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ABSTRACT

Background: Studies demonstrated that outpatient aerobic exercise programs (aEP) can
significantly decrease aortic stiffness in people with metabolic syndrome (MetS). There is some
limited data that remotely supervised home-based aEP can also improve arterial stiffness in this
population. We aimed to evaluate the changes in the arterial wall parameters after the 2-month
ambulatory supervised aEP followed by the 6-month home-based aEP with and without targeting
of heart rate (HR) by electrocardiogram (ECG) in people with MetS.

Methods: In this prospective study (ClinicalTrials.gov identifier: NCT05592704) 132 MetS subjects
(mean age 52.44+6.26years, 54.55% female) were evaluated. At first, all subjects participated in
the 2-month ambulatory supervised aEP, which consisted of 40 individual aerobic training sessions
on a cycle ergometer 5 times/week for 40 min and received the recommendations for home-based
training. Then the study (n=66) and the control (n=66) groups participated in the 6-month
home-based aEP, but only the study group subjects targeted their HR using ECG monitor
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connected to the smartphone during workouts. Arterial stiffness parameters and carotid artery
intima-media thickness (cIMT) were evaluated in all participants at baseline and after 8 months.
Results: After 8 months, carotid-femoral pulse wave velocity (c-f PWV) significantly reduced in
both groups (—12.22% in the study group vs. —7.85% in the control group, all p<.001) without a
significant between-group difference (p=0.144). A significant improvement of carotid-radial pulse
wave velocity (c-r PWV) was observed only in the study group (-11.37%, p<.001, d = —0.671) with
significant between-group difference (p<.001). The reduction of c-r PWV after 8 months of aEP
occurred when c-r PWV at baseline was in the 2nd quartile (>7.90m/s). A significant decrease of
3.32% in cIMT was present only in the study group (p=.032, d = —0.288).

Conclusions: The combination of 2-month ambulatory supervised aEP and successive 6-month
home-based aEP targeted by HR monitoring using ECG improved arterial properties in MetS
subjects more than the same combination without HR targeting, leading to the greater reduction
of c-r PWV and cIMT.

heart rate monitoring

KEY MESSAGES

+  The combination of 2-month ambulatory supervised aEP and successive 6-month home-based
aEP targeted by HR monitoring using ECG improved arterial properties in MetS subjects more
than the same combination without HR targeting, leading to the greater reduction of c-r PWV
and cIMT.

+ This study foregrounds the importance of home-based training with HR targeting using ECG
in people with MetS.

1. Introduction

People with metabolic syndrome (MetS), a cluster of
elevated blood pressure (BP), dyslipidemia, impaired
glucose tolerance and abdominal obesity [1], are at

all-cause mortality [2,3]. One of the reasons for the
increased CV risk in MetS are changes in arterial
parameters, in particular, increased stiffness of large
arteries and thickness of common carotid artery

increased risk of cardiovascular (CV) disease and intima-media (cIMT) [4]. It was demonstrated that
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arterial impairment increases with the increase in
number of different cardiometabolic risk factors related
to MetS [5]. Arterial stiffness itself is an independent
and strong predictor of future CV events and all-cause
mortality [6]. The predictive value of arterial stiffness
parameter, such as aortic pulse wave velocity (PWV),
and carotid intima-media thickness (cIMT) for CV risk
was also confirmed in people with MetS [7]. Therefore,
to reduce the health burden related to MetS is of high
importance in primary CV prevention, given that the
prevalence of MetS is estimated to be ~25% among
the adult population and is increasing rapidly [8,9].

Physical activity (PA), in particular regular exercise, is
a key component in preventing MetS and reducing its
negative impact on health [10]. However, the level of
PA is reported to be insufficient in individuals with
MetS [11]. The lack of adherence to PA recommenda-
tions is recognized as a major concern [12]. The rec-
ommendations on PA lack information on how to
ensure that individuals maintain the proper intensity
of PA over time and how to motivate sedentary indi-
viduals to exercise more or even start to exercise [12].
Nevertheless, the level of PA can be increased and the
appropriate intensity of PA can be maintained by the
support of healthcare professionals and by using tech-
nological devices [12].

Studies demonstrated the importance of supervised
aerobic exercise programs (aEP) in people with MetS,
as they can not only improve cardiometabolic profile,
cardiorespiratory fitness, health-related quality of life
but also significantly decrease aortic stiffness [13-15].
However, supervised exercise programs are usually
conducted at the outpatient setting, are short-term
and not widely available.

Home-based exercise training using technologies,
such as wearable PA tracking devices and mobile
phones, is becoming a preferred approach as an inter-
vention due to reduced cost and increased accessibil-
ity [16]. It was demonstrated that PA interventions that
combine wearable PA trackers with health professional
consultations could improve the levels of PA among
people with cardiometabolic conditions [17,18]. In
addition, wearable PA tracking devices through a
smartphone application could serve as an important
motivation tool to increase PA and help individuals
with MetS to be more engaged in regular PA [19].
However, these trackers as usual are monitoring heart
rate (HR) just by pulse wave signals that are not so
precise as obtained by electrocardiogram (ECG).

There is some data demonstrating that home-based
exercise training improves aortic stiffness and endo-
thelial function in obese people with the increased CV
risk [20]. Therefore, we hypothesized that the program

consisting of the outpatient ambulatory aEP followed
by the ECG targeted HR home-based training could
improve arterial stiffness parameters even more than
the aEP without ECG HR targeting during home-based
training. To the best of our knowledge, there are no
studies assessing arterial stiffness changes under such
a combination of PA interventions in people with MetS.

