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Abstract. Stress and depression are negative emotions which could be impact on 

the persons’ life when repeated for long times. There are several systematic stud-

ies show that; these emotions promote chronic diseases such as stroke, hyperten-

sion, heart attack, high Blood Pressure (BP), digestive diseases, cardiovascular 

diseases, reduce immune functions, etc. Therefore, emotions analysis and man-

agement represent most attractive side of recent emerging of Internet of Medical 

Things (IoMT) applications and smart wearable sensors. The work in this paper 

aims to use IoMT technology to recognize stress level using measured data from 

wearable sensors and show how stress may pose risks on the human health and 

may lead to chronic disease such as stroke. Moreover, an effective system called 

– EmoStrokeSys – has been proposed for health monitoring that combines three 

wearable sensors; Glucometer sensor to measure glucose level, iHealth Wireless 

Blood Pressure to measure BP and heart rate, and GSR sensor to detect stress 

level. The main goal of the proposed EmoStrokeSys system is to control all out-

comes mentioned parameters under stress situation, and minimize the risk of fail-

ure by closely monitoring an individual level with regular checkups for these 

parameters. The measured data from wearable sensors has found significant ef-

fects of continues chronic stress which could reverse changes in BP, blood glu-

cose, and heart rate and may lead to stroke. 

Keywords: Bioinformatics, Healthcare, Human emotion, Internet of Things 

(IoT), Mobile and Wireless Health, Stress, Stroke. 

1 Introduction 

IoT technologies and its applications are considered the most attractive aspects for the 

healthcare. It plays a dynamic role in serving patients by making healthcare more inex-

pensive, accessible and available [1]. Moreover, it has the potential to give rise to many 

medical applications such as remote health monitoring to prevent chronic diseases, fit-

ness programs, and emotion recognition as shown in Fig. 1 [2].  The emergency of IoT 

in the healthcare field produces new terminology by integrating the internet and smart 
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medical devices. This new technology is known as Internet of Medical Things (IoMT), 

which is used to collect and share health data between themselves and Cloud [3, 4].  

 

 
 

A stroke is a medical definition of “brain attack” which means a suddenly death of 

brain cells due to the lack of oxygen which caused by blockage of blood flow or rupture 

of an artery to the brain. It may also occur when a blood vessel bursts and leaks blood 

into the brain, causing damage. In addition, a lack of blood pumped to the brain due to 

the heart attack may also cause a stroke [5, 6]. There are two categories of stroke; is-

chemic stroke and hemorrhagic stroke. Ischemic stroke is considered the most common 

type, where 80% of strokes types are ischemic. In this category, a part of brain cells 

begin to die due to the stopping of oxygen and nutrients from getting to brain because 

a blood clot blocks a blood vessel in the brain. Hemorrhagic stroke causes bleeding into 

or around the brain (see Fig. 2 a, b) [7]. 

 
Although, hemorrhagic stroke is considered less common but it is considered more 

 
 

Fig. 1.  Projected market share of dominant IoT applications [2]. 

 
      (a)                                         (b) 

 

Fig. 2.  The two types of stroke: (a) Ischemic stroke; (b) Hemorrhagic stroke 

[7]. 
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deadly than the ischemic stroke. It is more difficult to treat hemorrhagic stroke because 

the treatment may be by surgery to stop bleeding or lower pressure in the brain. Some-

times, medications are used to control blood pressure, and brain swelling [8, 9].  

On the other hands, stroke is considered the second leading cause of death and occurs 

at any time and at any age. It is associated with some modifiable and non-modifiable 

risk factors (see Fig. 3) [8]. The modifiable risk factors are the most common reasons 

for stroke. These factors can be controlled through pharmacological or surgical inter-

ventions and lifestyle changes [5]. Therefore, several IoT healthcare systems and ap-

plications have been developed to recognize human emotions and bio-signals [10]. Dur-

ing the last years, scientific community and industry give a great attention to design 

and develop wearable biosensors and smart medical devices [11, 12]. 

 

 
The work in this paper aims to extract the relationship between stress and other health 

parameters such as high BP (>120/80 mm Hg), high blood glucose (>125, 

HBA1C>5.6), and accelerated pulse which may lead to stroke using IoT technologies 

in healthcare. Therefore, the concept of extending the self-reporting control of the bio- 

signals (i.e., BP, blood glucose, emotion level, and heart rate) considering how individ-

uals and professionals use modern IoT with smartphones and wearable medical devices 

to capture these bio signals. It has been presented by proposing a system called 

EmoStrokeSys for preventing stroke.  

