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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 facilities®. 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 Telepathology?.
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
rehabilitation®°. Some of these telemonitored programs were also characterized by better
patient satisfaction, training adherence and cost-effectiveness than the conventional inpatient
or outpatient solutions®?.

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



(management of patients without clinically manifest disease but being at risk of developing
CVD) direction!®!!, 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 sensors'?.
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"*® (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 treatment?.

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



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 epidemics?.

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 sensors?.

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 cases™®**.

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 rate'®>. 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 countries?. The advantage of asynchronous

service is that the supervising healthcare staff can schedule the monitoring in his/her work time



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:

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

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

e decreasing the clinical waiting lists,

e elimination of direct contact and risk of infection between the patients and the health
professionals or between a group of patients,

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

e increasing patient satisfaction,

e enhancing self-monitoring and self-management,

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

e fitting in the after-work schedule of the active, working-age populations by using the
store-and-forward monitoring,

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

time and cost 118,



There are some disadvantages of telemedicine which we must be aware of when planning to
use these facilities:

e the provider must possess the appropriate technical support, ICT systems, “smart”
equipment and must be able to operate them,

e 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),

e the elderly population might not be able to use the intelligent technologies without help
(poor digital literacy),

e 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,

e 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,

e documentation, data protection and legal issues®>8.

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 them?® 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



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 rehabilitation®®.

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 (VO2zmax), 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 facilities®.

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,
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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 (VO:zmax) 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 adherence®.

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 (VO2zmax 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 care®.

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 VOamax, 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 VO2zmax 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 interventions®.

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 rehabilitation’.

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 12" and
the 24™ week follow-up, they assessed different outcome measures such as the VOamax,
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 outcomes?®.

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 24"
weeks, the centre-based group patients had slightly smaller waist and hip circumferences at the
12" 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 CRE.

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



(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 rehabilitation®.

% Telecoaching A

Feedback
Guidance

()-S88 7
.................................. > i Health care center

. .@Q@
By oz o & O

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 level®. This condition increases 2-5 times the risk of developing CVD and T2DM in

the next 5 to 10 years? and the occurrence of cardiovascular death by 1.8 times in the next 15
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years?!. 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 mortality?2.

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 Ill. (Adult Treatment Panel I1l.). 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 Ill, 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 practice?.

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%)?% 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 childhood?®. Kékes and
colleges within the frameworks of their study “Nationwide Comprehensive Health protection
Screening Program in Hungary 2010-2020” (,Magyarorszdg Atfogd Egészségvédelmi
Sziiréprogramja 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 women?®,

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 well?”- 2, 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 Alc (HbAlc), 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 HbAlc, 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 %,

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 syndrome®.

There is evidence that home-based and mHealth supported training programs can be
equally effective as hospital or centre-based programs®® and that these types of programs were
positively affecting cardiometabolic parameters, MetS risk factors, QoL and workability?® *°.
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 inactivity®>®2, It is also supported by
evidence that vital exhaustion (excessive fatigue, loss of energy and demoralization) is an
independent risk factor of cardiovascular diseases®. Based on the findings of two meta-
analyses, the relative risks for cardiovascular events are between 1.50 and 2.03%* %, 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 =8 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 treatment® 3°,
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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 syndrome?® 3, 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 I1.

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,
HbAlc 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 I11.

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.

16



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 IIl. MetS criteria
system?22340_ - Al 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:202340
(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
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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 definition?%234°,
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 capacity*4?. 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-Gyorgyi Medical School, University of Szeged,

(Szeged, Hungary), while the physiotherapy assessments and the relevant data collection were

18



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 forward*3. 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 (WChnavel) and at the narrowest part of the midriff (WC miariff) 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

breathing™*.

Figure 3. Measuring WCiaritr 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 documented*!: 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, 500pA).
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.
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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 mood*® 4°,

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
symptoms*’.

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 exhaustion“®, see
in the Appendix. This shortened version was applied in a Hungarian representative health
survey, Hungarostudy 1995%°. 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)°.

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 studies®®.
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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 patients®>®3, 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 >*°°. 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).

P iAR

Heart rate

03
87"

4

210
4

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

Source: own photo
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Figure 9. Printscreen picture of a monitored training session from the Polar Flow coaching

website®

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 Diisseldorf, Germany). The
calculated sample size was 51 based on waist circumferences, working with an effect size
d=0.45, alpha as Type | error of 0.05, and a power value of 0.9. Statistical data were reported

as the meantstandard 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)*. Values of p<0.05 were considered significant.

26



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
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Table 2. Metabolic syndrome risk factors at baseline and after training program

Number of cases after 12-
Number of week training
cases at _
baseline (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 (WChmigritt, 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 (WChavel, 112.8£14.8 cm to 110.6£15.5 cm, p=0.001)
significantly reduced, indicated on Figure 10.
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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 | Atbaseline |After 12-week training Diff (95% CI)
(mean+SD) (mean+SD)

WCa(cm) |55 [112.82+14.82 110.61£15.53 -2.21 (-3.47;-0.95)**
WCriair(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/m?) |55 | 32.98+6.69 32.58+6.73 -0.41(-0.68; -0.13) *

Abbreviations: SD: Standard Deviation of the mean; WChavei: Waist Circumference measured at navel level;
W Chrigrits : Waist Circumference measured at the narrowest part of the midriff; HC: Hip Circumference; BMI:
Body Mass Index; Cl: Confidence Interval; n.a.: not applicable. Paired T-test was used. Level of significance: *
<0.01, **<0.001

29



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  |After 12-week training Diff (95% CI)
(mean+SD) (mean+SD)
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 I1.

In this part the changes in the maximal exercise capacity, in the functional capacity and
in the laboratory parameters are presented that support Hypothesis I1.
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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 13.7443.29 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 11.0242.6 MET to 12.144+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).
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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 HbAlc 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.
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Figure 12. Changes in the HDL-C level before and after the training program
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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 | After 12-week training Diff(95% CI)
(mean+SD) (mean+SD)
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)**
HbAlc (%) 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; HbAlc: Glycated Hemoglobin Alc; TG: Triglyceride; TC: Total Cholesterol; ClI:
Confidence Interval. Paired T-test was used. Level of significance: * <0.01, ** <0.001

4.4  Results supporting Hypothesis I11.

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 111.

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 2.324+2.78 points to 2.184+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 2.474+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 3.374+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 After 12-week Diff (95% CI)
(mean=SD) training
(mean+SD)
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; AlIS: Athens Insomnia
Scale; MQ: Maastricht Vital Exhaustion Questionnaire; WHO-WBS: WHO-Well Being Scale; Cl: Confidence
Interval. Paired T-test was used. Level of significance: * <0.05

45  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 W Cnidritr Were
without significant difference between the subgroups. WChnaver Was significantly bigger in the
smart watch group (Group SW baseline vs Group CS+P baseline, 117.28+17.55 c¢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 After training Baseline vs after
(mean+SD) (mean£SD) training
Group | Group | Pvalue | Group | Group | Pvalue | P value
CS+P SW | between | CS+P SW Group | Group
(n=31) | (n=23) | 9roups | (n=31) | (n=23) | CS+P SW
WChaver | 108.66 | 117.28 | 0.044 | 105.54 | 116.23 | <0.001 | 0.296
(cm) +10.65 | £17.55 +10.02 | +18.74
WChiarie | 102.72 | 110.08 | 0.062 | 99.32+ | 109.19 | <0.001 | 0.207
(cm) +12.50 | £14.96 10.78 | +£14.60
HC (cm) | 111.51 | 118.26 | 0.101 | 108.56 | 116.15 | <0.001 | 0.031
+9.35 | +£17.38 +8.78 | £16.46
ﬁeﬁg%’t 172.33 | 17439 | 0,0 | Not Not ] ]
(cm) +9.46 +8.53 changed | changed
Body 94.087 | 104.75 | 0.093 | 91.86+ | 104.76 | 0.001 0.988
Weight | +18.77 | +25.22 16.99 | +25.83
(kg)
BMI 31.44+ | 34.60+ | 0.117 | 30.748 | 34.60+ | 0.001 0.982
(kg/m?) 4.25 8.63 +3.95 8.73

Abbreviations: SD: Standard Deviation of the mean; Group CS+P: chest strap+phone group; Group SW:
smart watch group; WCiave: Waist Circumference measured at navel level; WCniarits: 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 After training Baseline vs after
(mean+SD) (mean+SD) training
Group | Group | Pvalue | Group | Group | Pvalue | P value
CS+P SW | between | CS+P SW Group | Group
(n=31) | (n=23) | 9roups | (n=31) | (n=23) | CS+P SW
BFM | 30.12+ | 36.73+ | 0.116 | 28.68+ | 37.11+ | 0.005 0.417
(kg) 9.19 17.94 8.86 18.65
BFM | 32.03+ | 33.75+ | 0.469 | 31.23+ | 34.04+ | 0.076 0.442
(%) 6.96 9.55 7.04 10.10
FFM | 63.97+ | 68.02+ | 0.258 | 63.38+ | 67.67+ | 0.298 0.442
(kg) 13.98 12.00 13.30 12.41
MM | 60.96+ | 64.77+ | 0.267 | 60.18+ | 64.45+ | 0.096 0.46
(kg) 13.43 11.51 12.75 11.91
BMR | 8013.2+ | 8592.2+ | 0.215 | 7893.3+ | 8555.0+ | 0.058 0.517
) 1749.60 | 1617.41 1628.45 | 1657.10
VF n=26 n=17; 0.399 n=28 n=18 0.964 | 0.999
18.6+ | 17.06+ 19+ 17.25+
6.62 5.17 6.82 6.69
TF n=26 n=17 0.657 n=28 n=18 0.467 0.758
(%) | 41.72+ | 41.05+ 40.69+ | 42.48+
5.66 8.81 6.46 9.14

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 After training Baseline vs after
(mean+SD) (mean+SD) training
Group | Group | Pvalue | Group | Group P P
CS+P SW | between | CS+P SW | value | value
(n=31) | (n=23) | 9roups | (n=31) | (n=23) | Group | Group
CS+P SW
Stress 14.84+ | 12.33+ | 0.01 15.03+ | 14.81+ | 0.814 | 0.008
ECG 1.93 4.04 4.60 4.14
duration
time (min)
Max. 11.28+ | n=20 0.784 11.8+ n=20 | 0.306 | 0.003
exercise 2.38 11.08+ 2.82 1251+
tolerance 2.66 1.36
(MET,
ml/kg/min)
6MWD | 537.13 | n=22 0.33 566.87 | n=22 | 0.003 | 0.007
(m) +58.25 | 556.73 +63.09 | 588.82
+79.23 +69.4
Weekly n=29
training - - - 130.10 ﬂ?f% - -
time (min) +97.82 '

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, HbAlc 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 After training Baseline vs after
(mean+SD) (mean+SD) training
Group Group | Pvalue Group Group P P
CS+P SW | between | CS+P SW | value | value
(n=31) (n=23) | 9roups (n=31) (n=23) | Group | Group
CS+P SW
HDL-C n=22 n=17 n=24 n=17
(mmol/L) 1.26+ 1.26+ | 0.999 1.55+ 1.8+ | 0.001 | 0.001
0.3 0.37 0.34 0.42
FPG n=26 n=18 n=27 n=18
(mmol/L) 6.24+ 6.18+ | 0.857 5.73+ 535+ | 0.07 | 0.002
1.51 0.84 1.15 0.97
HbAlc n=20 n=14 n=21 n=14
(%) 6.36+ 6.25+ | 0.664 5.9+ 599+ | 0.031 | 0.264
0.7 0.73 0.73 0.92
TG n=25 n=22
(mmol/L) 21'3755 1687655 0209 | 19+ | 203+ |0243 | 0298
' ' 0.57 0.52
TC 5.21+ 6.28+ 5.58+ 6.17+
(mmol/L) 1.46 1.03 0.006 0.93 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;

HbALlc: Glycated Hemoglobin Alc; TG: Triglyceride; TC: Total Cholesterol

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

Baseline After training Baseline vs after
(mean+SD) (mean+SD) training
Group Group P value Group Group | Pvalue | P value
CS+P SW between CS+P SW Group | Group
(n=31) (n=23) groups (n=31) (n=23) | CS+P SW
BDI n=21 n=13 n=21 n=13
(points) | 2.14+ 1.46+ 0.356 1.9+ 1.54+ 0.7 0.794
2.57 1.66 4.01 1.56
AIS n=21 n=13 n=21 n=13
(points) | 1.48+ 2.77+ 0.267 1.24+ | 2.85+ | 0497 | 0.911
1.97 3.75 2.23 4.47
MQ n=21 n=13 n=21 n=13
(points) | 2.71+ 3.08+ 0.687 2.33+ 1.77+ | 0.442 0.02
2.26 2.66 2.2 1.96
WHO-
n=21 n=13 n=21 n=13
(F\J/(\)/iBni) 1043+ | 1015+ | O™ | 1120 | 1062 | 0098 | 0337
2.44 2.38 2.41 2.63

Abbreviations: SD: Standard Deviation of the mean; Group CS+P: chest strap+phone group; Group SW:
smart watch group; BDI: Beck Depression Inventory; AlS: 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 benefits®?°2, 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 environment®’. Other meta-analysis was not able to document this
relationship®. 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 (WChmidrif,
WCiravel) 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 circumference®®. 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 well®®. 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 MetS® 51, 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 BMI%2, 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 trainings®® . 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 pathology®. 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 disease®®. 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 occupation®’. 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 diseases®’. 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 therapy®®2. 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%°872, 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 week’®. 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 (24" 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 placebo’. 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 11.

The latest WHO guideline’® 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 HbAlc, 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 mortality’. 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 programs’’.

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 men’®. 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 MetS’. 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 I11.

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 I11.

54  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 1VV. 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 HbAlc 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 well® 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 . 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 well®2. 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.

55 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)

egyaltalan | alig jellemzé | teljesen
nem jellemzd jellemzd
jellemzd

Minden érdekl6désemet elveszitettem
masok irant.

2. | Semmiben nem tudok donteni tobbé.

Tobb oraval korabban ébredek, mint
szoktam, és nem tudok ujra elaludni.

Tulsagosan faradt vagyok, hogy barmit
is csinaljak.

Annyira aggédom a testi-fizikai
5. | panaszok miatt, hogy masra nem tudok

gondolni.
6 Semmiféle munkat nem vagyok képes
" | ellatni.
7 Ugy latom, hogy a jovém reménytelen,
" | és a helyzetem nem fog véltozni.
8 Mindennel elégedetlen vagy k6z6mbos

vagyok.

9. | Allandéan hibaztatom magam.

9.1.2 Shortened Maastricht Vital Exhaustion Questionnaire (Hungarian version)

nem | néha | gyakran

Gyakran érzi faradtnak magat?

Gyengének érzi magat?

Kedvetlenebbnek érzi magat, mint régebben volt?

Jobban irritaljak aprobb dolgok, mint régen?

Erzi ugy néha, hogy a teste olyan, mint egy kimeriil elem?

Gyakran érzem boldogtalannak magam.

o| o o| o] o o] o
R I

2
2
2
2
2
2
2

N o g B~ W e

Gyakran vagyok ingeriilt.




9.1.3 Athens Insomnia Scale (Hungarian version)

Vannak-e alvassal kapcsolatos problémai, amelyek az

legalabb harom alkalommal elofordultak?

elmult hénap soran hetente

P'\l‘l%'\g&'?woé PR(EOII\}:;O]';;I’EIAT P;%}E%]ESI)ET PR%E;EE(;AT
1. Problémat okoz az elalvas? 0 1 2 3
2. Problémat okoz az éjszakai
, . 0 1 2 3
felébredés?
3. l?roblc?mat okoz a tul korai 0 1 2 3
ébredés?
4. Problémat okoz az alvas teljes
o 0 1 2 3
id6tartama?
5. Problémat okoz az alvas
mindsége (fiiggetleniil attol, hogy 0 1 2 3
mennyit aludt)?
6. Befolyasolja nappali kdzérzetét
. . e 0 1 2 3
alvasi problémaja?
7. Befolyasolja nappali (testi,
szellemi) teljesitményét alvasi 0 1 2 3
problémaja?

