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1. Background 

The last few decades’ fast and spectacular development in the field of Information and 

Communication Technology (ICT) makes it possible to apply intelligent technologies and 

“smart” (IOT- Internet of Things) devices during everyday medical practice of healthcare 

professionals. High speed and broadband internet connectivity, wireless networks, cloud-based 

data storage systems, high resolution cameras, laptops, tablets, mobile phones and applications 

are more easily accessible and can be financially afforded by the general public in most parts 

of the world. As the 2015 World Health Organization (WHO) global survey report on eHealth 

(electronic health) points out, there are approximately 124 countries in the world where they 

have some available form of telemedical facilities1. In Europe according to the WHO Regional 

Office for Europe Report on the implementation of eHealth in the WHO European Region, 12 

Member States (27% of respondents) have a dedicated policy or strategy for telehealth and 36% 

(16 Member States) refer to telehealth in their national eHealth strategies. Teleradiology has 

been found the most developed telehealth service program, 83% (38 Member States) report its 

usage but there are other frequently used services such as Teledermatology or Telepathology2. 

Doctors can even diagnose an acute heart attack from a distance through telemedical 

electrocardiogram (ECG) systems. With the outbreak of the Covid-19 pandemic the utilization 

of this field has speeded up and spread over, has become more widely used and legally 

approved. During the pandemic the different telehealth facilities were used mainly for the 

purpose of evaluating the actual state of the patients, using consultations with the doctors 

(teleconsultations) via telephone or video platforms. Main focus was the therapy management 

utilizing e-prescribing, in fewer cases establishing of diagnosis (telediagnosing). 

Telemonitoring of the status and physical activity level of patients with cardiovascular diseases 

(CVD) or other chronic non-communicable diseases such as Type 2 Diabetes Mellitus (T2DM) 

or Metabolic Syndrome (MetS) are not a common practice in Hungary. International studies 

suggest, however, that home-based, telemonitored physical training programs can be equally 

effective as hospital or centre-based programs for CVD patients requiring cardiac 

rehabilitation3-9. Some of these telemonitored programs were also characterized by better 

patient satisfaction, training adherence and cost-effectiveness than the conventional inpatient 

or outpatient solutions3-9. 

Cardiac rehabilitation all over the world tends to turn from the direction of secondary 

prevention (management of people with already established CVD) to primary prevention’s 
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(management of patients without clinically manifest disease but being at risk of developing 

CVD) direction10-11. As in the phase of secondary prevention, so in the phase of primary 

prevention the construction of a physical training regimen is crucial. E-health services with 

extended interventions can be utilized effectively.  Monitoring the physical activities can 

happen in several ways, from the simplest step-counters to the complicated accelerometer-based 

activity monitoring. Non-invasive heart rate monitoring can also happen by different 

techniques. It could be measured and followed by multi-channel or just single-channel ECG 

monitoring, electric, but not ECG visualized dedicated monitors or by optical sensors12. 

Telemonitoring the intensity of physical activities of patients who have cardiometabolic risk 

factors but not dependent on close medical supervision, is a viable alternative of outpatient-

controlled training by saving human and financial resources. Several types of heart rate 

monitors and lifestyle coaching mobile applications exist on the market with the help of which 

we can remotely and closely monitor the physical activity level and/or dietary habits of our 

patients however these solutions are not integrated in the system of healthcare.  

1.1 Definitions of Telehealth, Telemedicine 

The terms Telehealth and Telemedicine are usually interchanged and used as synonyms, 

but they refer to slightly different concepts. Telehealth is the broader concept, it includes remote 

but not just clinical care and services using telecommunication technologies, while 

Telemedicine is a subgroup of Telehealth, specifically referring to remote clinical or medical 

services. Telemedicine literally means „healing at a distance” and according to a WHO adapted 

definition it is “The delivery of health care services, where distance is a critical factor, by all 

health care professionals using information and communication technologies for the exchange 

of valid information for diagnosis, treatment and prevention of disease and injuries, research 

and evaluation, and for the continuing education of health care providers, all in the interests of 

advancing the health of individuals and their communities''13 (WHO, 2010. page 9.). In other 

words, it is a medical facility that uses ICT to allow interaction between the Health Service 

providers and the patients physically located in different places. Interpersonal connections are 

managed through some kind of an online electronic system. As a wider definition it functionally 

involves Teleconsultation, Telemanipulation, Telediagnosing and Telemonitoring and other 

functions dealing with education, health promotion, prevention and treatment2.  

eHealth (electronic Health) by definition is a group of activities that use electronic ways 

to deliver health-related data, resources and services. These include the EHR systems and can 
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be used for providing some treatment options to the patients from a distance (e-prescriptions), 

for delivering online training for the health professional staff, for the educating patients (e-

learning) or for the registering and follow-up of infectious diseases or epidemics2. 

mHealth (mobile Health) is a subsystem of eHealth using different mobile technologies 

to provide support for medical practices, reaching out patients from distant geographical 

locations, using wearable and portable equipment thus providing more independence for the 

users. It also applies mobile phone applications related to lifestyle management, health status, 

well-being and cardiorespiratory fitness and uses body-contact wearable devices or sensors2. 

1.2 Different classifications, forms and features of Telemedicine 

We should differentiate between a Telemedical care/Telecare and a Teleconsultation. A 

Telecare facility is a direct patient care that happens between a health care professional and a 

patient (e.g. between a general practitioner and a patient) while Teleconsultation happens 

between two health care professionals (e.g. a general practitioner and a specialist consultant), 

aiming for a second opinion helping a diagnosis or treatment. A Telecare session can be either 

via telephone call or video-consultation, based on simply the EHR data or specifically on the 

data from the given-out monitoring devices/sensors. Similarly, Teleconsultation can be based 

on personal data from text, imaging or specifically given out monitoring devices/sensors and 

the consultation can happen by phone or video calls. Written feedback e.g., creating an EHR 

document is a common requirement in both cases13,14. 

According to the timing of the information transmitted, the delivering of telehealth can 

be synchronous or asynchronous. In the first case information is transferred in „real-time” 

requiring continuous investment of time from the site of health professionals. In the case of 

asynchronous or offline service, the information is pre-recorded, and the stored data are 

forwarded and assessed later by health care specialist typically with shorter time utilization as 

in the case of synchronous service. Remote Patient Monitoring (RPM) is realized typically as 

asynchronous service by the monitoring of the different medical or vital bioparameters of the 

patients from a distance (e.g., at home). The most often telemetrically monitored parameters 

are the blood pressure, the blood glucose level, the oxygen saturation, the body weight, or the 

heart rate13. The WHO European Report on telehealth implementation states RPM the second 

most frequently used telehealth facility (used by 72% - 33 Member States) which has the highest 

number of pilots and new solutions in the member countries2. The advantage of asynchronous 

service is that the supervising healthcare staff can schedule the monitoring in his/her work time 
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while the patients can do the measurements, the activities whenever they are available, e.g., in 

their free time or on weekends. Asynchronous monitoring relies typically upon the 

appropriately chosen aggregated data (e.g., average values, standard deviations, tendencies, or 

duration of time in the preferred heart-rate zone, total time expenditure or the pulse curve in the 

case of training monitoring). The drawback of offline monitoring is that the healthcare 

professionals cannot interfere at once in case any problem arises, but with the appropriate 

selection of patient populations’ this limitation can be accepted. The added value of offline 

monitoring is the minimalization of emergency situation by better patient management, not the 

handling of emergencies. 

Another important aspect is when someone self-monitors certain bioparameters, that it 

would help in their decision-making based on the gained data thus enhancing self-management 

on a long-term. In case of hesitation, external support in decision making can be gained by the 

quick overview of the recorded parameters. 

The areas where we can benefit from using telehealth facilities can be pictured on a very 

wide range. There has been an increasing need for these services in remote areas (geographical 

locations and physical obstacles), in developing countries, for the physically disabled 

populations, for huge patient populations of chronic non-communicable diseases (CVD, 

obesity, T2DM, MetS), for highly vulnerable patients, for isolated population (e.g., prisoners, 

in natural disaster areas or where the human resources are overloaded and have long clinical 

waiting lists. Therefore, we point out the following advantages of telemedical services:  

● time-and cost-effectiveness from both the patients’ and the healthcare provider’s side, 

● immediate lowering of the burden from the healthcare professional staff, 

● decreasing the clinical waiting lists, 

● elimination of direct contact and risk of infection between the patients and the health 

professionals or between a group of patients,  

● reducing hospitalization and the number of days spent in hospital,  

● increasing patient satisfaction, 

● enhancing self-monitoring and self-management,  

● accessing the facilities/services from the comfortable home environment, 

● fitting in the after-work schedule of the active, working-age populations by using the 

store-and-forward monitoring,  

● reaching out to the patients with limited mobility or living distantly without traveling 

time and cost 15-18. 
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There are some disadvantages of telemedicine which we must be aware of when planning to 

use these facilities:  

● the provider must possess the appropriate technical support, ICT systems, “smart” 

equipment and must be able to operate them, 

● purchasing and maintaining the needed equipment or technologies are not everywhere 

supported financially, these facilities may not be available for every layer of the society 

(e.g., broadband internet), 

● the elderly population might not be able to use the intelligent technologies without help 

(poor digital literacy), 

● the online diagnosis might not be proper thus leaving the patient in a state of fault 

security that everything is right and do not need further assessments or face-to face 

personal appointments,  

● the provided measuring devices at home sometimes can work imprecise (e.g., in case of 

arrhythmias like atrial fibrillation) thus needing a personal face-to-face visit for 

checking,  

● documentation, data protection and legal issues15-18.  

1.3 Evidence supporting home-based programs, telemedicine and remote patient 

monitoring in the field of physiotherapy and cardiac rehabilitation 

Using telemonitoring in the practice of physiotherapy worldwide is not unknown, it has 

become more and more popular and can be delivered in many ways. Guided online therapy 

sessions can be applied through real-time videoconferencing, when the physiotherapists instruct 

different exercises to the patient one-to-one or for a group of patients. We have seen many 

examples for this during the Covid-19 pandemic. In this situation the patients might need to 

have some therapy equipment at home (elastic bands, balls, dumbbells etc.) or need to have 

somebody to help them19 and although the way and intensity of the exercises can be controlled 

by the therapist this way at once in real-time but the possibilities for correction or to interfere 

in case of a problem are very limited. During the inpatient rehabilitation (e.g., in a hospital) 

therapy adherence is usually better as the patients are under direct supervision and visual 

monitoring by the healthcare professionals, although lacking continuous heart-rate monitoring, 

as measurements are usually performed only before and after the trainings with manual self-

counting of the pulse. However, maintaining the adherence during the outpatient services or 

until the follow-ups has always been a challenge for the therapists. There are other barriers 
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occurring in the outpatient care system from both the patients’ and the providers’ side. 

Unfortunately, physiotherapy outpatient services are not available everywhere, but where 

present there are usually long waiting lists for these services, there is a shortage of staff, the 

therapists are usually overloaded with work and the patients, who are usually from the workers’ 

population, must adapt to the available working hours if they want a supervised session of 

exercise. 

In the last decade in many countries a very intensive research activity has started in this 

field, investigating the justification and effectiveness of telemedicine supported exercise-based 

cardiac rehabilitation programs. Research suggests that exercise telemonitoring and 

telerehabilitation (TR) programs can be equally effective (regarding the outcomes, time and 

cost) as hospital-based conventional programs for CVD or respiratory patients requiring cardiac 

or pulmonary rehabilitation3-9.  

