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ABSTRACT
Introduction Atrial fibrillation (AF) is the most common 
form of cardiac arrhythmia and is associated with a 
number of comorbidities such as coronary artery disease 
and heart failure. While physical activity is already 
implemented in current international guidelines for the 
prevention and treatment of AF, the precise role of different 
types of exercise in the management of AF remains to 
be elucidated. The primary aim of the Cologne ExAfib 
Trial is to assess the feasibility and safety of different 
exercise modes in patients diagnosed with paroxysmal 
AF. Secondary outcomes include assessments of physical 
function, AF burden, quality of life and inflammation, as 
well as morphological and cardiac adaptations.
Methods and analysis The study opened for recruitment 
in September 2019. In the initial pilot phase of this four- 
armed randomised controlled trial, we aim to enrol 60 
patients between 60 years and 80 years of age with 
paroxysmal AF. After screening and pretesting, patients are 
randomised into one of the following groups: high- intensity 
interval training (4×4 min at 75%–85% peak power output 
(PPO)), moderate- intensity continuous training (25 min at 
55%–65% PPO), strength training (whole body, 3 sets of 
6–12 repetitions at 70%–90% one repetition maximum 
[1RM]) or a usual- care control group. Training is performed 
two times per week for 12 weeks. If the feasibility and 
safety can be confirmed through the initial pilot phase, the 
recruitment will be continued and powered for a clinical 
endpoint.
Feasibility and safety are assessed by measures of 
recruitment and completion, programme tolerance and 
adherence as well as reported adverse events, including 
hospitalisation rates. Secondary endpoints are assessed 
by measures of peak oxygen consumption and the 1RM 
of selected muscle groups, questionnaires concerning 
quality of life and AF burden, serum blood samples for 
the analysis of C reactive protein, interleukin-6, tumour 
necrosis factor alpha and N- terminal pro- brain natriuretic 
peptide concentrations and ultrasound for muscle and 
heart morphology as well as cardiac function.
Ethics and dissemination Ethics approval was obtained 
from the ethics committee of the German Sport University 
Cologne (No.: 175/2018). All procedures performed in 
studies involving human participants are in accordance 
with the ethical standards of the institutional and/
or national research committee and with the 1964 
Declaration of Helsinki and its later amendments or 

comparable ethical standards. Manuscripts will be 
written based on international authorship guidelines. No 
professional writers will be commissioned for manuscript 
drafting. The findings of this study will be published in 
peer- reviewed journals and presented at leading exercise 
and medicine conferences
Trial registration number The study is registered 
both at the German and at the WHO trial registers 
(DRKS00016637); Pre- results.

INTRODUCTION
Atrial fibrillation (AF) is the most common 
form of cardiac arrhythmia, with an estimated 
European prevalence of ~2%.1 Although this 
may be significantly lower compared to other 
cardiovascular diseases such as arterial hyper-
tension, the prevalence of AF is age depen-
dent, reaching highly significant numbers 
among seniors. Thus, AF has been reported 
to affect ~8% of adults above 65 years of age, 
reaching levels of >15% in age groups of over 
80 years.1 Due to the demographic transition 
towards an inverted age pyramid, by 2060 the 
number of patients will double among the 
>65- year- old adults and will even triple among 

Strengths and limitations of this study

 ► First clinical trial to investigate the effects of high- 
intensity interval training, moderate- intensity con-
tinuous training and strength training in patients 
with paroxysmal atrial fibrillation.

 ► Due to the single centre design, we do not expect 
major protocol deviations.

 ► An initial pilot phase allows for refining of the clinical 
endpoint and/or study arms after safety and feasi-
bility assessment.

 ► Due to the nature of the disease, detection of the 
disease burden may be limited by a 48- hour Holter 
ECG recording.

