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ABSTRACT

Patients with heart failure require long-term or frequent hospitalization, which places a heavy
burden on medical resources. The six-minute walk test is a simple and cost-effective method for
assessing aerobic capacity and endurance. It does not require specialized personnel or sophisticated
equipment and involves recording walking distance, blood pressure, heart rate, and oxygen saturation
level within a fixed time interval. In this study, we provided patients with heart failure with a smart
watch and an application tool, enabling them to perform the six-minute walk test at home. The
application allowed patients to upload their test data on cloud storage, which were examined using
feature correlation analysis, regression modeling, and other techniques. The goal was to explore the
most influential features that correlated with outpatient records and provide effective reminders to
patients with heart failure to monitor their health status during their daily lives, which would reduce
medical resource consumption.
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1. INTRODUCTION

According to statistics from the Taiwan Ministry of Health and Welfare, in 2022, heart disease
was the second leading cause of death after cancers among the population (Ministry of Health and
Welfare, Taiwan, Republic of China, 2022). Heart failure (HF) is the final consequence of all types
of heart diseases (Yancy et al., 2013). The causes of left-sided HF include coronary artery disease,
valvular problems, hypertension, and cardiomyopathy. Right-sided HF is caused by conditions such
as Cor Pulmonale (CP), Anemia, Arrhythmia, and Hyperthyroidism. Various factors lead to changes
in the structure or function of the heart, resulting in multiple clinical syndromes (American Heart
Association, 2017). The prevalence of multiple chronic diseases and the proportion of people with HF
is gradually increasing. The risk of death within five years of the diagnosis of HF is approximately
50% (Khan et al., 2022).
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Furthermore, patients with HF require frequent follow-up visits to the hospital. Severely affected
patients require weekly appointments, and the high-frequency medical visits impose a significant
burden on healthcare resources. The cardiopulmonary exercise test (CPET) (Dafoe, 2007) is one of
the common methods used to assess the exercise capacity of patients with HF, providing an accurate
assessment of their status. However, the test is expensive. Healthcare personnel, expensive equipment,
and specific testing locations are required to perform CPET. Owing to the COVID-19 pandemic,
CPET tests at Keelung Chang Gung Memorial Hospital, Taiwan, have been suspended for a long
time. Moreover, CPET is unsuitable for real-time patient monitoring. The ability to track a patient's
physical condition at home is important.

Therefore, to overcome the constraints of the cardiopulmonary exercise test (CPET), This study
aims to improve heart failure (HF) monitoring by integrating the six-minute walk test (6MWT) with
machine learning in a smartphone-based application, includings:

e Develop an intelligent application that uses 6MWT data collected by a smartwatch to enable
real-time health monitoring.

e Implementing machine learning algorithms for predictive modeling and feature extraction to
identify key physiological markers such as heart rate dynamics and step patterns.

e Provide early warning alerts to patients and healthcare providers, facilitating timely intervention
and improving remote disease management

The 6MWT The 6MWT is widely used to assess functional capacity in HF patients by measuring
walking distance, which is particularly valuable for assessing functional capacity in HF patients
because it effectively measures the distance walked in six minutes which is a metric that indirectly
measures the heart's efficiency in pumping blood (Enright & Sherrill, 1998). Declining performance
on the BMWT often reflects worsening heart function and increased severity of HF symptoms, such
as fatigue and shortness of breath. The 6MWT provides important prognostic information, helps to
monitor disease progression and assists in the evaluation of treatment efficacy. Its simplicity and
practicality make it a valuable tool for both clinical and home monitoring, especially when compared
to the more complex and resource-intensive CPET.

Meanwhile, in this study, machine learning algorithms were used to analyse the data collected
during the 6MWT, enabling advanced predictive modelling and feature extraction. This approach
not only improves the accuracy of cardiac status assessment but also enables the identification of
key health markers that can provide early warnings to patients and healthcare providers. We aimed
to identify key features that correlate with the health status of heart failure (HF) patients using a
convenient smartwatch device. These key features were used to generate early and accurate alerts for
patients, enabling timely health management and intervention. By combining machine learning with
the 6MWT in an intelligent application, the proposed solution enables continuous and personalised
monitoring, enabling patients to take a more active role in managing their condition. This, in turn,
will reduce the need for frequent hospital visits and help reduce the burden on healthcare systems,
while ensuring that patients receive timely interventions when needed.