Huang and colleges (2015) conducted a systematic review and meta-analysis of 9 

randomized controlled trials, researching the effects of telehealth supported exercise CR 

programs compared with the traditional inpatient rehabilitation. Altogether in the 9 studies 1546 

patients participated [after myocardial infarction (MI), revascularization, coronary artery 

disease and patients with low-moderate risk of future cardiac events]. 781 patients were in the 

telehealth intervention groups and 765 in the centre-based CR programs with a mean age of 

60.9 years. Although the way of delivering the cardiac rehabilitation programs was different in 

the compared studies (by telephone, Internet, telephone plus computerized patient-managing 

system, recording-transmitting ECG device by telephone and e-mail) and there were some 

differences in the duration of the programs (6 weeks–6 months), in the frequency of the 

trainings (1-6 sessions weekly), in the length of the sessions (25-60 min) and the measurement 

of the training intensity [maximum oxygen consumption (VO2max), maximum heart rate, Borg-

scale] but the results are quite homogenous. They found no significant differences in the 

observed main outcomes [mortality, exercise capacity, modifiable cardiac risk factors such as 

blood lipids, blood pressure, smoking and weight, adherence, health-related quality of life 

(QoL) and psychosocial state] between the centre-based and the tele-rehabilitation groups, thus 

concluding that telehealth supported delivery of exercise-based cardiac rehabilitation should be 

a non-inferior alternative to the centre-based CR programs, offering a chance of participation 

for those who have limited access or time to the conventional inpatient facilities3. 

Buckingham and colleges (2016) performed a Cochrane systematic review and meta-

analysis, including 17 studies and 2172 patients altogether. They compared the effects of home-

based versus supervised centre-based CR programs on different outcomes such as mortality, 



7 
 

exercise capacity, QoL, and modifiable cardiac risk factors (blood pressure, blood lipid levels 

and smoking) in heart disease patients (MI, angina pectoris, heart failure or patients after 

coronary revascularization). In terms of mortality and exercise capacity on short- and long-term 

they found no difference between the home-based and centre-based CR groups. In one study 

they found that the mean maximum oxygen consumption (VO2max) at the 6-year follow-up was 

significantly higher in the home-based group than in the centre-based group. They have 

observed lower high-density lipoprotein cholesterol (HDL-C) levels, lower diastolic blood 

pressure in centre-based participants. The home-based CR was associated with slightly higher 

training adherence4. 

The meta-analysis by Rawstorn and colleges (2016) included 11 trials altogether 1189 

coronary heart disease (CHD) patients with a mean age of 58 years.  They also assessed the 

potential benefits of telemedically controlled exercise-based CR versus conventional centre-

based CR training programs considering the exercise capacity (VO2max or MET) and modifiable 

CVD risk factors. The delivery of telehealth facilities (telephone, biosensors, accelerometry, 

heart rate monitoring, computers, mobile or smartphones and mobile applications) varied 

among the studies as well as the training duration (1.5-12 months). Two included studies did 

long-term follow up (1.5 and 7.2 years). The telemedically supported exercise programs 

contained 2-5 sessions per week on average, lasting 30–60 min/session with an intensity level 

progressing from moderate to vigorous (from 40–60% to 70–85% of peak capacity) intensity. 

Results show that compared with centre-based programs, the telemedically supported exercise 

CR programs were more effective in improving physical activity level, therapy adherence, 

diastolic blood pressure and blood lipid concentrations. Telehealth and centre-based CR were 

equally effective for improving the exercise capacity and the modifiable CVD risk factors and 

physical activity level was higher following telehealth CR than after the usual care5. 

Chan and colleges (2016) in their literature review and meta-analysis, included 8 studies 

in cardiac rehabilitation and 1 study in pulmonary rehabilitation, with an overall of 782 

participants (patients with MI, coronary artery bypass grafting, coronary angioplasty, other 

catheter interventions, heart transplantation or post-valve surgery). They compared the effects 

of telemedicine supported rehabilitation programs with traditional, centre-based training 

programs regarding the measured outcomes such as the VO2max, the maximum workload 

(Wmax), the six-minute walk distance (6MWD), the exercise duration, the energy expenditure 

and the QoL. Although in the studies different telemonitoring techniques (transtelephonic ECG 

monitoring, heart-rate monitoring, video cameras or smartphones with applications) and 

different exercise protocols were applied, the results were again quite homogenous. In 4 studies 
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they found significant improvements in the VO2max for both groups, in 3 studies they found 

similar improvements in Wmax in both groups, while in 1 study they found greater improvements 

in Wmax in the telemonitored group, the results of 2 studies showed statistically significant 

increase in 6MWD in both groups with no significant between group difference. No adverse 

events, hospitalization or mortality were reported (investigated in 8 out of 9 studies) during the 

telemonitored interventions. They concluded that the cardiac and pulmonary telerehabilitation 

programs resulted in similar therapy adherence, quality of life and exercise outcomes compared 

to the conventional programs except for exercise duration, which resulted slightly better in favor 

of the centre-based interventions6.  

The FIT@Home study by Kraal and colleges’ (2017) compared the effects of 

telemonitored home-based and conventional centre-based trainings regarding physical fitness, 

physical activity, training adherence and healthcare costs. They involved 78 low-to-moderate 

cardiac risk patients (acute coronary syndrome or after revascularization), in the home-based 

telemonitored or the centre-based training groups. Their intervention was for 12 weeks, at least 

two training sessions (45–60 min/session) per week, with an intensity of 70–85% of the 

maximal heart rate assessed by a cardiopulmonary exercise test. In the telemonitored group they 

used a heart rate monitor with a chest strap. Data was uploaded to a web application and the 

patients received weekly feedbacks on their performance by healthcare professionals. They 

found no differences in the physical fitness parameters, in the physical activity levels at the one 

year follow up. While the health-related QoL and psychological status were similar in both 

groups, the home-based and telemonitored program was associated with a higher patient 

satisfaction and ended up more cost-effective than the centre-based training. They concluded 

that home-based training with telemonitoring guidance can be used as an alternative to centre-

based training for low-to-moderate cardiac risk patients in cardiac rehabilitation7. 

In their non-inferiority study, Maddison and colleges (2019) compared the physiological 

effects and cost-effectiveness of the 12 weeks, real-time telemonitored exercise-based versus 

centre-based CR programs in 162 coronary heart disease patients. At baseline, at the 12th and 

the 24th week follow-up, they assessed different outcome measures such as the V̇O2max, 

modifiable CV risk factors, adherence, motivation, health-related QoL and financial costs. In 

the TR group the patients received individualized exercise, they were provided the 

telemonitoring equipment for free, including a smartphone, a web application and a software 

designed by the research group, a chest-wearable sensor measuring the heart rate, the 

respiratory rate, ECG and an accelerometer (Figure 1.). Their platform allowed the remote 

exercise monitoring and the audio coaching to happen synchronously by transferring the 
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measured bioparameters via internet to the web server. The patients were able to follow and 

self-monitor their actual parameters on the smartphone app. The exercise was also recorded 

thus letting a retrospective performance review, goal setting and patient education. Their results 

showed that home-based and telemedically supported CR was non-inferior to the conventional 

centre-based CR in regarding the measured functional, risk factor and behavioral outcomes8.  

 

 

Figure 1: Remotely monitored exercise-based cardiac telerehabilitation platform schematic 

Source: Maddison et al (2019). Effects and costs of real-time cardiac telerehabilitation: randomized controlled 

noninferiority trial. Heart. 105:122–129. Page 123. 

 

They found that the telemonitored group participants were less sedentary at the 24th 

weeks, the centre-based group patients had slightly smaller waist and hip circumferences at the 

12th week. The program delivery and medication costs were far lower for the telemonitored 

group (70%) but other than these they did not find any significant differences between the two 

groups. Finally, they concluded to recommend the home-based and remotely telemonitored CR 

as an efficient and cost-effective alternative to the traditional centre-based CR8. 

In their recent review, Batalik and colleges (2020) included 12 studies, 545 patients 

(after MI, coronary revascularization, low or medium cardiovascular risk and heart failure) 

altogether in the different TR groups, reviewing the efficiency and utilization of TR compared 

with centre-based CR and usual care. Commonly all TR programs contained some forms of 

physical exercise, but they differed in the duration of the intervention period (6-24 weeks), in 

the number of sessions per week (1-5), in the duration (30-300 minutes per week) and the 

intensity of the trainings (40-80% of heart rate reserve) and in the type of physical activity 
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(walking, Nordic walking, jogging, cycling). Telemonitoring included ECG telemetry, 

wearable monitors or heart rate sensors with a chest strap either real-time or asynchronous, with 

telephone call, email or SMS feedbacking on the home-based trainings (Figure 2). Regarding 

their primary outcomes, in 6 studies they found similar improvements in exercise capacity 

(measured by the VO2max, by the 6MWD or by exercise stress test with peak MET) in the TR 

and the centre-based CR programs but in 6 studies the improvements in exercise capacity were 

significantly better in the TR groups compared to the usual care groups. The average percentage 

of completion rate in the TR groups was almost as high as in the control groups (86% vs 89%) 

and no severe complications, adverse events or deaths were reported. According to their 

findings home-based telerehabilitation programs were found to be at least as effective as 

traditional centre-based cardiac rehabilitation programs in improving CVD risk factors and 

exercise capacity for cardiac patients and they also found TR to be an effective and suitable 

alternative to inpatient cardiac rehabilitation9. 

 

 

Figure 2: Scheme of remotely monitored telerehabilitation 

Source: Batalik et al (2020). Remotely monitored telerehabilitation for cardiac patients: A review of the current 

situation. World J Clin Cases. 8(10): 1818-1831. Page 1821 

1.4 Metabolic syndrome: definition, risk factors, diagnostic criteria and non-

pharmacological treatment  

Metabolic Syndrome is characterized by the concomitant presence of cardiometabolic 

risk factors such as central (abdominal) obesity (defined by increased waist circumference), 

high blood pressure, elevated fasting plasma glucose and triglyceride levels and decreased 

HDL-C level20. This condition increases 2-5 times the risk of developing CVD and T2DM in 

the next 5 to 10 years20 and the occurrence of cardiovascular death by 1.8 times in the next 15 
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years21. The aggregation of MetS risk factors or components at the same time, increases CVD 

risk further. According to the Framingham Offspring Study, which analyzed the data from 3708 

participants, the prevalence of MetS almost doubled after the 10 years follow-up, high plasma 

glucose level and central obesity experienced the highest increase. Participants who had MetS 

with a combination of central obesity, hypertonia and hyperglycemia had a 236% increase in 

cardiovascular event incidents and a 309% increase in the risk of mortality22. 

 As considered a syndrome, MetS is defined slightly differently by the various 

international organizations, the WHO, the EGIR (the European Group for the Study of Insulin 

Resistance), the IDF (International Diabetes Federation) and the NCEP (National Cholesterol 

Education Program) ATP III. (Adult Treatment Panel III.).  According to the different 

definitions, the absolutely required components also differ e.g. in the WHO categories, insulin 

resistance or diabetes, in the EGIR categories the hyperinsulinemia, by the IDF, the central 

obesity (waist circumference less than 94 cm in men and less than 80 cm in women) are need 

to be present, plus usually two other components out of the four or five other criteria 

(dyslipidemia, decreased HDL-cholesterol level, hypertension or microalbuminuria). 

According to the NCEP ATP III, there is no compulsory component, any three of the five core 

components if present concomitantly that is considered a MetS. Clinically this diagnostic 

criteria system is the easiest to apply and therefore the most widely used in practice23. 

The prevalence of MetS obviously depends on the used diagnostic criteria. In developed 

countries MetS affects around one fourth (20-30%) of the adult population, this ratio is 

increasing especially amongst the elderly (23.5% to 40.6%)22, 24. In Hungary the prevalence of 

MetS according to Szigethy and colleges’ study was 38% among men and 30% among women 

in the 20-69 years population tending to develop even earlier, during childhood25. Kékes and 

colleges within the frameworks of their study “Nationwide Comprehensive Health protection 

Screening Program in Hungary 2010-2020” („Magyarország Átfogó Egészségvédelmi 

Szűrőprogramja 2010–2020”) have assessed 65 267 participants and investigated the 

occurrence of MetS among them. The results showed that the prevalence of MetS was 30-37% 

and was higher among men until the age of 45, but between the age of 45-65 (menopausal age), 

the prevalence was significantly higher among women26. 

