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Introduction
The relation between the most widespread arrhythmia, atrial 

fibrillation (AF), physical activity, and health-related quality of life 
(HRQoL) is complex.

Patients with AF often face reduced HRQoL and experience 
limitations in their daily activity1, 2.

The disease burden for the patients is often substantial with a 
variety of symptoms, severe complications, such as stroke, heart 
failure and hospitalizations, reduced exercise capacity, left ventricular 
dysfunction and reduced health-related quality of life (HRQoL)1.

Physical activity is recommended to healthy individuals as well as 
many patients with cardiac disease. Physical training increases exercise 
capacity and is fully implemented in the standard rehabilitation of 
patients with ischemic heart disease and congestive heart failure3-5. 
However, excessive physical activity can increase the tendency to 
develop AF or worsen the arrhythmia. Thus, it has been debated 
whether physical exercise should be recommended to AF patients. 

Most clinical trials reporting the effect of exercise have focused 
on patients with permanent AF 6-10 although, newer trials studied 
patients with non-permanent AF11, 12. 

The aim of this trial was to study the effect of low-intensity 
compared to high-intensity exercise on HRQoL in patients with 
non-permanent AF. 

We hypothesized that high-intensity exercise was superior to low-
intensity exercise in improving HRQoL due to the generally positive 
effect of exercise in patients with cardiac conditions3-5.
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Abstract
Purpose: Patients with atrial fibrillation (AF) have significantly reduced health-related quality of life (HRQoL) compared to healthy controls. 

Exercise is associated with improved HRQoL and increases exercise capacity in healthy individuals, as well as in patients suffering from 
congestive heart failure or ischemic heart disease. In this study, we aimed to study the effect of exercise on HRQoL in patients with AF.

Methods: In a randomized study design, seventy-six patients with non-permanent AF were randomized to a 12-week aerobic training 
program of either low intensity or high intensity (50% and 80% of maximal perceived exertion, respectively). HRQoL was measured by the 
36-Item Short Form Health Survey (SF-36) before and after the training program. 

Results: HRQoL improved from baseline to follow-up for both low-intensity and high-intensity exercise, respectively. For low-intensity 
exercise, the median score for the mental component summary improved from 57 (IQR 50-60) to 58 (IQR 52-61), P=0.04. For high-intensity 
exercise, the median score for the physical component summary improved from 46 (IQR 39-52) to 49 (IQR 40-53), P=0.04. There was no 
statistically significant difference in HRQoL between the exercise groups at follow-up neither for the physical component summary score 
(P=0.89) nor the mental component summary score (P=0.43). No serious adverse events related to the exercise sessions were reported.

Conclusions: Structured exercise improved HRQoL in patients with non-permanent AF. However, our results do not indicate that increasing 
exercise intensity has an additional positive effect on HRQoL. Therefore, further studies are needed in the future. 

The structured abstract word count is 245 words.
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Methods
Study Design
This study erupts from a randomized clinical trial in which the primary 
aim was to study the effect of exercise intensity on burden of AF12. 
HRQoL was assessed as a secondary outcome in the main study12. 
Details of the study design, randomization procedure and execution 
of the trial have been published previously 12. In brief, 76 patients 
with non-permanent AF were randomized 1:1 to a 12-week exercise 
program at high- or low intensity, respectively. All assessments were 
performed before the training program started (baseline) and after 
the 12-week training program (follow-up) with non-invasive home-
recordings of 30-seconds ECGs twice daily throughout the weeks 
4-16 and in case of AF symptoms. All participants were offered group 
and individual patient education by experienced cardiac nurses at the 
outpatient clinic. 

In all analyses of the main study, i.e. per-protocol analysis and 
intention-to-treat analyses, we found no significant harmful effect of 
high-intensity exercise compared to low-intensity exercise. “Harmful” 
was defined as effects related to exercise such as increased AF burden, 
more frequent cardiovascular hospitalizations or reported physical 
inconvenience during the exercise sessions.

Also, we did not observe any significant reduction of AF burden 
in the high-intensity exercise group. Thus, the overall result of the 
intervention study was neutral.12 

The study was conducted at Copenhagen University Hospital, 
Hvidovre and Amager, Denmark. The study complies with the 
Declaration of Helsinki and ethical approval was obtained from 
the National Committee on Health Research Ethics (H-2-
2012-048). The trial was registered at ClinicalTrials.gov, March 
2013 (NCT01817998), https://clinicaltrials.gov/ct2/show/
NCT01817998.

