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Abstract 

Aim: To investigate the effectiveness of exercise and the most effective types of exercise for 

patients with atrial fibrillation (AF) to improve health-related quality of life (HRQoL) and 

exercise capacity, and reduce AF burden, AF recurrence and adverse events. 

Methods and results: Systematic search in PubMed, Cochrane Central Register of Controlled 

Trials, MEDLINE, CINAHL Plus, and SPORTDiscus for randomised controlled trials (RCTs) 

and non-randomised pre-post intervention studies investigating the effect of different types of 

exercise on AF patients. After exclusion, twelve studies (11 RCTs, 1 pre-post) with a total of 

670 participants were included. Exercise interventions consisted of aerobic exercise, aerobic 

interval training (AIT), Qigong, yoga, and exercise-based cardiac rehabilitation (CR). There 

were significant positive effects of exercise on general health (mean difference (MD) 6.42 

(95% CI:  2.90, 9.93); p= 0.0003; I2 = 17%) and vitality (MD 6.18 (95% CI: 1.94, 10.41); p= 

0.004; I2= 19%)) sub-scales of the Short Form 36-item questionnaire (SF-36). Qigong resulted 

in a significant improvement in the 6-minute walk test (MD 105.00m (95% CI: 19.53, 190.47)). 

Exercise-based CR and AIT were associated with a significant increment in V̇O2peak, and AIT 

significantly reduced AF burden. Adverse events were few and one intervention-related serious 

adverse event was reported for exercise-based CR. 

Conclusion: Exercise led to improvements in HRQoL, exercise capacity, and reduced AF 

burden. The available exercise interventions for AF patients are few and heterogeneous. Future 

studies are needed for all types of exercise intervention in this patient group to (co-)develop an 

optimised exercise training intervention for AF patients. 
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Introduction 

One of the most common heart conditions among older people is atrial fibrillation (AF).1 The 

prevalence of AF has increased globally over the last 30 years from 3.79 million (95% 

uncertainty interval [UI]: 2.96 to 4.83) in 1990 to 8.39 million (95% UI: 6.69 to 10.5) in 2019,2 

with a rise from 2.1% in 2000 to 3.3% in 2016 in the United Kingdom.3AF significantly 

increases the risk of stroke (5-fold),4 with approximately 15% of strokes attributable to AF.5 

AF is also associated with a 1.5- to 1.9-fold greater mortality risk,6,7 and increasing healthcare 

costs.8 

Patients with AF may face difficulty maintaining an active lifestyle due to fear of exacerbating 

AF episodes during increased physical effort.9,10 Several studies have shown substantial 

benefits of exercise for patients with AF including those related to enhanced health-related 

quality of life (HRQoL),11,12 as well as improvements in symptoms of anxiety and depression.13 

Exercise has been shown to reduce AF incidence and recurrence,14-16 and AF-related symptom 

burden.17 

Despite such benefits, the most effective type of exercise for patients with AF in terms of 

improved HRQoL and other important clinical and patient-reported outcomes are unknown. 

Therefore, this systematic review was conducted to find out more about the effectiveness of 

exercise, and which type(s) of exercise are effective for patients with AF, focussing on HRQoL, 

exercise capacity, adherence, adverse events, and AF burden. 

Method  

Search strategy 

Five bibliographic databases were searched: PubMed, Cochrane Central Register of Controlled 

Trials (CENTRAL), MEDLINE, CINAHL Plus, and SPORTDiscus, with keywords “Atrial 

fibrillation”, AND “Exercise” [MeSH], OR “Sports” [MeSH], OR “Rehabilitation” [MeSH], 
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OR “Mind-Body Therapies” [MeSH], OR “Qigong” [MeSH], OR “Tai Ji” [MeSH] AND 

“Quality of life”, OR “Physical function”, OR “Mortality”, OR “Fitness”, OR “Strength”, OR 

“Burden”, OR “Recurrence” (Supplemental Digital Content Table S1). Eligible full-text 

articles published after 2000 up to 11 October 2021 with no restrictions based on language 

were included to ensure he review was contemporary and incorporated modern management 

of AF. The reference lists of relevant studies and reviews were also searched.  

