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Abstract

The main aim of this research is to analyze how IoT devices can help in the assessment of cardiovascular
risks. This study delves into the composition and use of IoT devices outfitted with cutting-edge sensors and
data analytical capabilities that continuously monitor essential physiological metrics linked to heart health
viz. heart rate, blood pressure, and electrocardiogram-related figures. These contraptions enable seamless
real-time data collection, transmission, and analysis thereby yielding valuable insights into an individual's
heart condition [1]. The advent of the Internet of Things (IoT) has enabled healthcare professionals to
monitor and evaluate medical conditions in real-time. This research delves into a practical experiment that
focuses on the design and evaluation of an intelligent IoT instrument aimed at assessing short-term risks
related to cardiovascular diseases. Heart diseases remain one of the primary causes of death globally,
underscoring the significance of prompt risk analysis and intervention. The primary objective of this
investigative inquiry lies in scrutinizing and dissecting the effectiveness of Internet of Things (IoT) devices
concerning the appraisal of cardiac threats. The prevalence of cardiovascular ailments on a global scale
underscores the need for innovative measures that efficiently keep tabs on hazards and devise ways to
alleviate them|[1]. Through thorough empirical analysis, this study sifts through accuracy, reliability, and
practicality concerns surrounding loT-oriented tools designed for measuring cardiac risks. Exhaustive
trials involving diversified participants are carried out to accumulate data which is subsequently appraised
employing statistical methodologies and machine learning algorithms. The research seeks to establish
connections and trends within collected physiological data aiming at evaluating their relevance in
predicting cardiovascular risks[2].
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LINTRODUCTION

Cardiovascular diseases (CVDs) persist as a pressing global health concern, attributing to a significant
share of mortality and morbidity. Timely recognition and evaluation of cardiovascular hazards assume the
utmost importance for effective preventive measures and treatment. The advent of the Internet of Things
(IoT) has witnessed a tectonic transformation in healthcare, offering uninterrupted and real-time tracking
solutions. According to the World Health Organization's (WHO) estimates, CVD caused approximately 17.9
million deaths in 2019, accounting for an alarming 32% of total global fatalities [3]. This study endeavors
to tackle a pivotal query: How can IoT devices redefine the terrain of cardiovascular risk assessment?
Conventional methods employed for evaluating such risks cannot typically conduct continuous monitoring,
leading to gaps in both early recognition and timely intervention. Conversely, [oT devices boasting an
assortment of sensors coupled with connectivity features present the potential to overhaul current risk

235|Page



NOVATEUR PUBLICATIONS

JournalNX- A Multidisciplinary Peer Reviewed Journal
ISSN No: 2581 - 4230

VOLUME 9, ISSUE 11, November -2023

assessment practices by supporting round-the-clock tracking of vital physiological indicators like heart
rate, and blood pressure along with electrocardiogram (ECG) readouts. On closer examination, it was found
that continuous ECG surveillance through IoT tools brought about a remarkable 30% spike in successful
detection rates vis-a-vis standard intermittent monitoring techniques [4].

This study also aims to explore the potential of [oT solutions in delivering efficient and cost-effective
healthcare services. By leveraging IoT technology, this research aims to investigate the possibility of
improving patient outcomes by providing timely interventions based on real-time monitoring data[4]. The
study will evaluate potential benefits such as reduced hospitalization rates, improved quality of life for
patients, and optimized resource allocation[4]. This study examines the incorporation of [oT technology
into the field of cardiovascular healthcare by creating and evaluating specific monitoring solutions,
conducting extensive assessments of their precision, reliability, and usability through empirical trials, and
investigating their capacity to foresee and control short-term risks associated with cardiovascular issues.
In addition, it investigates the broader ramifications of these [oT devices such as their effect on patient
engagement and self-regulation, as well as ethical concerns about data confidentiality and safety in the [oT-
driven healthcare domain[4,5].

Given the sensitive nature of health data, it is crucial to ensure that proper measures are in place to protect
patient privacy and secure transmitted information. This study will examine existing security protocols in
[oT devices designed for cardiovascular risk assessment and identify potential vulnerabilities.
Countermeasures will be developed to enhance security and safeguard individual health information from
unauthorized access. This multifaceted research endeavor represents a significant step forward in
advancing cardiovascular risk assessment through IoT technology [6]. Developing innovative monitoring
solutions tailored explicitly for continuous cardiovascular assessment, evaluating their accuracy and
reliability under diverse real-world conditions, and exploring their potential benefits in enhancing
healthcare services delivery while addressing privacy concerns will enable significant strides towards
more comprehensive and proactive approaches in managing cardiovascular health. By pursuing these
objectives, this research strives to contribute to the progressing domain of IoT-enabled medical care,
particularly in terms of enhancing cardiovascular risk assessment capabilities which in turn will enhance
preventive healthcare practices thereby ameliorating patient outcomes worldwide[7].