Participants
Eligible patients were identified from patients with diagnosed AF 

and consecutively recruited from the Department of Cardiology, 
Amager Hvidovre Hospital. The recruiting period was 2013-2015. 
Inclusion criteria were paroxysmal or persistent AF documented on 
electrocardiogram, age ≥ 18 years, and written informed consent. 
Exclusion criteria were permanent AF, radiofrequency ablation, 
substantial language barrier, life expectancy shorter than one year, and 
severe health conditions making physical exercise impossible, such as 
chronic obstructive pulmonary disease, advanced cancer, or arthrosis. 
Also, signs of active ischemic heart disease or unstable heart failure 
during baseline tests led to exclusion. In particular, angina during 
initial exercise test or markers of ischemia in the ECG as well as 
signs of lung stasis or oedema were exclusion criteria.

Excercise Program 
Over 12 weeks, the patients exercised twice weekly for one hour 

supervised by a physiotherapist. They were randomized to a high-
intensity or a low-intensity exercise group. Within each exercise 
group the patients conducted the exercise in small groups of ten 

patients. Exercise intensity was adjusted using the Borg perceived 
exertion scale 13. The low-intensity group trained at a Borg scale 
score corresponding to 50% of maximal exercise capacity, while the 
high-intensity group trained at a Borg scale corresponding to 80% of 
maximal exercise capacity. Over the first five weeks, exercise intensity 
progressed gradually. During week 1, the patients became familiar 
with using the Borg scale for adjusting exercise intensity. During 
week 2–5, the patients were introduced to biking, walking, and circuit 
exercises. Exercise intensity increased weekly until reaching 50% or 
80% of maximum, respectively. During week 6–12, exercise intensity 
remained constant, and volume increased substantially. 

Blinding was maintained for all assessors and analysts. Patients 
were not informed of what intervention they were receiving.

Outcomes
Baseline characteristics were obtained through questionnaires 

and confirmed in medical records. Symptoms related to AF were 
quantified by the European Heart Rhythm Association (EHRA) 
score 14 and reported as category I-IV.

At baseline and follow-up HRQoL was measured with the self-
administered questionnaire 36-Item Short Form Health Survey (SF-
36) which is a standardized, validated, generic health questionnaire 
widely used for assessing HRQoL 15. The questionnaire contains 
eight subscales of functional health and well-being scores: Physical 
functioning, role-physical, bodily pain, general health, vitality, social 
functioning, role-emotional, and mental health. In our analysis, these 
eight subscales were transformed into a physical component summary 

Table 1: Baseline characteristics

High-intensity 
(n=32)

Low-intensity 
(n=31)

P value

Age, yrs 61.8 ± 8.5 64.1 ± 8.9 0.33

Sex, female, % 40.6 38.7 1.0

Body weight, kg 93 ± 22.2 86.2 ± 17.4 0.17

Employment, yes 43.3 37.9 0.79

Marital status, yes 52 75 0.14

EHRA class (I/II/III/IV), n 6/7/7/2 5/11/9/1 0.75

Co-morbidity, %

Hypertension 59.4 45.2 0.32

Diabetes mellitus 15.6 6.5 0.43

Myocardial infarction 3.1 6.5 0.61

COPD 9.4 3.2 0.61

Stroke 6.3 6.5 1.00

Heart failure 0 12.9 0.05

Medication, %

β-blocker 56.3 74.2 0.19

Ca2+ antagonist 34.4 19.4 0.26

Digoxin 9.4 6.5 1.00

ACE 9.4 6.5 1.00

ARB 31.3 16.1 0.24

ACE: Angiotensin-converting enzyme inhibitor; ARB: Angiontensin-II receptor blocker; 
COPD: Chronic obstructive pulmonary disease; EHRA, European Heart Rhythm Association 



www.jafib-ep.com Volume 15 Issue 6 | Nov 2022

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation & Electrophysiology16 Original Research

score (PCS) and a mental component summary score (MCS). A high 
PCS score indicates no physical limitations and high well-being. 
Similarly, a high MCS score indicates a positive affect and excellent 
overall social and emotional health. The scores range from 0-100 in 
which a high score indicates better perceived HRQoL. If more than 
50 % of the subscale scores were missing, the entire questionnaire 
was declared missing. If at least 50 % of the subscales were available, 
the missing values were calculated from the average of the available 
answers. All recordings, summations, and transformations were 
carried out according to the SF-36 manual16. 

Within each exercise group (high- or low-intensity) SF-36 results 
were compared before and after exercise. In addition, we pooled 
data from the high- and low-intensity groups to study any possible 
improvement in HRQoL from exercise, regardless of intensity. 

Stastistics
All patient characteristics were presented as percentages, unless 

otherwise stated. Baseline characteristics for the two trial groups 
were compared using un-paired t-test for numerical characteristics 
or using Fisher’s exact test for categorical variables. 

