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Abstract: Heart failure (HF) is a complex syndrome without an objective definition. It has 

become a serious problem in public health policies because of the increased prevalence, 

high cost of treatment, frequent re-hospitalization and high mortality. Neither strict 

standards for HF classification nor single-type treatments are currently available. The 

non-specific clinical symptoms make diagnosis at early stages difficult, leading to 

deterioration and hospitalization. The use of advanced medical techniques and newly 

developed medicines may decrease mortality, but many HF patients still have a low quality 

of life because of insufficient muscular endurance and limited activities. Recent reports 

have shown that exercise programs contribute to the recovery of cardiac functions and 

improve clinical results for most HF patients. However, excessive, intense exercise may 

increase the risk of death, particularly for cardiac-related patients. In this study, different 

HF types are categorized and a safe, customized mechanism for self-exercise training 

integrating Internet-of-Medical-Thing devices and cloud computing technologies is 

proposed. The detected biometric features of the HF patients are linked to the personal 

communication devices of the patients and doctors, a cloud server system and the hospital 

medical information system. The proposed system mainly collects heart rate and metabolic 

equivalent features in a real-time manner from the Internet-of-Medical-Thing devices worn 

by patients. Measured data are dynamically compared to customized maximum limitations 

that are defined by rehabilitation physicians according to the patient’s cardio-pulmonary 

exercise testing record in the hospital. A prototype system was successfully developed and 

validated with several test cases and showed excellent performance at an affordable cost. 

The proposed mechanism provides a customized platform for HF patients to pursue a better 

quality of life, based on prognostic exercise prescription using a safe self-exercise training 

mechanism. 

Keywords: chronic heart failure; ejection fraction; heart rate; metabolic equivalent; 

Internet-of-Medical-Thing 

1 Introduction 

1.1 Epidemiology and Symptom of Heart Failure 

Heart failure (HF) is a complex, irreversible, costly, and high-mortality disease 

that is becoming an increasing health problem affecting public health policies 

worldwide. Epidemiologic studies have described the critical social burden of HF 
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because of its high prevalence, frequent rehospitalization rates, and high 

healthcare costs [1]. For example, more than 5 million people reportedly suffer 

from HF in the United States, and more than 30 billion dollars are required for 

medical treatment of HF patients each year [2]. The prevalence of HF in the 

Taiwanese population is as high as 16% for elderly people (age greater than 65 

years) and annual reports of health statistics have shown that heart-related diseases 

have become the second leading cause of death in recent years [3]. Similar to that 

in other countries, the health budget burden from frequent rehospitalization caused 

by HF-related diagnoses is significantly increased. The cost of hospitalization for 

HF patients has increased by an average of 5.5% over the past decade in Taiwan. 

This may be because of the success of thrombolysis and intravascular stent 

therapies, which have greatly increased the survival rates of myocardial infarction 

patients in recent years. However, all heart-related diseases and most chronic 

diseases can progressively become an epidemic of heart failure and create a major 

public health problem worldwide [4]. Despite the development of advanced 

medications and surgical therapies for HF patients, HF remains a progressive, 

irreversible, and ultimately fatal disease over a short period because of poor 

prognosis. 

The general symptoms of HF are associated with progressive conditions of fatigue 

and dyspnea, and limit the daily activities of patients, resulting in serious invisible 

disabilities [5]. However, the symptoms of HF are not obvious at earlier stages, 

and patients often ignore common symptoms such as asthma or breathing 

problems. Thus, HF patients at risk are frequently reluctant to seek medical 

assistance until they are in serious conditions or in a late-stage. Another challenge 

is that HF symptoms are quite variable, such as abnormal breathing conditions, 

dyspnea, fatigue, leg edema, difficulty sleeping, loss of appetite, coughing with 

phlegm or mucus foam, memory loss, and confusion. HF is a complex syndrome 

without a simple objective definition and is easily misdiagnosed like other chronic 

diseases, limiting the opportunity for early therapies. 

1.2 Major Categories of HF Disease 

Accurate diagnosis of HF enables appropriate management and greater benefit 

from early treatment for HF patients. In this study, we initially divided HF patients 

into five major groups including systolic, diastolic, valvular, atrial fibrillation, and 

non-specified HF types. Systolic HF is very common in male patients and those 

with ischemic heart diseases [6]. Clinically, we used an ejection fraction (EF) of 

50% in the left ventricle as a threshold [7]. Valvular heart disease is characterized 

by damaged conditions or a defect in one of the four heart valves: mitral and aortic 

valves in the left heart and tricuspid and pulmonary valves in the right heart. 

