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ABSTRACT

Introduction: Regular physical activity is rec-
ommended to patients with chronic coronary
syndrome (CCS). However, vigorous physical
exercise occurs as a risk factor of sudden cardiac
death (SCD). The effect of short-term and
irregular exercise is controversial. The aim of
this research is to assess the role of regular
training in the incidence of SCD and to identify
risk factors among patients with CCS partici-
pating in a long-term training program.
Methods: Data of risk factors, therapy, and
participation were collected retrospectively for a

10-year period, assessing the length and regu-
larity of participation. The incidence of SCD
and related mortality was registered. ANOVA, v2

test, and multinominal logistic regression and
stepwise analysis were performed.
Results: The Incidence of chronic kidney dis-
ease (CKD) was higher (p\ 0.01) and taking
beta-blockers (BBs) was lower (p = 0.04) in the
SCD group. Irregular training, lack of BBs,
smoking, and CKD increased the risk of SCD,
while female sex, angiotensin-converting
enzyme inhibitors, angiotensin II receptor
blockers (ACEI/ARBs), and BBs decreased the
risk of SCD.
Conclusions: Taking ACEI/ARBs and BBs
proved to be a protective factor, emphasizing
the use of optimal medical therapy. Assessment
of cardiac risk factors and control of comor-
bidities also proved to be important. The
occurrence of SCD was connected to irregular
physical activity, probably relating to the
adverse effects of ad hoc exercising.
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Key Summary Points

Why carry out this study?

Proper use of cardiac rehabilitation as
secondary prevention can lessen the
burden on other parts of healthcare,
providing benefits for patients.

The aim of this study was to assess the role
of regular and irregular physical exercise
and appropriate management of
cardiovascular risk factors in preventing
sudden cardiac death in patients with
chronic coronary syndrome.

What was learned from the study?

Beta-blocker medication should be used
according to the guidelines, since it can
decrease the mortality of post-infarct
patients, including mortality caused by
sudden cardiac death.

Chronic kidney disease can increase the
occurrence of sudden cardiac death when
combined with chronic coronary
syndrome, therefore adequate
management of chronic kidney disease is
required.

Physical activity is a crucial component of
cardiovascular prevention and all
patients with chronic coronary syndrome
meeting the requirements should be
taking part of a physical training program,
in a regular and controlled manner.

INTRODUCTION

At the close of the last century, global cardio-
vascular mortality surged to over 17 million
deaths per year. According to the latest OECD
data, there was a slight decrease in cardiovas-
cular mortality in Hungary between 2000 and
2017, showing a 16% reduction. However, the
figures remain more than twice the average of
the EU-28 countries, with 286 deaths in

Hungary per 100,000 compared to 115 in the
EU-28. Additionally, the 30-day mortality fol-
lowing an acute coronary event is significantly
higher in Hungary compared to other EU
member states and the 32 OECD countries,
standing at 15.2 in Hungary per 100 admissions,
in contrast to 9.5 in the EU [1]. Although the
primary care of acute myocardial infarction
(AMI) (i.e., catheter labs, professionals)
improved in the last 20 years, only 10–15% of
eligible patients were referred to cardiac reha-
bilitation programs, which according to the
National Myocardial Infarction Registry of
Hungary could be among others a reason of the
above-mentioned unchanged 30-day mortality
in Hungary [2, 3].

AMI is associated with acute myocardial
injury with clinical evidence of acute myocar-
dial ischemia. The term AMI should be used
when a rise and/or fall of cardiac troponin is
detected accompanying with at least of the
following: symptoms of myocardial ischemia,
new ischemic electrocardiographic (ECG)
changes, development of pathological Q waves,
imaging evidence, and identification of a coro-
nary thrombus [4].