According to the IDF guideline and other international recommendations, the changing 

of the lifestyle, regular,  proper physical activity and calorie restricted healthy diet are inevitable 

to lose bodyweight, to treat the MetS and play a key role in the prevention as well27, 28. Providing 

personal supervision in out/inpatient care settings for a bigger target population of Metabolic 

syndrome patients would challenge the National Healthcare System but based on the literature, 
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using telemedicinal facilities for the home performed trainings could be a promising and 

available option. 

Sequi-Domingez and colleges (2020) in their systematic review and meta-analysis, 

analyzed 9 studies (total of 992 patients, mean age 38.4-59.7 years) and investigated the effects 

of telemedically supported lifestyle interventions for reducing cardiometabolic risk in 

Metabolic syndrome patients. They assessed the following outcomes: body composition, WC, 

BMI, blood pressure, FPG, glycated hemoglobin A1c (HbA1c), total cholesterol, low-density 

lipoprotein cholesterol (LDL-C), HDL-C and triglycerides. Their findings showed that mHealth 

interventions caused great improvements in the body composition, blood pressure, FPG, and 

HDL-C levels but no relevant changes were detected in HbA1c, total cholesterol, LDL-C and 

triglyceride levels. Although according to their results, mHealth supported interventions of 

physical activities or lifestyle interventions were not superior to traditional care but were found 

to be effective and could serve as an alternative solution being time-, and cost-effective, tailored 

to the individual’s needs and enhancing self-management 29.  

Haufe and colleges’ (2019) study involved 314 MetS participants (mean age 48±8 

years), who were workers in a German car factory. They aimed to investigate the effects of a 

6-month mHealth supported physical activity and lifestyle intervention on the severity of MetS 

(measured by the Z score) and the work ability of the included workers. In the intervention 

group they were provided a GPS running watch with heart rate and activity monitoring 

functions wearable on the wrist, plus they had to install an application to their mobile phone. 

Participants were asked to perform minimum 150 min of moderate intensity physical activity 

per week for 6 months. The following parameters were monitored: wearing time, number of 

steps, preset or self-defined activities, recording activity time, distance, and heart rate as 

assessed by an optical heart-rate sensor. Training data were saved and forwarded through an 

interface to a server at Hannover Medical School, where the supervisor monitors could see the 

type of activity, duration, heart rate, distance, and number of steps. The type of physical activity 

or training was according to the patients’ preferences, but they were asked to keep their heart 

rates in a target heart rate zone (65–75% of the maximum heart rate, previously measured during 

the incremental exercise test) during the activities. The control group were those participants 

who were put on the waiting list for future participation in the intervention group, but until that 

they were asked to continue their current lifestyles. According to their results the mean 

bodyweight was reduced more in the exercise group than in the control group, the mean 

percentage of body fat significantly decreased in the exercise group but not in the control group. 

The MetS Z score significantly decreased for the exercise group compared with the control 
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group, all MetS components showed a significant between-group difference (except HDL-C) 

in favor of the telemonitored exercise group. The physical and mental component scores of the 

QoL questionnaire and the exercise capacity also increased in the exercise group significantly 

greater than in the control group. Both groups scored less in the HADS (Hospital Anxiety and 

Depression Scale) questionnaire for anxiety and depression but with a greater improvement in 

the exercise group. Duration of physical activity was positively associated with changes in total 

work ability, but not with metabolic syndrome severity. Their findings highlight that a 6-month 

telemedically monitored and exercise-focused intervention, with distant supervision and 

feedback from monitoring professionals, can decrease the risk factors of MetS, reduce the 

severity of the disease and improve the work ability of the assessed working-age population of 

employees with MetS. They also recommend offering these types of interventions to other 

working-age populations in need, to reduce individual disease risks, healthcare related and 

economical burdens which are associated with Metabolic syndrome30.  

There is evidence that home-based and mHealth supported training programs can be 

equally effective as hospital or centre-based programs3-9 and that these types of programs were 

positively affecting cardiometabolic parameters, MetS risk factors, QoL and workability29, 30. 

Reforming the lifestyle is a very cumbersome process; only a very small proportion of the 

population is able to cope with this alone and change the ingrained lifestyle habits. The majority 

of patients require strong external support, coaching and supervision. This will challenge the 

Public Health Services, depleting structural, financial and human resources. There is another, 

predetermined conflict pertaining to the patient: a great proportion of the affected patients are 

in the active age group, where their occupational activities prohibit the regular visits to 

outpatient facilities offering therapeutic physical training programs. A further barrier is the time 

consumption and cost of regular commuting to and from the nearest outpatient clinic. Since the 

outbreak of the Covid-19 pandemic we should also consider the potential infection hazards 

related to institutional group training. Services provided through telemedicine technology are 

preferred in this situation to minimize interpersonal contacts between health care workers and 

patients as well as between patients. Providing the treatment by telemonitoring and coaching 

the home-based exercise trainings of patients who have cardiometabolic risk factors like in 

MetS, but not yet dependent on close medical supervision, is a forward-looking and viable 

option as reducing some burden of the institutional healthcare staff and saving time and money 

for the patients.  

Review of the evidence also shows that MetS is comorbid with different psychological 

disorders; obesity (central adiposity) and diabetes (insulin resistance) increase the risk of 
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depression and anxiety but on the other hand after successful weight loss programs the 

improvement of depression was reported. Furthermore depression, anxiety and MetS all have 

environmental and behavioral factors in common, increasing their risk of prevalence, such as 

unhealthy diet, smoking, chronic stress and physical inactivity31,32. It is also supported by 

evidence that vital exhaustion (excessive fatigue, loss of energy and demoralization) is an 

independent risk factor of cardiovascular diseases33. Based on the findings of two meta-

analyses, the relative risks for cardiovascular events are between 1.50 and 2.0334, 35. Few studies 

have analyzed the psychological effects of home-based telemonitored training in cardiac 

rehabilitation and most of them only measured changes in the QoL and the results are mixed. 

Some studies have found an improvement in quality of life 36-38, while other studies have found 

no significant difference in the increase in quality of life of those treated remotely by using 

telemedical support compared with the conventional treatment3, 39.  
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2. Aims of the Thesis 

Although evidence supports that mHealth supported interventions are effective 

strategies in the non-pharmacological treatment of the Metabolic syndrome29, 30, to date there 

has been no unitary and exact protocol, good practice or consensus for the implementation and 

integration of telemedically supported home-based telemonitored physical training programs in 

the therapy of MetS patients in Hungary. Therefore, our purpose was to investigate the 

physiological and psychological effects of a 12 week, home-based and telemonitored physical 

training program of MetS patients, to see the changes of different risk factors and parameters 

of the Metabolic syndrome with using heart rate monitoring, online supervision of the trainings, 

individual coaching by physiotherapists, and weekly feedbacking to the patients. Additionally, 

we intended to try out the usage of different types of monitoring devices (heart-rate monitoring 

watch and chest strap paired with a “smart” phone) during the telerehabilitation. We also kept 

in the focus of our interest that in case of finding the results positive how to implement and 

integrate our pilot program into the National Healthcare System, in the physiotherapy practice 

and spread it over to a greater population in need. 

2.1 Hypothesis I. 

In our study we sought to investigate the physiological effects of a 12-week home-based 

and telemonitored training program on the anthropometric [waist circumference (WC), hip 

circumference (HC), weight and body mass index (BMI)] and body composition parameters 

[the total body fat mass (BFM), its ratio referred to the body weight (BFM%), the muscle mass 

(MM), the fat free mass (FFM), the visceral fat (VF) level in the abdomen, the trunk fat 

percentage (TF%) and the average basal metabolic rate (BMR)] of Metabolic syndrome 

patients. We assumed that these parameters will positively change. 

2.2 Hypothesis II. 

We intended to assess the effects of a 12-week home-based and telemonitored training 

program on the maximal exercise and functional capacity (stress ECG duration time, 

maximum MET and 6MWD) and laboratory parameters [fasting plasma glucose (FPG) level, 

HbA1c level, HDL-C level, total cholesterol (TC) level and triglyceride (TG) level] of 

Metabolic syndrome patients. We hypothesized that these parameters will positively change 

and the cardiorespiratory fitness of the MetS patients will improve. 
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2.3 Hypothesis III. 

We aimed to evaluate the psychological effects of our 12-week home-based and 

telemonitored training program on the level of depression, insomnia, vital exhaustion, and  

well-being of Metabolic syndrome patients by assessing and evaluating the Shortened Beck 

Depression Inventory (BDI), the Athens Insomnia Scale (AIS), the shortened Maastricht Vital 

Exhaustion Questionnaire (MQ) and the WHO Well-Being Scale (WHO-WBS). We assumed 

that these parameters will positively change, thus the quality of life of the patients will improve. 

2.4 Hypothesis IV. 

During the 12-weeks telemonitoring we intended to try and compare the usage of two 

different types of heart-rate monitoring devices (“smart” watch and chest strap paired with 

a “smart” phone). We hypothesized that both devices will be equally suitable for their purpose 

(monitoring the heart rate) and the two subgroups, Group SM (smart watch) and Group CS+P 

(chest strap + phone) will have similar results regarding the outcomes, therefore the type of 

monitoring device used will not have a significant effect on the results.   
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3. Materials and methods 

3.1 Participants 

Altogether 59 participants with a confirmed diagnosis of Metabolic syndrome were 

enrolled in the study. MetS was defined according to NCEP ATP III. MetS criteria 

system20,23,40. All participants were volunteers and gave their written informed consent to 

participate in the study.  

3.2 Study design and patient recruitment 

This study was a prospective, non-randomized intervention evaluation study among 

Metabolic Syndrome patients, who were involved in the study between the 1st of September 

2018 and the 31st of January 2020. They were recruited from the city of Szeged (Hungary) and 

surrounding villages within a 40 km distance. The recruitment was running in General 

Practitioners (GP) offices, occupational physician offices as well as in cardiological inpatients 

and outpatient facilities. Participants were recruited by the physician’s referral. All subjects 

were informed about the study protocol and provided a written informed consent before the 

enrollment in the study. The study was done in accordance with the Declaration of Helsinki and 

the study protocol was approved by the Hungarian Medical Research Council (ETT TUKEB), 

the Ethical Trial Number is 50780-2/2017EKU, the Clinical Trial Registration number is 

NCT05146076. 

3.3 Inclusion criteria  

Participants (men and women), aged between 25 and 70 years were involved in the 

study, who practiced only very low level of regular physical activity (self-reported, less than 30 

minutes a week), and had at least three risk factors concomitantly present from the followings 

to qualify for the diagnosis of the MetS:20,23,40 

(a) waist circumference above 102 cm in men and above 88 cm in women,  

(b) proved T2DM or FPG level above 5.6 mmol/L,  

(c) treated hypertension or spontaneous blood pressure ≥ 130/85 Hgmm,  

(d) treated hypertriglyceridemia (HTG) or serum TG level above 1.7 mmol/L,  

(e) serum HDL-C level under 1.03 mmol/L in men, under 1.3 mmol/L in women 



18 
 

To manage the telemonitoring devices and data transfer the participants had to have 

basic informatics skills and digital literacy to be able to use a smartphone or transfer data from 

the smart watch to the phone, laptop or personal computer through a wired or wireless 

(Bluetooth) connection.  

3.4 Exclusion criteria  

The participants were excluded with: any upcoming planned invasive cardiological 

intervention [Percutaneous Transluminal Coronary Angioplasty (PTCA), coronary artery 

bypass, valve repair or replacement], uncontrolled hypertension (blood pressure >160/100 

Hgmm), type 1 diabetes mellitus (T1DM), T2DM which needed more than one dose of insulin 

per day, chronic heart failure (CHF), chronic renal failure where the estimated Glomerular 

Filtration Rate (eGFR) < 60 ml/min), oncological diseases, serious cognitive dysfunction, lack 

of cooperation, any known disease or condition that seriously affected the mental and legal 

capacity, any other conditions preventing  regular physical trainings. 

