measure the differential 
conductance of the skin is an example of the non-invasive 
way (Li et al., 2016). 

There are various non-invasive techniques could be used 
in blood analysis, such as optical spectroscopy, fluorescence 
technology, iontophoresis, near-infrared spectroscopy, 
Raman spectroscopy, and photoacoustic spectroscopy.  
 
 
 
 

The limitations of these techniques are being sensitive to 
motion artefacts, interferences, skin temperature, low signal 
to noise ratio and therefore need extensive data processing 
(Lai et al., 2013; Poddar et al., 2008). On the other hand, the 
most used non-invasive technique is Bioimpedance 
Analysis (BIA) because of its simplicity for users and does 
not require a trained operator. It calculates the impedance 
value by applying a weak AC current (I) using two 
electrodes (one of the components of the sensor and made 
of copper) or more. The electrodes are also responsible for 
measuring the produced voltage (V) (Shash, 2018). 

On the other hand, IoMT provides the possibility to 
connect embedded medical sensors, actuators, or other 
devices to the Internet. Therefore, it is considered as an 
enabling technology to realise the vision of a global 
infrastructure of networked physical objects (Data, 2016). 
The chronic diseases such as stroke, heart disease, blood 
pressure (BP), and Liver cancer; can cut years from a 
person’s life and reduce the quality of life during these 
years. Moreover, these diseases are on the increase in all the 
world. The long-term care for chronic diseases is by 
definition lifelong and often involves complex self-care 
protocols that are considered difficult and time-consuming 
to follow patients (Lobo et al., 2017). 

Unfortunately, negative emotions such as stress, possess 
some health problems for people. It affects the adrenalin 
level in blood which could be directly or indirectly a reason 
for high blood pressure, high glucose, cholesterol levels, 
and platelets count in the blood which in turn are the main 
factors of stroke (Boyanova, 2017; Yu et al., 2006). 

Ideally, the low level of adrenaline is unusual to be 
happen and does not considered harmless. It does not show 
up as a medical disorder for organisms, because 90% of 
adrenaline in the blood comes from the nervous system. On 
the other hand, high level of adrenaline is considered one of 
the main factor of stroke (Fotouhi et al., 2016). 

The aim of this paper is to introduce a new sensor model 
to measure the adrenaline level in blood non-invasive and 
explains the relationship between adrenaline and other 
health factors such as glucose, cholesterol levels, and 
platelets count in the blood (see Figure 1). 
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Figure 1 The relation between adrenaline, blood glucose, 
cholesterol, and platelets count (see online version  
for colours) 

 

This paper is organised as follow; Section 2 provides the 
definition and formulation of the problem. Section 3 
provides a brief review of the important relevant 
background and notation. Section 4 discusses the methods 
and materials of the proposed sensor; through COMSOL 
model, and the structure of the proposed sensor. Then, it 
presents the obtained results and analyses them. Finally, 
Section 5 concludes the paper. 

2 Problem formulation 
This section will describe the principle of the proposed 
sensor. It begins with a brief introduction about concepts of 
stress and how the adrenaline hormone is being secreted 
into the blood. Then, the bioimpedance analysis (BIA) 
technique and how it is used for analysing blood 
components are defined. Finally, the notion of the 
mathematical equations for the BIA technique, it is 
reviewed to measure adrenaline cholesterol and glucose 
values. 

2.1 The stress response 

One of the common phenomena which occur in different 
forms in society is stressed (https://www.health.harvard. 
edu/newsletters/Harvard_Mental_Health_Leter//March/und
erstanding-the-stress-response). The core concepts of the 
specialised metadata set for stress effects on the body is 
described. The stress response begins in the brain (see 
Figure 2) (Sepunaru et al., 2016; Bamba, 2016). 

When someone exposes to stress situation, the amygdala 
– an area of the brain that contributes to emotional 
processing – sends a stress signal to hypothalamus 
(https://www.hormone.org/hormones-and health/hormones/ 
adrenaline; Bays and Foltz, 2018). The amygdala is 
considered as a command center of the brain, where it 
communicates with the rest of the body through the nervous 
system which controls such involuntary body functions as 
breathing, blood pressure, heartbeat, and the bronchioles in 
the lungs. The nervous system has two components;  
 
 

• the sympathetic nervous system 

• the parasympathetic nervous system (Park and Kolonel, 
2017). 