Normal functioning valves ensure that blood flows with proper force, direction, 

and time. In valvular type heart disease, the valves become too narrow and 

hardened (stenotic) to open fully, or are unable to close completely (incompetent). 
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A stenotic valve forces blood to flow back to the adjacent heart chamber, while an 

incompetent valve leaks blood back into the previous chamber [8]. To compensate 

for the poor pumping action, the heart muscle enlarges and thickens, thereby 

losing elasticity and efficiency. Diastolic HF is ascribed to the natural effect of 

aging on the heart. It is mainly caused by the stiffening of heart muscles, which 

can prevent the patient’s heart from properly filling with blood [9]. Diastolic HF 

may not reduce the ejection fraction compared to systolic HF patients. In diastolic 

HF, the left ventricle may pump well during the systole; however, it does not fill 

with enough blood during the diastole. A patient’s ventricle may have a normal 

EF, but an insufficient amount of blood is pumped out. As a result, the ventricle 

pumps out less blood with each beat. The criteria for the diagnosis of diastolic HF 

remain imprecise, making it difficult to conduct valid clinical trials of treatment. 

The problem is compounded by the fact that systolic and diastolic HF commonly 

coexist when patients present with many ischemic and non-ischemic etiologies of 

HF. Narrowly defined, diastolic HF has often been defined as "heart failure with 

normal systolic function" (i.e. LVEF is greater than 50%) [10]. In this study, we 

also adopted an EF of 50% as a criterion in accordance with pulmonary edema 

and congestion conditions from chest X-ray examination reports to identify 

diastolic HF cases. Atrial fibrillation (AF) appears with abnormal heart rhythm 

and can be characterized and diagnosed as rapid and irregular beating through an 

electrocardiogram device [11]. AF is strongly associated with heart failure, 

coronary artery disease, valvular heart disease, diabetes mellitus, and hypertension. 

Normally, findings from 12-lead electrocardiogram can confirm the diagnosis of 

AF; hence, patients with an annotated ICD-9 code of 42731 can be directly 

confirmed as having AF. The remaining HF patients not satisfying the criteria 

described above can be categorized into a non-specified HF group, as there are 

many subtypes that must be further defined according to various combination 

syndromes. 

1.3 Cardiac Rehabilitation for HF Patients 

Once the major HF types are accurately identified, proper medications and 

surgical treatments can be applied. In addition to traditional therapies, exercise 

prescription may improve health conditions in both psychological and 

physiological aspects. A recent report revealed that intervened exercise training 

programs for HF patients achieved a 35% reduction in the risk of death and 28% 

reduction for both all-cause mortality and hospitalization [12]. This additional 

cardiac rehabilitation can be considered as a preventive medical prescription and 

will reduce the symptoms of HF patients, including enhanced endothelial cell 

functions of blood vessels [13], improved exercise tolerance by increasing muscle 

oxygen uptake efficiency [14], reducing sympathetic nerve activities [15], and 

reducing inflammation [16]. It is also recommended by the American Heart 

Association and European Society of Cardiology that all stabilized HF patients 

should be advised to participate in exercise training therapies [5]. 



Acta Polytechnica Hungarica Vol. 14, No. 1, 2017 

 – 67 – 

However, clinical trials of exercise intensity, frequency, duration, type of exercise 

equipment, and exercise protocols should be customized for each HF patient, 

based on cardio-pulmonary exercise testing (CPX) assessments [17]. CPX is a 

common and noninvasive measuring procedure used in clinical practice which to 

provide precise and reliable assessment of various factors in response to maximal 

aerobic capacity including cardiac and pulmonary measurements. As customized 

maximal fitness levels are instructed by rehabilitation physicians, long-term and 

self-training activities can be performed at home according to the exercise 

prescription. Although regular exercise can help to improve survival rates of HF 

patients, high-intensity exercises may also increase the risk of sudden death. 

Hence, a proper or safe mechanism for self-training at home is very important for 

HF patients. 