 ► Selection bias is unavoidable in this population, 
since individuals who are more prone to exercise 
are more likely to participate in the study.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-040054 on 31 O

ctober 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-0842-9886
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-040054&domain=pdf&date_stamp=2020-010-31
http://bmjopen.bmj.com/


2 Zacher J, et al. BMJ Open 2020;10:e040054. doi:10.1136/bmjopen-2020-040054

Open access 

the >80- year- old adults, producing ~25 million seniors 
with AF in the European Union.1

Based on the disease progression, AF may be classified 
into paroxysmal (ie, self- terminating or cardioverted 
within 7 days), persistent (ie, AF persisting for >7 days), 
long- standing persistent (ie, persisting for >1 year) or 
permanent (ie, arrhythmia is accepted and restoration 
of sinus rhythm is no longer pursued).2 Symptoms may 
include dyspnoea, palpitations and angina pectoris, all 
of which can dramatically decrease overall quality of life 
(QoL). Moreover, AF is often accompanied by severe 
comorbidities, such as coronary artery disease, stroke and 
heart failure, making it a leading cause for hospitalisa-
tion.3–6 Thus, the treatment depends on both the severity 
of symptoms as well as the diagnosed comorbidities and 
may include stroke prevention via oral anticoagulation, 
medical rate control and rhythm control via medication, 
cardioversion or ablation therapy.7 However, despite 
recent advances in medical and interventional care, the 
socioeconomic burden remains immense and is expected 
to increase even further with the demographic change in 
society.

In addition to conventional medical treatment, lifestyle 
interventions have recently gained scientific interest. 
These mainly include the management of risk factors, 
such as overweight, hypertension and hyperglycaemia.8 
However, studies have shown that a sedentary lifestyle 
significantly increases the risk for AF, while already 
moderate levels of physical activity appear to be a prom-
ising countermeasure.9 Surprisingly, studies specifically 
assessing the effects of distinct exercise interventions with 
the aim of improving physical fitness and QoL, while at 
the same time reducing AF burden, are scarce.10–12

In a previous large- scale randomised controlled trial 
(RCT), Risom et al showed an increase in aerobic capacity 
following 12 weeks of combined aerobic and strength 
training (STR) but effects on AF burden or hospitalisation 
were not investigated.13 In addition, in a study by Malmo 
et al, a significant reduction in AF burden and concomi-
tant increase in peak oxygen consumption (VO2peak) and 
QoL were observed following 12 weeks of aerobic high- 
intensity interval training (HIIT).14 However, in subse-
quent meta- analyses, it was concluded that the number of 
high- quality RCTs is insufficient to adequately deduce the 
effects of exercise- based interventions in the treatment 
of AF.11 12 This concern was also confirmed in a recent 
systematic review, including the safety aspects of physical 
training in AF patients, irrespective of whether patients 
were classified as paroxysmal, persistent or permanent.15

While physical activity is already reflected in current 
international guidelines for the prevention and treatment 
of AF,7 16 specific recommendations concerning different 
exercise modes (ie, aerobic vs resistance training) and 
intensities (low- intensity continuous vs HIIT) are lacking. 
The Cologne ExAfib Trial is a phase I clinical trial that 
primarily aims at systematically assessing the effects 
of distinct exercise modes on the feasibility and safety 
of patients diagnosed with paroxysmal AF. Secondary 

outcomes include assessments of the physical function, AF 
burden, QoL, inflammation, muscle morphology as well as 
cardiac function. The outcomes of this trial will be used to 
further improve clinical knowledge pertaining to exercise 
prescription for AF patients. In addition, findings of this 
study will also be used to design phase II trials, which will 
help to establish guidelines for exercise prescription.

MATERIALS AND METHODS
The current study is carried out in accordance with the 
Declaration of Helsinki and received ethical approval by 
the local ethics committee (175/2018, German Sports 
University Cologne, Germany). All participants are 
comprehensively informed about the study procedures 
and are requested to provide a signed informed consent 
prior to participation by the authorised study personnel. 
Personal information about potential and enrolled 
participants will be collected, shared and maintained, 
according to European regulations in order to protect 
confidentiality. The presented protocol is version 2.0. 
Protocol modifications, if any, will be entered into the 
trial registry.