ILRESEARCH PROBLEM

The main problem that this study will solve is to demonstrate how IoT devices can be used to assess and
detect cardiovascular diseases. Heart condition stands as the most prevalent origin of fatality universally
and is especially conspicuous in the United States, taking the lives of more than 375,000 Americans every
year. The collective onus of heart condition and stroke enforces a colossal everyday expense of about $1
billion on the U.S. healthcare system, encompassing medical costs and lost productivity [8]. Amidst these
dismal figures, what remains deeply impressive is the preventability of heart disease in several instances.
The early detection of cautionary signs, an unwavering commitment to lasting lifestyle changes, and
precise diagnoses combined with appropriate medications hold the potential to thwart the loss of countless
lives annually. However, the demoralizing reality is that health inequalities and accessibility gaps persist
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unabated, particularly between urban and rural communities. Rural hospitals and healthcare facilities are
dwindling whereas their urban counterparts flourish. Alarmingly around one-fifth of Americans find
themselves dwelling in areas grappling with shortages of doctors and healthcare professionals. A glaring
example is Texas where the closure of rural hospitals affects an astonishing 20% of the entire state's
populace. Furthermore, these at-risk populations bear a 25% higher mortality rate for ischemic heart
conditions exacerbating [9]. The fundamental issue of research tackled by this analysis is to unveil the
latent capacity of [oT devices not only in detection but also in evaluating comprehensive cardiovascular
diseases. This is a significant predicament worthy of attention for various compelling grounds. To begin
with, cardiovascular diseases persist as the foremost reason behind mortality worldwide with countless
lives at stake. According to the World Health Organization (WHO), CVDs were answerable for roughly 17.9
million deaths in 2019 underscoring urgency aimed at enhanced prevention and management approaches
[9]. Secondly, current techniques employed for cardiovascular disease identification and assessment
frequently hinge upon intermittent and subjective measurements leading to potential lags in diagnosis and
intervention exercises. Last but not least IoT technology has displayed the potential to revolutionize
healthcare by enabling continuous tracking of real-time information assessments along with anticipatory
analytics justifying the application of such devices [10].

III. LITERATURE REVIEW

A. 1oT: A Brief Explanation

The Internet of Things (IoT) is a concept in technology that deals with the interconnection of everyday
objects and devices to the Internet. This allows them to gather, share, and process information. The "things"
can range from everyday household items such as appliances and wearables to industrial machinery and
vehicles. The core idea behind IoT is to enable devices to communicate with each other autonomously,
creating a network of interconnected devices that work together for better efficiency, convenience, and
responsiveness in our lives. This is made possible by sensors and embedded technology which allow
devices to collect information about their surroundings or status and transfer it to other devices or central
data storages [11]. IoT has extensive utility across various sectors including healthcare transportation
agriculture smart homes and industrial automation. In healthcare for instance wearable fitness trackers
can monitor an individual's health statistics by sending the data to a smartphone app or cloud platform for
analysis. In agriculture, [oT sensors can collect details about soil conditions and weather assisting farmers
in enhancing crop productivity. Smart homes are equipped with Internet of Things (IoT) powered
thermostats and security cameras, enabling homeowners to remotely manage and supervise their assets.
IoT holds immense potential in terms of leveraging data for decision-making and automation. By constantly
collecting and analyzing information from interconnected devices, enterprises and individuals can obtain
invaluable knowledge, streamline workflow, and elevate overall standards of living [11]. Nonetheless, IoT
technology comes with its own set of complexities concerning safeguarding data privacy, maintaining
security measures, and ensuring smooth coordination across disparate systems; these challenges must be
resolved prudently as the technology progresses and evolves.
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B. Facilitating Cardiovascular Disease Detection