Stroke prevention can be summarized by knowing and understanding the risk factors 

that increase a person’s likelihood of developing a stroke, and how to manage or pos-

sibly avoid them. By making healthy lifestyle changes and controlling these risk fac-

tors, a person can avoid stroke. On the other hand, the health specialists classify stroke 

prevention into two types; (1) primary prevention; it is the prevention of a first-ever 

stroke and (2) secondary prevention; it applies to individuals who have had (or sur-

vived) a stroke, thus preventing future attacks [20]. 

Risk Factors of Stroke

Modifiable

High blood pressure

Cardiovascular 
diseases

Diabetes

Obesity

Alcohol and smoking

Poor diet

Non-modifiable

Gender

Genetics

Age

Fig. 3. List of modifiable and non-modifiable risk factors [8] 
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According to this work the proposed framework had designed for the first type ‘pri-

mary prevention’. 

The proposed system collects and stores data from three wearable sensors; iHealth 

Smart Glucometer to measure glucose level in blood, iHealth Wireless Blood Pressure 

Monitor to measure BP and heart rate, and GSR to detect stress level. One of the main 

goals of this system is to provide maximum convenience to the user or patient during 

sensors measurements, especially for prolonged use.  

The rest of this paper is organized as follows. A brief overview of the most important 

smart medical devices and sensors related to this work is presented in section 2. Section 

3 discusses the related studies. The important points and some mathematical relations 

between the measured parameters are presented in section 4. The structure of the 

proposed EmoStrokeSys system and the experimental measurements are demonstrated 

in detail in section 5. Finally, the paper is concluded and future work is presented in 

section 6. 

2 SMART MEDICAL IoT DEVICES 

The most important advantages of IoT within healthcare systems are availability, ac-

cessibility, ability to provide a more “individual” system, and high quality cost-effec-

tive and immediately healthcare. This section summarizes the important three wearable 

sensors which are used to form the proposed EmoStrokeSys system.  

2.1 iHealth Wireless Blood Pressure Monitor 

Blood pressure is the pressure that outcomes from blood pumping by the heart around 

the whole body in the arteries, when it beats. This process produce a force creates pres-

sure on the arteries and it is recorded by a ratio of two numbers [13, 14]: 

 Systolic (the upper number); represents the value of blood pressure against the 

walls of the arteries.  It is recorded during heartbeat (when the heart muscle 

contracts) and can be measured as mL per beat. The optimal value is 120. 

 Diastolic (the lower number); represents the value of blood pressure against the 

walls of the arteries while the heart rests between the pulses. It is recorded 

between the heart rate (when the heart stops and is filled with blood). The opti-

mal value is 80. 

In this work, iHealth Wireless Blood Pressure Monitor has been used to measure live 

heart-rate data and BP data. It composes a simple smart sensor to measure heart rate 

and medical device for measuring blood pressure (see Fig. 4) [15]. 
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2.2 iHealth Smart Glucometer Sensor 

The key element for energy production in the people’s life is blood glucose. In 

the first few days of person's life during neonatal and postnatal periods, the 

concentrations of blood glucose are kept within range of 3.5–5.5 mmol/L. After 

that, hormones which control glucose production and utilization try to keep its 

concentrations within this normal range by a complex interplay [16]. These 

hormones include insulin, glucagon, cortisol, epinephrine, norepinephrine, and 

growth hormone. Monitoring glucose level in the body is one of the important 

parameters in the proposed system. It can be done using iHealth Smart 

Glucometer sensor (see Fig. 5) [17]. 

 

 
Fig. 4. iHealth Wireless Blood Pressure Monitor Sensor [14]. 

  

 
Fig. 5.  iHealth Smart Glucometer Sensor [14]. 
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2.3 Galvanic Skin Response (GSR) Sensor 

GSR is used to measure and detect the different conductance of the skin when a 

person is under stress or in normal case. It sends different data from the two 

electrodes which are placed on the fingers to a coordinator via ZigBee and, then 

sends this data to a mobile application [18]. The main idea of GSR sensor is that 

strong stress emotions can cause stimulus to sympathetic nervous system, so 

sweat glands secrete more sweat and make change in the electrical properties of 

the skin. So it allows us to spot such strong emotions by simple attaching the 

two electrodes to two fingers on one hand (see Figure 6) [19, 20]. 