HRQoL score variables had a highly skewed distribution (floor-
ceiling effect) and were therefore not normally distributed. Therefore, 
these data were presented in medians with interquartile ranges (IQR). 
Due to the skewed distribution of the HRQoL data, non-parametric 
statistical tests were chosen to assess differences in HRQoL scores. 
The Mann-Whitney rank sum test was used when two groups 
were compared, while comparisons of one group, before and after 
intervention, were analyzed by the Wilcoxon signed-rank test. 

The primary endpoint of the main study was burden of AF on 
which power calculation was based12 while the secondary endpoint 
was HRQoL.

In all tests, differences were considered to be statistically significant 
when the P-value was < 0.05, using two-tailed tests. All statistical 
analyses were performed with SPSS (IBM Corp. SPSS, version 22.0, 
Armonk, New York, USA).

Results

Baseline Data
There were no differences in baseline characteristics between the 

low-intensity and high-intensity exercise groups, Table 1.

Mean age was 62.9 ± 8.8 years and 40% of the patients were females. 
Sixty percent of the patients were retired from employment. Sixty-
eight patients had mild to severe AF-related symptoms (EHRA 
categories II-III). 

Participants
Out of 76 included patients, a total of 63 patients completed the 

training program with SF-36 questionnaires20. After randomization, 
six patients were excluded for various reasons: Two patients never 
showed up, three patients had to withdraw their consent due to 
logistics while one discontinued the intervention due to concurrent 
disease. In total, 26 patients were excluded due to ischemic heart 
disease. Additionally, seven patients were excluded due to missing 
SF-36 data or inability of complete the questionnaire.

Outcomes
At baseline, there was no statistically significant difference in 

HRQoL between low-intensity and high-intensity exercise in 
the physical or mental component score (P=0.16 and P=0.49, 
respectively), Table 2.  

Within the exercise groups, high-intensity exercise significantly 
improved the physical component summary score (median from 46 
to 49, P=0.04) and low-intensity exercise significantly improved the 
mental component summary score (median from 57 to 58, P=0.04), 
Table 3. 

When comparing the effect of low-intensity exercise to high-
intensity exercise from baseline to follow-up, no significant difference 
was found in any score of HRQoL (all P-values>0.06), Table 3.

An additional analysis with data from the low-intensity and 
high-intensity exercise groups pooled together showed significant 
improvement in both physical and mental component summary 
score (P=0.02 and P=0.03, respectively), Table 4.

Discussion 
In this randomized trial, we demonstrated that both high-intensity 

and low-intensity exercise improved HRQoL. However, when 
comparing the effect of high-intensity and low-intensity exercise at 
follow-up, no difference in HRQoL was found. 

Joensen et al. found that a combination of patient education and 
exercise had a positive short-term effect on HRQoL17. Thus, the 

Table 2: Health related quality of life: Baseline data, high- and low-intensity 
groups 

SF-36 scale (0-100 range)a High-intensity
Before training
(n=32)

Low-intensity
Before training
(n=31)

P value

Physical functioning 88 (66-95) 85 (75-95) 0.95

Role physical 75 (25-100) 75 (13-100) 0.86

Bodily pain 62 (52-84) 84 (72-100) 0.03

General health 65 (50-77) 70 (57-83) 0.17

Vitality 65 (46-85) 70 (55-85) 0.49

Social functioning 100 (75-100) 100 (100-100) 0.06

Role emotional 100 (42-100) 100 (67-100) 0.78

Mental health 84 (72-92) 86 (76-92) 0.69

Physical component 
summary score (PCS)b

46 (39-52) 49 (44-53) 0.16

Mental component 
summary score (MCS)b

56 (46-61) 57 (50-60) 0.49

Data are presented as medians and interquartile range (IQR).
a.Higher scores indicate better perceived HRQoL.
b.Standardized for comparison with an American normal population with mean 50, SD 10.
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highly symptomatic patients and by comparing exercise intervention 
with passive controls6, 8, 11, 18. These studies generally found that 
reduced HRQoL in patients with AF was associated to the burden 
of arrhythmia-related symptoms19, 20. However, some studies also 
found reduced HRQoL in asymptomatic patients with AF21, 22  thus 
the results are conflicting. 

We found no significant difference in the effect of high- versus 
low-intensity exercise. Within the exercise groups we found a 
significant improvement, comparing HRQoL before and after the 
exercise programs. High-intensity exercise improved the PCS score 
from 46 to 49 and low-intensity exercise the MCS score from 57 to 
58 which are considered as small improvements. The improvements 
in MCS for the low-intensity exercise group may be a result of being 
part of a treatment group which gives a certain level of well-being 
(the Hawthorne effect)20 . 