Cardiac rehabilitation programs are profes-
sional and complex tools for effective secondary
prevention, and have I/A recommendations by
the European Society of Cardiology (ESC) and
American Heart Association/American College
of Cardiology (AHA/ACC) guidelines. The
objective of these programs is to reduce car-
diovascular mortality by lifestyle modification
(i.e., dietary changes, smoking cessation, psy-
chological intervention techniques, and opti-
mization of medical therapy) [5–8]. Most
guidelines recommend exercise-based cardiac
rehabilitation, since medically supervised
physical activity is an effective prevention
action for all-cause and cardiovascular mortal-
ity, especially in patients with chronic coronary
syndrome (CCS) [9, 10]. Several studies have
described and verified the importance of this
type of long-lasting, out-patient or home-based
physiotherapy after a coronary event [11–13].

Sudden cardiac death (SCD) is an unexpected
and nontraumatic form of death, which occurs
within 1 h after the onset or the worsening of
the symptoms [14–16]. Sudden cardiac arrest
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(SCA) shares similar underlying causes with
sudden cardiac death (SCD). However, in con-
trast, SCA is a non-fatal event, as the patient
does not progress to clinical death [15, 16]. SCD
is one of the leading causes of cardiovascular
death and has a significant contribution to high
lost life-years statistical data among young
people [16]. The occurrence clearly increases
after the age of 35 but slightly decreases after 75
[17]. Below the age of 65, the incidence in men
is four–sevenfold higher than in women
[16–19]. Although physical inactivity is a risk
factor for cardiovascular events, vigorous train-
ing could increase temporarily the risk for SCD
[20] and AMI [21]. Approximately 6–17% of
SCD cases occur during high-intensity physical
exercise [22, 23] both in non-regularly and
regularly exercising groups, but less frequently
in the latter [23]. During vigorous exercise, the
more rapidly elevating heart-rate could be
associated with higher incidence of SCD, which,
together with the recovery heart-rate profile
could be also a predictor of SCD [24]. However,
the overall risk in a habitually exercising pop-
ulation is not elevated; furthermore, the inci-
dence of cardiovascular events is lower [20].
Generally, the benefits of performing regular
physical exercise are beyond the SCD/SCA risk
both in healthy and CCS populations; however,
only few data are available regarding the inci-
dence of SCD in verified CCS populations per-
forming regular physical activity.

Our working group aimed to assess retro-
spectively the 11-year incidence of SCD/SCA in
a cohort of long-standing patients with CCS
attending a physical training program as part of
their outpatient cardiac rehabilitation. The
investigation intended to validate the hypoth-
esis, whether irregular physical training ses-
sions, even as part of a long-term physical
training program could increase the occurrence
of SCD/SCA. Our research intended to reveal
eventual interventional options considering
traditional cardiovascular risk factors, comor-
bidities, and medication as well.

METHODS

Patients and the Compounds
of the Physical Training

A group of 135 patients with CCS were involved
in this retrospective cohort study. Inclusion
criteria were prior ACS treated by percutaneous
coronary intervention (PCI) and/or acute coro-
nary artery bypass graft surgery (CABG) or
having a primary CABG surgery on the basis of
CCS. All the patients have been treated imme-
diately after the indexed cardiovascular event in
an inpatient cardiac rehabilitation unit at the
University of Pecs, Medical Centre, 1st Depart-
ment of Medicine, Division of Preventive Car-
diology and Rehabilitation. According to the
guidelines [25], 3 months after the index event
every patient has an extensive physical exami-
nation, echocardiography, and treadmill stress
test performed by Bruce protocol. After check-
ing the test results by a cardiologist, patients
with no residual symptoms, normal clinical
chemistry (normal potassium level, liver func-
tion, blood count, inflammation parameters,
troponin), EF[50%, MET[5, no significant
arrhythmia or ischemic sign on baseline ECG or
during the treadmill test and in the recovery
could enter the outpatient training program.
Patients with an indication for implantable car-
dioverter defibrillator (ICD) implantation are
excluded from the program; therefore, no
patients with ICD were included and no ICD
discharge occurred during the study. These
inclusion criteria are responsible for the rela-
tively good health of the patient group involved
in the study. Subsequently, our recruited sub-
jects participated in an outpatient cardiac
rehabilitation program for a minimum of
1 month. This program involved 1-h sessions of
physical training, held three times a week, and
was designed and conducted by a physiothera-
pist under the supervision of a cardiologist.
Patients were not obligatory to attend all
training sessions through the entire observa-
tional period. Due to personal or working issues,
other than health problems (i.e., new-onset of
arrhythmia, heart failure, acute coronary event,
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etc.), our patients may left transitionally or
permanently the training program.