 

3 Related work 

A lot of studies have been done to show the relationship between IoT and healthcare to 

improve quality of health.   

María Viqueira Villarejo, et al [21] have designed and built a stress sensor to detect 

and control different emotions in diabetes. They used ZigBee as a bridge between the 

two electrodes which are placed on the fingers and a coordinator to share different emo-

tional data. The measurement results have demonstrated that increasing blood glucose 

level will increase GSR resistance value. Eugenio Picano, et al [19] have presented 

prospective research study of Stress Echocardiography (SE) applications, in and be-

yond Coronary Artery Disease (CAD) by considering a variety of signs in addition to 

regional wall motion abnormalities. S. Mohanraj and K. Narayanan [20] have proposed 

a method that can be used as a diagnostic tool in the detection of diabetic autonomic 

neuropathy by comparing the sympathetic skin response (SSR) and galvanic skin re-

sistance (GSR) values in males with type 2 diabetes. The nervous system and the auto-

nomic nervous system are affecting with changes in various metabolic pathways, and 

causes a metabolic disorder; which known as Diabetes Mellitus (DM). Diabetes is cat-

egorized into two main types, namely, Type 1 DM and Type 2 DM. Type 1 DM occurs 

more predominantly during childhood and Type 2 DM is majorly found within the peo-

ple with the age group of above 35 [22]. Murray Esler [23] has presented a review about 

 
Fig. 6.  Galvanic Skin Response (GSR) Sensor [18]. 
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the relationship between sympathetic nervous stress responses with blood pressure and 

cardiovascular disease. Goshvarpour, Atefeh, et al [24] have introduced a system based 

on Electrocardiogram (ECG) and galvanic skin response (GSR) to examine the effec-

tiveness of Matching Pursuit (MP) algorithm in emotion recognition. 

4 Mathematical Relations Between The Measured Bio-signals 

According to the work in this paper, it is found that significant effects of emotional 

state specially continue chronic stress could reverse changes in BP and heart rate which 

may lead to stroke. This can be explained by some psychological theories and concepts. 

This section discusses the obtained results from the proposed sensors using theories and 

mathematical relations. There is a simple mathematical remodel primarily based on BP 

explains how BP is affected by heart rate, stroke quantity and total blood vessel re-

sistance [25, 26]. 

The equation which explains the relation between BP, blood flow (Bf), and blood 

vessel resistance (R) is as follows [25]: 

 𝐁𝐅 =  𝐁𝐏/𝐑  (1) 

And the equation which explains the relation between cardiac output (CO), stroke 

volume (SV), and heart rate (HR) is as follows: 

  

 𝐂𝐎 =  𝐒𝐕 𝐱 𝐇𝐑  (2) 

Equally (1) and (2) we get 

  

 𝐁𝐏 =  𝐒𝐕 𝐱 𝐇𝐑 𝐱 𝐑  (3) 

According to (3), it is found that when the blood vessel resistance (R) is high, BP 

will be increased. And when the heart rate (HR) is high, BP will be increased. Moreo-

ver, stroke volume will be increased when BP is high [27]. 

5 The Proposed EmoStrokeSys System  

Cloud Computing is a kind of Internet-based computing, where shared data is provided 

with computers and other devices on-demand [28-31]. The proposed EmoStrokeSys 

system combines the internet and mobile applications, and offers opportunities to en-

hance disease prevention and management by expanding health fast interventions be-

yond conventional care. It generates various streams of health bio signals which locally 

analyze to build a user profile and send to private Cloud (see Fig. 7). 



8 

   
Fig. 7.  Architecture of the proposed platform based on IoT technologies. 

 

To evaluate the performance of the proposed EmoStrokeSys system, a dataset has 

been measured using the system from 10 healthy volunteers (four men, six women) of 

various ages (min = 19; max = 53; mean = 36) during stress and relax situations in their 

home and work. Relevant personal habits like smoking, alcoholism, details about med-

ication, demographic details and basal vital parameters have been taken into consider-

ation. The collected data about main modifiable factors of stroke (i.e., BP, HR, Glucose 

level, emotion level) in the case of relax situation is listed in Table I and illustrated in 

Fig. 8. In the case of stress situation, the measured data is listed in Table II and illus-

trated in Fig. 9.  