Inclusion criteria 

Randomised controlled trials (RCT), non-randomised controlled trials, pre-post studies, and 

prospective cohort studies were included; patients diagnosed with AF regardless of age and 

sex; interventions within the categories of aerobic exercise, resistance training, flexibility, 

neuromuscular or neuromotor; sessions of any duration or frequency; comparators included 

non-exercise, alternative physical activity or exercise intervention, or no treatment control.  

Selection process and data extraction 

All identified papers were imported into Endnote (Version X9). Two reviewers (AAE and MB) 

independently screened titles and abstracts against the inclusion/exclusion criteria. Full-text 

articles of potentially eligible studies were screened independently by the same two reviewers. 

Discrepancies were resolved by discussion with a third reviewer (BB). Risk of bias and quality 

assessments were undertaken independently by four review authors (AAE, DL, NW and MB), 

using the Cochrane risk-of-bias tool18 to assess RCTs, and the Risk of Bias In Non-randomised 

Studies of Interventions (ROBINS-I) tool19 for non-randomised studies. 

Data were extracted as follows: study characteristics; participants; intervention; comparator; 

blinding; outcome measures; list of adjusted confounders used in analysis; results. 
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Outcomes 

The primary outcome of interest was HRQoL, measured by generic or condition-specific 

HRQoL questionnaires. The secondary outcomes were: (i) death (all-cause, cardiovascular); 

(ii) adverse events (composite of mortality, hospitalisation, or study withdrawal due to an 

adverse event); (iii) cardiorespiratory fitness (exercise capacity) measured via maximal/sub-

maximal fitness tests, or 6-minute walk test (6MWT); (iv) retention of participants’ in the 

intervention; (v) intervention adherence; (vi) AF burden measured via duration/frequency of 

AF by wearable or implanted devices; and (vii) AF recurrence confirmed by 12-lead ECG, 

remote Holter monitor or similar.  

Data synthesis 

Where sufficient data were available for the outcomes of interest, meta-analyses were 

performed. HRQoL and secondary outcomes effect measures with 95% confidence intervals 

were pooled using RevMan software. Random effects’ models were used, which allowed for 

between-study variability by weighting studies using a combination of their own variance and 

the between-study variance. Where meta-analyses were not possible, a narrative synthesis of 

the results is provided and where possible the findings of the studies. Change in scores over 

time were calculated from mean baseline and mean post-intervention scores. Baseline standard 

deviations were used, and if unreported were calculated from confidence intervals using the 

RevMan SD calculator.20 Heterogeneity was assessed using the I2 statistic with 25%, 50% and 

75% considered moderate, substantial and considerable heterogeneity, respectively. 

Results: 

The screening process is summarised using the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) flow diagram (Supplemental Digital Content Figure 

S1). Our initial search identified 1,175 articles, 639 of which remained after removing 

duplicates. Of these, 600 were excluded because of cardiovascular conditions other than AF, 
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ineligible study type, and non-exercise/PA intervention. Thirty-nine full-text articles were 

assessed for eligibility; 27 were excluded for reasons including ineligible study designs, 

insufficient data, outcome measures not of interest to this review, incorrect study population 

(i.e., either healthy participants or AF-free comparator), or the intervention contained 

inspiratory muscle training which is not regarded as traditional exercise training. Twelve 

studies (n=857 participants) were included in the review (Table 1). Only eight studies were 

included in the meta-analysis because of either: different ways of measurements, insufficient 

data, or active group comparison; heterogeneity was low (<25%). 

Participant characteristics 

The average age of the participants ranged from 5617 to 7121 years and the proportion of women 

included varied from 9.15%27 to 79%17. Only two studies22,24 reported ethnicity, one24 was 

exclusively white and in the other study most were white (97.0% and 97.3% in the low and 

high-intensity groups, respectively).22 The duration of intervention was 12-weeks in nine 

studies,13,17,21,22,25-29 and varied from 16-weeks to 6-months in three studies.24,23,30 

The type of exercise intervention included aerobic exercise (n= 1),21 aerobic interval training 

(AIT) (n=3),17,22,23 Qigong (n=1),24 yoga (n=3),13,25,26 and exercise-based CR (n=4).27-30  

Primary outcome: Quality of Life 

Nine studies (n=670)13,17,21,23,25-29 reported HRQoL using a range of questionnaires. Seven 

studies used the Short Form 36-item questionnaire (SF-36)13,17,21,25,26,28,29 in different ways (i.e., 

different time points, the eight domains, or the Physical Component Summary (PCS) and 