9.1.4 WHO Well-Being Scale (Hungarian version)

nem alig- jellemz6  teljesen
Az elmult két hét soran érezte-e magat jellemz6  jellemz6 Jellemzd
1. vidamnak és jokedviinek? 0 1 2 3
2. nyugodtnak és ellazultnak? 0 1 2 3
3. aktivnak és élénknek? 0 1 2 3
4. ¢ébredéskor frissnek és kipihentnek? 0 1 2 3
5. anapjai tele voltak szdmara érdekes 0 1 2 3
dolgokkal?
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Background: Metabolic Syndrome (MetS) increases the risk of cardiovascular
diseases (CVD) and affects around one fourth of the population worldwide.
In the prevention and treatment regular exercise trainings are inevitable.
Providing personal supervision in out/inpatient care settings for such a large
target population challenges the healthcare systems, but using telemonitoring
of the home-performed trainings could be a promising and widely available
option.

Objectives: The aim of this study was to evaluate the physiological
and psychological effects of a 12-week home-based physical training
program, telemonitored by widely available fitness devices on parameters
of MetS patients.

Methods: A total of 55 MetS patients (mean age 49.19 + 7.93 years) were
involved in the study. They were asked to perform 3-5 sessions of exercise
activity (min. 150 min) each week for 12 weeks. Trainings were monitored
off-line by heart rate sensors, a fitness application and a cloud-based
data transfer system. Physiotherapists supervised, coached, and feedback
the trainings through an online coach system. We investigated different
anthropometric parameters, maximum exercise and functional capacity levels,
laboratory parameters, the level of depression, insomnia, vital exhaustion, and
wellbeing as well.

Results: The average weekly training time was 152.0 £ 116.2 min. Out of the
55 participants who completed the program, 22 patients (40%) performed
the recommended 150 min or more weekly. Patients showed statistically
significant changes in: all the measured waist and hip circumferences; 6-min
walk distance (6MWD; from 539.69 + 78.62 to 569.72 + 79.96 m, p < 0.001);
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maximal exercise capacity (11.02 + 2.6 to 12.14 + 2 MET, p < 0.001), stress-
electrocardiogram duration time (13.74 & 3.29 t0 15.66 & 2.64 min, p < 0.001);
body weight (98.72 + 217 to 9745 + 21.76 kg, p = 0.004); high-density
lipoprotein cholesterol (n = 45, 1.28 4 0.31to 1.68 + 0.36 mmol/L, p < 0.001);
fasting plasma glucose (FPG; n = 47, 6.16 £+ 1.26 to 544 £ 1.31 mmol/L,
p = 0.001); glycated hemoglobin Alc (HbAlc; n = 41, 622 + 068 to
5.87 + 0.78%, p = 0.01). Out of the 55 patients who finished the program
38 patients (70%) completed all the psychological questionnaires. We found
statistically significant decrease of the overall scores of the Maastricht Vital
Exhaustion Questionnaire, from 3.37 + 2.97 points to 2.63 + 2.70 points
(p < 0.05) and a significant increase of the overall scores of the WHO
Wellbeing Scale from 9.92 + 2.59 points to 10.61 + 2.76 points (p < 0.05).
We have not found any statistically significant changes in the scores of the
Beck Depression Inventory and the Athens Insomnia Scale.

Conclusion: A 12-week home-based telemonitored training supported
by an affordable, commonly available device system produces positive,
statistically significant changes in many core components in MetS patients.
Telemonitoring is a cheap method for coaching and feeding back the home-
based interventions.

KEYWORDS

telerehabilitation, telemonitoring, metabolic syndrome, home-based, exercise
training, psychological factors

Introduction

Metabolic Syndrome (MetS) is defined by the concomitant
presence of cardiometabolic risk factors such as central
(abdominal) obesity, high blood pressure, elevated fasting
plasma glucose (FPG) and triglyceride levels, and decreased
high-density lipoprotein cholesterol level (HDL-C) (1).
This condition increases 2-5 times the risk of developing
cardiovascular diseases (CVD) and type 2 diabetes mellitus
(T2DM) in the next 5-10 years (1) and the occurrence of
cardiovascular death by 1.8 times in the next 15 years (2). In
developed countries MetS affects around one fourth (20-30%)
of the adult population. This ratio is increasing especially
amongst the elderly (23.5-40.6%) (3, 4). According to the
guideline of the International Diabetes Federation lifestyle
interventions, primarily regular physical activity and calorie-
restricted healthy diet are essential in other to lose bodyweight
and to treat the MetS (5).

Review of the evidence shows that MetS is comorbid with
different psychological disorders; obesity (central adiposity) and
diabetes (insulin resistance) increase the risk of depression and
anxiety. 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 inactivity. On the other hand after
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successful weight loss programs the improvement of depression
was reported (6, 7). It is also supported by evidence that vital
exhaustion (excessive fatigue, loss of energy and demoralization)
is an independent risk factor of CVD (8). Based on the findings
of two meta-analyses, the relative risks for cardiovascular events
are between 1.50 and 2.03 (9, 10).

Changing of the lifestyle is a very cumbersome process;
only a very small proportion of the population is able
to cope with this alone. The majority of patients require
strong coaching, which challenges the Public Health Services,
depleting of 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 by 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 telemedical technology are preferred in this situation
to minimize interpersonal contacts between health care workers
and patients as well as between patients.

Formal or informal telemedical services are used regularly
by a considerable portion of patients. They are measuring their
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blood sugar and blood pressure in their home regularly and the
data are used from a distance by the physician to adjust their
drug therapy. Doctors can even diagnose an acute heart attack
from a distance through telemedical electrocardiogram systems.
Recent studies proved that online telemonitored trainings are as
effective as hospital or center based programs in patients with
cardiac abnormalities requiring cardiac rehabilitation. These
telemonitored programs were characterized by higher patient
satisfaction, improved adherence, and higher cost-effectiveness
than inpatient or outpatient solutions (11-13).

Few studies have analyzed the psychological effects of home-
based telemonitored training in cardiac rehabilitation and most
of them only measured changes in quality of life. The results
on the quality of life of telehealth intervention are mixed. Some
studies have found an improvement in quality of life (14, 15),
while other studies have found no significant difference in the
increase in quality of life of those treated remotely (16, 17).

The usage of telemedicine for training monitoring of
patients with cardiometabolic risk factors but not dependent
on close medical supervision could be also a forward-looking
decision. This could not only reduce the burden of healthcare
facilities, but also save time and cost for the patients. Lots of
lifestyle coaching apps are available on the market which make
it possible to monitor the actual lifestyle—dietary habits and
physical activities—of the patients from a distance. However
these solutions are not integrated into the health care system,
these are typically practiced only in the field of fitness.

Through the development of infocommunication
technologies, “smart” devices are becoming more reliable
while with decreasing cost these devices are becoming more
broadly available for the general public in everyday life. This
advanced technology makes it possible to supervise the home-
based training of patients, depicting their heart rate during the
training and also delivering information about daylong physical
activity. Data are transferred through mobile units to a cloud
based datastore, which provides web service for the overview of
different aggregation of the home measured data.

Purposes
The primary purpose of our study was to evaluate the
physiological and psychological effects of a 12-week home-based

physical training program telemonitored by widely available
fitness devices in MetS patients.

Materials and methods
Study design and patient recruitment

This study was a prospective non-randomized intervention
evaluation study among MetS patients, who were involved in

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2022.1075361

the study between 1st of September 2018 and 31st of January
2020. They were recruited from the city of Szeged (Hungary) and
surrounding villages within a 40 km distance. The recruitment
was performed in General Practitioners’ offices, occupational
physicians’ offices as well as in cardiological inpatients and
outpatient facilities. Participants were recruited through a
physician’s referral. All subjects were informed about the study
protocol and they 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. Our
Clinical trial registration number is NCT05146076.

Inclusion criteria

Voluntary patients, aged between 25 and 70 years, were
involved in the study, who practiced only low level of regular
physical activity (self-reported, less than 30 min a week),
and had at least three risk factors concomitantly from the
followings (1):

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

(b) proved type 2 diabetes mellitus or FPG level above
5.6 mmol/L,

(c) treated  hypertension ~ or  spontaneous  blood
pressure > 130/85 mmHg,

(d) treated hypertriglyceridemia (HTG) or serum triglyceride
(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

In order to manage the telemonitoring devices and data
transfer the participants had to be able to use a smartphone
and to transfer data from a smart watch to a phone,
laptop or personal computer through a wired or wireless
(Bluetooth) connection.

Exclusion criteria

Participants  were excluded with: any upcoming
planned invasive cardiological intervention (percutaneous
transluminal coronary angioplasty, coronary artery bypass,
valve repair or replacement), uncontrolled hypertension
(blood pressure > 160/100 mmHg), type 1 diabetes mellitus
(T1DM), T2DM which needed more than one dose of insulin
per day, chronic heart failure, chronic renal failure where the
estimated Glomerular Filtration Rate < 60 ml/min, oncological
diseases, serious cognitive disfunction, lack of cooperation, any
known disease or condition that seriously affected the mental
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and legal capacity, any other conditions preventing regular
physical trainings.

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 definition (1). Our second primary
outcome measure was the 6-min walk distance, the patient’s best
achievable walked distance in 6 min performed during the 6-min
walk test (6MWT), which is a simple field test commonly used
to assess functional capacity (18, 19). 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 FPG, glycated hemoglobin,
triglyceride, high-density lipoprotein and total cholesterol levels,
and quality of life) as secondary outcome measures.

Baseline and follow-up patient
assessment

The baseline and follow-up medical assessments and the
data collection took place in the Department of Medicine,
Albert Szent-Gyorgyi Medical School, University of Szeged,
(Szeged, Hungary), while the physiotherapy assessments and the
relevant data collection were 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 of the 12-week training program.

Anthropometric measurements

The following anthropometric measurements were taken
by physiotherapists: Body weight measured by the body
composition analyzer device (Tanita BC-418, Japan); height
in centimeters using a metric staniometer attached to a wall
(20); waist circumference measured in cm at navel level and
the narrowest part of the midriff; and hip circumference at
the level of the greater trochanter (21). Additional details
about the procedures of the measurements are presented in
Supplementary material.

Functional capacity

The functional capacity was measured during the SMWT by
the physiotherapists, in accordance with the American Thoracic
Society guideline, on a 30 m long marked track. The distance
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reached in 6 min (in meters) was measured and documented
(18,19).

Maximal exercise capacity

Under a cardiologists supervision a 12-channel
electrocardiogram (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,
where this target 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 (mmHg) and the time
spent on the maximal exercise level in seconds (s) were
measured and documented.

Body composition analysis

The body composition analysis was performed with a
Bioelectrical Impedance Analysis using a segmental body
composition analyzer device (Tanita BC-418, Japan) measuring
the following parameters: bodyweight (kg), the total body
fat mass (BFM) in kilograms (kg), its ratio referred to the
body weight (BFM%), the muscle mass (MM) and, the fat-
free mass (FFM) in kilograms (kg). The visceral fat level
(VF) in the abdomen and the trunk fat percentage (TF%)
were measured with an abdominal fat analyzer device (Tanita
ViScan AB-140, Japan). The Body Mass Index (BMIL kg/m?)
and the average basal metabolic rate (BMR) in Joule (J) were
calculated by the device and were documented. Additional
details about the procedures of the measurements are presented
in Supplementary material.

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 to the
starting date were accepted and documented at the initial and
the final visit.

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: 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). It is used to determine the intensity and severity
of depression. 0-9 points: normal score; 10-18 points: mild
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depressive mood; 19-25 points: moderate depressive mood; over
25 points: severe depressive mood (22, 23).

2. Athens Insomnia Scale: the scale consists of eight items
which measure sleep complaints. 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 three times 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 symptoms (24).

3. Shortened Maastricht Vital Exhaustion Questionnaire:
This is the nine-item form of the original 21-item questionnaire
which was used to measure feelings of exhaustion (25). This
shortened version was applied in a Hungarian representative
health survey, Hungarostudy 1995 (26). 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 (27).

4. WHO Wellbeing Scale: It is the most common measure
which is used to assess self-reported wellbeing in clinical or
follow-up studies. 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 alpha rate of the scale is 0.84, which refers to a
high internal consistency. It is a five-item questionnaire which
assesses wellbeing during a period of 2 weeks. The raw score
ranges from 0 to 25. A score of 0 represents the worst quality
of life and 25 the best (28).

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 monitoring. They were
given an information sheet and each participant received a
15-30 min 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 min per session) individually at home, aiming
to a minimum of 150 min 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 suitable for MetS patients. 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
maximal predicted heart rate. Patients were asked to keep their
heart rate within this target zone during the physical activities
they performed at home.
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Training monitoring

The home-based trainings were monitored by two different
types of device—a chest strap (Polar H10, Kempele, Finland)
wirelessly connected with an android smartphone (Meizu M5c,
China) and a free to download fitness application (Polar Beat)
or an optical heart rate sensor (Polar M430 GPS running watch,
Kempele, Finland)—that were allocated to the patients at the
initial visit (29, 30). Both were available in the commercial
market for a reasonable price. Additional details about the
measuring devices and the procedures of the measurements
are presented in Supplementary material. The patients were
exercising at home on at least 3 days of the week. The
physiotherapists reviewed the training activity of every patient
weekly and contacted them individually via phone or email
giving feedback and trying to motivate the participants. Average
time expenditure for an individual consultation was about
10-20 min. Supplementary Figure 1 shows a diary view of
the trainings performed by a participant, while Supplementary
Figure 2 indicates some features of a monitored training that
were visible on the website for the monitoring person.

Statistical methods

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 Diisseldorf, 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 on several parameters,
whereas we used correlation analysis to measure the strength
of connection between two continuous variables. Statistical tests
were performed using R statistical software (R version 3.6.2)
(31). Values of p < 0.05 were considered significant. Diagrams
were made also using R statistical software.

Results
Subject population

Altogether 59 Met$ patients (37 men and 22 women, mean
age 49.35 £ 851 years) were enrolled in the study. Four
participants (two men and two women) dropped out from the
program, although they had 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) completed
the 12 week home-based telemonitored program. Table 1 shows
the demographic characteristics of the participants. Out of those
patients who completed the program, in 4 cases the final exercise
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TABLE 1 Demographic characteristic of the participants.

’ Number of
patients

Gender ‘ Male 35

| Female 20
Qualification ‘ Primary school 4

‘ Vocational training 4

‘ High school 29

‘ University/Collage 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

electrocardiogram test and in 1 case the final GMWT could not
be performed either because of health related issues (acute knee
injury and pain that limited the walking and cycling ability) or
technical problems.

The average weekly heart rate monitored training time was
152 £ 116.2 min. Out of the 55 participants who completed
the program, 22 patients (40%) performed the recommended
150 min or more 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 reported any adverse
events during the 12 week home-based training program.

Changes in waist circumference

Post intervention the average waist circumference measured
at the narrowest part of the midriff (WCpq.4> 106.17 £ 14
to 103.88 £ 13.5 cm, p < 0.001) and the average waist
circumference measured at navel level (WC, e, 112.8 + 14.8
t0 110.6 & 15.5 cm, p = 0.001) significantly reduced as indicated
in Figure 1.