The aim of this study was to evaluate the changes
in arterial stiffness parameters and cIMT after the
2-month ambulatory supervised akP followed by the
6-month home-based aEP with and without targeting
of HR by ECG in people with MetS.

2. Materials and methods
2.1. Study design and population

This study is a prospective study that was carried out
between 2017 and 2019 at the outpatient clinic
InMedica, Lithuania. Prior to patient enrollment, the
study was approved by the Lithuanian Bioethics
Committee (protocol number: PFAEV53, approval num-
ber: L-17-05/1, date of approval: 7 July 2017) and con-
ducted according to the guidelines of the Declaration
of Helsinki. Written informed consent was obtained
from all subjects involved in the study. The study was
registered at ClinicalTrials.gov (identifier: NCT05592704).

All individuals recruited for this study were partici-
pants of the ongoing Lithuanian High Cardiovascular
Risk (LitHiR) primary prevention program [9,21]. Eligible
participants were male (40-55years) and female (50-
65 years) having MetS, which was defined according to
the National Cholesterol Education Program (NCEP ATP
Il) criteria [1]. To diagnose MetS at least three of the
following five criteria are required: abdominal obesity
(waist circumference > 102cm for men and > 88cm
for women); elevated BP (systolic BP > 130mmHg and/
or diastolic BP = 85mmHg or current use of antihyper-
tensive drugs); elevated fasting plasma glucose
= 5.6mmol/L; hypertriglyceridemia  (triglycerides
> 1.7mmol/L); high-density lipoprotein cholesterol <
1.03mmol/L for men or < 1.29 mmol/L for women [1].
Patients with overt cardiovascular disease (previous
myocardial infarction, coronary artery bypass surgery,
percutaneous coronary intervention, previous stroke)
as well as having severe heart failure symptoms or
uncontrolled hypertension were excluded from
the study.

Initially, 208 individuals, who agreed to participate,
were allocated to the study (with HR targeting by ECG)
and control (conventional care) groups by the study
researcher using a random sampling method. The allo-
cation to groups was not blinded. The statistical



analysis included data from 132 participants (66 sub-
jects per group) after propensity score matching (1:1).

2.2. Clinical assessment

All study participants were investigated at baseline
and after 8months. Their anthropometric parameters,
including body mass index (BMI) and waist circumfer-
ence were measured. Clinical data such as BP, heart
rate (HR) at rest, venous blood sampling for blood lip-
ids, and glucose, were assessed at rest between 7 am
and 12 pm after an overnight fast and abstinence from
caffeine and at least 2h after smoking. BP was mea-
sured in a sitting position using oscillometric devices
in accordance with the 2018 European Society of
Cardiology/European Society of Hypertension guide-
lines [22]. Arterial hypertension was defined as systolic
BP = 140 mmHg and/or diastolic BP > 90 mmHg [22] or
the use of antihypertensive drugs. Obesity was defined
as a BMI of > 30kg/m? and overweight as a BMI of
25-29.9kg/m? [22]. Smoking status was assessed from
medical records.

We evaluated cardiorespiratory fitness (CRF) in all
study participants by performing an incremental car-
diopulmonary exercise test (CPET) on the cycle ergom-
eter [23] at baseline and after 8months of aEP.
An ergometer was set to a ramp mode from 15 to
30W/min. After 2min of cycling without resistance, the
workload was constantly increased until the partici-
pants refused to continue exercise due to fatigue or
other withdrawal symptoms. The exercise protocol
lasted ~8-12min. During CPET, an electrocardiogram
and BP were measured continuously. For gas exchange
analysis a dedicated metabolic cart (Sensormedics,
Vmax ENCORE 229, USA) was used. We evaluated ven-
tilatory equivalents for O, (VE/VO,, where VE is maxi-
mal minute ventilation and VO, is oxygen uptake) and
CO, (VE/VCO,, where VCO, is carbon dioxide output)
as a function of work rate in order to establish the first
ventilatory threshold (VT1) and the second ventilatory
threshold (VT2). VT1 was identified at the point when
VE/VO, ratio inverted its trend in the presence of a still
decreasing or constant VE/VCO, and VT2 was identi-
fied at the point where the VE/VCO, ratio inverted its
trend [23]. HR registered at VT1 during CPET was taken
as the minimum training HR and HR registered at VT2
was the maximum training HR [23-25]. HR at the ven-
tilatory threshold is one of the CPET physiological
parameters useful for aerobic exercise training inten-
sity prescription and monitoring [24]. Therefore, the
values of minimum and maximum training HR were
used for those purposes during our 6-month
home-based training program. The CRF of the
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participant was described by maximal oxygen uptake
(VO, max ml/kg/min) and metabolic equivalents of the
task (METs) achieved [23,25]. A criterion of maximal
effort during CPET was the respiratory exchange ratio
(VCO,/VO,) > 1.