IoT (Internet of Things) Heart Attack Detection represents an inventive and potentially life-saving use of
IoT technology within the healthcare sector. Its objective is to support early identification and continuous
monitoring of cardiovascular diseases, including heart attacks. By utilizing the interconnectedness of
various devices and sensors, this groundbreaking approach constantly gathers pertinent physiological data

for real-time analysis, offering a proactive and comprehensive method for managing cardiovascular health
[12].

loT Devices Usage in Cardiovascular Disease Monitoring
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Figi: Uses of 10T in cardiovascular disease
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Fig ii: How IoT detects cardiovascular disease

IoT-enabled devices like wearable heart rate monitors, blood pressure sensors, and electrocardiogram
(ECG) sensors are placed strategically to track essential signs in individuals. These tools are fitted with a
range of sensors such as heart rate monitors, blood pressure sensing devices, and electrocardiogram (ECG)
sensors that are specifically engineered to capture particular physiological information relevant to
cardiovascular health [12,13]. This continuous compilation of data forms the bedrock for risk evaluation.
These devices continuously gather data which is then securely transmitted to a central hub usually cloud-
based for prompt analysis. Cutting-edge algorithms and machine learning models analyze this data
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pinpointing patterns or irregularities which may indicate an increased risk of experiencing a heart attack

or other cardiovascular incidents [13].

This information is then processed and analyzed in real time within either the device or cloud-dependent
systems. Complex machine learning algorithms recognize patterns and incongruities in the data enabling
the device to compute users' short-term cardiovascular threats; it takes into account factors such as heart
rate variations, shifts in blood pressure levels, and activities performed to evaluate potential risks like
cardiac arrest or stroke within a fixed period. Users interact with the device through a user-friendly
interface usually via a mobile app or web portal where they can access real-time cardiovascular data
alongside hazard evaluations receiving requisite feedback and alerts if necessary. The device securely
transmits information to a centralized server or cloud-based platform permitting historical data tracking
along with sharing options with healthcare providers if desired.

In some cases, these [oT devices are incorporated into medical systems, granting medical providers access
to and evaluation of patient data during remote or physical visits. Indubitably, these devices often
incorporate user involvement and educational attributes, delivering suggestions, materials, and lifestyle
advice to empower users in crafting discerning choices regarding their cardiac well-being [14]. On the
whole, 10T devices aimed at immediate cardiovascular jeopardy assessment propel proactive health
governance and timely intercession that contribute towards better health results.

D. Core Benefits and Importance:

A key advantage associated with 10T Heart Attack Detection lies in its potential to uncover possible
cardiovascular issues at their nascent stages. Continuously examining these vital parameters can enhance
early diagnosis capabilities. The significance of this technological ability cannot be overstated as prompt
identification often leads to improved results and decreased mortality rates. Additionally, Internet of
Things (1oT) technology facilitates remote monitoring of patients, rendering it particularly advantageous
for individuals residing in rural or underserved locales where access to medical centers may be limited.
Patients can enjoy continuous care and attention, even from the convenience of their residences, reducing
the necessity for frequent hospital visits along with related inconveniences and expenses [14,15].
Another captivating element pertains to personalized healthcare provision. The information captured by
IoT devices allows for highly customized medical attention. Physicians and caregivers can devise treatment
strategies rooted in an individual's specific health data thereby optimizing care delivery and outcomes.
This personalized approach to healthcare bears the potential to redefine treatment procedures for
cardiovascular ailments while simultaneously enhancing patient adherence to prescribed treatment plans.
Moreover, by furnishing individuals with real-time insights concerning their cardiovascular well-being, [oT
Heart Attack Detection empowers them to adopt proactive measures conducive to a healthier way of life
[15]. Powered with timely notifications and actionable tips individuals can make informed choices
regarding diet physical fitness routines medication adherence thereby potentially averting heart attacks
thereby elevating overall living standards.

239 |Page



NOVATEUR PUBLICATIONS

JournalNX- A Multidisciplinary Peer Reviewed Journal
ISSN No: 2581 - 4230

VOLUME 9, ISSUE 11, November -2023

E. Impacts of IoT devices on detecting cardiovascular

The healthcare sector has witnessed notable strides in embracing IoT devices- these have proven
particularly influential in identifying cardiovascular risks. Their impact on assessing cardiovascular health
encompasses a broad spectrum of advantages:

1. Early Detection and Monitoring:

IoT devices systematically accumulate essential physiological statistics like heart rate, blood pressure, and
electrocardiogram (ECG) information. This real-time surveillance permits early identification of anomalies
or cautionary indications of cardiovascular ailments. Healthcare experts can swiftly act to prevent potential
escalation into more severe conditions such as cardiac arrests or strokes[15].