Other anthropometric parameters, such as the average hip
circumference (HC, 114.73 & 13.75 cm to 112.15 & 13.2 cm,
p < 0.001), the average body weight and the BMI that we
considered secondary outcomes also showed statistically
significant improvements. Table 2 shows the measured
anthropometric parameters at baseline and after the training
program.
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Changes in functional capacity

As can be seen in Figure 2 the average 6 min walk distance
increased (n = 54, 6MWD, 539.69 £ 78.62 to 569.72 + 79.96
m, p < 0.001). A positive correlation was found between the
average weekly training time and the increase of 6sMWD (r =0.3;
p=0.029).

Changes observed in the secondary
outcome measures

The maximal exercise capacity (n = 51, from 11.02 & 2.6
to 12.14 & 2 MET, p < 0.001), and the time to the maximal
exercise level (13.74 43.29 to 15.66 = 2.64 min, p < 0.001) also
improved significantly.

Body composition parameters

Post intervention the body composition parameters had
not changed significantly. The overall average body fat mass
(BEM) showed a decreasing tendency from 33.22 & 13.9 to
32.61 + 14.46 kg (p = 0.087), but the average body fat mass
relative to the body weight had not changed significantly.
Surprisingly, the average fat-free mass (FFM) also showed a
decreasing tendency. The average BMR calculated by the device
had decreased from 8239.56 + 1694.38 to 8150.02 % 1653.45 |
(p = 0.037). We 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 ability to fit under the
measuring device. Post intervention the VF level did not change
significantly, although the average TF% had shown a declining
trend, but the change did not reach significant level. Table 3
shows the measured body composition parameters at baseline
and after the training program.

Laboratory parameters

Post intervention the average HDL-Clevel increased (n = 45,
from 1.28 = 0.31 to 1.68 & 0.36 mmol/L, p < 0.001, as indicated
in Figure 3) and the average FPG level decreased (n = 47,
from 6.16 & 1.26 to 544 £ 1.31 mmol/L, p = 0,001). In 41
patients we managed to document the glycated hemoglobin
(HbAIc) level and it decreased from 6.22 4 0.68 to 5.87 4= 0.78%
(p=0.01), as indicated in Figure 4. There was a declining trend
in the triglyceride (TG) level (n = 47), but not significantly.
The total cholesterol (TC) level did not change. Table 4
shows the documented laboratory parameters at baseline and
after the training program. A weak correlation tendency was
found between the average weekly training time and the HDL-
cholesterol level increase (r = 0.23; p = 0.137).
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TABLE 2 Anthropometric parameters at baseline and after the training program.

At baseline er 12-week training Diff (95% Cl)
((EETES (mean % SD)
WCpayq (cm) 55 11282 + 14.82 11061 + 1553 —221 (=3.47;,—095)*
WCigrisr (cm) 55 106.17 + 14.03 103.88 + 135 229 (—3.40;—1L.18)**
HC (cm) 55 11473 +£13.75 112,15+ 132 —2.58 (—3.50; —1.66)**
Body height (cm) 55 1729 £9.29 na. na.
Body weight (kg) 55 9872 £21.7 ‘ 97.45£21.76 —127 (<2.12;-041)*
: BMI (kg/m?) 55 32.98 +6.69 | 3258 £ 673 —041 (—0.68; —0.13)*

SD, standard deviation of the mean; WC,,uvq, Waist circumference measured at navel level; WCyay, Waist circumference measured at the narrowest part of the midriff; HC, hip
circumference; BMI, body mass index; n.a., not applicable. Paired t-test was used. Level of significance: *p < 0.01, **p < 0.001.

Psychological questionnaires

Out of the 55 patients who finished the monitored training
program we managed to collect the completed, self-reported
questionnaires from 38 patients (roughly 70%). These 38 cases
were included in the statistics. The overall scores of the Vital
Exhaustion Scale decreased (n = 38, from 3.37 %+ 2.97 points
to 2.63 + 2.70 points, p < 0.05) and the overall scores of the
WHO Wellbeing Scale increased (n = 38, from 9.92 £ 2.59
points to 10.61 =+ 2.76 points, p < 0.05). The scores of the
Beck Depression Inventory and the Athens Insomnia Scale
did not change significantly. Table 5 shows the scores of the
four psychological questionnaires used at baseline and after the
training program.
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Discussion

A key component of the MetS is abdominal or central
obesity that can be measured by the increase of waist
circumference (1). In our study we have observed a significant
decrease in the average WC, a minimal but statistically
significant weight loss and BMI decrease over the 12 weeks
period. Decrease in the body weight and lowering the
waist circumference positively affects abdominal obesity and
are proved to decrease other risk factors of MetS like
elevated plasma glucose level and hypertension as well (32).
Nowadays regular physical exercise is recommended for all
diabetic patients, but the management of patients on intensive
conservative insulin therapy is relatively complex (33). To
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TABLE 3 Body composition parameters at baseline and after the training program.

At baseline After 12-week training Diff (95% CI)
(mean £ SD) (mean £ SD)
BEM (kg) 55 3322+ 139 32.61 £ 1446 —061 (~1.31;0.09) 1
BEM (%) 55 3301 +826 32.74+8.73 —027 (~0.87;0.33) 1
FFM (kg) 55 6551 £13.17 64.97 £ 1299 —054 (128;0.19)
MM (kg) 624 £126 618125 —0.64 (—1.27; —0.004)*
BMR (J) 55 8239.56 + 1694.38 8150.02 + 165345 —89.55 (—173.53; —5.56)*
VE 47 Cisisssy 1823+659 [ 0.14 (~068; 096)
TF (%) 47 414 £6.67 4115+7.51 —025 (~1.29;0.79)

SD, standard deviation of the mean; BFM, body fat mass; FFM, fat free mass; MM, muscle mass; BMR, basal metabolic rate; VF, visceral fat; TE, trunk fat. Paired t-test was used. Level of

significance: * < 0.05.

avoid this complication in the current, developing phase of
telerehabilitation we considered intensive insulin therapy as an
exclusion criteria. With the maturation of monitoring tools, in
subsequent studies we should also include such patients, because
they form an important subgroup of the MetS population.

Our telemonitored MetS patients achieved significant
increase in their exercise tolerance and functional capacity. The
average maximal exercise capacity increased by 1.12 MET and
the stress ECG duration time by roughly 2 min. The 6MWD
improved by an average of 30 m. This is according to Bohannon
and Crouch within the range of the minimal clinically important
difference for change in the 6 MWD for adults with pathology
(34). Tt had been previously proved by numerous studies on
the MetS that increasing the cardiorespiratory fitness level of
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these patients plays a key role in decreasing the risk factors
and the prevalence of the disease (35). Moreover this will
positively affect the workability of these patients. Haufe and
colleagues in their recent study involving 314 MetS patients
concluded that regular and telemonitoring-supported physical
activity decreased MetS severity and increased workability, and
this effect was independent of sex and occupation (36). Although
their telemonitored intervention took 6 months, they reported
bigger weight loss and exercise capacity improvement than in
our study, but they could not detect significant HDL-C increase.

Because in the present study patients with MetS
were undergoing intervention, we evaluated separately
our data based on the cut-off values of individual MetS
risk factors. Characteristics of the population regarding
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Change in high-density lipoprotein-cholesterol level before and after the training program.
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FIGURE 4

Change in glycated hemoglobin Alc level before and after the training program

the presence of pharmacologically treated diseases
(T2DM/Hypertension/Hyperlipidemia), as well as the
proportion of abnormal individual MetS risk factors, are
listed in Table 6. Drug treatment was unchanged during the
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After

After

intervention, so only changes of continuous variables were
listed.

The average weekly training time reached by our patients
meets the physical activity guidelines according to which a
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TABLE4 Lab y s at baseline and after the training program.

At baseline

HDL-C (mmol/L) [ 45 | 128 £0.31 ‘ 1.68 £0.36 ‘ 0.40 (—0.27; —0.53)** ‘
FPG (mmol/L) . 47 6.16 +1.26 ’ 544+ 131 ‘ —0.72 (- L11; —0.32)*
HbAlc (%) \ 41 622 £0.68 587078 ‘ —0.35(—0.61; —0.09)*

TG (mmol/L) ‘ 47 219+145 1.89 +0.55 ‘ —0.29(—0.73;0.14)

TC (mmol/L) , 47 5.66 +1.38 [ 583+£094 ‘ 0.18(—0.14; 0.49)

SD, standard deviation of the mean; HDL-C, high-density lipoprotein-cholesterol; FPG, fasting plasma glucose; HbAlg, glycated hemoglobin Alc; TG, triglyceride; TC, total cholesterol.
Paired ¢-test was used. Level of significance: *p < 0.01, **p < 0.001.

TABLE 5 Psychological Questionnaire’s scores at baseline and after training program.

At baseline After 12-week training Diff (95% CI)
(mean =% SD) (mean = SD)
BDI (points) 38 2324278 ‘ 2184352 ‘ —0.13 (~0.84;0.58)
AIS (points) 38 2.47+320 ‘ 2.61+407 ‘ 0.13 (—0.54; 0.81)
MQ (points) ' 38 [ 3374297 ‘ 2.63+270 ‘ —0.74 (—1.44; —0.03)*
WHO-WBS (points) 38 9.92+259 ‘ 10.61 276 ‘ 0.68 (0.04; 1.32)*

SD, standard deviation of the mean; BDI, Beck Depression Inventory; AIS, Athens Insomnia Scale; MQ, Maastricht Vital Exhaustion Questionnaire; WHO-WBS, WHO-Wellbeing Scale.
Paired t-test was used. Level of significance: * < 0.05.

TABLE 6 Metabolic syndrome rrisk 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 hypertension 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%)

T2DM, type 2 diabetes mellitus; FPG, fasting plasma glucose; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; WC, waist circumference.

minimum of 150 min of moderate-intensity or 75 min of from a professional, can lead to a better adherence to the
vigorous-intensity physical activity per week is recommended training programs, but the feedback should be regular and
to achieve medical benefits (37, 38). Forty percent of the motivating. All efforts should be taken to try to increase the
participants achieved the recommended 150 min or more activity time. The effect of telemonitoring in the setting of
activity time during a week. This ratio indicates that in the case cardiac rehabilitation has been evaluated in several studies.
of the majority of our patients (60%) more efforts should have We can find meta-analysis which states that in home-based
been applied to the issue of self-motivation. telemonitored rehabilitation environment the adherence level
Promotion of exercise, maintaining interest in physical of participant is higher than in the center-based environment
trainings and enhancing self-motivation long-term are key tasks. (39). Other meta-analysis was not able to document this
With the help of online coach systems the type, the duration, the relationship (40).
intensity and other parameters of physical activities performed In our study we have found parameters of the body
at home could be continuously followed from a distance composition showing improving tendencies (total body fat mass
by the supervising physiotherapists. Using a fitness device alone and relative to the body weight, trunk fat percentage)
available to the public for telemonitoring, with online feedback but have not found any statistically significant changes. One
Frontiers in Cardiovascular Medicine 10 frontiersin.org
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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.
Visceral fat (between the abdominal organs) deposits are
associated with systemic inflammation and insulin resistance
that play a key role in the development of the MetS. According to
evidence of previous studies summarized in a recent review, it is
more important to observe reductions in the amount of visceral
fat than to see reductions in the body weight or the BMI (41),
which we did 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 HDL-C level of our MetS participants.
According to evidence from previous large prospective studies,
including the Framingham Heart Study (42), 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 CVD. 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
therapy (43-47). 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%. (43-47). The hallmarks of
fibrate therapy are a substantial decrease of plasma TG levels
ranging from 30 to 50% and a moderate increase of HDL-
C levels ranging from 5 to 15% (48). Kodama et al. 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. The minimal amount of exercise
volume at which HDL-C level increase occurred was 120 min
per week (49). In our study we have obtained bigger HDL-
C increase (0.4 mmol/L) with higher weekly training time
(152.0 & 116.2 min).

The FPG level of our MetS patients decreased significantly
after the 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 placebo (50). 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 dietary education were applied
during the initial visit.

Regarding the changes in the patients’ psychological state
we have to emphasize that the level of vital exhaustion—one
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of the most important indicators of chronic stress—decreased
significantly after the home-based physical training program.
Pedersen and colleagues in their cohort study investigated the
connection between vital exhaustion and MetS, including 3,621
participants who did not have MetS at the baseline of their study.
During the 10 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 men (51).

We found a significant increase in the level of wellbeing
as well. Boylan and Ryff’s (52) study examined the association
between wellbeing 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 wellbeing predicted lower risk of
MetS (52).

The level of depression and the level of insomnia did not
change after the physical training program. It is important to
stress that these values were considered normal prior to our
telemonitored program.

The latest WHO guideline (53) for physical activity and
sedentary behavior recommends physical activity specified
for people living with selective chronic conditions (such as
T2DM or hypertension). They have found strong evidence
that physical activity is associated with decreased risk of CVD
mortality and decreased levels of HbAlc, 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 mortality
(53). 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 programs (54).

The long lasting effect of life style 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 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
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the data and processed the feedback for patients, sparing
costly human effort.

If we apply the special consideration of behavior economy
by supplying the patients with the monitoring devices, we have
the opportunity to utilize special incentives for late adherence
to a life style change (55). It was earlier demonstrated that
the effectiveness of life style intervention can be improved by
appropriate financial contracting of the patients, where the
patients undertake some financial burden at the initiation of the
intervention with the promise of reimbursement after successful
completion of the program. The appropriate fine tuning of such
incentive requires detailed studies.

Limitations

1. We used two different devices that were available on
the commercial market for a reasonable price, for monitoring
the heart rate during the physical trainings. We intended to
gain monitoring experience with the two different types. The
comparison of the effectiveness and applicability of the different
types of training monitors require further analyses, which
exceeds the limits of this publication.

2.1n our study we only monitored the home-based physical
exercise. 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 running study we will
assess the combined effects of exercise and diet.

3. Our home-based telemonitored program lasted for
12 weeks, which is a relatively short period of time. To see results
and changes long-term, we should increase the duration of the
training program and perform the late follow-up of our patients.

4. Our study ran partially during the 2 years of COVID-
19 pandemic. In this time we were limited in gathering some
necessary data like the psychological questionnaires from some
of our patients.

Clinical implication

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 centers or inpatient frames to great a 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. Our program
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worked, and could work in pandemic situations providing
an alternative service in a home-based environment for the
increasing number of MetS patients.

Conclusion

A 12-week home-based telemonitored training supported by
an affordable, widely available device system produces positive,
statistically significant changes in many core components of
the MetS in patients suffering from MetS. Telemonitoring is a
cheap method for coaching and providing feedback on home-
based interventions. This intervention approach is particularly
useful for overloaded healthcare services and during pandemic
times, but also has potential for use more broadly to improve the
efficiency of healthcare delivery.
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ABSZTRAKT

Bevezetés: Ismertetésre kertil a telemedicina fogalma, fajtai, elényei, hatranyai, hasznalati lehet6ségei a fizioterapiaban, a Meta-
bolikus szindroma (MetS) definiciéja, el6forduldsi gyakorisaga, kritériumrendszerei, rizikéfaktorai és nem gyogyszeres terdpidja,
valamint kutatasi programunk, amelyben MetS paciensek otthoni fizikai tréningjét telemonitorizaltuk 12 hétig, majd vizsgaltuk a
kiilonbo6z6 felmért paraméterek valtozasat.

Cél: a MetS betegek, telemedicinalis eszkozokkel monitorozott otthoni fizikai tréningjének hatésara bekovetkezé véltozasok vizs-
galata volt.

