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ABSTRACT 
Heart disease is the biggest cause of mortality worldwide. 
Approximately 80% of deaths happened in underdeveloped 
and middle-income countries. By 2030, it is projected that 
23.6 million people would die from cardiovascular disease 
if present patterns are allowed to persist. An opportunity 
to offer an Internet of Things (IoT) solution has become 
more accessible as the use of smart wearable technology 
has grown. Furthermore, people who are disabled have a 
low likelihood of surviving after discharge from the hos-
pital. The present research proposed an IoT-integrated 
model evaluating temperature, heart rate, and oxygen sat-
uration for predicting the likelihood of the occurrence of 
heart failure. It has been noted that the proposed model 
or the hardware system is cost-effective as compared to 
other expensive sensors that are available in the market. 
The proposed system used heart rate, oxygen saturation, 
and temperature as parameters, thus it can make accurate 
and precise decisions on whether or not an individual has 
the chance to encounter heart failure and hence can be 
warned and managed beforehand. 
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1. INTRODUCTION
As per the data given by WHO Global health es-

timates, cardiovascular diseases account for 31.4% 
of all-cause deaths which is trailed by neonatal con-
ditions, digestive diseases, neurological diseases, re-
spiratory diseases, unintentional injuries, respiratory 
diseases, parasitic and infectious diseases, and others 
as illustrated in Figure 1. Heart failure is a condition 
accounts for 9% of deaths due to CDVs as illustrated 
in Figure 2, which can be fatal, thus treating it should 
be a top global health priority. Approximately 26 mil-
lion individuals worldwide today have heart failure. 
Considering survival rates that are lower compared to 
those for colon, breast, or prostate cancer, the over-
all prognosis for these patients is poor. Additionally, 
caregivers, patients, and healthcare organizations are 
all under a lot of strain due to heart failure. With an 
aging population, negative changes in lifestyle, and 
improved survival rates for people who progress to 
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Figure 1: Graphical Representation of All-cause death world-
wide 2019 – WHO Global Observatory. 
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heart failure as that of the terminal stage of some other 
disease, it is expected that demand for healthcare ser-
vices particularly will rise dramatically within the next 
10 years [1], [2]. 

Although the burden that heart failure imposes on 
the community, there is very little public understand-
ing of the condition. As a result, numerous people are 
dying too early. Even though almost all types of heart 
failure are avoidable and a healthy lifestyle may lower 
risk, this is nonetheless the case. Early deaths might be 
avoided even after heart failure has been established if 
individuals were trained to notice the signs and seek 
quick medical assistance. Public awareness campaigns 
centered on these themes have the possibility of signifi-
cantly improving outcomes for patients with heart fail-
ure and, eventually, saving lives. Improved outcomes 
for heart failure patients are also related to adherence 
to clinical practice guidelines [3]. Nevertheless, the 
degree to which physicians adhere to suggestions from 
guidelines varies significantly across several nations. 
To improve equity of treatment, advancements must 
be promoted via the use of regional hospital perfor-
mance metrics and rewards. To accomplish this, au-
thorities must support the research required to pro-
vide a solid evidence base for performance metrics 
that reflect improved patient outcomes. If we are to 
address unmet needs in the treatment of patients with 
heart failure, ongoing research is crucial. Patients with 

certain forms of heart failure for which existing treat-
ments only treat the symptoms rather than the under-
lying cause need new therapeutics. In countries with 
emerging economies, more accessible treatments are 
necessary. 

Tens of millions of patients might benefit from 
coordinated international research concentrating on 
the causes and treatments of heart failure globally [4] 
–[6]. Apart from all these interventions and ongoing 
research, there are ongoing efforts in the prediction 
of heart failure supported by the “Internet of Things”, 
“Artificial intelligence”, and “Machine Learning” [7]. 