After the amygdala sent the stress signal, the hypothalamus 
secretes Corticotrophin Hormone (CRH) which activates the 
sympathetic nervous system by sending signals to the 
pituitary glands to secrete Adrenocorticotropic Hormone 
(ACTH). Then, the pituitary glands send signals to the 
adrenal glands. These glands respond by pumping the 
hormone epinephrine (also known as adrenaline) into the 
bloodstream. Adrenaline brings some of the physiological 
changes in the body where receptor β1 in the heart response 
to adrenaline signals by increasing the heart rate which 
increases the blood pressure (BP). Then, the receptor β2 in 
the bronchi responses to these changes and makes the lungs 
open wide. In addition, the blood glucose level will be 
increased. These changes may lead to stroke (Sepunaru  
et al., 2016). 

Figure 2 Hypothalamic-pituitary-adrenal axis. ACTH, 
adrenocorticotropic hormone; CRH, adrenaline 
hormone  

 
Source: Boyanova (2017) 

2.2 Blood components 

Blood is the main vital element in the human body which 
consists of different cells suspended in plasma (around 55% 
of blood volume). The components of blood are; 0.187% 
cholesterol, 0.5% white blood cells (WBCs), 45% red blood 
cells (RBCs), and 0.5% Platelets (see Figure 3) (Seheult  
et al., 2017; Thomas et al., 2017). Some of the diseases  
such as anemia, polycythemia, leukocytosis, leukopenia, 
hemorrhaging, thrombosis, stroke, etc. could be occurred by 
the changes of the blood components’ concentrations (Chib 
et al., 2015). 

Traditionally, the analysis of blood components can be 
done invasively by taking a blood sample from the person. 
This method has many disadvantages because of taking 
frequent blood sampling may cause bruising, bleeding and 
hematoma. Moreover, it may cause infection transmission 
(Paternò et al., 2018). As mentioned before, the most used 
non-invasive blood analysis technique to avoid the problems 
related to the invasive method is BIA; which calculates the 
impedance value by applying current (I). The different 
frequency effect on electrical properties of blood and its 
components, so they can be studied using the BIA technique 
(AbdElnapi et al., 2018). 
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Figure 3 Blood components: white blood cells (WBCs), red 
blood cells (RBCs) and platelets (see online version  
for colours) 

 
Source: Bays and Foltz (2018) 

According to BIA technique, electrodes are used to apply 
current (I) and measure the produced voltage (V). The 
impedance is calculated as the ratio of the resultant voltage 
to the applied current at the corresponding electrodes 
(Zheng et al., 2014). When the current (I) passes through the 
human body, two components are observed; capacitance 
and resistance. The capacitance is related to the cell 
membrane, while the resistance is related to the intracellular 
and extracellular fluid (Ng and Wakenshaw, 2017). 

The Plasma makes up more than half of the total blood 
volume. It contains different substances such as proteins, 
hormones, vitamins, ions, cholesterol, glucose, antibodies 
and salts. The increasing in plasma volume is called 
hypervolemia, while the decreasing in plasma volume is 
called hypovolemia. On the other hand, the most component 
of plasma is water which is considered a good conductor of 
the current (I). In reverse, the cholesterol molecules are 
considered a poor conductor (Engberg et al., 2016). 
Abnormal concentrations of glucose and proteins 
(especially albumin) cause changes in its electrical 
properties (Wang et al., 2018). 