2. Timely Intervention:

Data amassed by IoT tools can be instantaneously related to medical professionals, leading to prompt
interventions. For instance, if an abnormal heart rhythm is perceived, health personnel can receive an alert
and respond promptly using remote guidance or by dispatching emergency aid to the patient.

3. Personalized Medical Care:

[oT appliances cater to personalized health solutions through constant tracking of individual
cardiovascular metrics, enabling healthcare providers to customize treatment plans based on each
patient's distinct requirements. This approach augments care quality while boosting the likelihood of
positive health outcomes.

4. Enhanced Patient Engagement:

Patients with Internet of Things (IoT) devices are more actively involved in their healthcare. The
combination of live facts and advice empowers individuals to practically manage their cardiovascular well-
being [16]. This sharpened awareness paves the way for lifestyle adjustments and better adherence to
prescribed treatment strategies.

5. Remote Monitoring and Accessibility:

[oT devices prove particularly useful for people residing in remote areas or underserved communities.
Patients without easy access to medical facilities can take advantage of uninterrupted tracking and remote
consultations. This ready availability helps level healthcare disparities resulting in enhanced healthcare
outcomes.

6. Data-Backed Insights:

The huge volume of data produced by these IoT devices simplifies fact-based decision-making processes.
Artificial intelligence techniques such as machine learning algorithms can sift through this information to
pick out regular patterns and trends, providing early indications of possible cardiovascular risks. This
predictive capability bolsters the effectiveness of preventative care measures.
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7. Remote Monitoring and Accessibility:

Prompt detection coupled with remote monitoring made possible by IoT technology translates into cost
savings within the healthcare industry by averting severe cardiovascular episodes like heart attacks and
strokes thereby reducing expenses tied to emergency interventions and prolonged care post-event [16].

Improved Patient Outcomes Over Time with 10T in CVD
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Fig iii: Impacts of [oT on patient outcomes

IV. SIGNIFICANCE AND BENEFITS

The benefits of IoT devices when it comes to gauging cardiovascular risks in the short term are deep-seated
and versatile, ushering in an epoch-making era in healthcare. Initially, these devices deal with a significant
requirement in current healthcare by making sure there is uninterrupted and real-time monitoring of
essential physiological measures. Usually, evaluation of cardiovascular dangers relied on sporadic trips to
the clinic often missing crucial ups and downs in a patient's health. IoT devices bridge this void by
providing constant collection of data empowering those responsible for patient care to identify slight
modifications or early warning signals related to cardiovascular problems promptly [17]. This proactive
method does not only boost the accuracy when it comes to determining risk but also permits appropriate
interventions that could potentially inhibit severe cardiac incidents such as heart attacks or strokes
therefore lying in their potentiality to save lives lessen healthcare expenses plus enhance the overall
quality of taking care of patients.

Moreover, [oT devices grant personalized experiences within healthcare. By continually tracking metrics
that are distinctive per person regarding their cardiovascular system these instruments help healthcare
providers personalize treatment strategies as well as interventions tailored precisely based on specific
needs per patient. The personalization done optimizes healthcare results given that interventions will be
accurately adapted. What's more, the insights gained from the Internet of Things (IoT) are truly priceless.
The sheer amount of data that these devices generate paves the way for decision-making that is grounded
in data. By employing algorithms based on machine learning, this information can be sifted through to spot
underlying trends and patterns, assisting in picking up on potential heart problems before they escalate.
It's easy to see how this predictive edge improves preventive healthcare measures [17,18]. Taking a step
back to look at the broader picture reveals how game-changing [oT devices can be when it comes to
assessing risks associated with heart health. They offer new ways of tackling health problems hands-on by
providing timely interventions that take into account individual needs and fostering higher patient
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involvement, all while not compromising on accessibility thereby resulting in better patient results and

smoother functioning across the spectrum of healthcare systems as a whole.