Arterial stiffness parameters and wave reflection
were assessed by an applanation tonometry system
(SphygmoCor v.8.0; AtCor Medical, Sydney, Australia)
with a high-fidelity micromanometer (Millar R; Millar
Instruments, Houston, TX, USA), which was placed on
the skin surface at the projection of radial, carotid and
femoral arteries to obtain pulse pressure wave curves
[26]. Before the analysis, the distance between the sur-
face markings of the sternal notch and the femoral
artery was measured. Brachial BP and electrocardio-
gram were recorded simultaneously during the analy-
sis. By using pulse wave curves, the system
automatically computed the main parameters of arte-
rial stiffness: aortic arterial stiffness (carotid-femoral
pulse wave velocity [c-f PWV]), peripheral arterial stiff-
ness (carotid-radial pulse wave velocity [c-r PWV]),
pulse pressure (PP) in the aorta, aortic augmentation
index (Alx) and aortic mean blood pressure (MBP).

Common carotid artery (CCA) intima-media thick-
ness (IMT) and non dimensional index Quality Carotid
Stiffness  (QCS) of CCA were assessed using
high-resolution echo-tracking technology (Art. Lab,
Esaote Europe B.V.) at 1cm proximal to the carotid
bifurcation along 4cm arterial segment [27-29]. In this
study, the mean values of right and left-side CCA mea-
surements of IMT and QCS were used.

2.3. Ambulatory aerobic exercise program

The 2-month ambulatory aEP was carried out at the
outpatient clinic and was supervised by a team of
rehabilitation specialist and cardiologist.

Initially, all subjects from both groups participated
in this individualized, HR-targeted aEP, which consisted
of exercises on a cycle ergometer for 30-40min/d,
5d/week for 2months (a total of 40 individual sessions
for each participant). The aerobic training protocol was
developed according to the standard recommenda-
tions for incremental aerobic exercise [23,25] and was
adapted for untrained subjects with MetS.

Each aerobic exercise training on a cycle ergometer
session started with a warm-up phase, which lasted
10min. At first, the exercise intensity was set to 25W
for 5min and then it was gradually increased until the
training HR was reached. During the following phase
of training, the intensity of exercise was maintained at
such a level that the training HR remained constant.
The last aerobic exercise training session phase of
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cool-down also lasted 10min, during which the exer-
cise intensity was gradually reduced to 25W for the
first 5min and then was maintained for the last 5min.
For the first 2weeks of aEP, the intensity of exercise
was maintained at HR registered at VT1 during CPET
for the initial training. The intensity of exercise was
gradually increased during the third and fourth week
of aEP and reached the target HR, which was regis-
tered at VT2 or AT during CPET. The remaining 4 weeks
of aEP were dedicated to maintaining the exercise
intensity at the target HR. To adjust and maintain the
exercise intensity and monitor real-time HR, we used
the Ergoline Rehabilitation System-2 (Ergoline GmbH,
Bitz, Germany). This system allowed us to control the
load of the cycle ergometer so that the patient’s HR
would be at a targeted level during the exercise train-
ing phase. Targeted HR was carefully monitored and
always maintained and the deviation from the target
HR was not significant. The pedaling frequency was set
to 60rpm throughout each session. The Borg Perceived
Exertion 6-20 scale was used to assess the effort of
the participant to exercise [30].

2.4. Intervention tools

For real-time HR measuring during workouts, an elec-
trocardiogram (ECG) HR monitor Polar H10 (Polar
Electro Oy, Kempele, Finland) was used. This elastic
chest strap with electrodes accurately measures HR
during exercise [31,32] and is referred to as a reference
device in research studies [33,34]. The Polar H10 mon-
itors in our study were paired with smartphones
(Huawei Y5H, Huawei Technologies Co., Ltd, Shenzhen,
China) via Bluetooth connection. It allowed each
smartphone to receive HR data (from ECG signals)
during exercise from the assigned Polar H10 monitor.
All HR data were recorded on the smartphone using
the application that was specifically created for this
study by information technology specialists in cooper-
ation with study researchers. The application was
developed for both Android and iOS using Flutter plat-
form and was created for participants to self-monitor
PA (physical activity) during the home-based training
program with the possibility to review the data after
the workout and/or send PA data to study researchers.

The main features of the application for PA
self-monitoring included the ability to select the type
of aerobic exercises (aerobics, cycling, walking, jog-
ging, team sports), track workout time, and monitor
HR in order to maintain it within the training HR range
during a workout. The latter feature of the application
was used to control the intensity of PA. According to
the entered values of minimum and maximum training

HR on the settings page, the application responded to
the real-time HR during a workout and prompted the
user to reduce or increase exercise intensity accord-
ingly by changing the the display color in the main
application page: indicating yellow if the real-time HR
was too low, green - the HR was within the training
HR range, and red - the HR was too high. A
corresponding comment and an audio signal also
appeared according to the real-time HR. Audible noti-
fications made it possible to use the app during train-
ing without constantly monitoring the screen. The text
in the application was presented in Lithuanian lan-
guage. The application’s main page with features are
presented in Figure 1.

2.5. Motivational consultations and 6 months of
home-based aerobic exercise training

After 2months of aEP, all individuals participated in
the motivational consultation which lasted about
30min and was supervised by a rehabilitation special-
ist and cardiologist from the study. During this moti-
vational consultation, each participant from both
groups individually received detailed recommenda-
tions on the reduction of cardiovascular risk, focusing
on the standard recommendations for PA and
home-based training [13,35]. Participants from the
study and control groups were encouraged to exer-
cise individually for 6 months by performing aerobic
exercises (e.g. walking, jogging, and cycling) for
30min/d 5 times/week based on the standard recom-
mendations for PA [35].