Because the cell of organisms is surrounded by a 
membrane, so it causes differences in the blood cells’ 
behaviour. At low frequencies, this membrane works as an 
electrical insulator. When the frequency is increased, more 
current can pass through the cell (Jewell et al., 2013). At 
higher frequencies, the cell membrane is considered a short 
circuit and no longer impedes the current flow. Therefore, 
the current can flow directly through the cell and the 
impedance cannot be affected by cells aggregation and 
orientation. So, the electrical properties of cells are very 
close to the medium (plasma) (http://niremf.ifac.cnr.it/ 
tissprop/htmlclie/uniquery.phpfunc=atsffun & freq1000tiss= 
& outform=disphtm & tisname=on & frequen=on & 
conduct=on & permitt=on & losstan=on & wavelen=on & 
pendept=on & freq1=1000& tissue2=Air & frqbeg=10& 
frqend=100e9& linstep=100& mode=log & logstep=5& 
tissue3=Air & freq3=1000000). 

Diabetes is one of the diseases which affects the 
structure of blood components and changes their electrical 
properties by increasing or decreasing glucose levels in the 
blood. The glucose is the primary source of energy for 
living organisms and the insulin hormone provides the key 
for glucose to enter the cell and energise it. In the absence 

of enough or proper insulin, glucose molecules cannot enter 
the cell and remain in the plasma, causing deformations in 
the structure of cell membranes. These deformations cause 
changes in the electrical properties of blood components. In 
the case of increasing the glucose level, the WBCs get 
sluggish, but their electrical properties will not be changed 
as the RBCs (Martinsen and Grimnes, 2011). 

The work in this paper proposed a sensor by applying 
AC current with different high and low frequencies through 
the two electrodes connected to the earlobe. The electrical 
properties of blood with different cases are collected from a 
measured database, to calculate the earlobe impedance 
using the proposed COMSOL model (Shash, 2018). Then, 
the values of cholesterol, glucose, platelets count, and 
adrenaline are computed. Therefore, the work in this paper 
introduces a new method to measure adrenaline in blood 
non-invasive. It estimates the electrical properties, volume 
and count for platelets and therefore, adrenaline can be 
estimated. 

3 Background and notation 
This section provides an overview of the relevant 
background and law of impedance. Firstly, two electrical 
properties of blood components; electrical conductivity and 
dielectric permittivity; would be changed with different 
blood diseases will be discussed. 

3.1 The dielectric permittivity (ε) 

It is the measured value of a material’s ability to store and 
save energy. It is determined by multiplication of the 
vacuum permittivity (ε0) and the relative permittivity (εr) as 
in the equation (1) (Pal et al., 2019). 

ε = (ε0) (εr) (1) 

3.2 The electrical conductivity (specific  
conductivity ‘σ’) 

It measures the ability of a material to conduct an electrical 
current. The reciprocal of electrical conductivity is the 
electrical resistivity (ρ). 

These properties differ depending on the used frequency 
because the membrane, which is surrounded by each cell, 
works as a capacitor. At low frequencies (i.e., <50 KHz), 
the cell membrane acts as an electrical insulator and no 
current can pass through the cell, but it passes through the 
plasma only. At medium frequencies (i.e., >50 KHz), the 
capacitive effect of the cell membrane is lost and no longer 
impedes the current flow, so the current flows through the 
cell cytoplasm. In addition, at high frequencies (in MHz 
range and higher), the electrical properties of cells are close 
to plasma (Wu et al., 2017). 

The fat-like substance in the blood is the cholesterol. In 
normal and healthy people, the cholesterol ratio represents 
around 0.187% of blood volume, which is around 5 mmol/L 
(Shash, 2018). If this percentage increases in the blood, it 
will increase the probability of forming plaques. This will 
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render analyse blood components and detect diseases in an 
easy way (Narayanamoorthi and Juliet, 2018). 

The general law for describing blood impedance (Z) at 
different frequencies is illustrated in equation (2). Where 
(Vb) is the blood volume between the two electrodes with 
the area (A). σb(f) and εb(f) are the blood electrical 
conductivity and permittivity properties, and j, w are 
imaginary values (AbdElnapi et al., 2016). 