The present aerobic exercise training pro-
gram used in our cohort study was preceded and
ended with blood pressure and pulse measure-
ments. The patients began with warm-up exer-
cises (breathing exercises, and stretching of the
large joints) for 5–10 min. In the second phase,
they participated in a moderate-intensity train-
ing. Intensity was defined as 50–70% of peak
VO2 (starting at 50% and gradually increasing
to 70% of VO2max). The intensity was assessed
by the Borg scale (13–15/20) [26] and pulse
measurements. The training involved static
(exercises with medicine ball, half-squats, toe
raises, body flexions) and dynamic (walking,
jogging, ball games e.g., basketball, football)
exercise elements. The aerobic phase lasted for
35–40 min. Finally, relaxation exercises were
performed (stretching and breathing exercises)
for 10 min.

Data Collection

Our cohort was created retrospectively by 135
patients on March 1, 2010, and was followed up
until March 1, 2021. The morbidity and mor-
tality data of the participants were collected
with retrospective data mining using the
e-MedSolution program, an integrated infor-
mation system of the patient care at the
University of Pecs.

We obtained the following demographical
and morbidity data from our patients: age, sex,
length of attending training and/or being
absent from training, cardiovascular risk factors
as smoking habits, baseline and output (at the
time patients left the training program) body
mass index (BMI), left ventricular ejection frac-
tion (LVEF) and metabolic equivalent (MET).
The D values of BMI, LVEF and MET were cal-
culated from baseline and output data (when
patient left program permanently) [baseline-
output/baseline] and used for further analyses.
Based on the total number of training sessions
within the observational period, patients with
higher than 90% attendance at training sessions
were considered as regular participants. In case
of more than 10% absence, the participation

was considered irregular. From a cardiovascular
aspect, important comorbidities, i.e., hyperten-
sion, diabetes, chronic kidney disease (CKD),
peripheral arterial disease (PAD), and the cur-
rently used CCS guideline recommended med-
ications, meaning angiotensin-converting-
enzyme inhibitors (ACEI) and angiotensin II
receptor blockers (ARB), beta-blockers (BBs),
statins, platelet aggregation inhibitors (PAI)
were also obtained.

The endpoint of the study was specified as
SCD or SCA, where SCD was defined as men-
tioned above as a clinical death and SCA as an
aborted case of SCD. The group that did not
experience any SCD or SCA events was defined
as the control group. The control study’s end-
point was either the end of the observational
period or death from a cause other than SCD/
SCA. Patients in the SCA group received
appropriate treatment and ICD implantation
after the event. However, since these patients
were unable to continue attending the program,
the SCA event marked the endpoint of the study
for them, and we did not collect further data for
these patients.

The study was approved by the Regional
Ethics Committee of the University of Pecs
(9274 – PTE 2022.). The study was conducted
according to the guidelines of the Declaration
of Helsinki. Informed consent was obtained
from all subjects involved in the study. We
would like to thank the participants of the
study.

Statistical Analysis

Differences were evaluated by IBM SPSS Statis-
tics� 20.0. Significance level was defined as
p\0.05.