1.4 Internet of Medical Things and Two Adopted Biometric 

Features 

Internet of Things (IoT) is a network connecting various physical devices that 

allow objects to collect or exchange data from each other. Among the IoT 

application areas, the medical care application referred to as the Internet of 

Medical Things (IoMT) has gained attention and can be constructed by connecting 

healthcare wearable devices, enabling doctors to remotely supervise and diagnose 

patient conditions [18]. In this study, we adopted bracelet devices and propose a 

safe mechanism for HF patient self-training programs. By wearing a bracelet and 

collecting both heart rate (HR) and metabolic equivalent (MET) data, this system 

can automatically send an warning message to patients, doctors, and healthcare 

assistants simultaneously if a dangerous event occurs. In addition, the system can 

detect whether the user is at risk of HF symptoms by comparing her/his biometric 

values with those of normal healthy people. Once the user is identified as a 

potential HF patient, the system offers a pre-registration function of instant 

notification message to the users. Particularly, when a user is at a critical status 

according to the collected health bracelet data, the developed system will 

immediately send out urgent notifications to doctors, family, or caregivers to 

prevent dangerous consequences. 

When patients are diagnosed with HF and categorized as having a specific type of 

HF, doctors may advise patients to participate in rehabilitation training to recover 

cardiac function. However, in order to prevent over-exercising, rehabilitation 

professionals perform the CPX test for individual evaluation of exercise intensity 

limits. Two major biometric features are applied in our developed system, 

including peak oxygen uptake (VO2max) and heart rate (HR). VO2max can be 

transferred to corresponding metabolic equivalent (MET) by dividing by 3.5 and 

patient weight (kg). One unit of MET is defined as an energy consumption of 3.5 

mL oxygen per kilogram per minute or defined as the rate of energy produced per 

unit surface area of an average person seated at rest [19]. Different exercise 



S-J. Hsu et al. Clinical Feature Classification for Chronic Heart Failure and Construction of a  
 Safe Mechanism for Rehabilitation using Internet-of-Medical-Thing Devices 

 – 68 – 

intensities reflect different MET values. For example, the physical activity of 

walking at a general speed is approximately equal to an MET value of 3.6 and 

jogging activity is close to an MET value of 7. Thus, higher METs indicate greater 

exhaustion. In this designed system, the maximum limitations for endurance or 

resistance trainings for HF patients were initially set as either 40-80% of 

maximum MET (Vo2max/weight/3.5) or maximum predicted HR (220 minus age 

in years). When either condition is exceeded, the warming mechanism will be 

activated for safety monitoring. 

This paper is organized as follows. Section 2 describes the procedures of feature 

extraction from medical documents and corresponding statistics. Section 3 

introduces a newly proposed safe mechanism for self-exercise training program 

and all module functions, and Sections 4 presents our conclusions. 

2 Medical Records and Feature Extraction 

2.1 Data Sources and Feature Extraction 

This study analyzed a total of 103,114 HF patients collected from four divisions of 

Chang Gung Memorial Hospital (CGMH) in Taiwan (IRB:105-0504C), including 

the Keelung (22,664), Linkou (42,052), Chiayi (15,662), and Kaohsiung (22,736) 

divisions. At least one hospitalization or outpatient medical record annotated with 

an ICD-9 of 428 or 42731 is required, and both ultrasound (M22) and chest X-ray 

(75-011) examination reports for each HF patient from years 2004 to 2013 are 

basic requirements for HF type categorization. Under such limitations, only 

62,159 patients remained for classification in this study, including Keelung 

(16,694), Linkou (13,649), Chiayi (13,474), and Kaohsiung (18,342). According 

to the general rules shown in Table 1, we divided the HF patients into five major 

categories including systolic, diastolic, valvular, AF, and non-specified types. 

After the data screening processes, only 42% of HF patients could be primarily 

classified into the first four types including systolic, diastolic, valvular, or AF 

categories. Based on this low percentage, HF is indeed, a complex disease with 

complicated symptoms. More than 50% of HF patients require additional criteria 

to specifically identify the myocardial abnormalities associated with valve, 

pericardium, endocardium, heart rhythm and conduction issues. 
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2.2 Data Extraction Method 

Regular expression was used to extract features from all of the collected clinical 

documents. To evaluate ultrasound test reports, we applied regular expression to 

examine all associated features, including patient EF values, valvular conditions 

(mitral stenosis, mitral regurgitation, aortic stenosis, aortic regurgitation), left 

ventricular end-diastolic dimension, left ventricular end-systolic dimension, 

interventricular septal end diastolic dimension, left ventricular end diastolic 

posterior wall dimension, aortic root, left atrial dimension, the ratio of early 

transmittal flow velocity and early mitral annular velocity. In addition, the system 

analyzed reports of patient chest X-rays examination simultaneously to determine 

whether the keywords of “edema” or “congestion” conditions were annotated 

within the documents. If the patient had participated in CPX testing, the VO2max 

values were also retrieved to set exercise training limitations. 