( ) ( )2 
[   ]

b

b b

V
Z

A f jw fσ ε
=

+
 (2) 

At low frequencies (<50 KHz), the relationship between 
blood conductivity σ(B_LF) (f), the plasma conductivity σpl (f) 
of cells and particles is represented in equation (3) which 
had been estimated from Maxwell and Frick model (Richter, 
2014). It is valid only at low frequencies, where the 
electrical conductivities of cells and particles are negligible 
in comparison with plasma (Richter, 2014). And (H) is the 
volume fraction of cells and particles percent. 
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Based on equation (3), equation (2) is modified as follows: 
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 [100 ]
b
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V H
Z
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+
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⎡ ⎤ −⎣ ⎦

 (4) 

Maxwell-Fricke equations deal with the cells and particles 
as electrical insulators and provide information about their 
volumes only. So, the equation (2) should be solved for high 
and medium frequency ranges (>50 KHz) to check its 
ability to discover the characteristics of blood components 
(Guerra et al., 2012). 

At higher frequencies up to 100 KHz, the electrical 
properties of cells are very close to the plasma (Li et al., 
2016; Lai et al., 2013). So, the blood cells (RBCs, WBCs, 
and platelets) and plasma are appearing approximately as 
one component. In this case, blood can be represented as 
non-conducting spheres (cholesterol particles) suspended in 
a conductive medium (plasma and cells) as shown in  
Figure 4. Therefore, in the case of high frequencies, 
equation (2) has modified as follows: 

( ) ( ) ( ) ( )2 2 
[   ] [   ]

cfc

c c cf cf

VV
Z

A f jw f A f jw fσ ε σ ε
= +

+ +
 (5) 

Where Vc σc(f) and εc(f) are the volume, electrical 
conductivity and electrical permittivity of cholesterol, 
respectively, and Vcf σcf(f) and εcf(f) are the volume, 
electrical conductivity and electrical permittivity of 
conducting fluid respectively. 

A blood layered model for earlobe has been introduced, 
which can be used in any frequency for detecting blood 
diseases (Shash, 2018). This blood model consists of five 
layers of different components; two skin layers, two tissue  
 
 
 

layers, and blood layer (i.e.; plasma, RBCs, WBCs, 
platelets, and cholesterol). Each layer has a specific 
thickness and electrical properties (see Figure 5) (Poddar  
et al., 2008). According to this model, equation (2) is 
modified by adding the impedance of each layer (see 
equation (6)). 
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Where ds, σs and εs are the thickness, electrical conductivity 
and electrical permittivity of skin respectively, and da, σa 
and εa are the thickness, electrical conductivity and 
electrical permittivity of adipose tissue. By clarifying the 
blood components, equation (6) is modified for low, 
medium, and high frequencies (see equations (7)–(9)). 
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Where 
LFearlobeZ , 

MFearlobeZ  and 
HFearlobeZ  are the impedance 

of the earlobe in low, medium (KHz) and high (MHz) 
frequencies respectively. VR, σR, VW, σW, VP, σP, VC, σC, VPL, 
σPL the volume and the electrical conductivity of RBCs, 
WBCs, platelets, cholesterol, and plasma cells respectively. 

Figure 4 Blood components at high frequencies (MHz and GHz) 
(see online version for colours) 

 
Source: Saran et al. (2018) 
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Figure 5 The layered and blood components model (see online 
version for colours) 

 
Source: Shash (2018) 

4 The proposed sensor system 
The earlobe is selected for developing the proposed Sensor 
and conduct the blood analysis because it does not have 
bones or fats. Moreover, it has the largest volume of blood 
in the body (14% of blood in the whole body) when the 
stressed people could have a red ear. As mentioned above, 
the different frequency effect on electrical properties of 
blood and its components. Therefore, they can be studied 
using the BIA technique. 

In this section, the dimension of the sensor will be 
defined using COMSOL MULTIPHYSICS 5.0. Also, the 
structure of the proposed sensor and its operational 
sequence will be illustrated and implemented. In addition, 
an experimental has been done using COMSOL to simulate 
the behaviour of the electrical properties of blood 
components and predict the values of adrenaline, cholesterol 
and glucose. 

4.1 The dimension of the proposed sensor 

COMSOL MULTIPHYSICS 5.0 simulator has been used to 
develop the proposed sensor system to find the most 
suitable frequency and configurations for detecting the 
adrenaline level in the blood. For high and low frequencies 
(i.e., 50 KHz to 2 MHz), the impedance of earlobe has 
measured using the values of electrical properties. 