Anyag és médszer: A bevalogatott MetS paciensek egyes paramétereit (anthropometriai, terheléses) felmértiik, majd 12 hétig ott-
honukban tréningeztek, pulzusukat a tréningek soran folyamatosan monitorozva az altalunk biztositott ,,okos” eszkézokkel (Polar
M430 GPS Running watch vagy Polar H10 szivfrekvenciaméré mellpant plusz Meizu MSc mobiltelefon, Polar Beat applikaciéval). A
betegeknek minimum heti 150 percig kellett 6nall6an tréningezniiik, majd a tréningadatokat a Polar rendszerbe szinkronizalniuk,
hogy az 6ket a Polar internetes coach feliileten folyamatosan monitorozé gy6gytornaszok attekinthessék, feliigyeljék a tréninge-
ket és ez alapjan folyamatos emailes vagy telefonos visszajelzést adjanak.

Eredmények: 55 MetS beteg (atlag életkoruk 49,19+7,93 év, 35 férfi, 20 nd) fejezte be az otthoni telemonitorizélt tréningprogra-
mot. Atlagos heti tréning idejiitk 152+116,2 perc volt, 40%-uk teljesitette az elvart heti 150 perc 6nall6 fizikai aktivitast vagy annal
tobbet. Statisztikailag szignifikans javulast tapasztaltunk a derék-, csip6- és haskorfogat, a maximalis teljesitmény, a funkcionalis
kapacitds és a testtomeg esetében a kiindulasi adatokhoz képest.

Limitaciék: tréningprogram rovidsége, diétds tandcsadas, taplalkozas monitorozas hidnya, alanyok szama, tobbféle monitorozo
eszkoz Osszehasonlitdsanak hianya

Megbeszélés: Mér 12 hetes telemonitorozott tréning utan szignifikans valtozasok mutathatok ki az egyes anthropometriai és
terheléses paraméterekben, kiemelendé a haskorfogat, mint 6nall6 rizikéfaktor csokkenése és a maximalis teljesitmény javuldsa.

Kulcsszavak: telemedicina, tdvmonitorozas, Metabolikus szindréma, otthoni fizikai tréning

Telemedicine in fhysiotherapy practice: Telemonitoring the 12 week home-based physical trainings
of Metabolic syndrome patients, presenting our research and parts of the results

ABSTRACT:

Introduction: We will introduce the definition, types, advantages and disadvantages of telemedicine, its possible applications in the
field of Physiotherapy, the definition, the prevalence, the criteria systems, the risk factors and non-pharmacological treatments of
the a Metabolic syndrome (MetS) and we present our research project in which we telemonitored the home-based trainings of MetS
patients for 12 weeks and observed the changes in the different measured parameters.

Objective: to investigate the changes after the 12 week, home-based and telemonitored physical training programme of the invol-
ved MetS patients.

Material and methods: Certain parameters (anthropometric, cardiopulmonary fitness) of the involved MetS patients were measu-
red, then the patients individually performed physical trainings at home for 12 weeks, monitoring their heart rate with the provided
smart” devices (Polar M430 GPS Running watch or Polar H10 heart rate monitoring chest strap plus a Meizu M5c mobile phone
with Polar Beat application). The patients were instructed to perform minimum 150 minutes of individual physical training weekly
and to synchronize their training data to the Polar system, an internet-based coach platform, from which the monitoring Physiothe-
rapists could follow and supervise the activities and sent continuos feedback to the patients via email or phone.

Results: 55 MetS patients (average age 49.19+7.93 years, 35 men, 20 women) completed the home-based telemonitored training
programme. Their average weekly training time was 152+116.2 minutes, 40% of the patients performed the required 150 minutes
of physical training a week or more. We observed statistically significant changes in the measured waist and hip circumferences, the
maximal exercise and the functional capacity and in the body weight relative to the baseline parameters.

Limitations: duration of the training program, lack of dietary counselling and food intake monitoring, number of patients enrolled,
lack of comparison of the different training monitoring devices.

Discussion: We can observe significant changes in the anthropometry and the exercise tolerance even after a 12 week telemoni-
tored home-based exercise training program, highlighting the decrease in the waist circumference, which is an independent risk
factor and the improvement of the cardiorespiratory fitness.

Keywords: telemedicine, telemonitoring, metabolic syndrome, home-based physical training
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BEVEZETES
A telemedicina fogalma, fajtai

A telemedicina (,tavorvoslds”) tulajdonképpen nem mas,
mint az informdéciés és kommunikaciés technol6giak
(ICT, Information and Communication Technology), rend-
szerek hasznélata a medicinaban, a gyogyité tevékenység
és az egészségligyi szolgdltatasok igénybevétele soran, a
fizikai tavolsagok lekiizdése céljabél (1). Az Allami Egész-
ségligyi Ellaté Kézpont (AEEK) honlapjn szerepls defi-
nici6 szerint a telemedicina: ,Olyan egészségiigyi szolgal-
tatds, amelynek sordn az ellatasban részesiil6 és az ellato
személy kozvetleniil nem talalkozik, a kapcsolat valami-
lyen tavoli adatatviteli rendszeren keresztiil jon létre”
(2). Ennek soran torténhet kiilonféle diagnosztikus vagy
terapias tavfelligyeleti eljaras, de a beteg és az egészség-
iigyi szakszemélyzet egymdstol foldrajzilag tavol van, sze-
mélyesen nem taldlkoznak, a személyes kapcsolatot onli-
ne, valamilyen elektronikus rendszeren keresztiil oldjak
meg. Tagabb definici6 szerint funkcionalisan ide sorolha-
tok azok az esetek is, amikor egymastol tavoli helyszinen
dolgoz6 egészségligyi szakemberek (pl. haziorvos - klini-
kai szakorvos) egészségligyi adatokat, informaciot cserél-
nek a paciens mindségibb, szakszertibb ellatasa érdeké-
ben (tavkonzilium vagy szupervizi6), amikor a vizsgalatot
vagy beavatkozast végz6 személy tavérzékelkre tamasz-
kodva tavolrél vezérli a beavatkozast igényl6 vizsgalatot
vagy intervenciét (tdv-manipulédcié), amikor a diagnodzis
alapjat ado vizsgélat végzéje és a diagnoézis feldllitoja tér-
ben elvalik egymastél, de interaktiv kapcsolatban vannak
(tavdiagnosztika), illetve amikor az egészségiigyi szak-
személyzet jelenlétét a betegnél/betegen levd, 6t figyelo
jelfogok (detektorok, szenzorok) és jeltovabbitok pétol-
jak (tavfeliigyelet vagy telemonitoring) (2).
A telemedicindlis ellatas varhato elonyei kozé sorolhat-
juk
o azid6- és koltséghatékonysagot mind a beteg, mind
az egészségligyi személyzet és ellaté rendszer
részérdl,
* az egészségligyi személyzetre harulé nyomds azon-
nali csokkenését,
o avardlistak csokkenését,
o akezel6személyzet és a paciens kozott a direkt
fert6zésveszély elharuldsat,
* akoérhazban val6 tartézkodasi napok csokkenését,
* abetegek fokozott elégedettségét,

o illetve, hogy a szolgaltatas eljuthat mozgasukban
korlatozott és foldrajzilag tavol él6 raszorultakhoz
utazas nélkiil.
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A telemedicina hatranyai lehetnek azonban, hogy

* megfelel6 technikai feltételekkel, infokommunika-
ci6s rendszerekkel, ,0kos eszkozokkel” kell rendel
kezni ennek mikodtetéséhez,

o asziikséges eszkozok beszerzése nem mindenhol
tamogatott anyagilag,

¢ atdrsadalom egyes rétegei szamdra nem hozzafér-
het6ek ezek a szolgaltatasok (pl. internet),

¢ aziddsebb korosztély gyakran nem tudja a sziiksé-
ges digitdlis eszkozoket hasznalni segitség nélkiil,

« illetve az online felallitott, esetlegesen helytelen
diagnézis hamis biztonsagérzetet adhat a pacien-
seknek, nem érezve sziikségét egy tovabbi
személyes konzultaciénak (3, 4).

A telemedicina technikai alkalmazésa (az adattovabbi-
tasideje és résztvevok kozti interakcidk alapjan) alapve-
téen két modon torténhet:

* Azonos (valés) idoben (szinkron/,online”/"real-time”)
médon: jelent6s koltségekkel jard technika, videkon-
ferencia formajaban foleg az azonnali diagnozis felalli-
tasdhoz haszndljék, tréningezésnél az online beérkezo
adatok alapjan azonnali visszajelzés adhat6é a paciens-
nek a hibakrdl, teljesitményrdl, a tréningintenzitas va-
16s id6ben szabalyozhat6, viszont a monitorozast végzoé
személy azonnali beavatkozasi lehetségei korlatozot-
tak egy fellépé ritmuszavar vagy mds probléma esetén.
JellemzGen ezt alkalmazzak a tele-kardiol6giaban (tele-
EKG), valés idejii kardiol6giai rehabilitacié soran.

« Idoben eltolva (aszinkron/”store and forward”) jelleg-
gel: szélesebb korben alkalmazott technika (példaul a te-
le-radiolégidban, tele-patholégidban), kisebb humaneré
és technikai koltséggel jar, tréning monitorozas esetén a
paciens maganak vélaszthatja meg a tréning idépontjat,
igy nagyobb 6ndllésaggal bir, nem kell alkalmazkodnia
az 6t monitorozé szakszemélyzet idébeosztasihoz, a
monitorozé személy szokdsos napi/heti munkarendjé-
be szabadon beilleszthet6, az aggregélt adatok alapjan
tréningrél tréningre tud irdnymutatast adni a vezetett
beteg szamdra, viszont azonnali visszajelzés, feedback
nem torténik. Az Gin. Remote patient monitoring méd-
szerrél ezen két technika egyiittes alkalmazéasakor be-
szélhetiink, ezt jellemzdéen akut vagy krénikus betegek
kiilonb6z6 paramétereinek otthonukban torténé meg-
figyelésére és nyomonkovetésére hasznéljak, példaul a
vércukorszint, pulzus, EKG vagy az otthoni dializisek
feliigyelete kapcsan. (1, 4, 5).

A Covid-19 pandémia hatésai
A 2020. elején Kindban kitort Covid-19 jarvanyt, az Egész-
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ségligyi Vilagszervezet (WHO, World Health Organiza-
tion) 2020. mdrciusdban hivatalosan is vildgjarvanynak,
pandémidnak nyilvanitotta. Ez nagyban befolydsolta,
meggyorsitotta a telemedicina alkalmazasat, fejlesztését
az egészségligyben a vildgon sok helyen, igy Magyaror-
szagon is, hiszen hirtelen nagy tomegeket kellett ellatni,
a fert6zés miatt veszélyt jelentettek és korlatozotta val-
tak a személyes kontaktusok. Példaul a haziorvosi praxi-
sokban az online térben torténé valds idejl orvos-beteg
konzultaciok, vizitek vagy az elektronikus recept feliras
a felhébe, a telekardiologiai vagy teleradiolégiai ellatas
mellett az addig szinte elképzelhetetlennek tiin6 egész-
ségligyi terlileteken is létrejottek telemedicinalis vizsga-
latok, diagnozis feldllitasa, paciensek tavmonitorozasa,
mint példaul a fogaszat vagy a borgydgyaszat. Bar ezen
megolddsokat a jarvany okozta kényszer sziilte és alaki-
totta, nagyban hozzdjarultak ahhoz, hogy meginduljon
ennek az innovativ teriiletnek a mindennapi gyakorlati al-
kalmazasa, etikai és jogszabalyi hatterének szabalyozasa.
A modszer egyre szélesebb korti gyakorlati alkalmazasa
sziikséges ahhoz is, hogy kideriiljenek az esetleges hia-
nyossagok és buktatok, tovabbi fejlesztéseket 6sztonoz-
ve. Atelemedicina tehat egy olyan nyitott és folyamatosan
valtozo teriilet, melybe az Gijabb és tijabb technikai vivma-
nyok, fejlesztések beintegralhatok.

Telemedicina alkalmazasa a fizioterapiaban vilagszerte
és Magyarorszagon

A vilag tobb orszagaban mar régéta alkalmazzdk a tele-
medicina tipusti szolgaltatasokat szamos egészségligyi
tertileten, igy a fizioterdpia tertiletén is. Természetesen
a fizikai jelenléttel megval6sulé hagyomanyos gyégytor-
nasz-beteg taldlkozast, interakci6t nem helyettesithetik
sok esetben, de kiegészithetik azt, minéségét javithatjak
és néhany esetben 6nélléan is alkalmazhaték. Ha az in-
fokommunikaciés technolégiak fejlodését nézziik, akkor
kezdetben csak telefonon torténé konzultaciéra és elore
felvett vide6s anyagok CD-n torténo elkiildésére volt lehe-
t6ség pl. betegoktatds vagy otthoni torna megtervezése
céljabol. Manapsag viszont mar rendelkezésre all a meg-
felel6 technikai hattér az online, valés ideji gydgytornasz
és beteg kozotti videé-konzultaciora, azonnali feedback
kiildésre, a virtualis valésag vagy kiilonbozé interaktiv
webes feliiletek és az okostelefonon 1évé applikaciok
hasznalatara is. Tanulmanyok bizonyitjak, hogy a tele-
medicinaval feliigyelt otthoni tréningeknél hasonléan j6
eredményeket lehet elérni, mint az intézeti vagy az am-
buldns rehabilitdciéban, koltséghatékonyabb igy a tera-
pia, a beteg elégedettség is javul és a terdpids adherencia
is jobb lehet (6, 7, 8, 9, 10, 11).

A telemedicina a fizioterdpidban mind a prevenciéban,
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mind a rehabilitacié sordn a segitségiinkre lehet. Az el-
esés prevencioban mar régéta alkalmaznak az esés szem-
pontjabél nagy rizikéju betegcsoportoknal (idések, Par-
kinson-betegek) kiilonb6z6 testen hordhaté helyzet- és
mozgasérzékel6 ,okos” eszkozoket, szenzorokat, melye-
ken keresztiil ellendrizheté és nyomonkovetheté a bete-
gek térbeli helyzete, mozgasa, sebessége csokkentve az
elesések kockazatat, illetve lehet6vé téve a gyors segitség-
nyujtast riasztas esetén. Stroke rehabilitaciéban példaul
az egyensuly, koordinaci6 javitasara hasznalnak kiilonféle
virtualis valésag (VR, Virtual Reality) szamit6gépes prog-
ramokhoz kapcsolt eszkozoket, ,jatékokat”, melyekkel
intézeti bennfekvés alatt és késobb az otthonaban is gya-
korolhatja a paciens példaul a helyes sulyatvitelt, torzs-
kontrollt és egyensulyozast. A krénikus betegek (2-es ti-
pust cukorbetegség, szivbetegek, kronikus 1égzdészervi
betegek, stb.) hossztutavii gondozdasaban is jol alkalmaz-
hat6 a telemedicina az 6ngondoskodas tdmogatdsara, le-
het6vé téve példaul egyes vitalis paraméterek (pl. vércu-
korszint, vérnyomas, pulzus, EKG), egyéb fontos allapot
mutatok (pl. kopet mennyisége, szine, testsuly valtozas
stb.) vagy a fizikai aktivitas (aktivitds monitorok, pulzus-
méré oOra, mellpant, pedométer) folyamatos otthoni el-
len6rzését, nyomonkovetését, a koros folyamatok vagy az
inaktivitas idében torténé felismerését, megel6zését (4).
Egyre népszer(ibb és megfizethet6 ma mar nemcsak az
élsportolok korében, hanem a fizioterapiaban is a pacien-
sek otthoni tréningjeinek, fizikai aktivitdisanak telemo-
nitorozasa kiilonb6z6 ,,okos” eszkozokkel és ingyenesen
letolthet6 mobiltelefonos applikdciékkal. A telekommu-
nikdcioés fejlesztéseknek koszonhetden, a tavkonzultacié
tovabba alkalmas eszkoz lehet még a betegek széles kori
oktatdsiban, kihaszndlva mindkét oldal felé az interakti-
vitdst, illetve az egészségiigyi szakemberek, gy6gytorna-
szok oktatdsaban, tovabbképzésében is hasznos segitsé-
getad.