Standard Deviation (SD) is a statistical measure of how spread out values are, its 

symbol is σ (Sigma), and its formula is [32, 33]: 

 

𝜎 = √
∑(𝑋 − 𝜇)2

𝑁
 

 

Where X denotes each separate number, μ denotes the mean overall numbers, N is 

the number of measurements, and ∑ denotes a sum. 

BP, emotion, glucose level and heart rate values have been analyzed for each volun-

teer. Besides presenting the measurements in the two situations (i.e., stress and relaxa-

tion), the SD for each volunteer is calculated to describe differences between the meas-

urements results in relaxation and stress in order to show the effect of stress on the 

factors of stroke. According to the measurements in Table I and II, it is clear that vol-

unteers 1 and 8 are more expected to have a stroke if chronic stress continues for long 

periods of time (see Fig. 10). So, the medical specialists will send back an alarm to 

these volunteers (i.e., V1, V8) immediately.  

According to the measured results in Table I and II, it is noticed that the GSR values 

were higher in the stress situation which implies that the skin resistance is high during 

stress. 

Therefore, the proposed system can play an important role in immediately detecting 

stroke pathological signatures and control the risk of these factors. 
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TABLE 1. Relax (Low Arousal) Situation. 

ID Age Gender 
BP (mm Hg) 

HR (bpm) GSR 
Glucose level 

(mg/dl) 
SD 

Upper Lower 

1 53 M 120 77 84 1.611 126 44.43198275 

2 35 F 120 80 95 0.823 106 41.87918973 

3 30 M 107 72 101 1.621 97 38.92262918 

4 27 F 118 78 119 1.406 98 43.42467103 

5 26 M 116 77 150 0.793 115 51.01455769 

6 22 F 120 80 110 1.557 101 42.57409682 

7 21 M 121 82 130 0.958 100 46.04781995 

8 21 F 120 80 127 0.876 120 47.35226521 

9 21 F 119 80 109 1.138 91 41.71860792 

10 19 F 115 79 115 1.001 74 41.65728844 

         

 

 
TABLE 2. Stress (High Arousal) Situation. 

ID Age Gender 
BP (mm Hg) 

HR (bpm) GSR 
Glucose 

level (mg/dl) 
SD 

Upper Lower 

1 53 M 145 95 130 2.829 250 79.84335989 

2 35 F 137 89 183 1.515 167 65.36907553 

3 30 M 130 87 160 3.63 150 57.04127895 

4 27 F 135 88 173 1.018 150 60.91518343 

5 26 M 138 88 110 1.052 170 57.21671183 

6 22 F 125 79 181 2.143 149 62.19763526 

7 21 M 139 89 190 2.112 169 67.07737448 

8 21 F 128 78 187 3.123 200 72.62813078 

9 21 F 126 83 191 2.369 149 64.26672129 

10 19 F 127 79 200 3.097 145 66.33233645 
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Fig. 8.  Relax (low arousal) situation. 

 

 

 
Fig. 9.  Stress (high arousal) situation. 
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Fig. 10.  The SD between the Relax and Stress situations. 

 

6 Conclusion 

IoT healthcare systems and applications have been developed to detect and monitor 

bio-signals. The work in this paper presents a system consists of three medical devices 

which can be used to monitor some of these bio-signals. Remote home monitoring after 

stress situation prevent the rise of the mentioned risk factors (i.e., BP, blood glucose, 

stress level, and heart rate) and better control of them by increasing measurements and 

awareness and uncovering un-detected high risk factors, which will prevent strokes 

happens. In spite of these results, we discover some noise associated with the emotional 

signal generated by GSR sensor. Moreover, this sensor doesn’t work well with some 

people because of the different nature of their skin resistance and conductance. In the 

future, we will include family history of cardiovascular disease to the proposed work 

and change the GSR sensor to get accurate results. In addition, there are different open 

source frameworks introduce virtual health data such as mHealth platform, we will try 

to compare the obtained results of the proposed EmoStrokeSys system and virtual data.  
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