Only the study group subjects were encouraged to
exercise using the study application on the smart-
phone, which was paired with the Polar H10 monitor.
They were also requested to select the type of PA on
the main application page before each workout and to
maintain the assigned exercise intensity during the
workout by keeping the HR within the training HR
range at least 50% of the workout time. The impor-
tance of using the application and devices during a
workout was explained to participants with no expec-
tation or judgment from the researchers. All smart-
phones were already prepared for use. They were with
the latest operating system and had the study applica-
tion and other necessary applications installed. Before
issuing the devices to the participants, supervisors of
the motivational consultation filled the application set-
tings by entering the study number and the values of
minimum and maximum training HR, which were indi-
vidually assessed. A suitable size Polar H10 chest strap
was selected for the participant. After the Polar H10
monitor was connected to the smartphone, the
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Figure 1. The main page and settings page of the study application with features.

demonstration on how to use these devices and the
study application was carried out. Every participant
sent the control PA data to the database during the
first motivational consultation. After the demonstra-
tion, the aforementioned devices, the instructions for
the use and care of the devices, and the contact
details of the responsible researcher were issued to
each participant of the study group.

During the 6-month home-based training program,
study group participants exercised with PA
self-monitoring devices as instructed. Every participant
was given full technical support during this home-based
training program.

2.6. Statistical analysis

Power and sample size calculations were computed a
priori using G*Power (Version 3.1.9.6; Universitat Kiel,
Kiel, Germany). Based on previous studies, comparing
the changes in various variables between the interven-
tion group with aerobic training and the control group,
a medium effect is usually achieved [36-38]. To detect
at least the medium effect (Cohen’s d=0.5)
between-group differences on the change in arterial

parameters with at least 80% power at the 5% signifi-
cance level (t-test) a sample of 64 individuals per
group was required. Cohen’s d effect size of < 0.20
was categorized as small, 0.20-0.79 — as moderate, and
> 0.80 - as large [39]. In order to reduce bias and to
increase the comparability between the study group
and the control group for the statistical analysis, a pro-
pensity score matching was performed on baseline
data of 208 participants, who were initially enrolled
into the study. A propensity score matching was com-
puted using XLSTAT (Version 2021.3.1) with optimal
algorithm Mahalanobis distance matching method
(variables used: glucose level at baseline, age; Caliper:
0.50 * Sigma; number of matches: 1:1; 95% Cl; 0.001
tolerance). A sample of 66 subjects per group was
obtained after propensity score matching analysis. The
main statistical analysis included data from 132 partic-
ipants and was performed using Jamovi (Version 2.2.5)
[40]. The Shapiro-Wilk test was applied to check for
the Gaussian distribution of the data. Descriptive sta-
tistics are presented as means=standard deviations for
the continuous variables and as absolute numbers and
percentages for the categorical variables. Continuous
variables between the groups at baseline were
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compared by the independent samples t-test for nor-
mally distributed data and the Mann-Whitney U-test
for non-normally distributed data. Categorical variables
at baseline were analyzed with the x? test or Fisher's
exact test. To assess the improvement within groups, a
paired t-test or the Wilcoxon signed-rank test was used
to compare baseline to 8months in the study group
and the control group. Linear multiple regression was
conducted to assess the between-group difference
after 8months of the program where the dependent
variable (e.g. PP in the aorta at 8 months) is regressed
against the group (i.e. study group vs control group)
and other covariates (sex, age, systolic blood pressure
and dependent variable at baseline) are controlled for.
ANCOVA was used to test the dependence of change
in c-r PWV on the magnitude of the baseline values
stratified by quartiles in the study group adjusted for
the change in systolic BP. The level of significance was
set at a p value <.05.

The flowchart of the study enrollment and evalua-
tion after propensity score matching analysis is detailed
in Figure 2.

3. Results
3.1. Descriptive statistics

A total of 132 participants with MetS were included
into the study analysis (mean age 52.44+6.26years,
54.55% female). Most of the participants were obese
(60.61%). The mean age in the study group was
52.05+6.15years and in the control group -
52.83+6.38years. All participants prior to the study
indicated exercising less than the recommended
30min of moderate aerobic physical activity 5 times/
week. More detailed baseline characteristics of the
participants with the intention to treat are presented
in Table 1.

Eligible Participants (n = 381)

Excluded (n=173):
- Declined to participate (n = 173)
- Other reasons (n=10)

Allocation to groups and initial assessment (n = 208)

(A

Study group (n = 124)

L2

Control group (n = 84)

e

Propensity score matching analysis (1:1)

[ (

Study group (n = 66)

-

N

Control group (n = 66)

~~

Heart rate targeted aerobic exercise program at the outpatient clinic Individual sessions on a
cycle ergometer for 2 months (n = 132)

e

Motivational consultation with recommendations for home-based training (n = 132)

8 months of the program

~~

Study group (n = 66)

S

Control group (n = 66)

Home-based training for 6
months using a heart rate
monitor connected to the

smartphone via Bluetooth. The
application enabled participants

Discontinued

participation: (n=11)

- Health issues (n=0)

- Lack of time (n=9)

- Technical issues (n=2)

Discontinued
participation: (n= 10)

- Health issues (n=0)
- Other reasons (n = 10)

Home-based training for 6
months without devices
(conventional care group)

to keep their training heart rate
during exercises

S

N

Final assessment (n = 111)

Figure 2. Flowchart of the study enrollment and evaluation after propensity score matching analysis.