Az egészségligyi veszélyhelyzetben a Magyar Kormany
altal kiadott 157/2020. (1V.29.) Kormanyrendelet alapjan
bizonyos egészségligyi szolgdltatdsok nyujtdsainak nem
feltétele a beteg személyes jelenléte, azaz tavkonzultacios
eszkozzel végzett szolgaltatas mar hivatalosan is nytjtha-
t6 és finanszirozotta valt (megfelel6 dokumentacio, szak-
mai protokoll alapjén és a betegadatok védelmére nagy
hangsulyt fektetve) sok mas teriilet mellett, a fizioterapia
tertiletén is Magyarorszagon (12).

A Metabolikus szindroma (MetS) és fizioterapias keze-
1ési lehetdségei

A fejlett orszagokban szinte népbetegségnek szamit, a
populacié kb. egy negyedét érinti ez a komplex anyag-
cserebetegség, a Metabolikus szindroma (MetS). A kii-
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16nb6z6 orszagokban kissé eltéré kritériumrendszereket
alkalmaztak a szindréma definialasara a kiilonb6zé szer-
vezetek, mint példaul a WHO, az IDF (International Diabe-
tes Federation = Nemzetkozi Diabétesz Szovetség) vagy az
AHA (American Heart Association = Amerikai Szivgy6gya-
szati Tarsasag). Azonban 2009-ben sziiletett egy konszen-
zus és elfogadtak egy harmonizalt kritériumrendszert.
(13). Magyarorszagon a Magyar Diabétesz Tarsasag (MDT)
Metabolikus Munkacsoportja 2002-ben fogalmazta meg
a tlinetegytittes definici6jat: ,A metabolikus szindroma
civilizaciés népbetegség -genetikai prediszpozicid, hely-
telen életmod és taplalkozds hatdsara tiinetszegényen,
lappangva kialakulé anyagcserezavar-, amely atheroscle-
roticus elvaltozasokat okoz és korai cardiovascularis ha-
lalozassal jar. A folyamat hatterében inzulinrezisztencia
all, amely hyperinsulinaemidval, hypertoniaval, centralis
elhizassal, atherogen dyslipidaemiaval, valamint glukéz-
intoleranciaval tarsulhat, de egyiitt jarhat egyéb anyag-
csere- és haemostasis-zavarral. A folyamatos progresszié
veszélye miatt a korkép felismerése és az érintett egyének
idében torténé kezelése népegészségiigyi szempontbol
fontos” (14) és leginkabb a IDF kritériumrendszere terjedt
el. Hazankban az el6fordulasi gyakorisag Szigethy és mtsai
2012-ben publikalt, korabbi 20-69 éves populdci6 repre-
zentativ felmérése alapjan a férfiakndl 38%-ra, a néknél
30%-ra volt tehet6 (15), amely egyre fiatalabbaknal, mar
gyermekkorban is megjelenik (16). Kékes és munkatarsai
,Magyarorszag Atfogé Egészségvédelmi Szir6program-
ja 2010-2020" keretén beliil 2010 és 2012 kozott 65 267
egyént mértek fel és vizsgaltak a Metabolikus szindréma
el6forduldsat. Eredményeik alapjan a Metabolikus szind-
réma eléforduldsa 30-37% kozott mozgott, azt tapasztal-
tak, hogy 45 éves korig a férfiak korében volt gyakoribb,
mig 46-65 év kozott (a menopauza idészakaban) a nok
kérében volt szignifikansan gyakoribb a szindréma meg-
jelenése, illetve kijelenthetd, hogy a magyar populaciéra
jellemz6 a koros elhizassal dsszefliggé szénhidratanyag-
csere-zavar és vérnyomas-emelkedés, f6leg az aktiv, mun-
kaképes koru korosztdlyban (17). A Metabolikus szind-
réma rizikéfaktorai (centralis/hasi tipust elhizas, magas
vérnyomas, emelkedett éhomi vércukorszint, vérzsir ér-
tékek és alacsony HDL koleszterinszint) 6nall6an is, de
egylitt el6fordulva halmozottan kockazatnovelk; a kardi-
ovaszkuldris betegségek (CVD, Cardiovascular Diseases) és
a 2-es tipusu cukorbetegség (T2DM) el6fordulasat 2-5-sz6-
rosére, mig a betegségbdl fakad6 korai haldlozas kocka-
zatat 1,8-szorosdra emelik (18). A betegség prevalenciaja
folyamatosan novekszik annak ellenére, hogy a paciensek
sajat, aktiv kozremiikodésével, nem gydgyszeres terapia-
val, azaz rendszeres fizikai tréningen és megfelel6 diétan
alapul6 életmodvaltassal megel6zhet6 lehetne.

6 FIZIOTERAPIA | 2021 | 4

CEL

Kutatasunk célja a telemedicinaval feliigyelt 12 hetes ott-
honi, 6nall6 fizikai tréning hatasara, a MetS betegeknél a
kiilonboz6 felmért paraméterekben bekovetkezo valtoza-
sok vizsgalata volt.

ANYAG ES MODSZER

Vizsgalatunk a Szegedi Tudomanyegyetem Egészségtudo-
manyi és Szocidlis Képzési Kar Fizioterapias Tanszék és
a Szegedi Tudomanyegyetem Altalanos Orvostudomanyi
Kar Preventiv Medicina Tanszék egylittmiikodésében zaj-
lott, Szegeden (ETT TUKEB etikai engedély szam: 50780-
2/2017EKU). A beteg bevonasi id6szak 2018. szeptembe-
rétol 2020. januarjaig tartott, ezutan a Covid-19 pandémia
dltal bevezetett korlatozdsok meggatoltdk a tovabbi jelen-
léti mérések elvégzését. A 25 és 70 év kozotti onkéntes
résztvevoket haziorvosi praxisokbol, Szegedrdl és kb. 40
km-es vonzaskorzetébdl toboroztuk, az aldbbi bevonasi
kritériumoknak megfelel6en: alacsony fizikai aktivitast
egyén (kevesebb, mint heti 30 6ra testmozgast végez) és
az alabbi 5 Metabolikus szindroma rizikéfaktorbél leg-
alabb 3-mal egyidejiileg rendelkezik (13):

A haskorfogat: férfiaknal 102 cm feletti,

noéknél 88 cm feletti;

Igazolt 2-es tipusti cukorbetegség vagy az éhomi
vércukorszint 5,6 mmol/L feletti;

Gyogyszeresen kezelt magasvérnyomas vagy

4n mért vérnyomas 2130/85 Hgmmy;
yszeresen kezelt hipertrigliceridémia vagy
aszérum triglicerid szint 1,7 mmol/L feletti;
A szérum HDL koleszterinszint értéke: férfiaknal
1,03 mmol/L alatti és n6knél 1,3 mmol/L alatti.

Emellett a résztvevoknek kellett bizonyos alap informati-
kai jartassaggal is rendelkezniiik a kiadott “okos” eszko-
z6k hasznélatdhoz (mobiltelefon kezelés, tréning indités,
leallitas, tréningadat szinkronizélds), amelyhez természe-
tesen oktatasban részesiiltek.

A kizdrasi kritériumok az alabbiak voltak: kozeljovében
tervezett invaziv kardiol6giai beavatkozas (PTCA, korona-
ria bypass vagy billentyli m{itét), nem kontrollalt magas-
vérnyomds (>160/100 Hgmm), 1-es tipust cukorbeteg-
ség, 2-es tipust cukorbetegség, amely napi egynél tobb
dozis inzulint igényel, krénikus szivelégtelenség, kréni-
kus veseelégtelenség (eGFR < 60 ml/min), rosszindulatti
daganatos megbetegedés, sulyos kognitiv diszfunkcio,
kooperécié hidnya, barmely egyéb allapot vagy betegség,
amely sulyosan befolyasolja a mentalis vagy kognitiv ké-
pességet, barmely egyéb betegség, amely megakadalyoz-
za a rendszeres fizikai tréning elvégzését.
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1. dbra | A derékkorfogat mérése

Az alap koncepcié szerint két karon zajlott volna a
kutatds, egy intézetbe bejard, gyégytornaszok sze-
mélyes feliigyelete alatt tréningezé és egy tavmonito-
rizalt, otthon tréningezé csoportban. Mivel a csopor-
tokba sorolds nem teljesen random médon tortént
(figyelembe vettiik a betegek személyes preferenciait
és példaul a lakhelytiket is), ezért a tréningekre sze-
mélyesen bejar6 csoportba sokkal kevesebb résztve-
vot tudtunk bevonni, mint a telemonitorozott, ott-
hon tréningezébe, igy a két csoport statisztikailag
nem lett Osszehasonlithaté. Jelen tanulmény tehat
csak vizsgalatunk telemonitorozott agat mutatja be.

A vizsgalatokat az els6 vizit és a 12 hetes otthoni
program végét kovetben, a zar6 vizit alkalmaval is el-
végeztiik. A résztvevok felmérése szakorvosi anam-
nézis felvétellel, fizikdlis vizsgalattal, nyugalmi és
terheléses EKG vizsgélattal kezd6d6tt, majd ezt kove-
téen a gyégytornaszok felmérték a kiilonbozo anth-
ropometriai paramétereket (testmagassag, testto-
meg, derék-, has- és csipékorfogatok) a gyakorlatban
haszndlt és elfogadott Egészségiigyi Vilagszervezet
(WHO, World Health Organisation) iranymutatasai
alapjan (19, 20). A testmagassagot (TM) cip6 nélkiil,
all6 helyzetben, fiiggoleges falfeliilet mellett, a falra
felszerelt magassagméré segitségével mértiik, mé-
terben megadva. A testtomeget (TT) digitélis sze-
mélymérlegre allva, cipé nélkiil és kevés ruhazatban
mértiik, kilogrammban megadva. A testtomeg inde-
xet (BMI, Body Mass Index) a test tomeg (kg) / test-
magassag négyzete (m?) képlet alapjan kalkulaltuk.
A derékkorfogatot (DK) az alsé bordak és a csipéta-
réj kozotti tertilet legkeskenyebb részén (lasd 1. sz.
dbra), a haskorfogatot (HK) a koldok magassagaban
(lasd 2. sz. dbra), a csipékorfogatot (CSK) pedig a csi-
po legszélesebb pontjan (a trochanter major magas-
sagaban) mértiik centiméter szalaggal, all6 helyzet-
ben a kilégzési fazis végén, centiméterben megadva.

Afunkcionalis dllapot felmérése 6 perces jarasteszttel

TANULMANYOK

2. dbra| Ahaskorfogat mérése

(6MWT) tortént az elfogadott ATS (American Thora-
cic Society) irdnyelve alapjan. Egy 50 m-es (méteren-
ként beosztott) kiiltéri palydn 6 percig kellett sétdlni
arésztvevoknek, lehetd leggyorsabb tempéjukban. A
6 perc alatt megtett tavolsagot (6MWD), a nyugalmi
és a teszt utani szivfrekvenciat, illetve a teszt kozben
érzett szubjektiv nehézlégzés és kifaradas mértékét
(Borg Skala 0-10) dokumentéltuk (21). A péciensek
maximalis terhelhet6ségét terheléses EKG vizsgélat
alapjan hatdroztdk meg, mely szakorvosi feliigyelet
mellett, futépadon tértént (CardioSys, MDE Diagnos-
tic) a médositott Bruce protokollt kovetve, az elért
MET értéket (ml/kg/perc), a nyugalmi és a maxima-
lis vérnyomas (Hgmm) és pulzus (iités/perc) értéke-
ket és a maximalis terhelési szint eléréséig tart6 idot
(perc) dokumentaltak.

Az otthoni tréningprogram és a tavmonitorozas
eszkozei

A telemonitorozott tréningcsoportban a paciensek-
nek a nemzetkozi iranyelveknek megfelelen (22, 23,
24) heti minimum 150 perc fizikai aktivitast, trénin-
get kellett teljesiteni, egy-egy alkalommal minimum
30 perces aktivitas volt az elvart, ezt kértiik folyama-
tosan novelni. Azt, hogy pontosan milyen fizikai ak-
tivitast végezzenek onalléan, nem hataroztuk meg,
de kaptak tdjékoztatast arrél, hogy melyek azok az
aktivitasi formdk, tréningtipusok, amelyek ajanlot-
tak Metabolikus szindroma esetén (kocogas, futas,
kerékparozas, intervallum tréning stb.). A résztve-
vok cél tréning pulzus tartomdnya az elsé vizit alkal-
maval egyénileg meghatdrozasra keriilt a terheléses
vizsgalaton elért maximalis teljesitmény alapjan, il-
letve a maximdlis életkori pulzus 60-80%-a kozotti
tartomanyban kellett tartaniuk a pulzusukat az ott-
honi tréningek soran.

A pulzus monitorozasara kétféle eszkozt hasznal-
tunk:
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o szivfrekvenciaméré 6rat (Polar M430 GPS Running
watch tipusq, lasd 3. sz. dbra)

3. dbra | Szivfrekvenciaméro o6ra, optikai érzékelovel

(képek forrdsa: https.// www.mypolarhu/polar-m430fekete-m-I)

« szivfrekvenciamér6 mellpantot (Polar H10 tipusi)
,0kos” telefonnal (Meizu MS5c tipusil) parositva és a
sziikséges applikacioval ellatva, lasd 4. sz. dbra)

Y
BRTRINE = 17/ 3
4. dbra| Szivfrekvenciamérd mellpant, ,,okos”
telefonnal és applikaciéval parositva

l6an tudja inditani és megdllitani a tréningeket, viszont
a tréningadatok nem automatikusan szinkronizalédnak
az internetes feliiletre, hanem a péciensnek kell attolteni
azokat szamitégéphez, laptophoz kapcsolédva vezetéken
keresztiil vagy anélkiil. Ezzel szemben a mellpantrél az
adatok a hozza parositott mobiltelefonon 1év6 applikacé-
ba (Polar Beat) tolt6dnek, innen automatikusan elérheték
és megtekinthet6ek lesznek az internetes coach feliileten
is, a pacienseknek tehat a tréning inditdson és ledllitdson
kiviill mar nem kell kiilon szinkronizalni az adatokat. Az
eszkozoket ingyenesen biztositottuk a résztvevéknek
a 12 hétre, a kiadasuk nem teljesen random moédon tor-
tént, itt is figyelembe vettiik a paciensek igényeit, esetle-
ges informatikai, technikai kérdéseket. A tréningek mo-
nitorozasat gyégytornaszok végezték, a szintén ingyenes
Polar Flow internetes coach feliiletén (https://flow.polar
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com/coach, ldsd 5. sz. dbra). A paciensek tréningjeit heti
szinten ellendrizték és telefonon vagy emailben tartottak
a kapcsolatot a résztvevokkel, akik igy visszajelzést kap-
hattak a teljesitett tréningekrdl, elért eredményekrol, de
technikai jellegii segitséget is kaphattak példaul az esz-
kézhasznalathoz vagy a tréningadatok attoltése kapcsan.