3.5 Primary and secondary outcome measures  

When planning our study, we set two primary outcome measures. One of them was the 

waist circumference (WC) as it is a basic anthropometric measure to assess abdominal obesity 

and its increased proportion serves as one of the risk factors in the MetS by definition20,23,40. 

Our second primary outcome measure was the six-minute walk distance (6MWD), the patients’ 

best achievable walked distance in six minutes performed during the six-minute walk test 

(6MWT), which is a simple field test commonly used to assess the functional capacity41,42. We 

considered all other measured parameters (a series of anthropometric, fitness, body 

composition, metabolic parameters: the hip circumference, the body weight, the body mass 

index, the stress-ECG duration time, laboratory parameters such as fasting plasma glucose, 

glycated hemoglobin, triglyceride, high-density lipoprotein and total cholesterol levels and 

quality of life) as secondary outcome measures. 

3.6 Baseline and follow-up patient assessments 

The baseline and follow-up medical assessments and the data collection took place in 

the Department of Medicine, Albert Szent-Györgyi Medical School, University of Szeged, 

(Szeged, Hungary), while the physiotherapy assessments and the relevant data collection were 
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performed in the Department of Physiotherapy, Faculty of Health Sciences and Social Studies, 

University of Szeged (Szeged, Hungary). Baseline assessments were performed maximum 1 

week before starting the training program, while follow-up evaluation was performed within 1 

week of completing the 12-week training program. 

3.6.1 Anthropometric measurements 

The following anthropometric parameters were assessed in all participants at the initial 

and the final visits: waist and hip circumferences, body weight and height by the standardized 

way. Exact body weight was measured by the body composition analyzer device (Tanita BC-

418, Japan), standing on its scale part, without shoes and heavy clothing. Height was measured 

in centimeters (cm) using a metric stadiometer attached to a wall. The patients stood erect 

without shoes, with the back of the head, the shoulder blades, the buttocks and the heels 

touching the wall and the patient looking directly forward43. All circumferences were measured 

in centimeters (cm) using a stretch‐resistant tape that provides a constant 100 g tension. Hip 

circumference (HC) was measured at the level of the greater trochanter (around the widest 

portion of the buttocks), with the tape parallel to the floor. Waist circumference was measured 

at two levels: at navel level (WCnavel) and at the narrowest part of the midriff (WC midriff) thus 

at the smallest circumference between the lower margin of the last palpable rib and the top of 

the iliac crest (Figure 3.). For each measurement, the subjects stood erect, with feet close 

together, arms at the sides and body weight evenly distributed across the two feet. The subjects 

were relaxed, and the measurements were taken at the end of the normal expiration phase of the 

breathing44.  

 

Figure 3. Measuring WCmidriff with a tape measure 

Source: own photo 
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3.6.2 Functional capacity 

The functional capacity was measured during the 6MWT, in accordance with the 

American Thoracic Society (ATS) guideline, outside on a 30-meter-long marked track. The 

distance reached in six minutes (in meters) was measured and documented41, 42. 

3.6.3 Maximal exercise capacity 

Under cardiologist’s supervision a twelve channel ECG (CardioSys, MDE Diagnostic, 

Walldorf, Germany) was performed at rest and during exercise using an incremental loading in 

accordance with the Modified Bruce Protocol until the age predicted maximal heart rate or the 

maximal tolerated capacity of the patient. The age predicted maximal heart rate was calculated 

based on the 220-age formula. The maximal capacity in Metabolic Equivalent of Task (MET; 

ml/kg/min), the maximal heart rate (bpm), systolic and diastolic blood pressure (Hgmm) and 

the duration of the Stress-ECG test (min) were measured and documented.  

3.6.4 Body composition analysis 

The body composition was measured by a Bioelectrical Impedance Analysis (BIA) 

method using a segmental body composition analyzer device (Tanita BC-418, Japan, Figure 4). 

The device measures body composition by measuring bioelectrical impedance in the body using 

eight electrodes and constant current source with a high frequency current (50kHz, 500μA). 

The degree of difficulty with which electricity passes through a substance is known as the 

electrical resistance. Electricity passes through water rather easily but fat within the body allows 

almost no electricity to pass through. The percentage of fat and other body constituents can be 

inferred from the measurements of this resistance. Electric current is supplied from the 

electrodes on the tips of the toes of both feet and the fingertips of both hands, and voltage is 

measured on the heel of both feet and the thenar side of both hands. The current flows into the 

upper limbs or lower limbs, depending on the body part(s) to be measured, five different 

impedance measurements to be made – whole body, right leg, left leg, right arm and left arm. 

During the measurement the exact bodyweight (kg), the total body fat mass (BFM) in kilograms 

(kg), its ratio referred to the body weight (BFM%), the muscle mass (MM) in kilograms (kg), 

the fat free mass (FFM) in kilograms (kg) were estimated (calculated). The visceral fat level 

(VF) in the abdomen and the trunk fat percentage (TF%) were measured by an abdominal fat 

analyzer device (Tanita ViScan AB-140, Japan), shown on Figure 5. The Body Mass Index 

(BMI; kg/m2) and the average basal metabolic rate (BMR) in Joule (J) were calculated by the 

device and were documented. 
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Figure 4. Tanita BC-418 Body composition analyzer device 

Source: https://www.tanita.com/en/bc-418/ 

 

 

Figure 5. Measurement of abdominal visceral fat with the Tanita ViScan AB-140 device 

Source: own photo 

3.6.5 Medical evaluation and laboratory parameters 

Anamnesis, detailed medical history, available laboratory data, current drug treatment 

were reviewed by the physicians and documented at the time of the initial medical evaluation. 

Based on these data and the assessment of the physical status of the patients, the inclusion and 

exclusion criteria were checked. Routine echocardiographic evaluation was also performed 

using a Vivid-e (Boston, Massachusetts, US) cardiac ultrasound machine. Blood samples from 

1 month prior the starting date were accepted and documented at the initial and the final visit. 

https://www.tanita.com/en/bc-418/
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3.6.6 Psychological questionnaires 

During the initial and the final visits, the participants were asked to fill in (self-report) 

the following standardized psychological questionnaires:  

1. Shortened Beck Depression Inventory (BDI): this self-report instrument contains 9 

items from the original 21-item version of BDI, and it is highly correlated with the total score 

(r = 0.92, p<0.001), see in Appendix. It is used to determine the intensity and severity of 

depression. 0-9 points: normal score; 10-18 points: mild depressive mood; 19-25 points: 

moderate depressive mood; over 26 points: severe depressive mood45, 46.  

2. Athens Insomnia Scale (AIS): the scale consists of 8 items which measure sleep 

complaints, see the scale in the Appendix. The first five pertains to night-time problems, and 

the other three items assess the negative consequences of disturbed sleep during the day. 

Respondents are required to rate positively if they have experienced sleep difficulties at least 

thrice per week during the last month. Each item is rated on a 4-point numerical rating scale 

(where 0= no problem at all and 3= very serious problem). Total scores range from 0 to 24. 

Higher scores in these AIS measures indicate that responders have severe insomnia 

symptoms47. 

3. Shortened Maastricht Vital Exhaustion Questionnaire (MQ): This is the 9-item form 

of the original 21-item questionnaire which was used to measure feelings of exhaustion48, see 

in the Appendix. This shortened version was applied in a Hungarian representative health 

survey, Hungarostudy 199549. Higher scores indicate that responders have severe vital 

exhaustion symptoms. The correlation between the shortened Hungarian version and the 

original Dutch 21-item scale is high (r = 0.94, p<0.001)50.  

4. WHO Well-Being Scale (WHO-WBS): It is the most common measure which is used 

to assess self-reported well-being in clinical or follow-up studies (see in the Appendix). 

Validation of this questionnaire is based on data from Hungarostudy 2002. The Hungarian 

version of this scale is a reliable and valid measure of positive quality of life. The Cronbach 

alfa rate of the scale is 0.84, which refers to a high internal consistency. It is a five-item 

questionnaire which assesses well-being during a period of two weeks. The raw score ranges 

from 0 to 25. A score of 0 represents the worst quality of life and 25 the best. a questionnaire 

to examine health-related quality of life either relying on subjective experience, self-report or 

using a multidimensional approach which combines psychological, physical and social aspects. 

The Well-Being Scale is the most common measure which is used to assess self-reported well-

being in clinical or follow-up studies51. 
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3.6.7 Intervention: Home-based telemonitored physical trainings 

After all the assessments were completed, the physiotherapists informed the participants 

about the details and features of the trainings and the monitorings. They were given an 

information sheet and each participant received a 15–30-minute individual patient education on 

the usage of the given training monitor device and the procedures of the data transfer. The 

participants were asked to perform 3-5 trainings (minimum 30 minutes per session) individually 

at home, aiming to a minimum of 150 minutes per week for 12 weeks. There were no restrictions 

regarding what type of trainings they performed at home (walking, running, cycling, swimming 

etc.) but they were informed about the recommended and beneficial training types and intensity 

(aerobic endurance training combined with resistance training, minimum 150 minutes per 

week) suitable for Metabolic Syndrome patients52,53. The target heart rate zone for the home-

based training was calculated individually, based on the exercise capacity of the patients and 

the perceived level of exhaustion in the 60-80% range of the age dependent maximal heart rate. 

Patients were asked to keep their heart rate within this target zone during the physical activities 

they performed at home. 

3.6.8 Heart rate and training monitoring 

During the home-based physical activities and trainings, the heart rate was monitored 

by two different types of devices that were allocated to the patients at the initial visit. Both 

devices were available in the commercial market for reasonable price. One of them was an 

electric heart rate sensor with a chest strap (Polar H10, Kempele, Finland,) and a wirelessly 

connected android smartphone (Meizu M5c, China), shown on Figure 6.  For patients using this 

type of device data collection was initiated and stopped through the free to download fitness 

application (Polar Beat) on the paired smartphone. Training duration, distance, intensity and 

heart rate zones could be reviewed by the patient on the smartphone online as well as after 

completing the training. At the end of the training the data were also synchronized automatically 

to a cloud based integrated system for reviewing and coaching 54,55. The data were uploaded 

using study ID-s, that were only identifiable by the research staff and sensitive personal data 

were not synchronized. 
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Figure 6. Heart rate sensor (electric) with a chest strap paired with a smartphone and a mobile 

application 

Source: own photo 

The other type of heart rate monitor we used was a “smart” watch with an optical heart 

rate sensor (Polar M430 GPS running watch, Kempele, Finland, Figure 7.) that could start and 

end the trainings by itself, but the synchronization of training data was not automatic. Patients 

using this type of sensor had to upload the training data by manually building up a wired 

connection to a PC running the Polar Flow website, or through initiating a wireless connection 

to a patient owned smartphone running the Polar Flow application by pressing a button on the 

smartwatch. The browser-based review process was identical for the two groups. The 

assignment of devices to individual patients was planned in a random manner, however during 

the inclusion procedure we should realize that we need to consider patient’s preferences to 

complete the study within the planed timeframe (a series of patients would refuse the 

participation in the study, if the use of chest strap or smart watch was randomly assigned).   

 

 

 

 

 

 

 

Figure 7.   “Smart” watch with an optical heart rate sensor 

Source: https://wibi.com.kw/products/polar-m430-is-a-gps-running-watch-with-heart-rate 

 

The patients were exercising at home at least on three days of the week. The remote 

training monitoring was asynchronous (not in real-time). The physiotherapists reviewed the 

training activities of every patient weekly and contacted them individually via phone or email 

https://wibi.com.kw/products/polar-m430-is-a-gps-running-watch-with-heart-rate
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giving feedback and trying to motivate them. Average time expenditure for an individual 

consultation was about 10-20 minutes. Figure 8. shows a diary view of the trainings performed 

by a participant. Figure 9. indicates some features of a monitored training that were visible on 

the website for the monitoring person. 