2.3 Data Analysis and Statistics 

To identify additional features of HF patients, we categorized HF patient into five 

groups as described above and further clustered each group into several subgroups 

according to different genders and age intervals. The experiments were performed 

by analyzing hospitalization medical documents for HF patients within different 

age intervals. Statistical analysis showed that male patients in systolic, diastolic, 

valvular, and AF types were 2, 4, 6, and 4 years younger than female patients, 

respectively. However, this was not obvious for the cluster of non-specified HF 

patients. Additionally, the average age of hospitalization of valvular and diastolic 

Table 1 

Criteria for classified HF types 

HF type Classified rule 

Systolic EF lower than 50% 

Valvular Mitral Regurgitation / Mitral Stenosis 

/ Aortic Regurgitation / Aortic 

Stenosis been classified as moderate 

to severe or SEVERE 

Diastolic EF higher than 50% and reported 

edema or congestion in patient’s 

Chest X-rays examination report  

Atrial 

fibrillationC{PX 

Annotated with ICD-9 code of 42731  

Non-specified Not been classified as systolic, 

valvular, diastolic type  
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HF patients was higher than for other subgroups. In Figure 1, the Venn diagram 

shows the relationship between clustered patients for the five HF types in CGMH. 

Based on the defined criteria, there was some overlap between populations with 

different comorbidities among diastolic, valvular, systolic, and AF types. The 

largest HF group in CGMH was the systolic type. However, the non-specified HF 

population accounted for more than 50% of patients; the number of non-canonical 

forms of diastolic HF is increasing because of the aging society in most developed 

countries. More diastolic HF subtypes are expected to be defined and categorized 

in the near future. 

 

Figure 1 

Venn diagram of number statistics of each HF type in four divisions of CGMH, Taiwan 

3 A Safe Mechanism Design for Self-Exercise 

Training 

3.1 System Mechanism 

The proposed mechanism is divided into three modules. The first module includes 

a raw medical database analytical server and medical information systems. The 

raw medical database of HF patients from CGMH and healthy people were 

collected and analyzed for reference clusters. The server side connects with the 

hospital information systems and provides emergency messages to doctors as well 
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as providing exercise prescriptions including MET and corresponding HR 

limitations for patients. The second module is designed for end users. After 

downloading the application (APP), users are required to provide personal 

information such as gender, age, and weight for the default settings designed in 

the next module. After wearing a wireless health bracelet device, the system 

begins to detect and record the METs and HRs of users and the bracelet connects 

to the APP through Bluetooth. According to the IoMT mechanism, the APP 

transmits physical data to cloud servers each minute based on the Message 

Queuing Telemetry Transport messaging protocol, a lightweight protocol for 

connecting with remote locations through limited network bandwidth. The final 

module is a cloud server for managing and analyzing the transmitted data. After 

receiving data from the APP, the designed system constructs a personal dataset 

including time, heart rate, and MET values, and the registered patient’s identifier 

and corresponding time feature are applied as the super key for storage in the 

cloud database for a specific user. The integrated system configuration is shown in 

Figure 2. The cloud server analyzes retrieved personal data and compares them 

with the customized prescription limitations of the maximum MET and HR 

thresholds. When the physical MET/HR values exceed one of the two ranging 

limitations (40–80% of MET peak or maximum predicted HR = 220 – age in years 

[20]), the system immediately sends a warning message to notify the patients to 

reduce exercise intensities. When the remote healthcare system is combined with 

the hospital information system, doctors can remotely monitor and inspect the 

patient’s MET/HF values by comparison with her/his CPX testing guidelines. 