In case of continuous variables (age, training
length of participation and absence, BMI, LVEF,
MET) differences between SCD and SCA group
and between SCD/SCA and control group were
evaluated by a one-way repeated ANOVA sta-
tistical test after using the Kol-
mogorov–Smirnov test to check on the
normality of the data distribution. Data are
shown as mean ± SEM.
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In case of categorical variables (sex, smoking,
comorbidities, medication), associations
between SCD and SCA group and between SCD/
SCA and control group were determined by
using chi-square test analyses. Data are shown
as percentage and incidence (absolute number
compared to total number).

Multinominal logistic regression and step-
wise analysis of the data were performed con-
sidering the principle of multicollinearity (all
independent variables have a variance inflation
factor under 1,2) [27] to reveal occurrence of
SCD/SCA using age, absent training months,
DBMI, DLVEF, DMET, diabetes, CKD, smoking,
taking ACEIs, ARBs, BBs, and statins as inde-
pendent variables.

Cox regression models were created as time-
to-event analyses regarding SCD/SCA event as
dichotomous categorical outcome to compare
independent variables age, sex, irregular train-
ing participation, CKD, BB, DLVEF, and smok-
ing. Estimated hazard ratios and related 95%
confidence intervals (CI) are shown.

Multinominal logistic regression and step-
wise analysis of the data were performed con-
sidering the principle of multicollinearity (all
independent variables have a variance inflation
factor under 1,35) [27] to reveal occurrence of
death between SCD and SCA subgroups using
sex, attending and absent training months,
taking ACEIs, ARBs, PAIs and statins as inde-
pendent variables.

Cox regression models were created as time-
to-event analyses regarding SCD and SCA
uncensored event among SCD and SCA sub-
groups as dichotomous categorical outcome to
compare independent variables sex, number of
training months, and irregular training partici-
pation, taking BBs. Estimated hazard ratios and
related 95% confidence intervals (CI) are
shown.

RESULTS

Population Characteristics

The mean age in our sample (n = 135) was
74 ± 0.58 years, 37.8% of the participants were
female, 62.2% male. The mean observational

period was 104 ± 24 months. We registered 17
(12.59%) deaths during the observational per-
iod: five patients died because of oncological
reasons, three of infection, one of hemorrhagic
stroke, one of gastrointestinal bleeding, one of
postoperative bleeding, two of heart failure, and
four SCD.

SCD/SCA was observed in eight patients
(5.93%) during the 11-year observational per-
iod; these patients formed the SCD/SCA group.
This group included two female (25%) and six
male (75%) patients with a mean age of
75.25 ± 2.55 years. Patients with SCD/SCA
spent 70.1 ± 15.7 months in the training pro-
gram on average and 4.9 ± 3.9 months in
absence. SCD could be reported in four cases
(2.96%), likewise SCA in four cases (2.96%).

The patients did not suffer SCD/SCA formed
the control group, which involved 127 cases
(94.07%). In the group we found 78 (61.42%)
male and 49 (38.58%) female patients with an
average age of 73.93 ± 3.65 years. These
patients have 70.61 ± 3.65 attending training
months, and 3.54 ± 0.71 absent months
(Table 1).

One-way ANOVA of the continuous variables
revealed no significant differences between
SCD/SCA and the control group regarding age
(p = 0.81), attending (p = 0.975), and absent
(p = 0.654) training months or in the baseline
BMI (29 ± 0.35 vs. 29.5 ± 0.53; p = 684), MET
(8.14 ± 0.92 vs. 8.6 ± 0.21; p = 0.632) and LVEF
(55.4 ± 1.9 vs. 56.1 ± 0.72; p = 0.874)
parameters.

Likewise, one-way ANOVA analysis was per-
formed to describe differences between SCD and
SCA subgroups, and it showed no significant
differences in any of the variables: age
(p = 0.756), months attending (p = 0.601) and
absent (p = 0.361), baseline BMI (29.5 ± 8.5 vs.
28 ± 8.01; p = 0.578), MET (7.25 ± 1.03 vs.
9.33 ± 1.9; p = 0.34), and LVEF (56 ± 2.8 vs.
54.75 ± 3.1; p = 0.812).