 

Figure 8. Printscreen picture of the weekly performed trainings from the Polar Flow coaching 

website55 

Source: own photo 

 

 

Figure 9. Printscreen picture of a monitored training session from the Polar Flow coaching 

website55  

Source: own photo 

3.6.9 Data collection and statistical analysis 

Power analysis for the study was performed using the software G* Power (Version 

3.1.9.2) for power-and-sample size calculation (University of Düsseldorf, Germany). The 

calculated sample size was 51 based on waist circumferences, working with an effect size 

d=0.45, alpha as Type I error of 0.05, and a power value of 0.9. Statistical data were reported 

as the mean±standard deviation (SD). Paired t-test was used to analyze the effect of the training 
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on several parameters, whereas we used correlation analysis to measure the strength of 

connection between two continuous variables. For the subgroup analysis, repeated measures 

variance analysis (RM-ANOVA) was applied for the measured parameters before and after 

physical training where the grouped variables were the CSP+P and SW subgroups. For pairwise 

comparisons, Bonferroni correction was used. Statistical tests were performed using R 

statistical software and the diagrams were made also using R statistical software (R version 

3.6.2)56. Values of p<0.05 were considered significant. 
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4. Results 

4.1 Subject population 

Altogether 59 MetS patients (37 men and 22 women, mean age 49.35±8.51 years) were 

enrolled in the study. 4 participants (2 men and 2 women) dropped out from the program, 

although they have started and had been allocated a heart rate monitor device but did not finish 

the program and refused to take part in the final medical and physiotherapy assessments. The 

dropout rate was 6.8%. Finally, 55 patients (35 men and 20 women, mean age 49.19±7.93 years, 

Table 1. shows further demographic data) completed the 12-week home-based telemonitored 

program. Metabolic syndrome risk factors at baseline and after training program are shown on 

Table 2. Out of those patients who completed the program, in 4 cases the final exercise ECG 

test and in 1 case the final 6MWT could not be performed even because of health-related issues 

(acute knee injury and pain that limited the walking and cycling ability) or technical problems.  

 

Table 1. Demographic characteristics of the participants 

    Number of patients 

Gender male 35 

  female 20 

Qualification primary school 4 

  vocational training 4 

  high school 29 

  university / college 18 

Economic activity homemaker 1 

  employed 19 

  public servant 14 

  self employed 14 

  unemployed 1 

  retired 6 

Family status single 4 

  civil partnership 8 

  married 36 

  divorced 7 
 

 

 

 

 

 

https://dictzone.com/angol-magyar-szotar/civil%20partnership
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Table 2. Metabolic syndrome risk factors at baseline and after training program 

 

  

Number of 

cases at 

baseline 

 

Number of cases after 12-

week training 

(percentage of baseline 

numbers) 

Improved Worsened 

Treated T2DM 10     

Treated Hypertonia 37     

Treated Hyperlipidemia 16     

Abnormal FPG 35 23 (66%) 3 (9%) 

Abnormal Blood Pressure 48 9 (19%) 1 (2%) 

Abnormal TG 28 5 (18%) 10 (36%) 

Abnormal HDL-C 12 12 (100%) 1(8%) 

Abnormal WC 50 7 (14%) 2(4%) 

Minimum 3 Risk factors 55 6 (11%) 0 (0%) 

Abbreviations: T2DM: Type 2 Diabetes Mellitus; FPG: Fasting Plasma Glucose; TG: Triglyceride; 

HDL-C: High-Density Lipoprotein Cholesterol; WC: Waist Circumference 

 

The weekly average heart rate monitored training time was 152±116.2 minutes for the 

whole selected population. Out of the 55 participants who completed the program, 22 patients 

(40%) performed the recommended 150 minutes or more physical activity time during a week. 

None of the assessors (physicians and physiotherapists) reported any adverse events 

during the initial and final assessments and none of the patients and monitors reported any 

adverse events during the 12-week home-based training program. 

4.2 Results supporting Hypothesis I. 

In this part the changes in the measured anthropometric and body composition 

parameters are presented that support Hypothesis I.  

4.2.1 Waist circumferences 

After the 12-week telemonitored training program the average WC measured at the 

narrowest part of the midriff (WCmidriff, 106.17±14 cm to 103.88±13.5 cm, p<0.001) and the 
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average WC measured at navel level (WCnavel, 112.8±14.8 cm to 110.6±15.5 cm, p=0.001) 

significantly reduced, indicated on Figure 10.  

 

Figure 10. Changes in the waist circumference (cm) measured at navel level before and after the 

intervention 

4.2.2 Hip circumference 

Post intervention the average HC decreased from 114.73±13.75 cm to 112.15±13.2 cm 

(p<0.001).  

4.2.3 Body weight and BMI 

Both the average body weight and the BMI of the participants decreased slightly but 

statistically significant. The body weight decreased from 98.72±21.7 kg to 97.45±21.76 kg 

(p<0.01) and the calculated BMI decreased from 32.98±6.69 to 32.58±6.73 (p<0.01). Table 3. 

summarizes all the measured anthropometric parameters at baseline and post intervention.  

 

Table 3. Anthropometric parameters at baseline and after the training program 

  n  At baseline  

(mean±SD)  

After 12-week training  

(mean±SD)  

Diff (95% CI)  

WCnavel (cm)  55  112.82±14.82  110.61±15.53  -2.21 (-3.47;-0.95)**  

WCmidriff (cm)  55  106.17±14.03  103.88±13.5  -2.29(-3.40;-1.18)**  

HC (cm)  55  114.73±13.75  112.15±13.2  -2.58(-3.50;-1.66)**  

Body Height (cm)  55  172.9±9.29  n.a.  n.a.  

Body Weight (kg)  55  98.72±21.7  97.45± 21.76  -1.27(-2.12; -0.41)*  

BMI (kg/m2)  55  32.98±6.69  32.58±6.73  -0.41(-0.68; -0.13) *  
Abbreviations: SD: Standard Deviation of the mean; WCnavel: Waist Circumference measured at navel level; 

WCmidriff : Waist Circumference measured at the narrowest part of the midriff; HC: Hip Circumference; BMI: 

Body Mass Index; CI: Confidence Interval; n.a.: not applicable. Paired T-test was used. Level of significance: * 

<0.01, **<0.001  
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4.2.4 Body composition parameters 

We have found some parameters showing improving tendencies but have not found any 

changes that were statistically significant in the measured body composition parameters except 

the muscle mass (MM), which decreased instead of increasing. The overall average body fat 

mass (BFM) showed a decreasing tendency from 33.22±13.9 kg to 32.61±14.46 kg (p=0.087), 

the average body fat mass relative to the body weight (BFM%) has decreased, from 33.01±8.26 

to 32.74±8.73 (p=0.372) but not changed significantly. Surprisingly, the average fat free mass 

(FFM) has also showed a decreasing tendency, from 65.51±13.17 kg to 64.97±12.99 kg 

(p=0.146) and the average muscle mass has decreased significantly from 62.4±12.6 kg to 

61.8±12.5 kg (p=0.049). The average basal metabolic rate (BMR) calculated by the device has 

decreased significantly from 8239.56±1694.38 J to 8150.02±1653.45 J (p=0.037). We have 

managed to measure the visceral fat (VF) level in the abdomen and the trunk fat percentage 

(TF%) in 47 participants, in the case of 8 participants, their increased waist circumference 

limited their fitting under the measuring device. We could not detect any significant change in 

the VF level after the 12-week training, although the average trunk fat percentage has shown a 

declining trend, but the change did not reach significant level. Table 4. summarizes the data of 

the measured and calculated body composition parameters at baseline and after the training 

program. 

Table 4. Body composition parameters at baseline and after the training program 

  n  At baseline  

(mean±SD)  

After 12-week training  

(mean±SD)  

Diff (95% CI)  

BFM (kg)  55  33.22±13.9  32.61±14.46  -0.61(-1.31;0.09)  

BFM (%)  55  33.01±8.26  32.74±8.73  -0.27(-0.87; 0.33)  

FFM (kg)  55  65.51±13.17  64.97±12.99  -0.54(1.28;0.19)  

MM (kg)  55 62.4±12.6  61.8±12.5  -0.64 (-1.27;-0.004)*  

BMR (J)  55  8239.56±1694.38  8150.02±1653.45  -89.55(-173.53; -5.56)*  

VF   47  18.1± 5.89  18.23±6.59  0.14(-0.68;0.96)  

TF (%)  47  41.4±6.67  41.15±7.51  -0.25(-1.29;0.79)  

Abbreviations: SD: Standard Deviation of the mean; BFM: Body Fat Mass; FFM: Fat Free Mass; MM: 

Muscle Mass. BMR: Basal Metabolic Rate; VF: Visceral Fat; TF: Trunk Fat, CI: Confidence Interval. Paired 

T-test was used. Level of significance: * <0.05 

4.3 Results supporting Hypothesis II. 

In this part the changes in the maximal exercise capacity, in the functional capacity and 

in the laboratory parameters are presented that support Hypothesis II.  
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4.3.1 Stress-ECG duration time 

The average stress-ECG duration time significantly increased after the exercise program 

(n=51), from 13.74±3.29 minutes to 15.66±2.64 minutes (p<0.001). 

4.3.2 Maximum exercise capacity in METs 

The average maximal exercise capacity improved significantly post intervention (n=51), 

from 11.02±2.6 MET to 12.14±2 MET (p<0.001).  

4.3.3 Six Minute Walk Distance  

We have found statistically significant change in the average six-minute walk distance 

(n=54), the 6MWD increased from 539.69±78.62 m to 569.72±79.96 m (p<0.001), indicated 

on Figure 11. A positive correlation was found between the average weekly training time and 

the increase of 6MWD (r=0.3; p=0.029). 

 

 
Figure 11. Changes in the 6MWD before and after the training program 

4.3.4 Laboratory parameters 

We have documented statistically significant changes in the average HDL-C level 

(n=45), it decreased from 1.28±0.31 mmol/L to 1.68±0.36 mmol/L (p<0.001), as indicated on 

Figure 12.; and in the FPG level (n=47), it decreased from 6.16±1.26 mmol/L to 5.44±1.31 

mmol/L (p=0.001). We have found a weak correlation tendency between the average weekly 

training time and the HDL-C level increase (r=0.23; p=0.137). In 41 patients we have managed 

to document the HbA1c level and its level significantly decreased from 6.22±0.68% to 
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5.87±0.78 % (p=0.01), as indicated on Figure 13. There was a declining trend in the triglyceride 

(TG) level (n=47), from 2.19±1.45 mmol/L to 1.89±0.55 mmol/L (p=0.181), but the change did 

not reach significant level. The total cholesterol (TC) level change was not significant 

(5.66±1.38 mmol/L to 5.83±0.94 mmol/L; n=47). Table 5. shows the documented laboratory 

parameters at baseline and after the training program.  

 

Figure 12. Changes in the HDL-C level before and after the training program 

 

 
Figure 13. Changes in the HbA1c level before and after the training program 
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Table 5. Laboratory parameters at baseline and after the training program 

  n  At baseline  

(mean±SD)  

After 12-week training  

(mean±SD)  

Diff(95% CI)  

HDL-C (mmol/L)  45  1.28±0.31  1.68±0.36  0.40(-0.27;-0.53)**  

FPG (mmol/L)  47  6.16±1.26  5.44±1.31  -0.72(-1.11;-0.32)**  

HbA1c (%)   41  6.22±0.68  5.87±0.78  -0.35(-0.61;-0.09)* 

TG (mmol/L)  47  2.19±1.45  1.89±0.55  -0.29(-0.73;0.14)  

TC (mmol/L)  47  5.66±1.38  5.83±0.94  0.18(-0.14;0.49)  

Abbreviations: SD: Standard Deviation of the mean; HDL-C: High-Density Lipoprotein-Cholesterol; FPG: 

Fasting Plasma Glucose; HbA1c: Glycated Hemoglobin A1c; TG: Triglyceride; TC: Total Cholesterol; CI: 

Confidence Interval. Paired T-test was used. Level of significance:  * <0.01, ** <0.001 

4.4 Results supporting Hypothesis III. 

Out of the 55 patients who finished the monitored training program we managed to 

collect the completed, self-reported psychological questionnaires from 38 patients (roughly 

70%). These 38 cases were included in the statistics. In this part the changes in the 

psychological state, level of depression, insomnia, vital exhaustion and well-being are 

presented that support Hypothesis III. 