PELAR. now wad x « e § v & O
) s e oneax v soroe e omates
> v B 3 . s ° aum
| pyes eseo s A s
L b el < e
0 |7 0 0 [ " u [} @nn
wse aon | A ™
o 1
I " I 7 0 " [} oun
@ wsa amz |4 s
[+ b [+ B e
e 2 z k) = » ] L)
[ o wsn A e
PN <
E 2 B » B 2 [ ans
[ o [ o aws | A i
o s s

5. dbra| A monitorozo feliileten a havi tréningek
Osszesitése naptar nézetben

Az eredményeket atlag+SD pontossaggal adtuk meg. Pa-
ros t-tesztet haszndltunk a felmért paraméterek valto-
zasainak tekintetében, szignifikansnak tekintettiik, ha
p<0,05 lett, illetve a felmért paraméterek korreldciéjat
vizsgaltuk az elért atlagos heti tréningid6 fliggvényében
(R Statistical Software, R version 3.6.2, https://www.r-
project.org/).

EREDMENYEK

A vizsgalat telemedicindlis dgara Gsszesen bevilogatott
59 f6bol 55 MetS péciens (atlag életkoruk 49,19+7,93 év,
35 férfi, 20 no) fejezte be a 12 hetes otthoni tréningprog-
ramot. A résztvevok atlagos heti tréning ideje 152+116,2
perc volt, a paciensek 40%-a (22 f6) teljesitette az elvart
heti 150 perc 6nall6 fizikai aktivitast vagy anndl tobbet.
Minden mért korfogat (derék-, csip6 és haskorfogat) ese-
tén statisztikailag szignifikdansan javultak az eredmények
a kiindulasi adatokhoz képest (Iasd 1. sz. tablazat).

Felmért  Kiindulaskor

Tréningutdn  Szignifikancia szint

korfogat (atlag+SD) (atlag+SD)
DK (ecm) 106,17+14,03 103,88+13,5 p<0,001
CSK(cm) 114,73+13,75 112,15+13,2 p<0,001

1. tabldzat | Afelmért korfogatok valtozasai
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Roviditések: DK=Derékkorfogat, CSK=Csipékorfogat,
HK=Haskorfogat, SD=Standard Deviaci6é

A résztvevok atlagos testtomege minimalisan, de szigni-
fikdnsan csokkent (98,72+21,7 kg-rol, 97,45+21,76 kg-ra,
p=0,004), valamint az atlagos testtomeg indexiik (BMI)
is csokkent (32,98+6,69 kg/m*r6l 32,58+6,73 kg/m*re,
p=0,005), de nem véltozott a kategériajuk.

A péciensek maximalis teljesitménye (MET-ben), a maxi-
milis terhelési fokozatig eltoltott id6 (perc) és a funkcio-
nalis kapacitds is jelentdsen javult a kiindulasi allapothoz
viszonyitva (lasd 2. sz. téblazat).

Kiindulaskor Tréning utdn Szignifikancia

(atlag+SD) (atlag+SD) szint
Maximalis teljesitmény  11,02+2,6 12,1442 p<0,001
MET-ben (mi/kg/perc)
(n=51)
Max. terhelési fokozatig 13,74:3,29  15,66+2,64 p<0,001
eltdltdtt ido (perc)
(=51)
6MWD (im) 539,69:7862 15,66+2,64 p<0,001

(n=54)

2. tabldzat | A terheléses paraméterek valtozasa

Roviditések: MET= Metabolikus Ekvivalens, 6MWD=6
perces jarastavolsag, SD=Standard Deviécié

Emellett pozitiv korrelaciét taldltunk a 6 perces jarasta-
volsag novekedése és az atlagos heti tréningidé kozott
(r=0,3; p=0,029).

LIMITACIOK

A tréningprogram 12 hétig tartott, mely alatt megfigyel-
hettiink kedvezé hatdsokat és eredményeket révidtavon,
de hosszutavi eredmények elérésére hosszabb id6tarta-
mu program és monitorozas (legaldbb 6 hénap), utanko-
vetés, illetve a bevont alanyok szdmanak novelése lenne
sziikséges. A rendszeres mozgas mellett a Metabolikus
egészséges étrend alkalmazasa, jelen vizsgdlatban nem
tortént diétds tandcsadas vagy tapldlék monitorozas, a
tréningek monitorozasara forditottuk a hangsulyt. A pul-
zus monitorozashoz kétféle eszkozt haszndltunk (6ra,
mellkaspant plusz telefon), a kétféle eszkoz hatékonysa-
gardl nem tortént 6sszehasonlitas. A jovében tervezziik a
kiilonb6z6 monitorozé eszkézok dsszehasonlitasat, illet-
ve a telemonitorozas kéltséghatékonysaganak vizsgélatat
is.

TANULMANYOK

MEGBESZELES

Mar 12 hetes telemonitorozott tréning utan is szignifi-
kans kedvezé véltozasok mutathaték ki a Metabolikus
szindrémas betegek egyes anthropometriai és terheléses
paramétereiben. Az anthropometriai paraméterek koziil,
a felmért korfogatok mindegyike (derék-, csip6- és has-)
szignifikansan csokkent, atlagosan 2 cm-t, de ezek koziil
is kiemelendé a haskorfogat, mivel az emelkedett haskor-
fogat, a centralis tipusu elhizas BMI-t6l fliggetlen mutaté-
ja, klinikai szempontbél fontos paraméter;, a Metabolikus
szindréma egyik 6nallé rizikéfaktora is egyben a harmo-
nizélt kritériumrendszer alapjan (13, 25). De Koning és
mtsai 2007-es metaanalizise alapjan tudjuk, hogy 1 cm-es
haskorfogat emelkedés, 2%-kal emeli a kardiovaszkularis
betegségek relativ rizikéjat (26). Vizsgalatunkban a has-
korfogatok mellett a paciensek testtomege és testtomeg-
indexe is csokkent, bar minimalis mértékben. Kordbbi ta-
nulmanyokra hivatkozva elmondhaté, hogy a testtémeg
és a haskorfogat csokkentése mérsékli a kardiovaszkula-
ris betegségek mellett a magas vércukorszint és a 2-es ti-
pust diabétesz mellitusz (azaz a Metabolikus szindréma
tovabbi rizikéfaktorai) kialakulasanak kockazatat (27).

A résztvevé Metabolikus szindrémas betegek a 12 hetes
otthoni tréning utdn jobban teljesitettek mind a 6 perces
jarasteszten, mind a terheléses EKG vizsgdlaton. Maxima-
lis terhelhet6ségiik atlagosan 1,12 MET-el nétt, a maxi-
malis terhelési fokozaton elt6ltott id6 kb. 2 perccel javult
és a 6 perces jarastavolsag atlagosan 30 méterrel nove-
kedett. A maximdlis terhelhet6ség, a fizikai aktivitas és a
Metabolikus szindréma kialakulasanak valészintisége for-
ditott ardnyossdgot mutat. Lakka és mtsai 2003-as tébb,
mint ezer f6 kézépkoru férfit vizsgdlé tanulmanyaban ki-
mutattak, hogy azoknal a férfiaknal, akiknek a maximalis
oxigénfelvétele 29,1 ml/kg/perc vagy annal kisebb volt,
7-szer nagyobb volt az esély a MetS kialakuldsara, mint
akiknél elérte a 35,5 ml/kg/percet (28).

A tréningmonitorozdshoz kereskedelmi forgalomban
kaphat6, megfizethet6 arti ,okos” eszkézoket hasznal-
tunk, illetve ingyenesen letoltheté applikdciét és inter-
netes monitoroz6 feliiletet. Osszességében elmondhato,
hogy a telemedicina hasznélhaténak és eredményesnek
bizonyult a Metabolikus szindrémas betegek otthoni tré-
ningjének monitorozédsara. Tovabbi vizsgalatokat terve-
ziink a telemedicina hasznélataval kapcsolatban, illetve
jelen vizsgdlatunk tovabbi eredményeinek bemutatasa
nemzetkozi publikalas utan varhaté.
KOSZONETNYILVANITAS: A projekt az Eurépai Uni6 ta-
mogatasaval, az Eurdpai Szocialis Alap tarsfinansziroza-
séaval valésul meg. EFOP-3.6.1-16-2016-00008
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ABSZTRAKT

Bevezetés: A metabolikus szindroma (MetS) Magyarorszagon népbetegség, megléte tobbszorosére noveli a kardio-
vaszkularis megbetegedések és a korai haldlozas rizikéjat. Megel6zésében és nem gy6gyszeres kezelésében kulcsfon-
tossagli a megfeleld, rendszeres fizikai aktivitds, az egészséges életmod. A nemzetkozi szakirodalom alapjan tobbféle
tréningezési mod hatasos lehet, de nincs egységesen kidolgozott ajanlas. A szakirodalmi attekintés célja a MetS esetén
alkalmazhat6, tudomanyosan is alatdmasztott tréningtipusok osszehasonlitasa.

Anyag és médszer: Az adatgytjtés a PubMed és PEDro adatbazisokbdl tortént, fokuszélva az ajanlast megfogalmazo,
tréningtipusokat dsszehasonlité tanulmanyokra. A keresési feltételeknek legjobban megfelel6 16 nemzetkozi tanulmany
kertilt elemzésre. Kulcsszavak: metabolic syndrome physical exercise, aerobic training (AT), high intensity interval training
(HIIT), moderate intensity continuos training (MICT), moderate intensity interval training, resistance training (RT).
Eredmeények: A kdzepes intenzitasu folyamatos tréningek hatdsara bizonyitottan javul a fizikai alloképesség és pozitivan
valtoznak a MetS rizikéfaktorok. Osszességében biztonsigosnak és effektivnek értékelhetd a magas intenzitésu inter-
vallum tréning (HIIT), amely bizonyos kardiometabolikus rizikétényezokre egyforma, masokra kedvezébb hatassal
lehet, mint a folyamatos intenzitasu tréningek. A rezisztenciatréningek szignifikansan csokkentik a szisztolés vérnyo-
mast és a hosszi tavi tréningek legalabb olyan hatékonyak a glikémias kontroll javitdsdban, mint az alloképességi
tréningek. A rezisztenciatréninget hatékony és koltséghatékony modszernek irtdk le a kardiovaszkuléris betegségek
megel6zésében és kezelésében. A kombinalt (dlloképességi és rezisztencia-) tréningek jelentsen és kedvezden befo-
lyasoljak a MetS-t és az egyes rizikofaktorokat, hatékonyan csokkentik a MetS és a 2-es tipust diabétesz prevalencidjat
emellett novelik az izomer6t, ami fontos a korral jaré izomtomegvesztés miatt. Hatasuk azonban nem bizonyul mindig
jelent6sen jobbnak, mint az egyes tréningtipusoké 6nmagukban.

Megbeszélés: A rendszeres fizikai tréning jelentGsen noveli a kardiorespiratérikus alloképességet és hatékony a kar-
diovaszkularis betegségek megel6zésében. Mind a folyamatos, mind az intervallum tipusti aerob alloképességi tréningek
hatékonyan cs6kkentik a MetS egyes rizikéfaktorait (példaul éhomi vércukoy, HbAlc, trigliceridszint). A rovid és hosszt
tavii magas intenzitdsu intervallumtréningek hatékonyak a tulstlyos/elhizott emberek dll6képességének és egyes kar-
diometabolikus rizikéfaktorainak (példaul vérnyomds, éhomi vércukor) javitdsaban. A rezisztenciatréningek csokkentik
a szisztolés és a diasztolés vémyomast, a HbAlc-t, a haskorfogatot, novelik az izomer6t és az alloképességet, az erek
endothél funkciéit javitjak. Rovid tavon az aerob alloképességi tréningek hatékonyabbak, feltételezve, hogy a kombinalt
tréningnél 12 hétnél tobb idére van sziiksége a szervezetnek a két kiilonboz6 tipust tréninghez valé adaptéciéhoz,
hossz tavon viszont a kombindlt tréningek a legeffektivebbek.

Kulcsszavak: fizikai tréning, metabolikus szindréma

SUMMARY OF PHYSICAL TRAINING TYPES SUGGESTED FOR METABOLIC SYNDROME PATIENTS
ABSTRACT

Introduction: Metabolic syndrome (MetS) is endemic in Hungary, its presence highly increases the risks of cardiovascular
diseases and the early mortality derived from them. In the prevention and non medical therapy the regular physical
activity and a healthy lifestyle are the key elements. According to the literature, different types of training methods could
be effective and there is no unified physiotherapy training protocol yet.

Objective: The aim of this literature review is to compare the applicability of evidence based training modalities used
in MetS.

Material and Methods: Data collection was from PubMed and PEDro databases, focusing on studies drawing up training
protocols or comparing different training types. 16 studies best matched the searching criterias are presented in this
article. Keywords: metabolic syndrome physical exercise, aerobic training (AT), high intensity interval training (HIT),
moderate intensity continuos training (MICT), moderate intensity interval training, resistance training (RT).

Results: MICT improves cardiorespiratory fitness and other risk factors of MetS, but HIIT was also evaluated as a safe
and effective treatment method. HIIT positively effects certain cardiometabolic risk factors equally as the continuos tra-
inings, and it even has more favourable effect on other parameters. Resistance trainings significantly lowered the systolic
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blood pressure compared to the control group and the long-term trainings were found to be as effective as the dinamic
endurance trainings in improving the glicaemic control. RT was also evaluated as an effective and cost-effective training
method in the prevention and treatment of cardiovascular diseases. The combined (endurance and resistance) trainings
have effected significantly and positively the MetS and its risk factors, the prevalence of type 2 diabetes, and the additional
strengthening of the muscles were also considerable as we lose muscle mass with age. However their effect has not
always been proven to be as effective as each training separately.

Discussion: Regular physical training improves the cardirespiratory fitness and is effective in the prevention of cardi-
ovascular diseases. Both the continuos and the interval type aerobic traininings effectively decrease some risk factors
of the MetS (eg. fasting blood sugar, HbAIc, triglyceride level). The short and long term high intensity interval trainings
are beneficial in improving the cardiorespiratory fitness level and certain cardiometabolic risk factors (eg. blood pressure,
fasting blood sugar) of the overweight/obese population. The resistence trainings decrease both the systolic and the
dyastolic blood pressure, the HbA1c, the waist circumference, increase muscle strength and endurance, improve the
endothelial function of blood vessels. In the short term the aerobic endurance trainings are more effective than the com-
bined trainings, assuming that adopting to the two different type of trainings the body needs more than 12 weeks, but
on the long term the combined trainings are more effective.

Keywords: physical training, Metabolic syndrome

BEVEZETES
A hasi tipust elhizas, a magas vérnyomas, a 2-es tipust
diabétesz mellitus (DM2) és/vagy az inzulinrezisztencia,
a magas koleszterinszint (egyéb zsiranyagcsere-zavarok)
Magyarorszagon, de a fejlett orszagokban is népbetegség-
nek szamitanak. Ezek mindegyikének egyenkénti megléte
6nmagaban is noveli, egyiittes jelenlétiik, azaz a metabo-
likus szindréoma (MetS) pedig halmozottan megnoveli a
kardiovaszkularis megbetegedések és a korai haldlozas rizi-
kojat. A Nemzetkozi Diabétesz Szovetség (International
Diabetes Federation - IDF) szerint a metabolikus szindro-
ma 5-szOrosére emeli a 2-es tipusu diabétesz, 2-szeresére
a kardiovaszkularis betegségek, 2-4-szeresére a sztroke és
3-4-szeresére a szivinfarktus kialakulasanak az esélyét (1).
Az IDF becslése alapjan a Fold feln6tt lakossagénak kb. egy-
negyede szenved metabolikus szindromaban, hazankban
az el6fordulasi gyakorisag 33-38% koriili. Az elsé emlités
a betegségrol 1983-ban tortént, majd 1988-ban Reaven
nevéhez kotodik a koncepciéjanak a meghatédrozasa és az
X-szindroma elnevezés. Azota szamos néven illették a
betegséget, jelenleg a metabolikus szindréma elnevezés az
elfogadott, Magyarorszagon az IDF kritériumrendszere ter-
jedt el (1), ez alapjan a metabolikus szindroma klinikai diag-
noézisahoz az emelkedett haskorfogat mint kotelezo elem
mellett az alabbi négy kritérium koziil minimum kettének
jelen kell lenni:

W emelkedett vérnyomas, 130/85 Hgmm feletti (vagy
gyogyszeresen kezelt),

W emelkedett éhgyomri vércukorszint >5,6 mmol/1 (vagy
gyogyszeresen kezelt), vagy mar diagnosztizalt 2-es tipu-
st diabetes mellitus

M emelkedett triglicerid (TG) szint (>150mg/dL (1,7
mmol/l)

W csokkent HDL-koleszterinszint (férfiaknal <40mg/dL
(1,0 mmol/), n6knél <50mg/dL (1,3 mmol/I)

Ez a kritériumrendszer 2009-ben médosult a nemzetkozi
egységesités és harmonizacio céljabol (2). Az Gj meghata-
rozasban nincs kotelezéen kiemelt elem, mind az 6t el6bb
emlitett kritérium egyenértékiinek szamit és az 6tbol
harom megléte esetén kimondhaté a MetS diagnozis.
A haskorfogat esetében a kiiszébértékek populdci6- és
orszagspecifikusak és tovabbi kutatast tartanak sziikséges-
nek a megitéléséhez. Az eurdpai férfiaknal > 94 cm és nék-
nél > 80 cm, illetve férfiaknal 102 cm és néknél 88 cm folott
mar nagy kardiovaszkularis rizikot jelent.