Study design
The Cologne ExAfib Trial is a prospective four- armed, 
randomised controlled single- centre trial (figure 1). The 
study opened for recruitment in September 2019 and is 
still ongoing. Testing and interventions take place at the 
German Sport University Cologne, Germany. The study 
coordinator is responsible for data handling and storing 
and is solely able to access the final data set.

Following recruitment and pre- screening, patients 
are randomised into one of the four groups: moderate- 
intensity continuous training (MICT), HIIT, STR or 
usual care (CON). After screening, patients that are 
randomised to the exercise groups perform 12 weeks of 
supervised exercise training. Patients that are randomised 
to the usual care group are asked to continue with daily 
habitual activities but are also offered to participate in 
supervised exercise training after completion of the 
study. All patients are followed- up at 3 months after the 
completion of the intervention period.

Patient recruitment
Patients are recruited by invitation of their treating 
practitioner. Local hospitals and practitioners provide 
eligible patients with written information on the study 
procedures and refer these patients to the study coordi-
nator. The inclusion and exclusion criteria are presented 
in table 1. For detailed information, see online supple-
mental appendix 1.

Patient and public involvement
Patients and the public were not involved in any way.

Sample size calculation
Due to the novelty of this phase I clinical trial with the 
primary endpoint of safety and feasibility, the sample 
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size was assessed based on previous studies investigating 
the effects of aerobic13 or combined aerobic and STR14 
on secondary outcomes, such as physical function. The 
sample size calculation was performed by G×power 
(V.3.1.9.2, Heinrich Heine University, Dusseldorf, 
Germany). For an effect size of 0.5, with a power (1-β) of 
0.8 and an alpha level of 0.05 (two- tailed), a total of at least 
40 patients would be needed. Since attrition is not known 
in this population and data on safety and feasibility are 
lacking for some of the exercise interventions used, we 
will initially include 60 patients (15 per group). Based on 
the initial findings, recruitment will then continue with 
distinct exercise regimens and will be powered based on 
a clinical endpoint.

Screening and randomisation
This trial spans over a total duration of 14 weeks (including 
one week for baseline and endpoint testing, respectively) 
and a 3- month follow- up. After pre- screening and base-
line testing, the patients are randomly allocated in a ratio 
of 1:1:1:1 into the four study arms. Randomisation is 
performed by a research officer with no patient contact 
using a stratified minimisation approach by Randomisa-
tion In Treatment Arms (RITA Evident, Germany). The 
stratification factors include patients’ (1) age, (2) gender 
and (3) BMI. Study investigators and exercise physiolo-
gists conducting testing procedures are blinded to group 
allocation.

Interventions
Patients randomised into one of the training groups 
perform supervised training two times per week over a 
total duration of 12 weeks. All training sessions are elec-
tronically recorded (heart rate, workload, sets and repe-
titions). In addition, a one- lead ECG is used in order to 
continuously monitor cardiac function throughout each 
training session by means of beat- to- beat recordings with 
an amplitude frequency of 0.05–125 Hz. Habitual phys-
ical activity is assessed objectively in all groups (including 
CON) by a wrist- worn activity tracker (ActiGraph GT9X, 
ActiGraph, LLC, Pensacola, Florida, USA). Assessment 
of habitual physical activity takes place over 7 days at the 
following timepoints: baseline, after 6 weeks (mid- point 
testing), after 12 weeks (endpoint testing) as well as at the 
3- month follow- up.

All training sessions are time matched (ie, 40 minutes). 
Training sessions include a standardised warm up 
(5- minute cycling at 30% of peak power output (PPO)) 
and cool down (10- minute cycling at 30% of PPO). Each 
training session is concluded by an additional 10- minute 
recovery period, including a standardised stretching 
routine. Perceived exhaustion, pain and dyspnoea are 
assessed by visual analogue scales ranging from 0 (no 
symptoms) to 10 (severe symptoms), prior to as well as 
immediately after each training session.

Figure 1 Timeline. CON, Usual care; HIIT, High- intensity interval training; MICT, moderate- intensity continuous training; STR, 
Strength training.

Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Women and men 
with symptomatic 
paroxysmal atrial 
fibrillation (EHRA ≥2)

Participation in regular aerobic or 
resistance exercise training in the 
last 6 months (>60 min/week) or 
former high- performance athletes

Age of 60–80 years Left ventricular ejection fraction 
<40% during sinus rhythm

BMI ≤35 kg/m2 Significant valve disease

Implanted cardiac pacemaker, ICD 
or resynchronisation therapy

Coronary artery disease with 
insufficient revascularisation or 
unstable angina pectoris

Uncontrolled limiting comorbidities 
(hypertension, diabetes mellitus, 
hyperthyroidism, etc)

Prior pulmonary vein ablation

Any contraindication to strenuous 
exercise or testing

BMI, body mass index; EHRA, European heart rhythm association; 
ICD, implantable cardioverter defibrillator.
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MICT
Training is performed on a stationary cycle ergometer 
(Ergoline ergoselect, Bitz, Germany) at a target exercise 
intensity of 55%–65% of PPO for 25 minutes. Initially, 
the training intensity commences at 55% of PPO and is 
progressively increased by 5% every 4 weeks.

HIIT
Training is performed on a stationary cycle ergometer 
(Ergoline ergoselect, Bitz, Germany) and consists of 
4×4 min at 75%–85% of PPO, separated by a 3- minute 
active rest at 30% of PPO. Initially, the intensity of high- 
intensity bouts commences at 75% PPO and progressively 
increases by 5% every 4 weeks.

STR
Training consists of the following upper and lower body 
exercises, using pneumatic devices (HUR Healthfitness 
Equipment, Kokkola, Finland): leg press, knee extension, 
hamstring curls, seated chest press, seated row, lat pull 
down and shoulder press. Exercise loads are determined 
individually as percentage of the one- repetition maximum 
(1RM). The exercises are performed as a circuit with a 
2- minute rest between sets. Every session includes leg 
press, seated row and chest press, while shoulder press or 
lat pull down as well as knee extension or hamstring curls 
are performed on alternating days.

The STR intensity is progressively increasing every 
2 weeks until week 8 as follows: 3 sets of 12 repetitions at 
70% 1RM, 3 sets of 12 repetitions at 75% 1RM, 3 sets of 
10 repetitions at 80% 1RM and 3 sets of 10 repetitions at 
85% 1RM. The sessions of the remaining 4 weeks consist 
of 3 sets of 6 repetitions at 90% 1RM.

Measurements
All primary and secondary endpoints are assessed at 
baseline (T0) as well as at endpoint testing (T2) and the 
3- month follow- up (figure 1 and table 2). Venous blood 
samples are additionally drawn at midpoint testing (T1). 
Additional measures of feasibility and safety are assessed 
throughout the study period (table 3).

Primary endpoints
Feasibility of the exercise interventions will be quantified 
by measures of recruitment and completion, programme 
tolerance and programme adherence (table 3). In order 
to calculate recruitment rates, the number of referrals will 
be compared with the number of patients who are deemed 
eligible after pre- screening. In addition, eligibility rates 
will be determined by the ratio of eligible patients and 
those actually enrolled in the trial. Programme tolerance 
will be assessed by measures of perceived exhaustion, 
pain and dyspnoea as well as continuous ECG record-
ings throughout each training session. The number of 
completed training sessions as well as the time and/or 
sets completed in each training session will determine 
programme adherence.

Patient safety will be assessed by means of recorded 
adverse and severe adverse events as well as hospitalisation 

rates (table 3, modified from Hart et al17). Adverse events 
and severe adverse events will be graded as adapted from 
the NCI Common Terminology Criteria for Adverse 
Events V.5.0, including also events related to exercise 
training (such as muscular pain and fatigue).