4.4.1 Level of depression 

We have not found any statistically significant changes in the scores of the BDI 

questionnaire. The overall scores decreased from 2.32±2.78 points to 2.18±3.52 points 

(p=0.709). 

4.4.2 Insomnia 

We have not found any statistically significant changes in the scores of the AIS 

questionnaire. The overall scores increased from 2.47±3.20 points to 2.61±4.07 points 

(p=0.695). 

4.4.3 Level of vital exhaustion 

 We have found statistically significant decrease of the overall scores of the MQ scale 

(n=38), from 3.37±2.97 points to 2.63±2.70 points (p<0.05). 

4.4.4 Well-being 

Post intervention there was a significant increase of the overall scores of the WHO-

WBS scale (n=38) from 9.92±2.59 points to 10.61±2.76 points (p<0.05). Table 6. shows the 

scores of the used four psychological questionnaires at baseline and after the training program. 
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Table 6. Psychological Questionnaire’s scores at baseline and after training program 

 n  At baseline  

(mean±SD)  

After 12-week 

training  

(mean±SD)  

Diff (95% CI)  

BDI (points)  38  2.32±2.78  2.18±3.52  -0.13(-0.84;0.58)  

AIS (points)  38  2.47±3.20  2.61±4.07  0.13(-0.54;0.81)  

MQ (points)  38  3.37±2.97  2.63±2.70  -0.74 (-1.44;-0.03)*  

WHO-WBS (points)  38  9.92±2.59  10.61±2.76  0.68(0.04;1.32)*  

Abbreviations: SD: Standard Deviation of the mean; BDI: Beck Depression Inventory; AIS: Athens Insomnia 

Scale; MQ: Maastricht Vital Exhaustion Questionnaire; WHO-WBS: WHO-Well Being Scale; CI: Confidence 

Interval. Paired T-test was used. Level of significance:  * <0.05 

4.5 Results supporting Hypothesis IV. 

We performed a subgroup analysis in the statistics comparing the patients’ results in the 

two different type heart-rate monitoring groups despite the fact that the two groups cannot be 

considered randomly classified. Group SM (smart watch) included 23 participants [mean age 

49.78±6.65 years, 15 men (65.22%) /8 women (33.78%). Group CS+P (chest strap+phone) 

included 31 patients [mean age 48.48±8.77 years, 20 men (64.52%) /11 women (35.48%)]. 

There was no significant difference between the groups regarding the age (p=0.555), and the 

sex (p=0.999). One patient led a training diary because she was not able to use neither the smart 

watch nor the smartphone properly, therefore we had to exclude her data from the subgroup 

analysis, but not from the whole population’s statistics.  

4.5.1 Anthropometric parameters  

At baseline, the body height, the body weight, the BMI, the HC and the WCmidriff were 

without significant difference between the subgroups. WCnavel was significantly bigger in the 

smart watch group (Group SW baseline vs Group CS+P baseline, 117.28±17.55 cm vs 

108.66±10.65 cm, p=0.044).  

After the training program the waist- and hip circumferences, the body weight and BMI 

have decreased significantly in Group CS+P (baseline vs after training), whereas in Group SW 

only the HC decreased significantly (baseline vs after training). Table 7. shows the comparison 

of the two groups. 
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Table 7. Anthropometric parameters in the two groups before and after the training program 

 

 

 

Baseline  

(mean±SD) 

 After training  

(mean±SD)  

 

Baseline vs after 

training 

 Group 

CS+P 

(n=31) 

Group 

SW 

 (n=23) 

P value 

between 

groups 

Group 

CS+P 

(n=31) 

Group 

SW 

 (n=23)  

P value 

Group 

CS+P 

P value 

Group 

SW 

WCnavel 

(cm) 

108.66

±10.65 

117.28

±17.55 

0.044 105.54

±10.02 

116.23

±18.74 

<0.001 0.296 

WCmidriff 

(cm) 

102.72

±12.50 

110.08

±14.96 

0.062 99.32±

10.78 

109.19

±14.60 

<0.001 0.207 

HC (cm) 111.51

±9.35 

118.26

±17.38 

0.101 108.56

±8.78 

116.15

±16.46 

<0.001 0.031 

Body 

Height 

(cm) 

172.33

±9.46 

174.39

±8.53 

 

0.415 
Not 

changed 

Not 

changed 

 

- 

 

- 

Body 

Weight 

(kg) 

94.087

±18.77 

104.75

±25.22 

0.093 91.86±

16.99  

104.76

±25.83 

0.001 0.988 

BMI 

(kg/m2) 

31.44±

4.25 

34.60±

8.63 

0.117 30.748

±3.95 

34.60±

8.73 

0.001 0.982 

Abbreviations: SD: Standard Deviation of the mean; Group CS+P: chest strap+phone group; Group SW: 

smart watch group; WCnavel: Waist Circumference measured at navel level; WCmidriff: Waist Circumference 

measured at the narrowest part of the midriff; HC: Hip Circumference; BMI: Body Mass Index 

4.5.2 Body composition parameters  

At baseline, the BFM, BFM%, FFM, MM, BMR, VF level and BF% body composition 

parameters were without significant difference between the groups.  

After the training program, there were no significant between group differences 

regarding most of the body composition parameters, but the BFM has decreased significantly 

in Group CS+P (baseline vs after training). Table 8. shows the comparison of the two groups. 
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Table 8. Body composition parameters in the two groups before and after the training program 

 

 

 

Baseline  

(mean±SD) 

 After training  

(mean±SD)  

 

Baseline vs after 

training 

 Group 

CS+P 

(n=31) 

Group 

SW 

 (n=23) 

P value 

between 

groups 

Group 

CS+P 

(n=31) 

Group 

SW 

 (n=23)  

P value 

Group 

CS+P 

P value 

Group 

SW 

BFM 

(kg) 

30.12±

9.19 

36.73±

17.94 

0.116 28.68±

8.86 

37.11±

18.65 

0.005 0.417 

BFM 

(%)  

32.03±

6.96 

33.75±

9.55 

0.469 31.23±

7.04 

34.04±

10.10 

0.076 0.442 

FFM 

(kg)  

63.97±

13.98 

68.02±

12.00 

0.258 63.38±

13.30 

67.67±

12.41 

0.298 0.442 

MM 

(kg)  

60.96±

13.43 

64.77±

11.51 

0.267 60.18±

12.75 

64.45±

11.91 

0.096 0.46 

BMR 

(J)  

8013.2± 

1749.60 

8592.2± 

1617.41 
0.215 7893.3± 

1628.45 

8555.0± 

1657.10 
0.058 0.517 

VF   n=26 

18.6± 

6.62 

n=17; 

17.06±

5.17 

0.399 n=28 

19± 

6.82 

n=18 

17.25±

6.69 

0.964 0.999 

TF 

(%)  

n=26 

41.72±

5.66 

n=17 

41.05±

8.81 

0.657 n=28 

40.69±

6.46 

n=18 

42.48±

9.14 

0.467 0.758 

Abbreviations: SD: Standard Deviation of the mean; Group CS+P: chest strap+phone group; Group SW: 

smart watch group; BFM: Body Fat Mass; FFM: Fat Free Mass; MM: Muscle Mass. BMR: Basal Metabolic 

Rate; VF: Visceral Fat; TF: Trunk Fat 

4.5.3 Exercise tolerance and functional capacity parameters  

At baseline, the average Stress-ECG duration time was significantly lower in Group SW 

(14.84±1.93 min vs 12.33±4.04 min, p=0.01), the maximal exercise tolerance was without 

significant between group difference. 

Stress-ECG duration time and maximal exercise capacity increased significantly only in 

Group SW (before vs after training), while the 6MWD has increased significantly in both 

groups. 

The average weekly training time achieved tended to be higher in Group SW, but due 

to considerable dispersal of individual data this difference was statistically not significant. 

Table 9. shows the comparison between the two groups. 
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Table 9. Exercise and functional capacity parameters in the two groups before and after the 

training program 

 

 

 

Baseline  

(mean±SD) 

 After training  

(mean±SD)  

 

Baseline vs after 

training 

 Group 

CS+P 

(n=31) 

Group 

SW 

 (n=23) 

P value 

between 

groups 

Group 

CS+P 

(n=31) 

Group 

SW 

 (n=23)  

P 

value 

Group 

CS+P 

P  

value 

Group 

SW 

Stress 

ECG 

duration 

time (min) 

14.84±

1.93 

12.33±

4.04 

0.01 15.03±

4.60 

14.81±

4.14 

0.814 0.008 

Max. 

exercise 

tolerance 

(MET, 
ml/kg/min) 

11.28±

2.38 

n=20 

11.08±

2.66 

0.784 11.8± 

2.82 

n=20 

12.51±

1.36 

0.306 0.003 

6MWD 

(m) 

537.13

±58.25 

n=22 

556.73

±79.23 

0.33 566.87

±63.09 

n=22 

588.82

±69.4 

0.003 0.007 

Weekly 

training 

time (min) 

- - 

 

- 

 

n=29 

130.10

±97.82 

170.51

±111.5 

 

- 

 

- 

Abbreviations: SD: Standard Deviation of the mean; Group CS+P: chest strap+phone group; Group SW: 

smart watch group; ECG: Electrocardiogram; MET: Metabolic Equivalent of Task; 6MWD: 6-minute walk 

distance 

4.5.4 Laboratory parameters  

At baseline, the FPG, HbA1c and TG values were not significantly different between 

the groups. 

After the training program HDL-C increased significantly in both groups (before vs after 

training) while the FPG decrease in Group SW and the HbA1c decrease in Group CS+P was 

significant.  Table 10. shows the comparison of the two groups. 

4.5.5 Psychological questionnaires 

There was no statistically significant difference between the two groups regarding the 

average scores of the used psychological questionnaires at baseline. After the training program 

the MQ scale has decreased significantly in Group SW, but not in Group CS+P. Table 11. shows 

the comparison between the groups. 
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Table 10. Laboratory parameters in the two groups before and after the training 

 

 

 

Baseline  

(mean±SD) 

 After training  

(mean±SD)  

 

Baseline vs after 

training 

 Group 

CS+P 

(n=31) 

Group 

SW 

 (n=23) 

P value 

between 

groups 

Group 

CS+P 

(n=31) 

Group 

SW 

 (n=23)  

P 

value 

Group 

CS+P 

P  

value 

Group 

SW 

HDL-C 

(mmol/L)  

n=22 

1.26± 

0.3 

n=17 

1.26± 

0.37 

 

0.999 

n=24 

1.55± 

0.34 

n=17 

1.8± 

0.42 

 

0.001 

 

0.001 

FPG 

(mmol/L)  

n=26 

6.24± 

1.51 

n=18 

6.18± 

0.84 

 

0.857 

n=27 

5.73± 

1.15 

n=18 

5.35± 

0.97 

 

0.07 

 

0.002 

HbA1c 

(%)   

n=20 

6.36± 

0.7 

n=14 

6.25± 

0.73 

 

0.664 

n=21 

5.9± 

0.73 

n=14 

5.99± 

0.92 

 

0.031 

 

0.264 

TG 

(mmol/L)  
2.35± 

1.76 

1.86± 

0.76 

 

0.209 

n=25 

1.9± 

0.57 

n=22 

2.03± 

0.52 

 

0.243 

 

0.298 

TC 

(mmol/L)  

5.21± 

1.46 

6.28± 

1.03 

 

0.006 

5.58± 

0.93 

6.17± 

0.93 

 

0.074 

 

0.635 
Abbreviations: SD: Standard Deviation of the mean; Group CS+P: chest strap+phone group; Group SW: 

smart watch group; HDL-C: High-Density Lipoprotein-Cholesterol; FPG: Fasting Plasma Glucose; 

HbA1c: Glycated Hemoglobin A1c; TG: Triglyceride; TC: Total Cholesterol 

 