Comparison of the Categorical Variables

Results of the chi-square test showed no signif-
icant differences between the SCD/SCA and the
control group concerning sex, smoking, PAD,
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diabetes, hypertension, taking ACEI/ARB, sta-
tin, PAI. In contrast, data indicated a signifi-
cantly higher number of patients with CKD and
being an irregular trainer and significantly
lower number of patients taking BBs in the
SCD/SCA group compared to the controls
(Table 2).

Regression

Multinominal logistic regression and stepwise
analyses of the data were performed to predict
SCD/SCA occurrence concerning age, absent
training months, DBMI, DLVEF, DMET, diabetes,
CKD, smoking, taking ACEIs, ARBs, BBs, statins,
and PAIs as independent variables. The full
model statistically significantly predicts the
dependent variable better than the intercept-
only model alone (Pearson v2 = 0.011,
p = 1.000; df = 13, p = 0.001). Each of these
variables added statistically significantly
(p\ 0.001) to the prediction, df = 13, p = 0.001.

The variance analyses and regression test
findings were further verified with Cox regres-
sion proportional hazards model time-to-event
analyses with the uncensored event SCD or
SCA. Based on the findings of the statistical
analyses and the principle of multicollinearity
age, sex, irregular training participation, CKD,
BB, DLVEF, and smoking were included in a
multivariable prediction model. CKD, irregular
training, and BB were the strongest predictors,
but only CKD and BB reached a level of

significance. The presence of CKD increases the
risk for SCD/SCA; however, taking BBs is pro-
tective against it. Irregular training (p = 0.093)
could be considered a risk factor for SCD or SCA.
On the basis of the results, CKD and BB are true
predictors for SCD or SCA, and irregular train-
ing participation could presumably mean
higher risk (more, than four times higher, than
among not irregular trainers) (Fig. 1). Data are
shown as HR, 95% CI, and significance in
Table 3.

Multinominal logistic regression and step-
wise analyses of the data were performed to
predict death in front of aborted SCD (i.e., SCA)
concerning sex, attending and absent training
months, taking ACEI/ARB, PAI, and statin as
independent variables. The full model statisti-
cally significantly predicts the dependent vari-
able better than the intercept-only model alone
(Pearson v2\0.001, p = 1.000; df = 5, p = 0.05).
Sex (p = 0.02), attending (p = 0.05) and absent
training months (p = 0.02), taking ACEI/ARB
(p = 0.01) added statistically significantly

Table 1 Descriptive data of the subgroups

Variables SCD SCA Control

Sex

Male 75% 75% 61.42%

Female 25% 25% 38.58%

Age 74 ± 4.78 76.5 ± 1 73.93 ± 3.65

Months

attended

61 ± 19.41 79.25 ± 26.79 70.61 ± 3.65

Months

absent

1.00 ± 1.00 8.75 ± 7.78 3.54 ± 0.71

SCD sudden cardiac death, SCA sudden cardiac arrest

Table 2 Important guideline recommended medication

Medication SCD/SCA
(%)

Control
(%)

Significance

ACEI/ARB

1 75 80.65 p = 0.697

0 25 19.35

BB

1 50 80.65 p = 0.04

0 50 19.35

Statin

1 87.5 70.97 p = 0.313

0 12.5 29.03

Platelet aggregation inhibitor

1 87.50 91.13 p = 0.729

0 12.50 8.87

1: on medication; 0: not on medication
SCD sudden cardiac death, SCA sudden cardiac arrest,
ACEI/ARB angiotensin II receptor blockers, BB beta-
blockers
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(p\ 0.001) to the prediction, df = 2, p = 0.05.
The Cox regression showed no further signifi-
cance: female sex (p = 0.903; HR\0.001; CI

0.000–1.38E ? 48), higher number of training
months (p = 0.965; HR = 0.957; CI 0.134–6.85),
taking BBs (p = 0.932; HR = 0.001; CI
0.000–3.95E ? 62), irregular training participa-
tion (p = 0.986; HR 5.069; CI 0.000–1.4E ? 80).