A FIZIKAI AKTIVITAS SZEREPE A META-
BOLIKUS SZINDROMA KIALAKULASABAN

A MetS kialakuldsa szoros 6sszefliggést mutat a fizikai akti-
vitds hianyaval és a kardiopulmonalis alloképesség csokke-
nésével. Lakka és mtsai (2003) 1069 kozépkoru férfin vég-
zett felmérésében kimutattak, hogy azoknal a férfiaknal,
akik 0sszesen heti 1 6rat vagy annal kevesebb ideig végez-
tek kozepes intenzitasu fizikai aktivitast, 60%-kal tobb
esély volt a MetS kialakulasara, mint azokndl, akik heti 3
vagy annal tobb 6rat mozogtak. Azoknal a férfiaknal, akik-
nek a maximdlis oxigénfelvétele (VO y5x) 29.1 ml/kg/min
vagy annal kisebb volt, 7-szer nagyobb voPt az esély a MetS
kialakulasdra, mint akiknél elérte a 35.5 ml/kg/min-t vagy
annal nagyobb volt (3). Kaur és mtsai (2013) attekint6 koz-
leményében leirjak, hogy mar az egyszeri testmozgas is
javitja az inzulinérzékenységet. Ez a hatas a mozgas utan
24-48 oraig fennall, 3-5 napon belill azonban megsz{inik.
A cikk egyértelmten bizonyitja, hogy hosszu tavy, folya-
matos kedvez6 hatast csak rendszeres mozgassal lehet elér-
ni. Inaktivnak azokat az egyéneket tekintik, akik heti 150
percnél kevesebb idot toltenek mozgassal. Kiemelik, hogy
ezeknél az egyéneknél dupldjara n6 a MetS kialakuldsanak
az esélye, azokhoz képest, akik heti 150 percnél tobbet
mozognak (4).
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A nemzetkozi ajanlasok szerint legalabb napi 30 perc
vagy annal hosszabb idejd, legalabb mérsékelt intenzitasa
aktivitas sziikséges, a hét legtobb napjan. Ajanlott napi 60
perc gyors gyaloglds, tovabbi tevékenységekkel kiegészitve,
amelyek tobbszori, révid 10-15 perces mozgasok (példaul
munkat megszakitva séta, kertészkedés, hazkoriili munka),
egyszert eszkozokon (példaul futopad) vagy jogging, tiszas,
kerékparozas, golfozas, csapatsportok, eréedzés beiktatasa.
Kertiilni kell az tiléssel jaro szabadidds tevékenységeket (TV-
nézés, szamitogépezés). Gyors gyaloglasnal ajanlott a lépés-
szamlalo haszndlata, 3 naponta 500 lépéssel novelni a tavot,
a 10-12 000 lépés/nap eléréséig (5,6).

ANYAG ES MODSZER

A szakirodalom éttekintése a PubMed és PEDro adatbazi-
sok segitségével, az elmult 11 év nemzetkozi, angol nyelvi
publikacidira koncentrdlva tortént a kovetkez kulcsszavak
segitségével: metabolic syndrome exercise, aerobic training
(AT), high intensity interval training (HIIT), moderate inten-
sity continuos training (MICT), moderate intensity interval
training, resistance training (RT). A feltételeknek megfelel6
tanulmanyokbol azok a cikkek kertiltek be az attekintésbe,
melyekben ajanlast fogalmaztak meg a metabolikus szind-
rémaban alkalmazhaté, hatékony tréningekrél vagy dssze-
hasonlitottak a tréningformdkat.

EREDMENYEK

Az elemzésbe végiil 16, 2007 és 2017 kozott megjelent pub-
likacio kertilt be: S meta-analizis/MA (7, 8, 10, 13, 15),
4 meta-analizis és szisztematikus attekintés/MA+SZAK (12,
17, 18,19), 1 szisztematikus attekintés/SZAK (14), és 6 ran-
domizalt kontrollalt tanulmany/RCT (11, 16, 20, 21, 22, 23).

1. A fizikai tréning hatasai a metabolikus

szindréma rizikofaktoraira

A mozgas metabolikus szindromaban a betegség egyes
komponenseit pozitivan befolyasolja. A témédban 2 meta-
analizis kertilt feldolgozasra (1. tablazat).

Lin és mtsai, 2015 MA, 160 RCT

7487 £6 (18-90 év)

A szérum HDL-koleszterinkoncentrdci6 vdltozdsa
Kodama és mtsai (2007) 25 tanulmanyt, 1404 f6 adatait
elemezve vizsgaltak az aerob tréningek hatasat csak a szé-
rum HDL-koleszterin véaltozasara nézve. A fizikai tréning
hatasara kis mértékben, de szignifikdnsan nétt a HDL-
koleszterinszint (2,53 mg/dL) (7). 2015-ben Lin és mtsai
160 randomizalt kontrollalt tanulményt osszehasonlitva,
7487 résztvevd adatai alapjan vizsgaltak a fizikai tréning
hatasait a kardiorespiratorikus alloképességre és a kardio-
metabolikus biomarkerekre. A tréningez6 csoportoknal 6k
is a HDL-koleszterin szignifikans névekedését irtak le,
magas és kozepes intenzitasu fizikai tréning hatasara (8).

Egy korabbi tanulmany (9) leirja, hogy minden 1 mg/dL
HDL-koleszterinszint emelkedés férfiaknal 2%-kal, n6knél
3%-kal csokkenti a kardiovaszkularis megbetegedés esélyét.
Min. heti 120 percnyi, de egy alkalommal tébb, mint 30
percnyi mozgas eredményezett csak szignifikans HDL-szint
novekedést.

Vizsgaltak a tréninghossz, a frekvencia és az intenzitas
Osszefliggését a HDL-szinttel (7). Csak a tréning id6tartama
korreldlt pozitivan a HDL-szint novekedéssel; 10 perccel
novelve az id6t, 0,036 mmol/L-rel n6tt a HDL-szint. A tré-
ninget hatékonyabbnak taldltak a kevésbé elhizott egyé-
neknél (BMI<28) és azokndl, akiknek az 6sszkoleszterin-
szintjitk magasabb volt, am ennek okdra magyarazatot
nem taléltak.

Lin és mtsai kordbban emlitett tanulmanyaban a HDL-
koleszterinszint emelkedése mellett igazoltnak taldltak a
VOjmax szignifikans novekedését, a TG-szint jelentds csok-
kenését mind a kozepes, mind a magas intenzitasu folya-
matos tréningek hatasara a kontrollcsoporttal sszevetve.
Tovabbi szignifikans javulast taldltak az éhomi vércukor,
HbA1c, HOMA-IR, és interleukin-18 értékeknél is. Ossze-
fliggést talaltak az alloképességbeli javulds és a vizsgalt
egyének kora, neme és egészségi allapota kozott. Az 50
évnél fiatalabbak, a férfiak, a 2-es tipusu diabéteszesek, a
hiperténidsok, a hiperlipidémiaban vagy MetS-ban szenve-
d6k nagyobb javulast mutattak a tréningek hatasara (8).

HICT, MICT
tV02max,
tHDL, 4 TG, $éhomi
vércukor, $HbATC,
LHOMA-IR, ¢IL-18

HICT, MICT vs CG

Roviditések: AT=Aerob tréning; CG=Kontroll csoport; HICT=Magas intenzitasu folyamatos tréning; MICT=Kozepes intenzitasu folyamatos tréning;
TC=Triglicerid; HOMA-IR=Homeostatic Model Assessment of Insulin Resistance; IL-18=Interleukin-18

1. tdbldzat | A fizikai aktivitas hatasaira vonatkoz6 tanulmanyok és fébb paramétereinek dsszefoglalasa MetS-ban
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Batacan és mtsai, MA, SZAK 19 RCT MetS
2017 65 RCT 37RCT
elhizott/tulsdlyos

Fisher és mtsai, 23 férfi
2015 talsalyosak

Pattyn és mtsai, 2012 MA S RCT, 206 f6

STHIITvs CG STHIT:
LT HIIT vs CG tV0)max. +0BP,
2-16 hét 4éhomi vércukor
LT HIIT:
WG, stestzsir %, 1VOymax.
inyugalmi pulzus, +SBP, 1DBP

HIIT vs MICT MICT:
6 hét fvo2

HICT, MICT vs CG HICT, MICT:

>4he LWC, 4BP, tHDL, 1V0ymax

Hwang és mtsai, 2011 153 f6 HIIT vs MICT HIT:
GRCT MetS, tdlstilyos/ min. 10 hét V03 max
elhizottak, szivbetegek Léhomi v’ércukor

Roviditések: CT=kontrollalt vizsgalat; AT=aerob tréning; CG=kontrollcsoport; HICT=nagy intenzitast folyamatos tréning; HIIT=nagy intenzitasu
intervallum tréning; MICT=kozepes intenzitasd folyamatos tréning; ST=rovid tava (<12hét); LT=hosszl tavi (212hét); WC=haskorfogat;
BP=vérnyomas; SBP=szisztolés vérnyomas; DBP=diasztolés vérnyomas

2. tdbldzat | Az aerob all6képességi tréningekre vonatkozé tanulmanyok és fébb paramétereik 6sszefoglalasa

2. Akiilonb6z6 tréningformak eredményessége metabo-
likus szindrémaban

Az aerob alloképességi tréningek hatasait vizsgalva
7 tanulmany kertilt feldolgozasra (2. tablazat).

Pattyn és mtsai (2012) meta-analizisiikben (n=206 f6) a
kozepes és magas intenzitasu folyamatos aerob alloképes-
ségi tréningek hatésat vizsgaltak inaktiv kontrollcsoport-
hoz képest. A tréningek hatdsara a haskorfogat és a vér-
nyomds szignifikdnsan csokkent, a HDL-koleszterinszint
szignifikdnsan noétt. A TG- és a vércukorszintek nem val-
toztak. 5 tanulméanyban a VOymax is szignifikansan javult.
A tobbi rizikéfaktor, az LDL-koleszterin, az 6sszkoleszterin
és a BMI is pozitivan valtozott, azaz csokkent (10).

Hasonl6 eredményeket kaptak Kang és mtsai (2016) kis
esetszamu vizsgalatukban, ahol MetS nébetegek, a maxi-
madlis pulzusuk 60-80%-an végzett 12 hetes, folyamatos
alloképességi tréningjének hatasait vizsgaltak. A betegek
testsulya, testiik zsirszazaléka, haskorfogatuk, éhomi vér-
cukorszintjiik, nyugalmi pulzusuk és vérnyomasuk szigni-

fikdnsan csokkent, HDL-koleszterinszintjiik pedig szignifi-
kansan nétt a kiindulasi allapothoz képest; ugyancsak
javult az alloképességiik (VOpmax), az izomerejiik és izom-
er alloképességiik is (11).

Az alland6 vagy intervallum tipusti aerob tréningek mel-
lett, legalabb olyan hatasosnak, de gyakran még kedvez6bb-
nek mutatkozik a magas intenzitasa intervallum tréning
(HIIT), amelyben véltakoznak a magas intenzitasu (a
VOymax 75-85%-an), rovid idejii tréning fazisok és az ala-
csonyabb intenzitast ,megnyugvasi” fazisok. El6nye, hogy
anagy intenzitasu fazis csak nagyon rovid ideig tart, ehhez
konnyebben adaptalodik a szervezet, és igy az edzetlen,
idGsebb paciensek is nagyobb teljesitményre lehetnek képe-
sek, mint a folyamatos (steady state tipusu) tréningezés
soran, illetve jelent6s a tréning befejezése utan is fennma-
radé zsirégetd hatasuk (after-burning effect). Batacan és
mtsai (2017) 65 tanulmanyt elemezve a magas intenzitasu
intervallum tréningek hatasait vizsgaltak inaktiv kontroll-
csoporthoz képest. A tanulmanyok harmadaban a résztve-
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voknek volt egészségligyi problémaja (MetS, hipertoénia,
diabétesz, koszorusér problémak, szivinfarktus utani alla-
pot) és tobb, mint felében a résztvevok a BMI alapjan tul-
stulyosak vagy elhizottak voltak. A tanulmanyokat 2 cso-
portba osztottak a tréningek idétartama alapjan: rovid tava
(ST HIIT), 12 hétnél révidebb és hossza tava (LT HIIT), 12
hetes vagy annal hosszabb tréningekre. Az eredményeket
a tréning hossza és a vizsgalt populdcio teststlya alapjan
csoportositottak. A révid tavi HIIT-tréningek szignifikan-
san javitottdk a VOp,,x-0t, a diasztolés vérnyomast és az
éhomi vércukor szintet a talstlyos/elhizott egyéneknél. A
hossz tavi HIIT-tréningek hatasara a VOymax névekedett,
a haskorfogat, a testzsir szazalék, a nyugalmi pulzus, a
szisztolés és a diasztolés vérnyomas értékek csokkentek
szignifikdnsan a talsalyos/elhizott egyéneknél. Normal
stlyu egyéneknél a révid és a hossza tavi HIIT-tréningek
csak a VOpax-ra voltak szignifikdns hatassal (12).