We now live in a time where technology interac-
tions outnumber human connections. Smart technol-
ogies controlling and observing daily life have become 
the standard in our culture. We may deduce that the 
IoT will play a significant role in our linked world’s 
future because of this (IoT) [8]. Smart gadgets are sig-
nificantly impacted by this idea. IoT enables direct 
communication between the human body and intel-
ligent gadgets like computers and mobile phones. IoT 
is a trusted and dependable way of transmission and 
communication since it is simple to access data that 
has been saved in an online cloud. It has been discov-
ered that the global population today is more health 
concerned than their predecessors. 

A healthier environment could result from the in-
tegration of these wearables into an IoT network. The 
lack of adequate healthcare resources is one of the 
main issues that rural residents encounter [9]. As a 
result, it is vital to provide medical help for early de-
tection. Since cardiovascular diseases are deadly to 
health, the rising prevalence of them regardless of age 
is always a cause for concern. Heart failure, which is 
currently the leading cause of mortality, is extremely 
difficult to anticipate early on. If it could be foreseen 
beforehand, necessary safety measures may be imple-
mented, perhaps saving lives. 

Therefore, a continuous monitoring device for 
monitoring their physiological parameters is essential 
for someone who has a history of or someone who has 
the cardiovascular disease to maintain track of their 
health daily [10] it has also been recognized that more 
modest elevations in either heart rate (HR. This en-
couraged us to begin this work. This paper also put a lot 
of effort into monitoring these data to determine their 
regular and repeatability and, ultimately, to determine 
the likelihood that heart failure will occur in the future. 
The majority of the time, wearable, intelligent electron-
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Figure 2: Illustrating the causes of Deaths due to different car-
diovascular diseases and conditions. 
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ic sensors can track physical characteristics as well as 
physical activity. Wearable sensor-based devices often 
feature physical components or components that may 
be directly connected to human body parts. They will 
typically be non-invasive and applied to exposed skin. 

The article is divided into five sections, the first 
of which discusses the importance of doing research. 
The second portion is a review of previously published 
or similar publications. Furthermore, the methodolo-
gy is described in the third part, accompanied by the 
findings and discussion in the fourth section, and a 
final comment in the fifth section. 

2. LITERATURE REVIEW
Zafer Al-Makhadmeha and Amr Tolbaa introduced 

a medical IoT device to collect patients’ cardiovascu-
lar information both before and after cardiac diseases. 
The data that is continuously sent to the healthcare 
institution is processed by the “higher-order Boltz-
mann deep belief neural network (HOBDBNN) ”. 
Deep learning technology efficiently tries to manip-
ulate complex data while understanding the features 
of heart disease from earlier studies. By reducing the 
complexity of heart disease diagnosis, the “HOBDB-
NN” technique and IoT-based analysis detect heart 
sickness with 99.03% accuracy and the least amount 
of time complexity (8.5 s), significantly reducing heart 
disease mortality [11] the prognosis of heart disease 
can be improved by early diagnosis and treatment. 
However, existing automatic systems for diagnosing 
heart disease are hampered by the requisite big data. 
This paper introduces an Internet of Things-based 
medical device for collecting patients’ heart details be-
fore and after heart disease. The information, which 
is continuously transmitted to the health care center, 
is processed using the higher order Boltzmann deep 
belief neural network (HOBDBNN. 

To assess and anticipate the potential for a heart 
failure event in high-risk patients, Catherwood et al. 
developed an enhanced long-range low-power IoT 
wearable temperature sensor. The LoRaWAN 868 
MHz standards from Europe were the foundation of 
the system. The prototype system was assessed on a 
larger scale for both home-based monitoring and pa-
tients engaging in everyday activities as Ulster Uni-
versity develops a regional LoRaWAN “Things Con-
nected” network across Northern Ireland. The results 
of the study revealed that the device was effective in 
terms of all performance parameters [12]. 

Raju et al. proposed a paradigm combination of 
“Edge-Fog-Cloud computing” for accurate and rapid 
results delivery. The embedded systems collect data 
from a variety of patients. To get significant proper-
ties, the heart feature extraction utilizing signals is 
conducted. Furthermore, the extracted properties of 
additional qualities are gained. Through the perfor-
mance study, the accuracy of the recommended was 
found to be considerably good[13]. 