Table 1. Intention to treat: baseline characteristics of the
participants.
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Table 2. Changes in cardiorespiratory fitness parameters after
8months of aerobic training program.

p value
Study group  Control group  between
(n=66) (n=66) the groups
Age (years) 52.05+6.15 52.83+6.38 393
Sex
Female (%) 34 (51.52) 38 (57.58) 484
Male (%) 32 (48.48) 28 (42.42)
Weight (kg) 95.25+15.34 87.76 £14.41 .006
BMI (kg/m?) 31.66+4.01 30.59+4.08 0.144
Waist circumference (cm) 104.55+9.36 101.66+9.23 .086
Abdominal obesity (%) 58 (87.89) 58 (87.89) 1.000
Normal BMI (%) 3 (4.55) 4 (6.06) 1.000
Overweight (%) 18 (27.27) 27 (40.91) .098
Obesity (%) 45 (68.18) 35 (53.03) .075
Non-smoking (%) 52 (78.79) 58 (87.88) 138
Smoking (%) 14 (21.21) 8 (12.12)
< 10 cig./day 9 (64.29) 6 (75)
> 10 cig./day 5 (35.71) 2 (25)
Smoking cessation (%) 12 (18.18) 3 (4.55)
Dyslipidemia (%) 63 (95.45) 66 (100) 244
Arterial hypertension (%) 41 (62.12) 62 (93.94) <.001
V02 max (ml/kg/min) 19.87£3.98 21.27+4.69 .083
METs achieved 5.63+1.14 6.04+1.30 .073
Target training HR (bpm) 129.3+11.92 128.5+15.60 740
T-Chol (mmol/L) 5.84+1.20 6.12+1.12 185
LDL-Chol (mmol/L) 3.63+0.98 3.87+0.98 192
TG (mmol/L) 2.00+0.77 1.86+0.64 .289
HDL-Chol (mmol/L) 1.20+0.25 1.18+0.28 793
Fasting blood glucose 5.54+0.52 5.70+£0.44 .057
(mmol/L)
Hs C-reactive protein 1.48+0.85 1.36+0.84 434
(mg/L)

Systolic BP (mm Hg) 138.84+13.03 133.05+13.67 .020
Diastolic BP (mm Hg) 88.84+8.40 83.47+8.50 <.001
Aortic MBP (mm Hg) 105.26+£10.71 103.97 £9.27 479
PP in the aorta (mm Hg) 40.77 £9.09 40.78+9.13 976
c-r PWV (m/s) 8.89+1.40 9.11+1.21 .380
c-f PWV (m/s) 8.52+1.21 8.46+1.36 .769
HR at rest (bpm) 67.05+7.39 63.17+7.00 .005
Alx (%) 19.78+£10.62 21.51+12.48 406
cIMT (um) 676.37+88.3 647.39+110.24 .106
Carotid stiffness (QCS) 4,06+1.05 3.99+1.19 837

BP: blood pressure; BMI: body mass index; VO, max: maximal oxygen
uptake; METs: metabolic equivalents of the task; HR: heart rate; T-Chol:
total cholesterol; LDL-Chol: low density lipoprotein cholesterol; TG: tri-
glycerides; HDL-Chol: high density lipoprotein cholesterol; Hs C-reactive
protein: high sensitivity C-reactive protein; BP: blood pressure; c-r PWV:
carotid-radial artery pulse wave velocity; c-f PWV: carotid-femoral artery
pulse wave velocity; MBP: mean blood pressure, HR: heart rate; PP: pulse
pressure; Alx: augmentation index; cIMT: common carotid artery intima—
media thickness; QCS: quality carotid stiffness.

Data are presented as mean+SD or in absolute numbers (n) and percent-
age in parentheses (%). p value in bold denotes a statistically significant
difference (p<.05).

At the baseline, there were no significant
differences between the study and control groups
according to age, sex, CRF parameters, blood and
arterial parameters, main anthropometric parameters,
smoking status, except for weight, arterial hyperten-
sion status, systolic BP, diastolic BP and HR at rest
(p<.05).

Based on the PA data received through the study
application, each participant from the study group on
average had 22.02+34.32 individual exercise training
sessions with HR targeting. The average workout lasted
for 30.16+20.16 min.

Parameter Description  Study group Control group p value **
VO2 max (ml/ N 40 46 945
kg/min)
Initial visit 19.90£3.95 20.91+4.65
Final visit 22.23+5.38 22.74+4.4
Change 2.33+£2.67§ 1.78+3.02
Effect size 0.870 0.591
p value* <.001 <.001
METs achieved N 41 47 .907
Initial visit 557+1.19 6.01+£1.33
Final visit 6.20+1.60 6.49+1.27
Change 0.62+0.79 § 0.47 £0.97
Effect size 0.785 0.489
p value* <.001 <.001

Data are presented as mean+SD. p value in bold denotes a statistically
significant difference (p<.05). N: sample size. Effect size — Cohen’s d
(Student’s t-test). VO, max: maximal oxygen uptake; METs: metabolic
equivalents of the task achieved. Data are presented as mean + Standard
deviation or %. p value in bold denotes a statistically significant difference
(p<.05). * p value calculated within the group using paired samples
T-test. Student’s t-test for normally distributed continuous data or the
Wilcoxon signed-rank test for non-normally distributed continuous data. **
p value calculated between the groups using multiple linear regression
(dependent variable at 8 months adjusted for group, sex, age and depen-
dent variable at baseline). $ non-normally distributed data (Wilcoxon
signed-rank test).