A HIIT és a folyamatos tréningek hatasait szamos tanul-
manyban 6sszehasonlitottak. 2011-ben Hwang és mtsai 6
klinikai vizsgdlatot 6sszegeztek (n=153 f6). A 6-bol 4 eset-
ben a HIIT-tréningek szignifikansan emelték a VO~
ot és az éhomi vércukorszint csokkeno tendencidjat is meg-
figyelték. A tobbi rizikofaktor valtozasaban (vérnyomas,
haskorfogat, BMI, lipid szintek) nem volt jelent6s kiilonb-
ség a kozepes intenzitasu folyamatos tréninghez képest
(13). 2012-ben Kessler és mtsai 13 tanulmanyt 6sszegeztek
a témaban (n=475 £6). S tanulmanyban a folyamatos tré-
ninggel egyenértékd, 8 tanulmanyban pedig kedvezébb
eredmények sziilettek a HIIT hatasdra. Azokban a tanulma-
nyokban, ahol ezt vizsgaltdk, az inzulinérzékenység és az
alloképesség is szignifikansan javult a HIIT hatéséra, de ezek

az eredmények nem mindig voltak jobbak, mint a folyama-
tos tréningeké. 7-b6l 4 tanulmanyban minimum 12 hét kel-

lett ahhoz, hogy az éhomi vércukorszint javuljon és 10-bél
3 tanulmanyban pedig minimum 8 hét kellett ahhoz, hogy
a HDL-koleszterinszint is novekedjen az intervallumtréning
hatasdra. Egyik tanulmanyban sem valtoztak jelent6sen az
Osszkoleszterin-, az LDL-koleszterin és a TG-szintek (14).
Hasonl6 eredményre jutottak Weston és mtsai is 2014-ben,

6k 10 tanulmanyt (n=273 f6) sszesitettek, kronikus kardi-

ometabolikus betegségben szenved6 betegek esetében. A
HIIT hatdsdra a VOy,y, 4 szignifikénsan nagyobb mértékben

javult a kozepes intenzitasu folyamatos tréninghez viszo-
nyitva (15). Fisher és mtsai (2015) ezzel ellentétes eredmé-

nyekre jutottak, kis esetszamu vizsgalatukban, ahol 23 fiatal,
talsulyos férfinal hasonlitottak 6ssze a 6 hetes HIIT és a
kozepes intenzitasu folyamatos tréningek hatasait. A HIIT
soran heti 3-szor 20 percig kerékparoztak, 30 masodpercig
aVOypax 85%-dn, majd 4 percig a 15%-dn, 4-szer ismételve,

levezetésképp 2 perciga 15%-on tekertek. A folyamatos tré-

ningez6k heti 5-sz0y, 45-60 percig tréningezek a VOy 54

55-65%-an. A folyamatos kozepes intenzitasu tréning hata-
sara aVOy y q szignifikdnsan emelkedett, 11,1%-kal, szem-

ben a HIIT-el, ahol a javulas csak 2,8% volt (16).
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A rezisztenciatréningek hatasait vizsgélva 3 tanulmany
Kkertiilt elemzésre (3. tablazat). Cornelissen és mtsai (2013)
93 tanulmany (n=5223 {6) elemzésével vizsgdltak az aerob
alloképességi, a dinamikus rezisztencia, az izometrias
rezisztencia és a kombindlt (dlloképességi és rezisztencia)
tréningek hatasat a vérnyomasra inaktiv kontrollcsoport-
hoz képest. A kezdeti értékeik alapjan a résztvevéket nor-
mal vérnyomasu, prehipertenziv és hipertonias csoportok-
ra bontottak. Az alloképességi tréningek, a dinamikus és
izometrias rezisztenciatréningek kiilonboz6é mértékben,
de szignifikansan csokkentették a szisztolés vérnyomast,
mig a kombindlt tréningeknek nem volt szignifikans hatasa.
A diasztolés vérnyomast az dsszes tréningtipus szignifi-
kénsan csokkentette. Az alloképességi tréningek hatasara
létrejovo szisztolés és diasztolés vérnyomas csokkenés a
hiperténias résztvevok esetében volt a legnagyobb mérté-
ki, a normal vérnyomasu és a prehipertenziv egyénekhez
képest, illetve a férfiaknal tobb mint kétszeres volt a csok-
kenés a n6khoz képest. A 6 honapnal rovidebb alloképes-
ségi tréningek nagyobb vérnyomascsokkenést eredményez-
tek, mint az ennél hosszabbak, ami pont ellentétes a leg-
tobb eddigi tanulmdnnyal. Ezt azzal magyaraztak, hogy a
hosszabb tréningeknél tobb volt a lemorzsolodas, illetve
mar otthoni, nem feliigyelt tréningek voltak (17). Hasonlo
eredményeket kaptak Lemes és mtsai is, akik 2016-ban
(n=519 f6) a rezisztenciatréning kontrollcsoporthoz viszo-
nyitott hatasait vizsgaltdk a vérnyomds és a tobbi MetS
rizik6faktor tekintetében. A rezisztenciatréning jelentdsen
csokkentette a szisztolés vérnyomast. A diasztolés vérnyo-
mas és a haskorfogat csokkend tendenciat mutatott, de a
javulas nem volt szignifikans. A tobbi rizikéfaktor (éhomi
vércukor, TG, HDL-koleszterin) esetében sem volt jelentds
a valtozas. A tanulmanyokat 6sszehasonlitottdk a benniik
szerepld tréningprogramok idtartama alapjan is. A hossz
tava (>6 honap) tréningek jelentésen hatékonyabban csok-
kentették a szisztolés vérnyomast, mint a rovid tava (<6
honap) tréningek (18). Strasser és mtsai (2010) tanulmad-
nyukban (n=513 f6) szintén a rezisztenciatréning hatasat
vizsgaltak az elhizashoz kapcsolodo gliikoztolerancia karo-
soddsra és a 2-es tipusu diabéteszre nézve MetS-ban. Az
eredményeket a kontrollcsoporthoz vagy az alloképességi
tréninghez viszonyitottak, illetve alloképességi tréninggel
kombindlva vizsgaltdk a kontrollcsoporthoz viszonyitott
valtozast. A rezisztenciatréning hatdsara csokkent aHbA1c,
a szisztolés vérnyomas és a zsirtomeg is, de nem tortént
szignifikans valtozas a diasztolés vérnyomas, a HDL-, LDL-,
osszkoleszterin- és TG-értékekben. Akkor javult jelentésen
a HbA1, amikor kdzepes-magas intenzitasu rezisztenciat-
réninget alkalmaztak, vagy amikor a tréning 10 hetes vagy
hosszabb id6tartamu volt. Tovabbi 6sszefliggéseket keres-
tek a rezisztenciatréning intenzitasa, idétartama, frekven-
cidja és a metabolikus hatasok kozott. A hosszabb ideig
(>10 hét) tarto tréningek kedvez6bben befolyasoltak a gli-
kémias kontrollt, mint az ennél rovidebbek. A tréning gya-
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Lemes és mtsai, A, SZAK 519 f6
2016 8 RCT MetS

RTvs CG
12 hét - 9 honap J.SBP

Strasser és mtsai, 513 f6 RTvs CG RT: +HbAqc NSBP,
2010 SZAK gliikdz intoleranciasok, RT vs AT 1zsirtomeg
13RCT DMm2 RT+AT vs CG Glikémias kontroll javitasa:
6hét-2év RT=AT

Roviditések: AT=aerob tréning; RT=rezisztenciatréning; CG=kontrolicsoport; SBP=szisztolés vérnyomas;
DBP=diasztolés vérnyomas; HbAlc= glikolizalt hemoglobin molekula

3. tdbldzat | A rezisztenciatréningekre vonatkoz6 tanulmanyok és fébb paramétereik dsszefoglalasa

korisaga és a vérnyomascsokkent6 hatds kozott pozitiv
oOsszefiiggést, mig a tréning id6tartama és a diasztolés vér-
nyomas csokkenés kozott kisfoku pozitiv korrelaciét talal-
tak, viszont a tréning intenzitdsa és a glikémids kontroll
kozott nem talaltak pozitiv korrelaciot (19).

A kombinalt (alloképességi+rezisztencia) tréningek hata-
sait vizsgalva nincs elérhet6 attekint6 elemzés vagy meta-
analizis. 4 randomizalt kontrollalt tanulmany (2 rovid és 2
hosszt tava) kertilt elemzésre (4. tablazat).

Earnest és mtsai (2014) 262 f6 MetS és 2-es tipusu dia-
béteszes betegen vizsgaltak az dlloképességi, a rezisztencia
és a 2 tréning kombindcidjanak hatasait a MetS-t jellemz6
Z-pontszamra és a szindroma prevalencidjara nézve. Az
alloképességi csoportban heti 3-5-szox, kdzepes-nagy inten-
zitasu futépados tréninget végeztek, amikb. 150 perc/hét
mozgasnak felelt meg. A rezisztenciatréning csoportban
heti 3-szor edzették a felsGtest, az also végtagok és a torzs
kiilonboz6 izmait 2-3 sorozatban, 10-12-es ismétlésszam-
mal. A kombindlt csoport heti 3-5 futépados és heti 2 rezisz-
tenciatréninget végzett, de kevesebb ideig, mint az alloké-
pességi csoport és kevesebb gyakorlatot, mint a reziszten-
ciatréninges csoport. Az aerob és a kombinalt tréningek
hatdsara a Z-pontszam és a szindroma el6forduldsa is szig-
nifikansan csokkent a rezisztencia- és a kontrollcsoportok-
hoz képest. Mindegyik tréning hatasara csokkend6 tenden-
ciat mutatott a haskorfogat; a csokkenés a kombinalt cso-
portban volt a legnagyobb. Az aerob tréning hatasara
szignifikdnsan csokkent a szisztolés vérnyomas. Az alloké-
pességi és a kombindlt tréningek hatdsara is kis mértékd,
de szignifikéns javulast tapasztaltak a VOy .y -ban (20).
Tibana és mtsai (2014) kis esetszamu vizsgalatukban hason-
16 eredményekre jutottak. 13 MetS nébetegnél vizsgaltak

a 10 hetes kombinalt aerob alloképességi és rezisztenciat-
réning hatdsait. A résztvevok heti 3-szor 30 percig futopa-
don tréningeztek a szivfrekvencia rezerv 70-80%-an, és heti
3-szor edzették a felsd testfél, az also végtagok és a torzs
izmait 3 szériaban, 8-12 ismétlésszammal. A kombinalt tré-
ning hatasdra szignifikansan csokkent a szisztolés vérnyo-
mas, az artérids kozépnyomads, a MetS-Z-pontszam, bizo-
nyos gyulladasos markerek szintje, nétt az izomerd, javult
a funkciondlis kapacitas (iilésbol feldllasi teszt) (21).
Bateman és mtsai (2011) 144 {6 részvételével ugyanezt
vizsgaltak inaktiv, diszlipidémias, tulstlyos és MetS bete-
geken. Az aerob tréning soran futépadon, elliptikus tréne-
ren vagy kerékpéron edzettek a VOp, 4 65-85%-dn.
A rezisztenciatréning heti 3-szor 3 széridban, 8-12 ismét-
lésszammal a felsé és also testfél 4-4 nagy izomcsoportja-
nak edzését jelentette. A kombinalt csoportban a két tré-
ning kombindciéjat végezték. Mindharom tréningtipus
hatésara szignifikdnsan javult a VOy y4; az lloképességi
és a kombinalt tréningek hatdsara nagyobb mértékben,
mint a rezisztenciatréningnél. A testtomeg és a TG-szint
szignifikansan csokkent az alloképességi és a kombinalt
tréning hatasdra. Az izomer6 szignifikdnsan nétt a rezisz-
tencia és a kombinalt tréning hatasara. A haskorfogat, a
diasztolés vérnyomds, az artérias kozépnyomds és a MetS-
Z-pontszam szignifikansan csak a kombinalt tréning hata-
sara csokkent. A rezisztenciatréning érdemben nem befo-
lyasolta a MetsS rizikéfaktorait vagy a MetS-Z-pontszamot,
szemben az alloképességi tréninggel, amely hatékonyabb-
nak bizonyult a MetS kezelésében. A kombindlt tréning
szintén hatékony volt, de nem jobban, mint az all6képes-
ségi tréning 6nmagaban (22). Hasonloképpen vizsgaltak
Stensvold és mtsai 2010-es tanulmanyukban, de itt az all6-
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Earnest és mtsai, 262 6
2014 inaktiv,
MetS+DM2

ATvs CG 4 MetS-Z-Pontszam,
AT+RT vs CG 4 MetS prevalencia, t1V0y 14y

RTvs CG AT: 1SBP

9 hénap

Bateman és mtsai, 1446
20m inaktiv, talsulyos,
dislipidémias,

ebbél 86 f6 MetS

AT, RT, AT+RT AT: tV0ymax. ttesttomeg, 4TG,
pre vs post AT+RT:
8 hénap 1V05max $MetS-Z-Pontszam,

dtesttomeg, $WC, 4TG, 4DBP,
dartérias kozépnyomas, tizomerd
RT: t1VOymay tizomerd

Roviditések: AT=aerab tréning; AlT=3erob intervallumtréning; RT =rezisztencia tréning; CG=kontrollcsoport; WC=haskorfogat;
SBP=szisztol3s vérnyomas; DBP=diasztolés vérnyomas; NO=nitrogén-imonoxid

4. tabldzat | A kombinalt (AT+RT) tréningekre vonatkozé tanulmanyok és f6bb paramétereik 6sszefoglalasa

képességi tréning heti 3-szor 45 perces futépados magas
intenzitasu intervallumtréningbdl allt. A bemelegités utan
4 percig a maximalis pulzus 90-95%-4n, majd 3 percig a
70%-an tekertek, 4-szer ismételve az intervallumokat, majd
S perc volt a levezetés. A rezisztencia csoportban heti
3-szor 40-50 percet tréningeztek; az 1RM 60-80%-an, 3 szé-
ridban, 8-12 ismétlésszammal edzették a felsé és alsé test-
fél nagy izomcsoportjait. A kombinalt csoport heti 2-szer
az aerob intervallum tréninget és heti 1-szer a rezisztenci-
atréninget végezte. Mindharom tipust tréning hatdsdra
szignifikdnsan csokkent a haskorfogat és javult a vizsgalt
érendothél funkci6. Az aerob intervallum és a rezisztenci-
atréning hatdsara szignifikansan csokkent a zsirtomeg.
A kombinalt tréning hataséra szignifikdnsan novekedett a
zsirmentes testtomeg. Az intervallum- és a kombinalt tré-
ning hatéséra javult a VOpmax és az aerob tréning hatasara
a vérnyomds csokken6 tendenciajat figyelték meg (23).

MEGBESZELES

A rendszeres fizikai tréning jelent6sen noveli a kardiores-
piratorikus alloképességet (VOpmax) (8,10,11, 12,13, 14,
15, 16, 20, 22, 23), amelynek csokkenése a kardiovaszkuldris
betegségek rizik6inak és mortalitasanak fiiggetlen el6re
jelz6 faktora. A tanulmanyok eredményei alapjan elmond-
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hato, hogy a gyogyszeres kezeléshez képest alacsony mel-
lékhatasu fizikai aktivitas hatékonyan segiti a kardiovasz-
kuldris betegségek megel6zését (3, 4, 7, 8). A fizikai aktivitas
kétségteleniil pozitiv hatassal van a MetS rizikéfaktoraira.
Az attekintett tanulmanyok igazoljdk a rendszeres fizikai
aktivitds HDL-koleszterinszint novel6 hatasat (7, 8, 9, 10,
11). Mind a folyamatos (kdzepes és magas intenzitasu),
mind az intervallum tipust aerob alloképességi tréningek
hatékonyan csokkentik az éhomi vércukrot (8, 11, 12, 13),
a HbAlct (8,19), a trigliceridszintet (8, 22) és kedvezben
befolyasoljak a HOMA-IR, IL-18-szinteket (8). A rovid és hosz-
sz{ tavii magas intenzitasu intervallumtréningek hatéko-
nyak a tulsulyos/elhizott emberek alloképességének (12,
13, 14, 15, 23) és egyes kardiometabolikus rizikéfaktorok
(példaul a vérnyomas, éhomi vércukor) javitasaban (12, 13).
Limitalja az ajanlas megfogalmazasat, hogy a kiilonboz6
tanulmanyokban a HIIT-re vonatkoz6 tréningprotokollok
nem egységesek. Osszességében biztonsagosnak és effek-
tivnek értékelhet6 ez a tréningtipus, amely bizonyos kar-
diometabolikus rizikotényezokre egyforma, mas tényezok-
re kedvezGbb hatassal lehet, mint a kozepes intenzitasu
folyamatos tréningek.

Eddig is ismert volt és a most elemzett tanulmanyok
alapjan is elmondhato, hogy a folyamatos aerob all6képes-
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