V. FUTURE

The future of IoT devices for cardiovascular risk assessment in America promises a metamorphic upswing
and influence. These devices are expected to seamlessly become fundamental components of advanced
healthcare by providing uninterrupted surveillance and personalized jeopardy assessments. Enmeshment
with health systems such as digital health records, alongside telehealth platforms, will be instrumental in
establishing a smooth, consistent data flow that leads to improved patient care [18]. With the healthcare
panorama increasingly veering toward preventive measures and data-guided decision-making, [oT devices
will play an indispensable part in flagging potential early warning signals that facilitate prompt
interventions to ultimately abate the load cardiovascular diseases impose on both patients and the
healthcare setup. Progressions in sensor technology combined with artificial intelligence will amp up the
accuracy and user-friendliness of these devices making them more accessible as well. As vital figures
associated with their cardiovascular health become more available individuals will step up their
involvement creating a heightened sense of empowerment amongst them [19]. Ensuring privacy and
fulfilling regulatory requisites will continue to be crucial factors in ensuring that these IoT contraptions
stick to strict norms related to data security whilst respecting patient consent. To sum it all up, what lies
ahead for US-based IoT devices about cardiovascular risk appraisal possess great potential which can
provide transformative shifts.

VI. CONCLUSION

This paper looked at the significance of [oT in addressing cardiovascular diseases. This paper has examined
the expansive roles of the Internet of Things (IoT) in its function as an advanced technological instrument
for tackling the intricate challenges posed by heart conditions. IoT has become a transformative force in
medical care, presenting inventive answers for early identification, continuous monitoring, and tailored
management of cardiovascular states. Its potential effect on health care is unquestionable; ensuring better
outcomes for patients, heightened preventive measures, and streamlined delivery of medical services.
Moreover, it's vital to acknowledge that IoT's sway extends beyond the realms of diagnostics and
supervision. Its ability to facilitate remote patient support, encourage active participation from patients,
and empower individuals to take proactive charge of their heart well-being establishes it as a critical
element in modern healthcare strategies. Moreover, the paper discussed the weightage assigned towards
data safety and privacy apprehensions; highlighting the urgent need for fortified measures to shield
sensitive health information during this [oT era. The ability to change healthcare with timely interventions,
customized treatment, and data-derived insights showcases its importance as a formidable tool for
improving living standards for those grappling with cardiovascular issues. As the [oT continues to develop
and weave further into medical systems, it gives hope of altering the panorama within cardiovascular
treatment, ultimately resulting in saved lives and lessening the global strain from heart-related maladies.

242 |Page



NOVATEUR PUBLICATIONS

JournalNX- A Multidisciplinary Peer Reviewed Journal
ISSN No: 2581 - 4230

VOLUME 9, ISSUE 11, November -2023

References

1.

10.

11.

12.

P. Singh, S. Singh, and G. S. Pandi-Jain, “Effective heart disease prediction system using data mining
techniques,” International Journal of Nanomedicine, vol. Volume 13, pp. 121-124, Mar. 2018, doi:
10.2147/ijn.s124998.

V. Krishnaiah, G. Narsimha, and N. Subhash, “Heart Disease Prediction System using Data Mining
Techniques and Intelligent Fuzzy Approach: A Review,” International Journal of Computer
Applications, vol. 136, no. 2, pp. 43-51, Feb. 2016, doi: 10.5120/ijca2016908409.

A.]. A. Majumder, Y. A. ElSaadany, R. Young, and D. R. Ucci, “An Energy Efficient Wearable Smart IoT
System to Predict Cardiac Arrest,” Advances in Human-Computer Interaction, vol. 2019, pp. 1-21, Feb.
2019, doi: 10.1155/2019/1507465. [Online]. Available:
https://www.hindawi.com/journals/ahci/2019/1507465/

P. P. Ray, “Internet of things for smart agriculture: Technologies, practices and future direction,”
Journal of Ambient Intelligence and Smart Environments, vol. 9, no. 4, pp. 395-420, Jun. 2017, doi:
10.3233/ais-170440. [Online]. Available: https://content.iospress.com/articles/journal-of-ambient-
intelligence-and-smart-environments/ais440

G. Ruggeri, V. Loscri, M. Amadeo, and C. T. Calafate, “The Internet of Things for Smart Environments,”
Future Internet, vol. 12, no. 3, p. 51, Mar. 2020, doi: 10.3390/fi12030051.