Secondary endpoints
Physical function
Physical function will be determined by measures of 
aerobic capacity and maximal strength. Aerobic capacity 
defined as VO2peak will be determined by a cardiopulmo-
nary exercise test on a cycle ergometer (Ergoline ergose-
lect, Bitz, Germany). In line with the guidelines provided 
by the WHO, the test commences at a load of 25 W and 
is increased by 25 W every 2 minutes until voluntary 
exhaustion. Patients are requested to maintain a pedal-
ling frequency of 70±5 revolutions per minute. The test is 
supervised by a cardiologist and ECG is recorded consis-
tently. Early termination due to acute clinical contraindi-
cations are subject to further investigation. In addition, 
capillary blood samples are collected from the earlobe 
at the end of each stage for the determination of blood 
lactate concentrations. Breathing gases, heart rate and 
subjective perceived exertion are monitored throughout 
the test.

Maximal strength is assessed by the 1RM for the 
following muscles, using pneumatic devices (HUR Health 
fitness Equipment, Kokkola, Finland): leg press, seated 
chest press and seated row.

Table 2 Measurements

T0 (baseline testing)

T1 (midpoint 
testing, after 
6 weeks)

T2 
(endpoint 
testing)

T3 
(3- month 
follow- up)

Venous blood sampling Venous blood 
sampling

Idem T0
  
  
  
  
  
  
  
  

Idem T0
  
  
  
  
  
  
  
  

Bioimpedance analysis  

 

Echocardiography

Cardiopulmonary 
exercise test

Maximal strength test

Resting ECG (48 hours)

Resting blood pressure 
and arteriography

Panoramic ultrasound 
of vastus lateralis and 
rectus femoris

Questionnaires (SF-36, 
IBL- VF, PSQI)

IBL- VF, Questionnaire on the burden and quality of life in 
patients with atrial fibrilation; PSQI, Pittsburgh Sleep Quality 
Index; SF-36, 36- item Short Form Health Survey.
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AF burden and quality of life
The AF burden is assessed by means of ECG recordings 
at rest and during exercise as well as by questionnaires. 
Specifically, the total number and overall duration of AF 
episodes recorded by a 3- lead resting ECG for 48 hours 
(Holter ECG, Amedtec, Aue, Germany) as well as in the 
ECG obtained during each exercise and the postexercise 
recovery period (Ergoline ergoselect, Bitz, Germany) are 
assessed. In addition, patients are requested to complete 
the QoL in patients with atrial fibrillation (IBL- VF) ques-
tionnaire. Furthermore, the 36- item Short Form Health 
Survey (SF-36) is used to assess overall QoL, while quality 
of sleep is assessed by the Pittsburgh Sleep Quality Index.

Inflammatory profile
The following parameters will be analysed from venous 
blood, as surrogate measures of inflammation: C reac-
tive protein (CRP), interleukin-6 (IL-6), tumour necrosis 
factor alpha (TNF-α) and collagen turnover markers, 
such as matrix metalloproteinases 1, 2 and 9, carboxy- 
terminal telopeptide of collagen type I and propeptide of 
procollagen type I.

Muscle morphology
Anatomical cross- sectional area of the vastus lateralis and 
rectus femoris muscles is assessed by the extended field of 
view mode, using a Vivid iq ultrasound system equipped 

with a 5- cm 3–9 MHz linear- array probe (Vivid iq, GE 
Healthcare Systems, USA, 2018).

Cardiovascular morphology and function
Echocardiography is carried out by a Vivid iq with a 
M5Sc 1.5–4.6 transducer (GE Healthcare Systems, 
Boston, MA, USA, 2018), with the participant in a 
semi- supine resting position. Conventional echocar-
diography includes standard measurements of cardiac 
dimensions, contractility and diastolic function. 
Speckle tracking images for calculation of myocardial 
strain are recorded in apical 3- chamber, 2- chamber 
and 4- chamber views for longitudinal values and in the 
parasternal short axis at the level of papillary muscles 
for circumferential and radial values. The analysis of all 
images will be performed using the EchoPac Software 
V.203 (GE Healthcare, Boston, MA, USA). In addi-
tion, 48- hour ECG recordings are performed (Holter 
ECG, Amedtec, Aue, Germany), in order to assess 
heart rate, number of supraventricular and ventricular 
extrasystoles and heart rate variability (starting imme-
diately after the testing at T0, T2 and T3). Further 
measures include systolic and diastolic blood pressures 
and arterial stiffness (Mobil- O- Graph, IEM, Stolberg, 
Germany) as well as the serum levels of N- terminal pro- 
brain natriuretic peptide.