 

Figure 2 

System configuration and data flow. The left sub-figure represents cardio-pulmonary exercise testing 

(CPX) assessments. The detected personal CPX testing records is recorded in the database server 

located in the hospital medical information center (the second sub-figure from left). The rightest sub-

figure shows the wireless health bracelet device for biometric feature detection and a smartphone 

device for data transfer. The collected biometric features from HF patients are sent to the cloud server 

for real-time evaluation (the third sub-figure from left). The cloud server also takes responsibility for 

sending warning messages to appropriate recipients through Short Message Service (SMS). 
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3.2 Construction of Peak Limitations from Standard 

Reference Curves 

Peak limitations for both MET and HR parameters for different ages and genders 

were constructed for two healthy male and female groups. These two sets of peak 

limitation bounding boxes in MET vs. HR measurements were obtained by 

transforming the original figure of peak VO2 (mL/min) vs. age (years) as defined 

by Fleg et al. [21]. 

 

(a) 

 

(b) 

Figure 3 

Standard reference curve transformation and construction for data calibration. (a) Peak VO2 (mL/min) 

vs. age (years) defined by American Heart Association (Reprinted from Fleg et al. [21]); (b) 

Transformed standard peak VO2 vs. age to maximum limitation of MET/HR as safety bounding boxes 

for various ages/gender. Red dotted bounding boxes for female and blue solid bounding boxes for male. 

Corresponding ages are shown in the upper-right corners. 
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The original figure is reprinted in Figure 3(a) and the transformed corresponding 

boundaries are shown in Figure 3(b). Maximum MET values were obtained by 

dividing peak VO2 (mL/min) by 3.5 and the average weight (kg) of the healthy 

people, and corresponding HR values were obtained by subtracting age in years 

from 220. Thus, two sets of limitation bounding boxes for both males and females 

were obtained as shown in Figure 3(b). It should be noted that each bounding box 

represents a set of default maximum limitations for HF patients with the same age 

and gender. Once an HF patient wears the IoMT device for self-exercise training, 

all collected MET and HR values will be evaluated in a real-time manner and 

compared to her/his own customized limitations assigned by rehabilitation 

physicians. If there is no clear definition by a physician, the general rules of 

setting initial maximum limitations for an HF patient are used with a range of 40-

80% of peak MET and 220 – age in years for HR parameter according to the HF 

patient’s age and gender. Thus, every HF patient will have a customized 

maximum limitation region for monitoring safety. 

3.3 Exercise Training Statistics for HF Patients 

A total of 1035 HF patients with CPX testing records from the CGMH database 

were retrieved from 4 divisions. Six attributes including sex, age, weight, 

maximum heart rate achieved, MET and CPX testing limitations were retrieved 

from their corresponding medical documents. Only 728 male and 327 female 

entries were retrieved for analysis, as the CPX testing equipment were limited and 

only a proportion (1.6%) of HF patients were qualified and willing to accept 

exercising training. Because of the general symptoms of dyspnea and fatigue, 

most HF patients are reluctant to participate in rehabilitation programs, even if 

they understand that exercise training may postpone rehospitalization and reduce 

the risk of mortality. This is particularly true for the elderly, who are the major 

population of HF patients. Only partial distributions of CPX testing results are 

shown in Figure 4(a). Different clusters represent the conditions of HF patients 

and healthy people: right green triangle cluster for healthy group with age ranging 

from 25 to 35 years; middle yellow circle cluster for HF patients with age ranging 

from 25 to 35 years; left red diamond shape cluster for HF patients with age from 

55 to 65 years. Healthy and young groups clearly cluster to the right locations 

within the MET vs. HR measurements. In this study, the average number of CPX 

tests conducted was 1.5 times per person among the 1035 HF patients, and the 

maximum testing record was five. Here, we display a case of an HF patient who 

attended 5 exercise training in Keelung CGMH, and the trained sequential 

conditions are shown in Figure 4(b). The patient’s maximum MET and HR 

measurements were clearly, significantly improved. This condition was true for all 

HF patients. Hence, we suggest that after the stable conditions of HF patients are 

confirmed by doctors and rehabilitation physicians, the patients should be advised 

to consistently perform self-training at home. For these cases, the proposed safe 

mechanism using IoMT bracelets should be considered. 
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(a) 

 

(b) 

Figure 4 

CPX testing measurements from collected data. (a) Different clusters of HF patients and healthy people: 

right green triangles for healthy group (age from 25 to 35 years); middle yellow circles for HF patients 

(age from 25 to 35 years); left red diamond shape dots for HF patients (age from 55 to 65 years); (b). 