3.2. Changes in cardiorespiratory fitness
parameters

A significant increase in both CRF parameters, VO,
max, and METs achieved, was observed in both groups
after 8months of the program (all p<.001). The
between-group differences found in the change of VO,
max and METs achieved were not significant (p=.945
and p=.907, respectively). All changes in CRF parame-
ters after 8months are presented in Table 2.

3.3. Changes in arterial parameters

After 8 months of the program, statistically significant
improvement of c-r PWV was observed only in the
study group (a decrease of -11.37%, p<.001,
d=-0.671) with a significant between-group difference
(p = <.001). There was no statistically significant
improvement in ¢-r PWV in the control group (p=.121,
d=-0.251). The significant decrease in c-f PWV was
observed in both groups (-12.22% in the study group
vs. —7.85% in the control group, all p<.001). However,
the between-group difference found in the change of
c-f PWV was not significant (p=.144). The decrease in
PP in the aorta was not statistically significant within
the groups (all p>.05). In both groups, Alx values
decreased after 8 months without statistical signifi-
cance within groups (all p>.05). Only in the control
group the decrease in aortic MBP was significant
(p=.001, d=-0.528), however between-group differ-
ence was not significant (p=.512). The significant
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Table 3. Changes in arterial stiffness parameters after 8 months
of aerobic training program.

p value
Parameter Description Study group Control group **
PP in the N 51 47 .047
aorta Initial visit 40.75+£9.46 41.04+£9.21
(mmHg)  Final visit 38.63+9.38 40.94+10.67
Change -2.12+8.49 —0.11£8.01
Effect size —-0.250 —-0.013
p value* .081 928
c-r PWV N 49 40 <.001
(m/s) Initial visit 8.97+1.46 9.13+1.23
Final visit 7.95+1.20 8.76+1.07
Change -1.02+1.52 —0.37+£1.48
Effect size -0.671 —-0.251
p value* <.001 a21
c-f PWV N 46 48 144
(m/s) Initial visit 8.59+1.25 8.53+1.37
Final visit 7.54+1.11 7.86+1.25
Change -1.05+1.52 —0.67+£1.27
Effect size —-0.690 —-0.523
p value* <.001 <.001
Aix (%) N 41 32 017
Initial visit 19.90+10.11 25.38+11.48
Final visit 18.12+£8.70 23.72+8.10
Change -1.78+£6.63 -1.66+7.11°
Effect size —-0.269 —-0.233
p value* 0.093 0.564
Aortic MBP N 46 43 512
(mmHg) Initial visit 105.00£10.95 105.14+8.63
Final visit 102.50+9.23 100.60+9.31
Change -2.50+£9.67 —4.53+£8.59
Effect size -0.259 —-0.528
p value* .086 .001
cIMT (um) N 49 46 472
Initial visit 683.66+90.14 648.12+113.36
Final visit 660.95+79.14 641.78+103.89
Change —22.71+£78.97° —6.34+£72.04
Effect size —-0.288 —-0.088
p value* .032 554
Carotid N 42 40 .698
stiffness  Initial visit 3.98+0.98 4,01+1.21
(QCS) Final visit 3.92+1.00 4.01+£1.00
Change -0.06+0.97 0.004+0.96*
Effect size —0.065 0.004
p value* 678 762

Data are presented as mean+SD. p value in bold denotes a statistically
significant difference (p <.05). N: sample size. Effect size — Cohen’s d. PP:
pulse pressure; c-r PWV: carotid-radial artery pulse wave velocity; c-f PWV:
carotid-femoral artery pulse wave velocity; Alx: augmentation index; MBP:
mean blood pressure; cIMT: carotid artery intima—media thickness. Data
are presented as mean + Standard deviation or %. p value in bold denotes
a statistically significant difference (p <.05). *p value calculated within the
group using paired samples T-test. Student’s t-test for normally distributed
continuous data or the Wilcoxon signed-rank test for non-normally distrib-
uted continuous data. ** p value calculated between the groups using
multiple linear regression (dependent variable at 8 months adjusted for
group, sex, age, systolic blood pressure and dependent variable at
baseline).

2Non-normally distributed data (Wilcoxon signed-rank test).

decrease of 3.32% in cIMT value was present only in
the study group (p=.032, d=-0.288) but between
group difference was not significant (p=.472). No sta-
tistically significant improvement in carotid stiffness
was found in any of the groups (all p>.05). All changes
in arterial parameters after 8 months are presented in
Table 3 and Figure 3.

Comparing the dynamics of arterial stiffness among
the study participants according to the quartiles of the

baseline c-r PWV, we observed that c-r PWV change
after 8months of the program was dependent on the
initial magnitude of c-r PWV: the higher value of c-r
PWV was at baseline, the greater reduction of periph-
eral arterial stiffness was achieved. The reduction of c-r
PWV after 8months of the program occurred when c-r
PWV at baseline was in the 2nd quartile (> 7.90m/s)
(Table 4). Comparing the dynamics of arterial stiffness
according to the quartiles of the baseline c-f PWV, we
observed that the reduction of c-f PWV after 8 months
of the program occurred even in the lowest c-f PWV
quartile (Table 5).