3. METHODOLOGY

3.1. Design
Here in this research, we presented a system as il-

lustrated in Figure 3 where a monitoring device is de-
veloped using some physical elements which are parts 
of monitoring gadgets serving specific functions. The 
proposed model is non-invasive and included three 
sensors for temperature and oxygen saturation which 
is also referred to as SpO2 as well as heart rate. A body 
sensor network with data transmission modules and 
signal processing will be part of this health monitor-
ing system, enabling wireless internet transfer of the 
gathered data. 

Figure 3: A Schematic Representation of the Proposed Model of 
Monitoring Device for Heart Failure Prediction. 

3.2. Sample and Instrumentations

3.2.1. Heart Rate Sensor 
Photoplethysmography is the basis for the func-

tioning of heart rate sensors. It gauges variations in 
blood flow through any organ that result in changes in 
the amount of light passing through that organ (avas-
cular region). The duration of the pulses is especially 
significant in applications that include tracking heart 
rate. Because blood absorbs light, signal pulses are 
comparable to heartbeat pulses in terms of blood flow, 
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which is determined by the rate of heartbeat pulses. 
Figure 4 illustrates the heart rate sensor and the illus-
tration of its underlying principle [15]. 

Figure 4: Illustrating the Heart Rate sensor based on PPG and 
the Underlying Working Principle. 

• Optical emitters: Optical emitters, typically consist 
of at least two “LEDs” and produce light waves into 
the skin, while some sensors are including more 
emitters and changing the light’s wavelength. The 
majority of cutting-edge OHRMs employ numer-
ous light wavelengths that engage differentially 
with various layers of skin and tissue due to the 
considerable variations in skin thickness, tone, and 
structure associated with a variety of individuals. 

• Photodetector: The photodetector collects light 
that has been refracted by the user of the device 
and converts those signals into zeros and ones 
which can be computed to produce useful heart 
rate information. 

• Accelerometer: An accelerometer is used to mea-
sure motion. 

• Algorithms: The algorithms convert the signals 
from the accelerometer into motion-tolerant heart 
rate information and the photodetector, but they 
can furthermore compute supplemental biometric 

information like R-R interval, blood oxygen levels, 
calories burned, heart rate variability, blood metab-
olite concentrations, VO2, and even blood pressure. 

3.2.2. Oxygen Saturation Sensor
Measuring SpO2, or the proportion of oxygen in 

the blood, has evolved into a standard measure of pa-
tient care. Almost each patient monitoring has these 
critical vital sign monitoring capabilities built-in or 
integrated. SpO2 is a noninvasive, indirect way of de-
tecting oxygen saturation in the blood. 

SpO2 is one method for assessing the condition of 
the circulatory and respiratory systems. It is often test-
ed on a finger at the periphery. The oxygen saturation 
of the blood is measured using a pulse oximeter non-
invasively. Red and infrared light is absorbed differ-
entially by hemoglobin depending on its oxygenation 
state. By detecting the variations in light absorption 
brought on by the pulsations in arterial blood flow, it 
is possible to determine the percentage of hemoglo-
bin saturation in arterial blood. The change in light 
intensity can be used to determine SpO2 using a trans-
missive sensor and detector setup. The color observed 
in the detector changes following the variation in red 
color intensity, and the SpO2 value may be calculated 
from this. A healthy normal SpO2 varies from 95% to 
100%. Beer Lambert’s law serves as the foundation for 
pulse oximetry. 

3.2.3. Temperature Sensor 
A frequently used temperature sensor is the 

DHT11.The sensor also makes it simple to connect 
to microcontrollers. Between -55°C and 125°C are 
the ranges that the sensor can detect. Consequently, 
this sensor could be the finest option. Figure 5 de-
picts the pictorial representation of DHT11 tempera-
ture sensor. 