DISCUSSION

SCD is not just a medical condition but a very
important economic parameter, as even in the
industrialized countries only 50% of SCD vic-
tims survive. In recent decades, sudden cardiac
death (SCD) has garnered significant attention,
particularly because young athletes unexpect-
edly died from cardiac causes during physical
activities. While physical training becomes an
important part of everyday life, its safety should
be considered as crucial. The currently pub-
lished ESC guidelines recommend moderate
physical activity for apparently healthy people
even above the age of 65 [28]. By prescribing
physical exercise, the guideline defines the FITT

Fig. 1 Results of the survival analyses for irregular training attendance

Table 3 Results of the Cox regression predicting SCD/
SCA

Variable Exp
(B)

95% CI Significance

Sex 0.303 0.012–7.611 p = 0.468

Irregular training 4.295 0.783–23.57 p = 0.093

Chronic kidney

disease

13.883 1.069–180.289 p = 0.044

Age 1.112 0.946–1.308 p = 0.197

DLVEF 0.898 0.765–1.054 p = 0.189

BB 0.107 0.013–0.911 p = 0.041

Smoking 1.608 0.211–12.242 p = 0.647

SCD sudden cardiac death, SCA sudden cardiac arrest, BB
beta-blockers, LVEF left ventricular ejection fraction, CI
confidence interval
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discipline, which describes the frequency,
intensity, time, and type of physical activity. In
elderly people who are fit and have no health
conditions that limit their mobility, the guide-
lines recommend moderate training 150 min
weekly [28].

In case of patients with long-standing CCS,
cardiac rehabilitation programs could offer safe
and very effective physical training possibilities.
This form of activity has a significantly positive
effect on the cardiovascular outcomes (reduced
rehospitalization and cardiovascular mortality)
(IA recommendations) [25, 29]. Although these
patients should also be encouraged to perform
physical activity, there are several factors such
as critical coronary stenosis, LVEF\50% with
wall motion abnormalities, inducible myocar-
dial ischemia on exercise testing, non-sustained
ventricular tachycardia, or ACS with PCI within
12 months, which could contribute to an exer-
cise-induced adverse cardiac event (e.g., SCD or
SCA) [28]. Therefore, patients with long-stand-
ing CCS should always undergo risk stratifica-
tion before starting an exercise program [28].
Thereafter, physical training is recommended
for all patients with long-standing CCS at low
risk for exercise-induced adverse event (IIaC
recommendation) [28]. Patients at high cardio-
vascular and/or exercise-induced adverse event
risk or with residual ischemia should not per-
form any kind of competitive sports (IIIC rec-
ommendation) [28].

The present investigation was based on an
11-year follow-up, observational cohort with
135 patients with long-standing CCS. Our study
aimed to evaluate the role of irregular partici-
pation as a risk factor for SCD/SCA in an out-
patient training program for patients with long-
standing CCS.

Significance of Effective Treatment
of Comorbidities and Medication

Findings of the population characteristics
determined a homogenous group of patients
regarding age, left ventricular ejection fraction,
BMI, and MET. The analyses of the nominal
variables comparing control and patients with
SCD/SCA revealed higher incidence of CKD and