Data analysis
Data are collected digitally and will be cross- checked 
for accuracy. Within- group and between- group analyses 
will be performed in order to investigate basal adapta-
tions induced by the training interventions as well as the 
3- month follow- up. Data will be checked for normality 
and log transformed prior to applying parametric statis-
tics. All statistics will be performed using an intention 
to treat approach. Missing data will be accounted for 
by multiple imputation. Statistical analysis will include 
standard descriptive statistics and two- way (group×time) 
repeated measures analysis of variance (adjusted for base-
line, if necessary). Categorical variables will be assessed 
by χ2 tests. Effect sizes will be calculated as partial eta 
squared. All included patients will be invited to an infor-
mative meeting on the study results following completion 
of the study.

DISCUSSION
Exercise interventions have previously been shown to be 
safe and effective for patients diagnosed with a variety of 
cardiovascular diseases, such as coronary heart disease, 
cerebral apoplexy, hypertension, heart failure and inter-
mittent claudication.18 Interestingly, the evidence for 
exercise interventions in the treatment of AF is scarce. 
To the best of our knowledge, previously only three 
RCTs have assessed the effects of exercise interventions 
in patients with paroxysmal AF, mainly focusing on phys-
ical capacity (e.g. VO2peak) and AF burden.13 14 19 However, 
feasibility as defined by recruitment and completion 

Table 3 Assessment of safety and feasibility.

Measures Time of collection

Feasibility—recruitment and completion

  Referred patients Trial completion

  Eligible patients Trial completion

  Enrolled patients Trial completion

  Trial completion Trial completion

  Patient withdrawals Trial completion

  Patient dropouts Trial completion

Feasibility—programme tolerance

  Pre- sessional and post- 
sessional exhaustion, pain 
and dyspnoea

At each exercise session

  ECG recordings At each exercise session

Feasibility—programme adherence

  Number of completed 
sessions

Trial completion

  Time/sets completed in each 
session

At each exercise session

Patient safety

  Number of adverse events Once weekly and 3- month 
follow- up

  Number of severe adverse 
events

Once weekly and 3- month 
follow- up

  Hospital admissions/days of 
hospitalisation

Once weekly and 3- months 
follow- up
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rates, programme tolerance and programme adherence 
was not thoroughly assessed in these studies. Moreover, 
the existing data are limited to aerobic training programs 
or combined aerobic and STR regimens, not allowing to 
directly assess and compare the feasibility and safety but 
also the efficacy of distinct types of exercise.

The importance of this phase I clinical trial is further 
underlined by recent investigations that have provided 
evidence for an increased prevalence of AF in athletes, 
leaving it unclear as to whether regular strenuous exer-
cise may actually be adverse for AF patients.20–22 This 
may possibly depend on the overall dose of exercise 
performed. On the one hand, a lifetime training volume 
at high- intensity levels of >2000 hours was previously asso-
ciated with an increase in the incidence of AF.23 Regular 
high- intensity exercise at a recreational or preventive 
volume (<2000 hours per lifetime), on the other hand, 
was strongly associated with a reduced AF risk, as well 
as with a reduction in cardiovascular, metabolic and 
neoplastic disease and overall mortality.24 Validating this 
observational data in a randomised and controlled setting 
is among the primary aims of this trial.