Figure 5: Illustrating the pictorial Representation of Temperature 
Sensor. 
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3.3. Data Analysis 
According to theoretical values, all of the values 

are typical. The paper’s current prototype collects 
temperature, respiration rate, and heart rate measure-
ments, among other things. Whenever the heart – rate 
sensor is positioned on the fingertips or wrists, the 
values are shown in the output window. To do addi-
tional research, it is determined that this method may 
be utilized on those who are at risk for heart failure or 
other cardiovascular diseases. 

Table 1
Enlisting the performance parameters of the Developed exper-
imental Model. 

Temperature 
Sensor

Oxygen Satura-
tion Sensor Value

Respiratory 
Rate

Heart 
Rate

34 99 16 70
32 98 13 72
35 99 12 70
33 96 15 80

4. RESULTS AND DISCUSSION
The findings and data gathered from the design and 

manufacture of the full proposed system are shown in 
the results section. A healthy person’s heart rate normal-
ly runs between 70 and 80 beats per minute. When at 
rest and no other external disturbances are present, the 
heart rate is determined to remain constant, indicating 
a healthy heart. The observed results are shown to be 
theoretically valid because the optimal range of respira-
tion rate is between 12 and 16.Furthermore, the acquired 
temperature range is determined to be within control be-
cause it does not exceed the body temperature of 37oC. 

Even those with asthma or other respiratory con-
ditions may benefit from using this strategy. The pri-
or suggested system calculated respiration rate using 
MATLAB programming, however, the current meth-
od is fully dependent on the Android system utilizing 
a cell phone. As a result, the system is easier to use and 
more pleasant to wear. The technical field of wearable 
technology is seen to be expanding daily. Because it 
improves the daily lives of health-conscious people, 
contributions in this sector will never become obso-
lete. The breathing rate is a relatively new statistic that 
is not frequently encountered in wearable technology. 
Even by itself, this characteristic can provide details 
about a person’s health. The concept of the prototype 
could measure a person’s typical values without fail. 

The prior devices for this purpose were cumber-
some and pricey, and they also couldn’t function in 
rural areas without access to quick networks [16]. Al-
most all of these problems might be resolved if this 
prototype were made into a functioning device. It is 
available to all sorts of people after the ideal values are 
determined and entered into a mobile phone. Since 
mobile phones are far more widely accepted and ac-
cessible in our culture than any other technological 
gadget, this will be simple. The comparison of data 
was the major emphasis of the other system that was 
already in place. In this study, a unique approach is 
used to identify disease from the parameter provid-
ed. Here, the very same techniques that were utilized 
to measure SpO2 and heart rate were also employed. 
This wearable device is more compact and portable 
than similar ones that were worn in shirt pockets. 

Future Perspectives: Future development on this 
project will concentrate on shrinking its size and creat-
ing a wearable gadget that can be used every day. Once 
the prototype is found to function correctly on healthy 
persons, evaluation and monitoring of patient data 
will be conducted. To make online communication 
simpler, an app is now being developed. Along with 
the daily monitoring, data analysis based on a person’s 
database will be carried out. The software will provide 
a weekly report that will make the patient’s situation 
very obvious. These findings will reflect the person’s 
potential for having heart failure. 

5. CONCLUSION
The prediction of heart diseases is meant to aid 

cardiologists in making a diagnosis. The healthcare 
sector can benefit greatly from the use of wearable 
technology. The monitoring and prediction systems 
may save many lives by providing immediate treat-
ment when a patient is put in a remote region with-
out access to medical services. It may be difficult to 
predict whether a patient will live with heart disease 
or eventually develop heart failure. Heart disease was 
formerly diagnosed using specific methods in predic-
tion systems. A wearable IoT-enabled cardiac disease 
prediction was suggested in this research. 

Since the prototype could efficiently gather and 
analyze the crucial parameters, its design was deemed 
successful. Previous models were discovered to be big-
ger and harder to connect to the internet of things. 
Therefore, creating a wearable device at a reasonable 
cost has always been difficult. When this prototype is 
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made into a functioning device, these kinds of prob-
lems can virtually be resolved. All types of people can 
use a mobile phone after the ideal values are discov-
ered and entered into it. 
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