The experimental results for the COMSOL model show 
that the internal area between the voltage sensing electrodes 
should be within 2 cm2 or lower to measure accurately each 
component of blood and detect the abnormal values. In 
addition, the suitable distance between the two electrodes 
should be between 4 mm to 10 mm to guarantee earlobe to 
be full covered by the electrodes (see Figure 6). 

The geometric and simulated design for the sensor in the 
earlobe is illustrated in Figure 7. 

4.2 The equations and measurements 

The proposed sequence to measure glucose, cholesterol, and 
adrenaline levels in the blood is illustrated in Figure 8. 
According to this sequence, the electrical properties of 
blood components are not changed in the case of normal 
blood, so that the impedances are measured using these 
properties. 

Figure 6 The appropriate dimensions of electrodes (see online 
version for colours) 

 

Figure 7 The proposed simulated sensor (see online version  
for colours) 

 

Figure 8 The procedure of the sensor modelling (see online 
version for colours) 

 

But in the case of abnormal blood, the glucose level is 
increased and the plasma conductivity is decreased, then 
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their electrical properties will be changed (see Figure 9) 
(Jani et al., 2017). 

These properties are collected for cholesterol, plasma, 
and platelets at different frequencies (see Table 1) (Shash, 
2018). It will be stored in the memory of the sensor system. 

Figure 9 Glucose level in different plasma conductivity  
(see online version for colours) 

 
Source: Jani et al. (2017) 

Measuring the cholesterol level 

equation (9) is used to calculate the cholesterol volume in 
order to be used in equation (10) for calculating the 
cholesterol level in blood (Shash, 2018). 

5 
   

0.187 %
cV

Cholesterol Level
×

=  (10) 

Measuring the glucose level 

This section explains how equation (3) can be used to 
estimate the characteristics of plasma in the COMSOL 
model in order to compute the glucose level. 

From equation (3), the plasma conductivity can be 
computed in low frequencies as the following equation. 

( ) ( )_
[100 ]    
[100 ]pl B LF

Hf s f
H

σ += ×
−

 (11) 

Then, the glucose level can be computed from equation (12) 
(Jani et al., 2017). 

plGlucose Level = 380 eσ  (12) 

Measuring the Adrenaline Level 

Equation (8) describes the blood impedance at medium 
frequencies in KHz range. It presents each blood component 
by its volume and electrical properties. While the electrical 
properties for each component at different frequencies are 
known from Gabriel database (Fotouhi et al., 2016). 

Moreover, healthy humans have 150–400 × 103 
platelets per liter of blood and it forms 0.45% of blood 
components (Yu et al., 2006). There are several studies, 
which had been shown that the level of adrenaline under 
conditions of psychological stress or increased physical 
activity, are sufficient to enhance platelet aggregation and 
secretion. In addition, adrenaline level could be measured 
from platelets count in blood using equation (13) (Yu et al., 
2006). 
 

By computing the platelets volume from the COMSOL 
model that is used in equation (14) (Shash, 2018) to find the 
Platelets count 

Platelets count (CP): 
3150 10  

0.5 %
p

P

V
C

× ×
=  (13) 

 0.1337  10.1PAdrenalinevolume C= × +  (14) 

Figure 10 The structure of the proposed sensor system (see online 
version for colours) 

 

4.3 The structure of the proposed sensor 

The main components of the proposed sensor system are 
(see Figure 10): 

• Sensor electrodes: the upper electrode is chosen to be 
terminal with current value 1 mA. This is because the 
best value where less than 1 mA does nothing and 
larger than 1mA may burn the skin (Jung et al., 2012). 
The lower electrode is the ground which used to 
measure the produced voltage (V), 

• A microcontroller: with an integrated analog-to-digital 
converter (ADC), is used to: 

 • receive and process the measured signal from the 
 sensor 

 • determine appropriate responses according to 
 equations 

 • manage local memory. 