4, Discussion

This study aimed to assess the changes in arterial stiff-
ness parameters and cIMT after the 2-month ambula-
tory supervised aEP on a cycle ergometer followed by
the 6-month home-based aEP with and without tar-
geting of HR by ECG in people with MetS. The analysis
demonstrated that this combination of 2-month ambu-
latory supervised aEP and successive 6-month
home-based ECG HR targeted aEP improved arterial
stiffness and cIMT even more than only the 2-month
ambulatory on a cycle ergometer followed just by PA
recommendations during home-based training.
Supervised aEP demonstrated their positive effect
on various arterial stiffness parameters among people
with MetS in several previously reported studies. In a
prospective study with 126 MetS subjects, 84 partici-
pants took part in a 2-month HR-targeted supervised
aerobic exercise program, which 5% decreased their
baseline arterial stiffness, measured as c-f PWV
(p=.005) [13]. Mora-Rodriguez et al. demonstrated that
6months of the intense aerobic interval training
improved arterial stiffness by 17% decreasing Alx
(p=.048) in people with MetS [41]. Although c-f PWV
also decreased in the training group after the aerobic
interval training, the between-group difference was
not significant [41]. Another study, which analyzed
female patients with MetS, showed that the supervised
aerobic exercise for 3months decreased brachial-ankle
PWV (p<.05) [14]. However, the aforementioned stud-
ies were conducted only on an outpatient basis, with
healthcare professionals directly supervising MetS
patients during all of their training. In our study with
132 MetS subjects, 8months of aEP consisted of the
ambulatory supervised aEP on a cycle ergometer for
2months followed by the home-based aEP for
6 months. Both, the study, and the control group, ini-
tially participated in the 2-month ambulatory super-
vised aEP and then only the study group exercised
with additional HR targeting by ECG during the
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Figure 3. Percentage changes in arterial parameters after 8 months. Data are presented as a percentage. p value in bold denotes
a statistically significant difference between groups (p <.05). * Statistically significant difference within group (p <.05). PP: pulse
pressure; c-r PWV: carotid-radial artery pulse wave velocity; c-f PWV: carotid-femoral artery pulse wave velocity; AIXHR75: augmen-
tation index; MBP: mean blood pressure; cIMT: common carotid artery intima—media thickness.

Table 4. The dependence of change in carotid-radial pulse
wave velocity on the magnitude of the baseline values in the
study group.

p value
adjusted for
the change

Baseline c¢-r Change of c-r in systolic
Quartiles PWV (m/s) PWV (m/s) p value BP
[ <7.90 0.45+1.05 <.001
Il 7.90-8.99 —0.66+0.96 .005
1] 9.00—-10.04 —-1.15+£1.22
[\ >10.05 —2.24+1.47

Data are presented as mean=SD. p value in bold denotes a statistically
significant difference (p<.05). c-r PWV: carotid-radial artery pulse wave
velocity; BP: blood pressure.

Table 5. The dependence of change in carotid-femoral pulse
wave velocity on the magnitude of the baseline values in the
study group.

p value
adjusted for
the change

Baseline c-f ~ Change of c-f in systolic
Quartiles PWV (m/s) PWV (m/s) p value BP
| <7.70 -0.14£1.10 <.001
Il 7.70-8.49 -0.13£1.24 <.001
I 8.50-9.29 -131+£1.28
\% >9.30 -238£1.15

Data are presented as mean+SD. p value in bold denotes a statistically
significant difference (p <0.05). c-f PWV: carotid-femoral artery pulse wave
velocity; BP: blood pressure.

6-month home-based training using wearable devices
in order to achieve purposeful improvement of arterial
stiffness and IMT parameters. The idea to analyze the
changes in arterial parameters between initial and
final visit during 8 months of aEP was supported by
the previously mentioned study with 126 MetS sub-
jects [13]. The study demonstrated that the positive
effect on arterial parameters was absent in the control
group, where subjects were asked to exercise individ-
ually for 2months based only on the given PA recom-
mendations without targeting their HR in the

outpatient clinic [13]. Since the 2-month ambulatory
supervised aEP has demonstrated its positive effect on
arterial parameters in MetS subjects [13], we think that
it is crucial to apply it before the home-based aEP as
an initial PA intervention, and that this combination of
aEP can lead to a greater improvement in arterial
parameters.

We demonstrated that cf PWV significantly
decreased in both groups (all p<.001) without signifi-
cant difference between the groups. It can be explained
by the fact that the control group subjects also partic-
ipated in the 2-month ambulatory supervised aEP
before the home-based training period without remote
supervision. However, a greater reduction of c-f PWV
was seen in the study group compared to the control
group (—12.22% vs. —7.85%). This result again confirms
that supervised outpatient aEP can effectively decrease
c-f PWV, as it was demonstrated in previously men-
tioned our and other studies [13,41]. Also, it shows
that the effect on c-f PWV can be residual even for
6 months after the supervised outpatient aEP.

Our main finding was that only in the study group
subjects we observed a significant decrease of 11.37%
in c-r PWV, (p<.001) with the between-group differ-
ence also being significant (p<.001). Only the study
group participants used wearable devices and tar-
geted HR additionally to maintain the assigned exer-
cise intensity by keeping their training HR during
home-based exercises, just as it was maintained
during the outpatient ambulatory akP. The significant
c-r PWV decrease in our study can be explained by
the properties of peripheral arteries, as they are more
muscular and stiffer than central arteries and can
larger adapt in response to exercise interventions as
was indicated [42]. Indeed, some studies have demon-
strated that aerobic exercise can have even a greater
effect on peripheral PWV rather than on central PWV
[43,44]. Although the role of c-r PWV in predicting CV
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disease is not well established, this parameter still has
clinical importance. Because of higher smooth muscle
content and increased vascular smooth muscle tone
in the peripheral arteries, c-r PWV can reflect the
functional aspect of arterial stiffness [45]. Moreover,
c-r PWV can be recognized as a functional measure of
arterial vasodilator reserve and maybe endothelial
function [46]. Overall, increased central or peripheral
arterial stiffness can indicate the arterial wall damage
and the progression of atherosclerosis.