Table 11. Psychological Questionnaire’s scores in the two groups before and after program 

 

 

 

Baseline  

(mean±SD) 

 After training  

(mean±SD)  

 

Baseline vs after 

training 

 Group 

CS+P 

(n=31) 

Group 

SW 

 (n=23) 

P value 

between 

groups 

Group 

CS+P 

(n=31) 

Group 

SW 

 (n=23)  

P value 

Group 

CS+P 

P value 

Group 

SW 

BDI 

(points)

  

n=21 

2.14± 

2.57 

n=13 

1.46± 

1.66 

 

0.356 

n=21 

1.9± 

4.01 

n=13 

1.54± 

1.56 

 

0.7 

 

0.794 

AIS 

(points)

  

n=21 

1.48± 

1.97 

n=13 

2.77± 

3.75 

 

0.267 

n=21 

1.24± 

2.23 

n=13 

2.85± 

4.47 

 

0.497 

 

0.911 

MQ 

(points)

  

n=21 

2.71± 

2.26 

n=13 

3.08± 

2.66 

 

0.687 

n=21 

2.33± 

2.2 

n=13 

1.77± 

1.96 

 

0.442 

 

0.02 

WHO-

WBS 

(points)

  

n=21 

10.43± 

2.44 

n=13 

10.15± 

2.38 

 

0.748 
n=21 

11.29± 

2.41 

n=13 

10.62±

2.63 

 

0.098 

 

0.337 

Abbreviations: SD: Standard Deviation of the mean; Group CS+P: chest strap+phone group; Group SW:  

smart watch group; BDI: Beck Depression Inventory; AIS: Athens Insomnia Scale; MQ: Maastricht  

Vital Exhaustion Questionnaire; WHO-WBS: WHO-Well Being Scale 
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5. Discussion 

Main findings of our study are that a 12-week home-based and telemedically supported 

training program had a positive effect on many core parameters and components of the 

Metabolic syndrome. We demonstrated in our study, that the home-based physical exercise 

training monitored by widely available heart rate monitors and open access software application 

can produce significant changes in a series of anthropometric, exercise capacity and laboratory 

parameters, and in the quality of life of cardiometabolic patients within 12 weeks. Therefore, 

we can say that our study was successful and we were able to establish an interventional 

architecture which can be integrated in the health care system and can effectively influence 

central obesity, exercise capacity and psychological state of MetS patients.  

The weekly average heart rate monitored training time for the total measured population 

was 152±116.2 minutes. Out of the 55 participants who completed the program, 22 patients 

(40%) performed the recommended 150 minutes or more physical activity time during a week. 

This average weekly training time reached by our patients meets the physical activity guidelines 

according to which a minimum of 150 minutes of moderate-intensity or 75 minutes of vigorous-

intensity physical activity per week is recommended to achieve medical benefits52,53. However, 

only 40% of the participants achieved the recommended 150 minutes or more weekly activity 

time. This ratio indicates that in the case of the majority of our patients (60%) more efforts 

should have been applied to motivation during the coaching, e.g., with more frequent feedbacks, 

automatic motivational text messages etc., to develop and improve self-motivation. Promotion 

of exercise, maintaining interest in physical trainings and enhancing self-motivation on the 

long-term are key tasks. With the help of online coach systems, the type, the duration, the 

intensity and other parameters of physical activities performed at home could be continuously 

followed from a distance by the supervising physiotherapists. Using a fitness device available 

to the public for telemonitoring, with online feedback from a professional, can also lead to a 

better adherence to the training program, but the feedback should be regular and motivating. 

Out of the enrolled 59 patients we only lost 4 patients, who have not finished the program. The 

drop-out rate was 6.8%. We can find meta-analysis which states that in home-based 

telemonitored rehabilitation environment the adherence level of participants is higher than in 

the centre-based environment57. Other meta-analysis was not able to document this 

relationship58. Our opinion is therefore that our online training monitoring worked well for this 

purpose, but all possible efforts should be taken to try to increase the activity time and the 

adherence to the program. 
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5.1 Effects of the 12-week, home-based and telemonitored exercise program on the 

anthropometric and body composition parameters of MetS patients 

After the telemonitored training program, we observed statistically significant 

improvements in the level of all measured anthropometric parameters. The hip circumference 

(HC) decreased approximately by 3 cm in average; the waist circumferences (WCmidriff, 

WCnavel) decreased approximately by 2.5 cm in average; patients lost an average of 1.27 kg 

from their body weight and the BMI also decreased slightly but significantly over the 12 weeks 

period. Key component of the MetS is abdominal or central obesity that can be defined by the 

increased waist circumference20. Achieving a decrease in the waist circumference is a 

significant result as this component itself is considered an independent risk factor of the MetS. 

Furthermore, lowering the waist circumferences and decreasing the body weight positively 

affect abdominal obesity and are proven to decrease further risk factors of MetS, like the 

elevated plasma glucose level and T2DM as well59. After evaluation of the results in the 

anthropometric parameters we can say that their positive and significant changes support our 

Hypothesis I. 

In our study we have found parameters of the body composition showing improving 

tendencies (total body fat mass alone and relative to the body weight, trunk fat percentage) but 

have not found any statistically significant changes except the muscle mass (MM), which 

unfortunately decreased instead of increasing. One possible explanation for this could be that 

body composition measurements do not reproduce as well as anthropometric or bodyweight 

measurements. They can be affected by many factors, therefore detecting significant changes 

is more difficult. The muscle mass decrease means that they lost some proportion of their 

muscles. We must be aware that in this measurement, muscle mass is an estimated parameter, 

thus we cannot exclude the deviation of the estimation with the change of other parameters. But 

we cannot exclude that this estimation was correct, so the muscle mass of the participants really 

decreased. This could partly be explained by the type of training/physical activities they 

performed at home. We did not set a strict regime for exercising at home, only advised the types 

of trainings that are recommended for MetS patients (aerobic endurance training combined with 

resistance training, min. 150 minutes a week) and individually set the intensity (60-80% of the 

measured maximum heart rate, keeping the pulse in the target zone) but they had their own 

choice regarding the types of activities. Our sensor system mainly focused on the endurance 

type trainings. After evaluating these results and for preventing the loss of muscle mass, an 

exact and stricter exercise protocol (combination of aerobic endurance and resistance training), 
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a sensor system documenting both endurance and resistance trainings and a longer training 

period (time for adaptation) should be considered and focused on in the future. In our study we 

have observed no significant changes in the proportion of visceral fat. The importance of 

visceral fat (deposits between the abdominal organs) is that these are associated with systemic 

inflammation which is thought to be responsible for the risk of CVD associated with obesity, 

and insulin resistance that play a key role in the development of the MetS60, 61. According to 

evidence of previous studies summarized in a recent review, it would have been more important 

to observe reductions in the amount of visceral fat than to see reductions in the body weight or 

the BMI62. On the other hand, it is also supported by evidence that physical activity combined 

with a healthy diet will result in better improvements regarding many parameters, including the 

body composition as well, than applying only physical trainings63, 64. Evaluating the results of 

our study on the body composition parameters, their changes do not support Hypothesis I. 

Therefore, to see more relevant changes in the body composition parameters of MetS patients 

we should consider adding dietary counseling, combining the telemonitoring of physical 

exercise and diet and set stricter exercise training regime with a combination of endurance and 

resistance trainings. 

5.2 Effects of the 12-week home-based and telemonitored training program on the 

maximal exercise capacity and laboratory parameters of MetS patients 

After the telemonitored training program, we observed statistically significant 

improvements in the exercise tolerance (maximal exercise capacity, stress-ECG duration time) 

and in the functional capacity measured by the 6MWD. The average maximal exercise capacity 

increased by 1.12 MET and the average stress ECG duration time by roughly 2 minutes. The 

6MWD improved by an average of 30 meters. This change, according to Bohannon and Crouch, 

is within the range of the minimal clinically important difference (MCID) for change in the 

6MWD for adults with pathology65. It has been previously proved by numerous studies on the 

MetS that increasing the cardiorespiratory fitness (CRF) level of these patients plays a key role 

in decreasing the risk factors and the actual prevalence of the disease66. Moreover, this could 

positively affect the work ability of these patients, according to Haufe and college’s study, 

which concluded that regular and telemonitoring-supported physical activity increases work 

ability, and this effect is independent of sex and occupation30. Although their telemonitored 

intervention took 6 months, they reported bigger weight loss and exercise capacity 
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improvement than we did in our study, but they could not detect significant HDL-C increase 

that we could in our study. 

One of our most important findings was that after a 12-week home-based telemonitored 

training we could observe a significant increase in the average HDL-C level of our MetS 

participants. According to evidence from previous large prospective studies, including the well-

known Framingham Heart Study, every 1 mg/dL or 0.026 mmol/L increase in the HDL-C level 

is associated with a 2-3% decrease in the risk of developing cardiovascular diseases67. Referring 

this finding to our recent study and calculating with a 0.4 mmol/L HDL cholesterol level 

increase, this could mean an approximately 30% decrease of cardiovascular risks. This 

improvement, according to some studies, is even better than the improvements that were 

achieved by using statins or fibrate therapy68-72. In addition to effectively reducing LDL-C (low-

density lipoprotein cholesterol) levels, statins are also able to increase HDL-C level by 6-

14.7%68-72. The hallmarks of fibrate therapy are a substantial decrease of plasma TG levels 

ranging from 30-50% and a moderate increase of HDL-C levels ranging from 5-15%73. Kodama 

and colleges in 2007 conducted a meta-analysis on 25 studies assessing the effects of exercise 

training on HDL-C level. They found a modest but significant HDL-C level increase (0.065 

mmol/L) as a result of regular aerobic exercise. According to their work, the minimal amount 

of exercise volume at which HDL-C level increase occurred was 120 minutes per week74. In 

our study we have obtained bigger average HDL-C increase (0.4 mmol/L) with higher average 

weekly training time (152±116.2 minutes). 

Regarding the glucose metabolism, the average FPG level of our MetS patients 

decreased significantly after the telemonitored exercise intervention. High level of FPG is by 

evidence, strongly associated with the risk of developing T2DM. According to the Diabetes 

Prevention Program (DPP) results 50% of the participants in the lifestyle intervention group 

had achieved the targeted weight loss (7%) or more by the end of the curriculum (24th week) 

and 38% had a weight loss of at least 7% at the time of the most recent visit.  With an average 

follow up of 2.8 years, their results showed that lifestyle intervention reduced the incidence of 

T2DM by 58% compared with placebo75. Our study was not as effective as the DPP study in 

regards of body weight reduction as we put the emphasis on the training activity increase, only 

a few minutes of general dietary education was applied during the initial visit. After evaluating 

the results of our study on the exercise tolerance, functional capacity and the laboratory 

parameters, we can state that their positive changes support our Hypothesis II. 

The latest WHO guideline76 for physical activity and sedentary behavior recommends 

physical activity specified for people living with selective chronic conditions (such as T2DM 
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or hypertension). They have found strong evidence that physical activity is associated with 

decreased risk of CVD mortality and decreased levels of HbA1c, blood pressure, BMI and lipids 

amongst adults with T2DM. For adults with hypertension, there is high-certainty evidence that 

physical activity decreases risk of progression of cardiovascular disease and reduces blood 

pressure, while there is moderate-certainty evidence that physical activity reduces the risk of 

CVD mortality76. According to the 2021 European Society of Cardiology Guidelines on 

cardiovascular disease prevention in clinical practice, consumer-based wearable activity 

monitors/trackers and home-based and telehealth (mHealth) interventions are now 

recommended for cardiovascular patients to increase patient participation and long-term 

adherence to exercise training programs77. 

5.3 Effects of the 12-week home-based and telemonitored training program on the 

level of depression, insomnia, vital exhaustion, and well-being of MetS patients 

After the telemonitored training program, we observed statistically significant 

improvements in some of the psychological questionnaires’ scores (MQ, WHO-WBS), 

indicating that the vital exhaustion and the well-being state of our patients have improved. 