• An input/output (I/O) buses in an integrated package: 
to transmit analogue or digital data between different 
parts of devices 

• Accelerometer: to monitor and measures changes 
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Table 1 The electrical properties of the blood at different cholesterol levels, and different frequencies 

Cholesterol 
volume % 

100 MHz 500 MHz 2 GHz 5 GHz 10 GHz 

σ ε σ ε σ ε σ ε σ ε 

0.187  1.994 69.8 2.09 64.8 2.193 58.99 8.3 50.35 13.16 45.07 
0.33 1.991 69.6 2.09 64.7 2.19 58.89 8.28 50.27 13.13 44.97 
0.47 1.985 69.5 2.08 64.5 2.184 58.74 8.26 50.14 13.1 44.8 

Source: Fernandes et al. (2011) 

Table 2 Electrical properties of blood at different frequencies (low, medium, and high) 

 

Low frequencies High frequencies 

300 kHz 400 KHz 100 MHz 500 MHz 5 GHz 

σ ε σ ε σ ε σ ε σ ε 

Case 1 0.3518  4245.4 0.3637  3995.4 1.9933  69.7645 2.0929  63.7803 8.2930  50.3201 
Case 2 0.2889  3879 0.3014  3401 1.9922  69.7253 2.0918  63.7459 8.2883  50.3118 
Case 3  0.1946 2609 0.2255 2357 1.9910  69.6861 2.0906  63.7095 8.2837  50.2835 
Case 4 0.0926  1641 0.1311 1381 1.9899  69.6469 2.0894  63.6721 8.2750  50.2462 
Case 5 0.1821  2969 0.1711  2719 1.9888  69.6077 2.0882  63.6357 8.2714  50.2170 

Table 3 Experimental results 

 Platelets volume % Platelets count × 103 
Adrenaline level 

(pg/ml) 
Cholesterol volume 

(mmol/l) 
Glucose volume 

(mg/dl) 

Case 1 0.1  30 20 6.2 152 
Case 2 0.5  210 33.6 7.1 205 
Case 3  0.8  405 66.4 8.3 310 
Case 4 0.7  392 60 9.4 405 
Case 5 0.6  318 53 10 260 

 
• A smartphone: includes an application to receive data 

from the wireless sensors, process them, and feed them 
back to the user or specialists through a simple 
interface 

• Memory: to store the operating system, electrical 
properties which had been measured before at different 
medical conditions using wide frequency ranges (see 
Table 1) (Malvey and Slovensky, 2014; Data, 2016; 
Lobo et al., 2017), the measured data using equations 
and application software 

• Battery: to power every part in the system. 

5 The experimental results 
Table 2 shows the different used values of blood electrical 
properties and frequencies. While, the experimental 
measurements of platelets count, cholesterol, glucose levels, 
and plasma volume using COMSOL model for different 
frequencies and the measured adrenaline values are 
represented in Table 3. 
 
 
 
 

According to the experimental results, it is found that 
using different frequencies, cholesterol, glucose, and  
adrenaline levels are changed due to the changing of 
electrical properties and can be measured using BIA 
techniques. 

As shown in Table 3 and Figure 11, the platelets  
count increased with the increasing in the adrenaline  
level. 

Figure 11 The structure of the proposed sensor system (see online 
version for colours) 
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6 Conclusion and future works 
This study aims to investigate the effects of adrenaline 
hormone on blood electrical properties and change 
cholesterol, glucose levels, and platelets count in the human  
body based on bioimpedance technique, which may cause 
different diseases such as stroke. According to this study, a 
new medical Sensor has been introduced to measure 
adrenaline, cholesterol and glucose levels non-invasive 
using the BIA with respect to the change of blood electrical 
properties. The proposed sensor has been interfaced with a 
3D model of the two electrodes. The proposed sensor is 
simulated by COMSOL MULTIPHYSICS 5.0, and the 
impedance was measured at different frequency domain. 
Finally, the results showed that, the change of blood 
electrical properties effects on cholesterol, glucose levels, 
and platelets count. In the future, this sensor will be 
designed and the measured results will be evaluated relative 
to the invasive method. 
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