The lack of improvement in the mental component of HRQoL in 
the high-intensity exercise group may be due to extracardiac side-
effects during the exercise.

Reed et al. also documented a partly positive effect on HRQoL 
among patients with cardiac diseases with and without AF23, even 
with a great effect observed in patients without AF. This indicates the 
importance of rehabilitation programs including exercise for patients 
with AF as also found in the study by Malmo et al.11 

An explanation for the relatively small improvements on the 
HRQoL-scale could be the ceiling effect. Patients in both groups 
had high baseline scores which makes it difficult to improve the 
HRQoL. The summary scores (PCS, MCS) at baseline were almost 
the same as in an age-matched general population in Denmark24.
This contradicts the generally accepted understanding that patients 
with AF have significantly impaired HRQoL compared to healthy 
controls20, 25. 

research group studied the effect of a combined intervention relative 
to standard treatment whereas we in our study solely investigated the 
effect of exercise on HRQoL.

Both patient groups in our study were offered nurse-led 
rehabilitation and patient education. 

Similarly, Malmo et al. found that aerobic interval training for 12 
weeks significantly improved HRQoL compared to a control group11. 
Thus, overall exercise intervention studies indicate a positive effect on 
HRQoL. 

Other elements also effect patients’ HRQoL such as burden of 
arrhythmia symptoms. The majority of previous studies investigating 
HRQoL in patients with AF differ from this study by including 

Table 3: Health related quality of life measured by SF-36 for high-intensity and low-intensity exercise at baseline and 12-week follow-up. 

SF-36 scale (0-100 range)a
High-intensity Low-intensity

Baseline (n=32) Follow-up
(n=32)

P value b Baseline (n=31) Follow-up
(n=31)

P value b P value c

Physical functioning 88 (66-95) 85 (70-95) 0.34 85 (75-95) 90 (75-95) 0.04 0.35

Role physical 75 (25-100) 100 (50-100) 0.02 75 (13-100) 100 (75-100) 0.004 0.36

Bodily pain 62 (52-84) 74 (62-100) 0.24 84 (72-100) 84 (60-100) 0.96 0.35

General health 65 (50-77) 72 (53-82) 0.20 70 (57-83) 77 (61-87) 0.37 0.73

Vitality 65 (46-85) 73 (45-80) 0.66 70 (55-85) 75 (60-80) 0.05 0.06

Social functioning 100 (75-100) 100 (75-100) 0.40 100 (100-100) 100 (88-100) 0.71 0.79

Role emotional 100 (42-100) 100 (67-100) 0.04 100 (67-100) 100 (67-100) 0.17 0.70

Mental health 84 (72-92) 88 (76-96) 0.16 86 (76-92) 92 (84-96) 0.001 0.10

Physical component summary score d 46 (39-52) 49 (40-53) 0.04 49 (44-53) 51 (44-55) 0.17 0.89

Mental component summary score d 56 (46-61) 55 (48-61) 0.29 57 (50-60) 58 (52-61) 0.04 0.43

Data are presented as medians and interquartile range (IQR).
a Higher scores indicate better perceived HRQoL.
b Level of significance for the effect of exercise within the group from baseline to follow-up.
c  Level of significance for the effect of low-intensity compared to high-intensity exercise at follow-up.
d  Standardized for comparison with an American normal population with mean 50 (SD 10).

Table 4: Health related quality of life: Before and after physical exercise, 
pooled data. 

SF-36 scale (0-100 range)a Baseline
(n=63)

Follow-up 
(n=63)

P value

Physical functioning 85 (70-95) 85 (75-95) 0.03

Role physical 75 (25-100) 100 (75-100) 0.001

Bodily pain 74 (62-100) 74 (62-100) 0.29

General health 67 (52-82) 72 (57-82) 0.12

Vitality 70 (50-85) 75 (55-80) 0.26

Social functioning 100 (88-100) 100 (81-100) 0.41

Role emotional 100 (67-100) 100 (67-100) 0.01

Mental health 84 (72-92) 92 (76-96) 0.001

Physical component summary score 
(PCS)b

47 (40-52) 49 (42-54) 0.02

Mental component summary score 
(MCS)b

57 (47-60) 58 (50-61) 0.03

Data is presented as medians and interquartile range (IQR).
a   Higher scores indicate better perceived HRQoL
b   Standardized for comparison with an American normal population with mean 50 (SD 10)
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In conclusion, this randomized trial confirmed that structured 
exercise can improve HRQoL in patients with non-permanent 
AF. However, we did not find an additional positive effect of high-
intensity physical exercise compared to low-intensity on HRQoL. 
Further studies are needed to clarify this.
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