lower number of patients on BBs in the SCD/
SCA group. However, BBs are one of the four
recommended medications in case of post-my-
ocardial infarction patients with IA level of
evidence; only 50% of the patients in the SCD/
SCA group regularly take BBs, while the amount
was 80.6% in the control group [29]. However,
during the examined period, there were signif-
icant changes in the related guidelines affecting
medical therapies (i.e., recommendations about
the length of dual antiplatelet therapy), the
importance and positive effect of BBs on mor-
tality and recurrent cardiovascular events are
widely described and proven by several ran-
domized, multicenter clinical trials in the last
20 years [30–34]. BBs have even more significant
mortality-reducing effect in patients after CABG
surgery [29]. Recent studies addressing the
uncertainty regarding the ideal length of BB
therapy after MI may suggest that beyond the
first year, the BB therapy is not associated with
improved cardiovascular outcomes in case of
patients without heart failure or LVSD [35]. All
of our patients were treated in accordance with
the current long-standing-CCS guideline rec-
ommendations, including the BB therapy [29].
The main effect is the oxygen demand
decreasing (therefore antianginal) effect and
vasodilatation in case of carvedilol and nebi-
volol. The connections between BBs and
reduced risk of SCD/SCA are also well described
in previous clinical trials [36], although differ-
ences were observed between the lyophilic and
hydrophilic types [37]. In concordance with the
mentioned studies, our multinominal logistic
regression analyses and Cox regression have
proved that the underuse of BBs significantly
added to the prediction of SCD/SCA. According
to the latest ESC guidelines on cardiovascular
disease prevention published in 2021, BBs are
effective in the secondary prevention of STEMI.
They are underused by clinicians because of
their potential side effects (e.g., fatigue,
depression, bradycardia, heart block, bron-
chospasm, peripheral vasoconstriction, postural
hypotension and impotence), especially in the
case of elderly patients [38, 39]. The underuse of
BBs in our patients underlines the importance
of regular recheck of the optimal medical
treatment. The slow doses up-titration of BBs or
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even ACEIs/ARBs or statins is the key element in
avoiding side effects (e.g., hypotension, fatigue,
dizziness, muscle weakness) and in securing
better medication adherence.

Patients suffering from CKD were more pre-
sented in the SCD/SCA group. CKD was defined
as a glomerular filtration rate of 60 ml/min or
less for at least 3 months. Since dialysis patients
were excluded from the training program, such
patients did not participate in the study. CKD is
a major cardiovascular risk factor for CCS, but
cardiovascular complications also frequently
occur as major fatal events in patients with CKD
[40, 41]. There is a linear connection between
increasing cardiovascular risk and decreasing
glomerular filtration rate (GFR). According to
our results of the multinominal logistic regres-
sion and Cox regression analyses, CKD is a very
important risk factor of SCD/SCA. The propor-
tional hazards model was used to validate these
findings, and the results suggest that the pres-
ence of CKD increases the incidence of SCD/
SCA by nearly 14 times. Taking BBs is also a
significant predictor, and decreases the occur-
rence of SCD/SCA. Previous studies have also
observed a lower occurrence of SCD and lower
overall mortality in patients with CKD who
were treated by regular hemodialysis and were
on BBs, compared to similar group of patients
but without BB treatment [42].

The other investigated traditional comor-
bidities, risk factors, and medication of our CCS
population as hypertension, diabetes, smoking,
PAD, ACEI/ARBs or statins, were not statistically
significantly different in the control and SCD/
SCA group. Still in our multinominal logistic
regression analysis model we have verified that
proper medication (RAAS inhibitor, BBs, sta-
tins), smoking, and diabetes have all together a
significant role in the prediction of SCD/SCA.
As atherosclerosis is the most important risk
factor for SCD/SCA, the lipid target levels are
very important [43]. Taking ACEI/ARBs and
reduced risk for SCD/SCA could play an impor-
tant role, since every patient in the SCD/SCA
group had hypertension, which itself increases
the risk for SCD/SCA. Based on the 2020 ESC
guideline, ACEI/ARB treatment is a I/A recom-
mendation in patients with previous myocar-
dial infarction and/or revascularization [29],

since RAAS inhibitors have a proven, reducing
effect on cardiovascular mortality in this group.
This may underline that well-treated hyperten-
sion has a positive effect on survival, presum-
ably via the known anti-remodeling effect of
RAAS inhibitors. Even the calculated DBMI,
DMET, and DLVEF parameters were significant
in our regression model. As already discussed,
reduced LVEF is the most important predictive
factor of SCD [18, 44, 45]. Therefore, the
detection of impaired LVEF and presumably
MET (by regular exercise testing and echocar-
diographic controls) can help to identify high-
risk patients by whom regular physical activity
has to be stopped (at least until the required
therapies/solutions for the underlying causes
are settled) and/or even prophylactic ICD
implantation is needed [46].