2. MATERIALS AND METHODS

2.1. Six-Minute Walk Test (6MWT)

The 6MWT was developed by Dr. R. Bruce Balke and Dr. Robert W. Ware at the University
of Belgrade in 1963 (Balke, 1963) and was originally used to assess exercise endurance and
cardiorespiratory function in patients with heart diseases. The 6MWT is widely used to evaluate
various chronic diseases owing to its convenience, reliability, and repeatability. Several rules apply
when conducting the 6BMWT: (1) The test should be conducted on a flat path at least 30 m long; (2)



11 more pages are available in the full version of this
document, which may be purchased using the "Add to Cart"
button on the publisher's webpage: www.igi-
global.com/article/smartwatch-based-data-analytics-and-

feature-selection-for-heart-failure-assessment/371205

Related Content

A Novel Power-Efficient Data Aggregation Scheme for Cloud-Based Sensor
Networks

Abhishek Bajpai, Shashank Yadav, Naveen Tiwari, Anita Yadavand Mansi Chaurasia
(2022). International Journal of Mobile Computing and Multimedia Communications
(pp. 1-14).
www.irma-international.org/article/a-novel-power-efficient-data-aggregation-scheme-for-cloud-

based-sensor-networks/297964

Benchmarking Mobile Operators Using DEA: An Application to the European
Mobile Markets

Belén Useroand Grigorios Asimakopoulos (2013). Mobile Services Industries,
Technologies, and Applications in the Global Economy (pp. 87-103).

www.irma-international.org/chapter/benchmarking-mobile-operators-using-dea/68653

A Multimodal Alarm System for Risk Management in a Clinical Lab

Federica Cena, llaria Lombardi, Agata Marta Soccini, Federico Sarzotti, Alessandra
Re, Marco Trizioand Margherita Micheletti Cremasco (2018). International Journal of
Mobile Human Computer Interaction (pp. 18-41).
www.irma-international.org/article/a-multimodal-alarm-system-for-risk-management-in-a-clinical-
lab/215384

An Inter-Domain Agent Based Secure Authorization and Communication for
Mobile Clients in Wireless AdHoc Networks

Neeraj Kumarand R. B. Patel (2010). International Journal of Mobile Computing and
Multimedia Communications (pp. 34-46).
www.irma-international.org/article/inter-domain-agent-based-secure/46122

Wearable Devices and Privacy Concerns: Data Collection, Analysis, and
Interpretation

Ersin Dincelli, Xin Zhou, Alper Yaylaand Haadi Jafarian (2021). Privacy Concerns
Surrounding Personal Information Sharing on Health and Fitness Mobile Apps (pp.
83-111).
www.irma-international.org/chapter/wearable-devices-and-privacy-concerns/261906



http://www.igi-global.com/article/smartwatch-based-data-analytics-and-feature-selection-for-heart-failure-assessment/371205
http://www.igi-global.com/article/smartwatch-based-data-analytics-and-feature-selection-for-heart-failure-assessment/371205
http://www.igi-global.com/article/smartwatch-based-data-analytics-and-feature-selection-for-heart-failure-assessment/371205
http://www.irma-international.org/article/a-novel-power-efficient-data-aggregation-scheme-for-cloud-based-sensor-networks/297964
http://www.irma-international.org/article/a-novel-power-efficient-data-aggregation-scheme-for-cloud-based-sensor-networks/297964
http://www.irma-international.org/chapter/benchmarking-mobile-operators-using-dea/68653
http://www.irma-international.org/article/a-multimodal-alarm-system-for-risk-management-in-a-clinical-lab/215384
http://www.irma-international.org/article/a-multimodal-alarm-system-for-risk-management-in-a-clinical-lab/215384
http://www.irma-international.org/article/inter-domain-agent-based-secure/46122
http://www.irma-international.org/chapter/wearable-devices-and-privacy-concerns/261906