An example HF patient with 5 exercise training data, sequentially. The maximum limitation box (solid 

lines) derived from healthy people is shown, and the conditions of the patient improved following the 

MET/HR measurements and move towards those of healthy people. 

3.4 Warning Functions 

Because of the sudden, urgent, and fatal characteristics of HF patients, the 

proposed warning mechanism is categorized into three different types. The first 

warning function is designed for users who have not been previously diagnosed 

with HF or any cardio-related symptoms. The system provides corresponding 
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maximum limitation bounding boxes obtained from a healthy group of people. If 

the data are collected from a user after exercise training and all data points are 

relatively lower and distant from the default bounding box, she/he should be very 

careful about her/his heart conditions. This rough clustering and warning message 

may help people who are unaware that their heart conditions are already at a high-

risk level. The second warning function is designed for HF patients as a secure 

monitoring mechanism. Based on the patient’s exercise training conditions, 

rehabilitation physicians provide exercise prescription advice regarding maximum 

limitations of MET and HR references. If patients surpass the restriction levels 

after any self-training exercises, the server will send an instant warning message 

to the patient to remind her/him to lower the exercise intensity. The third warning 

messages are designed for an emergency condition when the user’s heartbeat rate 

suddenly decreases to a predetermined low level; the system will send out an 

instant message to her/his doctors and family for emergency treatment. This 

mechanism is designed for serious HF patients who exercise alone. 

Conclusions 

Accurate classification of HF types may enable doctors to make better decisions 

regarding surgical and medication treatments for their HF patients. Here, we 

analyzed medical documents from non-intrusive ultrasound and X-ray 

examination records to determine the features of EF values, valvular conditions, 

edema, congestion, and ICD-9 codes for AF. Using straightforward classification 

rules, we effectively increased the diagnosis accuracy of HF types for providing 

proper prognostic healthcare. In addition, evaluating CPX testing performance 

may assist HF patients in understanding their rehabilitation limitations and 

function as guidelines for self-exercise training programs at home. To avoid 

increased cardiovascular mortality risk, particularly when HF patients perform 

exercise training without rehabilitation professionals aside, a safer mechanism is 

desired, which is successfully provided in this study. The proposed application 

system sets parameters for maximum MET and HR measurements either from a 

rehabilitation physician’s exercise prescription or from default settings obtained 

from controlled healthy groups. A real-time monitoring system retrieves both 

MET and HR features from users’ bracelets and provides an efficient and effective 

mechanism of sending warning messages to the patients when maximum 

limitations are exceeded. If the conditions are extremely severe for the HF patient, 

a warning message will also be sent to their family, doctors and/or caregivers. 

According to the distributions of MET/HR features for HF patients, the CPX 

testing conditions of HF patients are significantly lower than for healthy people, 

and these clustered MET/HR features can be applied as reference indicators for 

HF symptom detection. Using appropriate protocols for exercise training 

programs, HF patients can enhance their heart conditions and improve their 

quality of life by consistently participating in rehabilitation therapies. This 

proposed warning mechanism applies not only to HF patients, but also to users 

who may be unaware of their HF symptoms. Additionally, the application 
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mechanism used in this study is applicable for different disease targets, such as, 

diagnosis, classification and early warning models for various chronic diseases. In 

summary, we propose a safe system that collects MET and HR values through 

IoMT bracelets and designed default safety regions of MET vs. HR for HF 

patients of different age, gender and weight to, monitor self-training programs. 

We expect to provide users with an effective warning mechanism through bracelet 

devices and perform automatic detection and prevention for both HF patents and 

healthy people. 

Though the prototype of the proposed warning system is successfully 

implemented herein, a field experimental test should be applied to verify the 

performance of the proposed system. A large-scale field experiment project is 

currently in progress. To assure that appropriate steps are performed, to protect the 

rights and welfare of humans participating as the subjects in our study, we have 

raised a research program to the Institutional Review Board (IRB) for approval. 

When IRB reviews and approves our research program, we will start to randomize 

all collected subjects into treatment and control groups, and the experimental 

outcomes and usage behavior between these two groups will be carefully 

compared. Meanwhile, in addition to the detected features of MET and HR from 

self-trained patients, we will try to discover possible associations between the 

measured features and the classified HF types. New biometric features from the 

IoMT devices will be considered and adopted in this study, if they are effective 

and stable. According to the confirmed relationship between measurable features 

and HF groups, we will try to organize the best customized default settings for 

each individual HF patient. 
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