Significance of Irregular Training

Our study showed no differences in training
and absent training months between control
and SCD/SCA group. However, the absolute
numbers of training months could be confusing
because the participants perform training not
with the same length. Therefore, we considered
patients with more than 10% absent training
months (calculated: total training months/ab-
sent training months) irregular trainers. If we
analyzed irregularity, our results revealed a
higher number of irregular trainees among the
SCD/SCA group compared to the control.
According to other studies assessing habitual
physical activities among patients with CCS, we
can declare that any kind of regular habitual
exercising is associated with lower all-cause and
cardiovascular mortality compared to sedentary
patients [47]. Habitual exercise caused even
greater risk reduction in high-risk CCS patients.
Furthermore, among physically active patients,
exercising more was associated with lower car-
diovascular mortality [47]. Our results are in
concordance with those previous findings veri-
fying the cardioprotective effect of regular
physical activity [9, 10]. On the other hand,
they raise a question about the role of irregular
physical activity. Based on our Cox regression
results, irregular training could be associated
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with higher risk for overall occurrence of SCD/
SCA. This result may suggest that the frequency
of physical exercise affects not just the inci-
dence but even the survival of a SCD/SCA event
in patients with CCS, which makes the adher-
ence to the life-style changes as important as
the adherence to OMT is. Further multicenter
research is certainly needed to univocally prove
this assumption.

STRENGTH AND LIMITATIONS

The strength of our study lies in the homo-
geneity of the enrolled patient group and the
high-quality, reliable data stored in our medical
information system. This is further enhanced by
the close contact with patients during their
participation in the training program.

The number of patients who could have been
involved is limited by the generally low partic-
ipation in cardiac rehabilitation [2] and the
specific requirements of the training program
(e.g., regular availability during working hours).
In spite of the number of patients with CCS
participating in our study, the quality of our
results is limited by the low incidence of SCD/
SCA events during the 11-year observational
period, although the low occurrence validates
the safety of our training program. In the study,
we only included patients with previous coro-
nary revascularization.

Some of our variables show only a weak
connection to the investigated SCD and SCA.
However, they should still be considered note-
worthy and warrant confirmation through fur-
ther randomized, multicenter clinical trials.

CONCLUSIONS

All of the above discussed findings of our study
highlight the strong connection between com-
plex but adequate treatment of CCS risk factors
and comorbidities (especially CKD) as well as
the guidelines recommended optimal medical
treatment (especially BBs). Our results demon-
strate that physical activity is a crucial compo-
nent of cardiovascular prevention. Therefore,
all patients with CCS who meet the

requirements should participate in a physical
training program, preferably in an organized,
regular, and controlled manner. Properly
secured and professionally supervised programs
should be available within the framework of
cardiac rehabilitation departments. Physical
activity programs should run in conjunction
with patient education, which has a particularly
important role regarding better compliance,
medication adherence and lifestyle manage-
ment, and should cover the management of
symptoms and acute events possibly occurring
during exercising. Before participation in exer-
cise-based cardiac rehabilitation programs, a
proper risk stratification should be assessed
regarding exercise-induced adverse cardiac
events, and after starting physical activity an
irregular and short-term attendance should be
avoided. Both healthcare facilities and patients
should strive to form and maintain good quality
and regular frequency of the training programs
as a complex system of safe cardiac prevention
and rehabilitation.
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