Regarding the changes in the patients’ psychological state, we must emphasize that the 

level of vital exhaustion - one of the most important indicators of chronic stress - decreased 

significantly after the 12 weeks home-based physical training program. Pedersen and colleges 

in their cohort study investigated the connection between vital exhaustion and MetS, including 

3621 participants who did not have MetS at the baseline of their study. During the ten years of 

follow-up, 186 women (9%) and 120 men (8%) developed MetS and they found that vital 

exhaustion was associated with a higher risk of MetS, most strongly in men78. Therefore, 

decreasing the level of vital exhaustion, would mean decreasing one potential psychological 

risk factor of the MetS.  

We found a significant increase in the level of well-being as well. Boylan and Ryff’s 

2015 study examined the association between well-being or their components and MetS in 1205 

participants in their survey of the Midlife in the US (MIDUS). At their 9-10 years of follow-up, 

they found a 36.6% MetS prevalence; and life satisfaction, positive affect and personal growth 

predicted fewer MetS components. They concluded that several dimensions of well-being 

predicted lower risk of MetS79. Therefore, increasing the level of well-being of the participants 

will result in decreasing the prevalence of MetS. After evaluating the results of our program on 
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the psychological state of MetS patients, we can say that regarding the vital exhaustion and the 

well-being state, it resulted in positive changes that support Hypothesis III. 

The level of depression and the level of insomnia did not change after the telemonitored 

physical training program. It is important to emphasize that these values were considered 

normal prior to our telemonitored program. As they did not change, their results do not support 

Hypothesis III. 

5.4 Effects of the usage of different types of heart rate monitoring devices on the 

measured anthropometric, body composition, exercise tolerance, laboratory and 

psychological parameters  

In Hypothesis IV. we assumed that the usage of two different types of monitoring 

devices will produce similar results in the two user groups, therefore the type of heart rate 

monitoring device used will not have a significant effect on the results. The evidence we found 

just partly supports this hypothesis, as we have detected significant after training differences 

between the two different device user groups in some of the parameters. The majority of the 

measured anthropometric parameters and the body fat mass significantly changed in the chest 

strap plus phone group (except HC, as it changed significantly in both groups), while the 

exercise tolerance parameters mainly changed in the “smart” watch group (except the 6MWD, 

as it changed significantly in both subgroups). HDL-C changed significantly in both groups, 

while the FPG change in the “smart” watch group and the HbA1c change in the chest strap 

group was significant. Vital exhaustion changed significantly in the “smart” watch group. 

Scientific evidence shows that if compared with surface ECG, chest strap is more 

accurate for monitoring the heart rate then the wrist watches in athletes during endurance 

training and in cardiac patients as well80, 81. In our study, 31 patients were allocated a chest strap 

plus mobile phone, and 24 patients got a “smart” watch. The distribution of the given-out 

measuring devices was not random, in some cases we took the patients’ preferences into 

consideration and the actual device availability also limited us. Patients reported a dislike 

towards the chest strap because they felt it caused discomfort and tightness on the chest. This 

corresponds with the results of Kraal and colleges’ work, in the FIT@Home study, who 

reported the same problem 7. Many of the patients preferred using the chest strap with their own 

mobile phones and did not used the given-out phone, therefore we had to pair their own mobiles 

with the given-out devices but that not caused any problem. 
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The “smart” watch tended to record more weekly training time (around 40 minutes more 

in average) then the chest strap + phone combination. This tendency maybe related with the 

simplicity of usage of this device worn on the wrist for days. On the other side, the wearing of 

chest strap was uncomfortable for days, and its application under the underclothes before the 

training required dressing facility. On the other hand chest strap has a greater accuracy for heart 

rate determination, which can result in more effective coaching. We cannot exclude, however, 

the option, that more determined persons were more accepting the discomfort of the chest strap, 

and the depicted more favorable body weight response is simply a sampling bias.  

For preventing the inconvenience of chest straps, Batalik and colleges also used the 

“smart” watches as we did for monitoring the heart rate of cardiac patients (n=56). They 

compared the effectiveness of 12-week home-based and the regular outpatient rehabilitation 

programs. They found that the exercise capacity and the QoL improved in both groups without 

significant between group difference and the “smart” watch provided a proper heart rate 

monitoring function and successful alternative to outpatient facilities and would recommend 

the “smart” watch for MetS patients as well82. Although we did not compare our telemonitored 

program with the regular outpatient rehabilitation, but their results still correspond with our 

study, furthermore we provide more detailed information and results of the telemonitored 

program. Based on our experience we should support the utilization of chest strap instead of 

smart watches in patients tolerating both type of devices, however smart watches are viable 

alternative for patients not tolerating chest strap. Further studies are required to evaluate arm 

worn optical heart rate monitors promising better patient comfort as well as accuracy higher 

than that of wrist worn optical devices.   

5.5 Limitations  

We had several limitations in this present study. 

1. We used two different devices for heart rate monitoring to gain monitoring experience 

with the two different types of devices, although we were not able to allocate these devices 

randomly. The comparison of the two devices is consequently limited, but the arrangement was 

first of all suitable for testing the effectiveness of the global telemedical service.   

2. We only monitored the physical exercise activities. Dietary counseling and food 

intake monitoring were not part of our program, although besides regular physical trainings a 

healthy diet is the other key element in the complex lifestyle interventions of the MetS. In a 
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currently running study we are assessing the combined effects of exercise telemonitoring and 

diet logging. 

3. Our home-based and telemonitored program lasted for 12 weeks, which is a relatively 

short period of time. To see results and changes on the long-term, we should increase the 

duration of the training program to at least 6 months and perform the late follow-up of the 

patients.  

4. Our study ran partially during the two years of the worldwide Covid-19 pandemic. 

During this time, we were limited in many necessary activities connected to the study protocol, 

like patient assessments, collecting back some necessary data on time, like the psychological 

questionnaires from some of our patients.  
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6. Conclusion and clinical implication 

Despite the low sample size and the limited intervention period, our 12-week home-

based telemonitored training supported by an affordable, publicly available device system 

produced positive, statistically significant changes in many core components of the Metabolic 

syndrome in patients suffering from MetS. Distant patient monitoring is now an available option 

for following the patients’ activities, coaching and feedbacking the home-based interventions. 

There is an increasing need for these types of facilities in the overloaded healthcare services 

and during pandemic times, although the exact modes of the procedures should be standardized. 

Telehealth facilities, including the telemonitoring of certain human parameters or complete 

exercise trainings with professional support, will extend the possibility for 

rehabilitation/lifestyle intervention activities beyond in-clinical service centres or inpatient 

frames to a great number of MetS patients with distant geographical locations. It could also 

provide a chance for those patients with time restrictions for participating in a regular daytime 

outpatient service. Since the outbreak of the Covid-19 pandemic we all experienced an 

increased demand for these kinds of telemedical solutions to provide a service without much 

human interaction but with healthcare professionals’ distant supervision. In conclusion, we can 

say that our telemonitored program worked well and could work in pandemic situations 

providing an alternative service in a home-based environment and would be a new therapeutic 

approach for the increasing number of MetS patients. Therefore, based on our results we suggest 

these types of interventions to be extended, used and integrated in the national healthcare 

system in Hungary, as part of the non-pharmacological treatment option in the physiotherapy 

of MetS patients. 

Besides regular physical activities, calorie restricted and healthy diet is another key 

element in the prevention and the complex lifestyle changing therapy of the MetS. Dietary 

counseling and food intake monitoring were not part of our program, but as supported by 

evidence, we suggest combining exercise telemonitoring with diet logging and monitoring 

through a web- or mobile-based application to see further improvements in the physiological 

parameters of MetS patients. 

The long-lasting effect of lifestyle intervention is crucial. Project type intervention 

typically documents favorable short-term results, but the prompt withdrawal of telecoaching 

may abolish the effects. However, decline will never be so prompt as in the case of drug 

treatment withdrawal. To moderate withdrawal effects more and more studies use patient-

owned devices for the intervention, which can be used in the framework of self-care, also after 
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the completion of the telecoached intervention phase. Intermittent late follow-up of the patient 

can promote the long-term effects of the intervention, allowing detection of patient adherence 

failures, where repeated coaching phases could be helpful. The assessment of late follow-up 

episodes could be automated, where algorithms evaluate the data and process the feedback for 

patients, saving costly human effort.  

Regarding the choice of devices, we should recommend the use of chest strap instead of 

“smart” watches for patients accepting both type of devices. Nevertheless, this preference is not 

absolute, because in some parameters patients utilizing smart watches performed better, than 

patients using chest strap and smartphone system. Due to continuous development of devices, 

we should evaluate in the future also recently marketed arm worn optical sensors. 
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9. Appendix 

9.1 Psychological Questionnaires 

9.1.1 Shortened Beck Depression Inventory (Hungarian version) 

  

egyáltalán 

nem 

jellemző 

 

alig 

jellemző 

 

jellemző 

 

teljesen 

jellemző 

1. 
Minden érdeklődésemet elveszítettem 

mások iránt. 

    

2. Semmiben nem tudok dönteni többé. 
    

3. 
Több órával korábban ébredek, mint 

szoktam, és nem tudok újra elaludni. 

    

4. 
Túlságosan fáradt vagyok, hogy bármit 

is csináljak. 

    

5. 

Annyira aggódom a testi-fizikai 

panaszok miatt, hogy másra nem tudok 

gondolni. 

    

6. 
Semmiféle munkát nem vagyok képes 

ellátni. 

    

7. 
Úgy látom, hogy a jövőm reménytelen, 

és a helyzetem nem fog változni. 

    

8. 
Mindennel elégedetlen vagy közömbös 

vagyok. 

    

9. Állandóan hibáztatom magam. 
    

 

9.1.2 Shortened Maastricht Vital Exhaustion Questionnaire (Hungarian version) 

 nem néha gyakran 

1. Gyakran érzi fáradtnak magát? 0 1 2 

2. Gyengének érzi magát? 0 1 2 

3. Kedvetlenebbnek érzi magát, mint régebben volt? 0 1 2 

4. Jobban irritálják apróbb dolgok, mint régen? 0 1 2 

5. Érzi úgy néha, hogy a teste olyan, mint egy kimerülő elem? 0 1 2 

6. Gyakran érzem boldogtalannak magam. 0 1 2 

7. Gyakran vagyok ingerült. 0 1 2 
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9.1.3 Athens Insomnia Scale (Hungarian version) 

Vannak-e alvással kapcsolatos problémái, amelyek az elmúlt hónap során hetente 

legalább három alkalommal előfordultak? 

 
NEM OKOZ 

PROBLÉMÁT 

ENYHE 

PROBLÉMÁT 

OKOZ 

JELENTŐS 

PROBLÉMÁT 

OKOZ 

 

SÚLYOS 

PROBLÉMÁT 

OKOZ 

 

1. Problémát okoz az elalvás? 0 1 2 3 

2. Problémát okoz az éjszakai 

felébredés? 
0 1 2 3 

3. Problémát okoz a túl korai 

ébredés? 
0 1 2 3 

4. Problémát okoz az alvás teljes 

időtartama? 
0 1 2 3 

5. Problémát okoz az alvás 

minősége (függetlenül attól, hogy 

mennyit aludt)? 

0 1 2 3 

6. Befolyásolja nappali közérzetét 

alvási problémája? 
0 1 2 3 

7. Befolyásolja nappali (testi, 

szellemi) teljesítményét alvási 

problémája? 

0 1 2 3 

 

9.1.4 WHO Well-Being Scale (Hungarian version) 

 

Az elmúlt két hét során érezte-e magát 

nem 

jellemző 

alig-

jellemző  

jellemző teljesen 

jellemző 

1. vidámnak és jókedvűnek?  0 1 2 3 

2. nyugodtnak és ellazultnak?  0 1 2 3 

3. aktívnak és élénknek?  0 1 2 3 

4. ébredéskor frissnek és kipihentnek?  0 1 2 3 

5. a napjai tele voltak számára érdekes 

dolgokkal?  

0 1 2 3 
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