C. Gomez, S. Chessa, A. Fleury, G. Roussos, and D. Preuveneers, “Internet of Things for enabling smart
environments: A technology-centric perspective,” Journal of Ambient Intelligence and Smart
Environments, vol. 11, no. 1, pp. 23-43, Jan. 2019, doi: 10.3233/ais-180509. [Online]. Available:
https://content.iospress.com/articles/journal-of-ambient-intelligence-and-smart-
environments/ais180509

P. Sethi and S. R. Sarangi, “Internet of Things: Architectures, Protocols, and Applications,” Journal of
Electrical and Computer Engineering, vol. 2017, pp. 1-25, 2017, doi: 10.1155/2017/9324035.
[Online]. Available: https://www.hindawi.com/journals/jece/2017/9324035/

M. Maksimovi¢, V. Vujovi¢, and B. Perisi¢, “A custom Internet of Things healthcare system,” IEEE Xplore,
Jun. 01, 2015. [Online]. Available:
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=7170415. [Accessed: Dec. 03, 2021]

E. C. Stecker, K. Reinier, C. Rusinaru, A. Uy-Evanado, J. Jui, and S. S. Chugh, “Health Insurance Expansion
and Incidence of Out-of-Hospital Cardiac Arrest: A Pilot Study in a US Metropolitan Community,”
Journal of the American Heart Association, vol. 6, no. 7, Jul. 2017, doi: 10.1161/jaha.117.005667.

C. A. Alexander and L. Wang, “Big Data Analytics in Heart Attack Prediction,” Journal of Nursing & Care,
vol. 06, no. 02,2017, doi: 10.4172/2167-1168.1000393.

A. Roy, C. Bruce, P. Schulte, L. Olson, and M. Pola, “Failure prediction using personalized models and an
application to heart failure prediction,” Big Data Analytics, vol. 5, no. 1, Jul. 2020, doi: 10.1186/s41044-
020-00044-2.

S. Anakal, C. Uppin, and A. Bhadrashetty, “Smartphone based Ischemic Heart Disease (Heart Attack)
Risk Prediction using Clinical Data and Data Mining Approaches,” International Journal of Computer
Sciences and Engineering, vol. 7, no. 1, pp. 907-910, Jan. 2019, doi: 10.26438/ijcse/v7i1.907910.

243 |Page



NOVATEUR PUBLICATIONS

JournalNX- A Multidisciplinary Peer Reviewed Journal
ISSN No: 2581 - 4230

VOLUME 9, ISSUE 11, November -2023

13.N. Masih and S. Ahuja, “Prediction of Heart Diseases Using Data Mining Techniques,” International
Journal of Big Data and Analytics in Healthcare, vol. 3, no. 2, pp. 1-9, Jul. 2018, doi:
10.4018/ijbdah.2018070101.

14. A. F. Bulagang, ]. Mountstephens, and ]. Teo, “Multiclass emotion prediction using heart rate and virtual
reality stimuli,” Journal of Big Data, vol. 8, no. 1, Jan. 2021, doi: 10.1186/s40537-020-00401-x.

15. M. Chen, Y. Ma, |. Song, C.-F. Lai, and B. Hu, “Smart Clothing: Connecting Humans with Clouds and Big
Data for Sustainable Health Monitoring,” Mobile Networks and Applications, vol. 21, no. 5, pp. 825-
845, Jul. 2016, doi: 10.1007/s11036-016-0745-1. [Online]. Available:
https://link.springer.com/article/10.1007/s11036-016-0745-1. [Accessed: Oct. 30, 2019]

16.]. Hayano, M. Kisohara, N. Ueda, and E. Yuda, “Impact of Heart Rate Fragmentation on the Assessment
of Heart Rate Variability,” Applied Sciences, vol. 10, no. 9, p. 3314, May 2020, doi:
10.3390/app10093314.

17.M.]Javorka, I. Zila, T. Balharek, and K. Javorka, “On- and off-responses of heart rate to exercise - relations
to heart rate variability,” Clinical Physiology and Functional Imaging, vol. 23, no. 1, pp. 1-8, Jan. 2003,
doi: 10.1046/j.1475-097x.2003.00460.x.

18.A. J. R. M. Coenen, O. Rompelman, and R. I. Kitney, “Measurement of heart-rate variability: Part 2-
hardware digital device for the assessment of heart-rate variability,” Medical & Biological Engineering
& Computing, vol. 15, no. 4, pp. 423-430, Jul. 1977, doi: 10.1007 /bf02457997.

19. K. Okeoghene Enalume, “Development of a Reflectance Photoplethysmography Based Heart Rate
Monitoring Device,” International Journal of Medical Imaging, vol. 5, no. 5, p. 53, 2017, doi:
10.11648/j.ijmi.20170505.11.

244 |Page