In addition to feasibility and safety, the efficacy of 
distinct types of exercise interventions will be assessed 
in this study. We do expect significant adaptations in 
physical function, such as VO2peak and maximal strength. 
VO2peak as a marker of cardiorespiratory fitness (CRF) 
is a well- established predictor of mortality in healthy 
adults,25 as well as in cardiovascular patients, including 
those diagnosed with heart failure26 27 and coronary 
heart disease.28 29 In fact, reduced exercise tolerance has 
also been associated with increased mortality in patients 
with AF.30 Importantly, previous large- scale prospective 
longitudinal cohort studies observed changes in CRF 
concomitantly with mortality outcomes, suggesting that 
improving VO2peak through exercise may well reduce 
mortality.31 In addition, in healthy elderly men (>65 years 
of age), muscle strength appears to be directly related to 
all- cause mortality,32 even irrespective of muscle mass.33 
We hypothesise that also in AF patients the magnitude 
of the changes in VO2peak and maximal strength will be 
dependent on the training mode. Thus, major improve-
ments in cardiorespiratory function are expected in the 
aerobic training groups, while neuromuscular function is 
expected to increase to a larger extent in the STR group.

In this trial, we will also be able to document 
arrhythmia occurrences during exercise. Furthermore, 
we have included questionnaires that will allow us to 
determine possible effects of the exercise interventions 
on AF symptoms and frequencies. However, while we 
also include 48- hour Holter ECG recordings, it has to 
be acknowledged that the chances to detect objective 
changes in AF burden of patients with paroxysmal AF 
are slim. This is especially true in light of a previous 
study reporting an absolute reduction of AF dura-
tion following an aerobic HIIT intervention of ~3% 
(from 8% to 5%) using implanted loop recorders.14 
However, after assessing safety and feasibility in the 

initial phase of this study, AF burden may well be a 
relevant primary endpoint of the second phase of this 
trial. For this purpose, implantable loop recording or 
constant rhythm assessment via wearables is currently 
being considered.

One of the strengths of the current trial is the in depth 
mechanistic analysis of potential cardiac factors under-
lying changes in AF burden and QoL. Thus, echocardio-
graphic data, including atrial strain analysis, may reveal 
mechanistic components of beneficial effects of exercise. 
While defining ‘the cause’ of AF seems problematic, a 
host of evidence revealed etiological factors (ie, hyperten-
sion, heart failure, diabetes mellitus, etc) as well as struc-
tural aspects involved in the development of AF.7 Thus, 
inflammatory processes associated with fibrotic restruc-
turing as well as pathological changes in contractility 
and size of the left atrium seem to play key roles in atrial 
remodelling and the development of AF.34–42 Exercise- 
induced reductions in inflammation and fibrosis may 
lead to therapeutic reverse remodelling.43–46 The data of 
the present trial may well document improved systemic 
inflammation (ie, reductions in serum levels of CRP, IL-6 
and TNF-α), potentially associated with measurable signs 
of atrial reverse remodelling on a structural (ie, reduced 
fibrotic restructuring) and functional (ie, improved atrial 
diastolic and systolic function) level.

The improvement of cardiac function may also be 
a key component in potentially beneficial effects of 
distinct exercise interventions for patients with AF. While 
the mechanisms of aerobic exercise leading to volume- 
dependent, pre- load associated cardiac adaptations are 
well- understood and are consistent throughout previous 
studies,47 the cardiac processes induced by STR remain 
unclear.48 The initial hypothesis that the increased 
vascular resistance and associated after- load elevation 
observed in strength- trained athletes will lead to concen-
tric hypertrophy as seen in hypertensive patients was not 
confirmed consistently in previous trials.49 Contrarily, 
STR may actually reduce systolic and diastolic blood pres-
sures in hypertensive patients.48 However, the available 
literature is scarce and an in- depth analysis of under-
lying cardiac processes and mechanisms is often lacking. 
Hypothetically, the intermittent pressure elevation in the 
cardiovascular system observed during STR may actually 
induce similar structural cardiac benefits as intermittent 
increases of cardiac output in aerobic exercise. However, 
this remains conjecture due to the paucity of studies 
analysing the underlying mechanisms of STR on the 
cardiovascular system.

Ultimately, the present study aims to be the first RCT 
to underline the feasibility and safety of distinct exercise 
modes, including highly strenuous aerobic and strength 
exercise, while at the same time analysing functional 
and mechanistic intervention effects with the goal of 
conducting follow- up studies powered for clinically rele-
vant end- points.
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