In addition, we observed that the higher values of
c¢r PWV and cf PWV were at baseline, the greater
reduction of PWV was achieved after the 8-month aEP
in the study group. The reduction of c-r PWV after
8months of the program occurred when c-r PWV value
at baseline was in the 2nd quartile (> 7.90m/s). In line
with our results, a meta-analysis involving studies with
healthy adults and cardiometabolic patients demon-
strated that participants with stiffer arteries at baseline
(PWV > 8m/s) also had a greater reduction in PWV
after aerobic exercise interventions [43]. Moreover, lon-
ger aerobic exercise interventions (> 10weeks) tended
to result in larger arterial stiffness reduction [43]. Our
results highlight the importance of prescribing HR tar-
geted home-based aEP additionally to just provided
physical activity recommendations in outpatient akP in
order to achieve a greater impact of a home-based
exercise intervention on arterial wall parameters in
subjects with MetS.

We have found only two recently published studies,
which analyzed the effect of supervised home-based
aEP using wearable devices on arterial stiffness in car-
diometabolic patients. Scott et al. demonstrated that
in obese adults at increased CV risk, 3 months of virtu-
ally supervised home-based high-intensity interval
training significantly decreased aortic PWV, similarly to
fully supervised outpatient aEP [20]. Another study,
which involved 89 patients with type 2 diabetes,
showed that after the supervised walking program
using wearable devices arterial stiffness parameters,
measured as cardio-ankle vascular index and PP of the
lower extremities, decreased significantly (p=.012,
p<.001, respectively) [47]. These studies confirm that
virtually supervised home-based exercise can have an
independent positive effect on arterial stiffness in peo-
ple with MetS. Some advantage of our study is that
during home-based training we used a precise HR
monitoring by ECG instead of usually used pulse wave
based HR monitoring.

Another finding of our study was the significant
decrease in cIMT only in the study group subjects,
who participated not only in the 2-month outpatient
aEP but also in the 6-month ECG-targeted HR

home-based aEP (p=.032). Although the between-group
difference in the change of cIMT was not significant,
the change within the study group (-3.32% from the
baseline value) still shows some positive influence of
the ECG targeted home-based aEP on the cIMT param-
eter. In support of our finding, it was previously
demonstrated that cIMT did not change significantly
after 2months of outpatient aEP only [13,48]. A signif-
icant reduction in cIMT was recently demonstrated in
patients with type 2 diabetes after 1year of supervised
aerobic exercise combined with resistance training
[44]. It seems that longer duration of the supervised
aEP may also lead to a greater cIMT reduction in car-
diometabolic subjects. It is also important to mention
that these changes could be detected only when using
high-resolution echo-tracking technology [27,29].

It is worth to highlight that in our study CRF param-
eters, VO, max, and METs achieved, significantly
improved in both the study and control groups.
Therefore, only the monitoring of arterial parameters
allowed us to determine the positive effect of 8-month
aEP: supervised ambulatory and successive home-based
HR-targeted aEP on muscular artery stiffness and cIMT.

The present study has some potential limitations
which should be acknowledged. First, in this study, we
did not evaluate participants’ medications properly,
which always included BP and HR lowering and in
most subjects dyslipidemia control by statins. Even
after propensity score matching analysis, there were
significant differences in weight, systolic BP, diastolic
BP and resting HR between the study and control
groups at baseline. To add, there was missing data due
to the incomplete participation of some subjects in
the clinical evaluation during the first and final visit.
Moreover, we did not record any exercise training ses-
sions during home-based aEP in the control group
subjects because they were not supposed to use any
wearable devices or somehow track their exercises.
Meanwhile, the study group subjects used wearable
devices during home-based aEP but their main pur-
pose of use was to increase the motivation of the sub-
ject to exercise and help to maintain the appropriate
PA intensity by targeting HR during exercises, not to
receive all the PA data from participants. Hence, the
comparison of the number of exercise sessions
between the study and the control group during
home-based aEP was not analyzed in our study. The
important difference between groups besides the
given PA recommendations was the HR targeting
during home-based exercise sessions. Although our
8-month aEP program may not appear to be very
cost-effective, it was a relatively short PA intervention
and the tools used for self-monitoring were widely



available and were intended to maintain the subject’s
motivation to exercise. To add, the study cohort was
very homogeneous in terms of age and clinical condi-
tions, that limits the generalizability of our findings.
Nevertheless, to the authors’ knowledge, this is the
first study that evaluated changes after the supervised
ambulatory outpatient aEP followed by the home-based
HR targeted by ECG aEP in individuals with MetS.

5. Conclusions

The findings of this study suggest that the combina-
tion of 2-month ambulatory supervised aEP and suc-
cessive 6-month home-based aEP targeted by HR
monitoring using ECG improved arterial properties in
MetS subjects more than the same combination with-
out HR targeting, leading to the greater reduction of
¢-r PWV and cIMT. Our data foregrounds the impor-
tance of home-based training with HR targeting using
ECG in people with MetS.
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