Mental Component Summary (MCS) scales). Therefore, only the four studies17,21,26,28 that 

assessed the effects of exercise (AIT,17 aerobic exercises,21 yoga26 and exercise-based CR)28 on 

HRQoL across eight domains of the SF-36 were combined in meta-analyses and presented in 

the Forest plot (Figure 2). 
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Exercise resulted in significant improvements in general health (mean difference (MD) 6.42 

(95%CI 2.90, 9.93); p= 0.0003; I2 = 17%) and vitality (MD 6.18 (95%CI: 1.94, 10.41); p= 

0.004; I2= 19%); there was an improvement in the other six domains but difference was not 

significant. When considering individual interventions in turn, yoga26 demonstrated a 

significant improvement in bodily pain (MD 17 (95%CI 2.38, 31.62)) and role emotional 

domains (MD 25 (95%CI: 0.87, 49.13)). AIT17 resulted in a significant improvement in vitality 

(MD 8.50 (95%CI: 3.77, 13.23)). Exercise-based CR28 reported significant improvement in the 

general health domain (MD 8.45 (95%CI: 3.70, 13.20)). (Supplemental Digital Content Table 

S2). 

Risom et al.28,29 used the SF-36 at different time points: baseline and 4, 6, 12, and 24-months 

follow-up. Four studies17,25,26,28 reported the total score of PCS and MCS (Figure 3). Exercise 

resulted in significant improvements in the PCS score (MD 1.68 (95%CI: 0.06, 3.3); p= 0.04; 

I2 = 0%) and the MCS score (MD = 2.69 (95%CI: 0.45, 4.93); p= 0.02; I2 = 0%). 

Other questionnaires used to assess change in HRQoL in response to exercise included the 

condition-specific questionnaires such as Quality of Life in patients with Atrial Fibrillation-18 

items (AF-QoL-18),27 Atrial Fibrillation Effect on Quality-of-life Questionnaire (AFEQT),27 

visual analogue scale of the EuroQol questionnaire (EQ-VAS),27 and HeartQoL-14 (HQL-

14).23 No significant improvement in quality of life was reported between groups after 12 

weeks of exercise-based CR intervention,27 for the AFEQT (MD 7.00 (95%CI -11.15, 25.15)), 

AF-QoL-18 (MD 9.70 (95%CI: -7.51, 26.91)), and EQ-VAS (MD 7.20 (95%CI: -4.22, 18.62)). 

There was no significant difference in HRQoL with high-intensity interval training (HIIT)23 

(MD 0.00 (95%CI: 0.36, -0.36)). 
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Secondary outcomes  

Exercise capacity 

Exercise capacity was assessed in nine studies.17,21-24,27-30 The 6MWT (distance in metres) was 

used in six studies,21,24,27-30 but only data from four studies21,24,27,30 were available to be pooled 

(Figure 4). There was no statistically significant effect of exercise on the 6MWT. The Qigong 

intervention24 revealed a significant improvement in 6MWT following a 16-week intervention 

(MD 105.00m (95%CI: 19.53, 190.47)). 

V̇O2peak was assessed in six studies;17,22,23,29-30 three17,22,23 used AIT and AIT in the form of 

HIIT,22,23 or low-intensity interval training (LIIT)22 as interventions for 12 weeks17,22 and 6 

months.23 V̇O2peak significantly improved in the intervention group after 12 weeks in one 

study (MD 3.50 mL·kg−1·min−1 (95%CI:1.56, 5.44))17 but this was no longer significant at 6 

months (MD -1.10 mL·kg−1·min−1 (95%CI: -3.92, 1.72)).23 When comparing HIIT with LIIT22, 

there were no significant differences between groups (0.75 mL·kg−1·min−1 (95%CI: -1.31, 

2.81)) after 12 weeks of intervention. For exercise-based CR28,29,30 V̇O2peak significantly 

increased in the exercise group from 22.1 mL·kg−1·min−1 to 24.3 mL·kg−1·min−1 after 4 

months28, 17.8(3.4) mL·kg−1·min−1 to 19.8(4.6) mL·kg−1·min−1 after 6 months30, and from 24 

mL·kg−1·min−1 to 25.8 mL·kg−1·min−1 after 12 months (SD/95% CI not reported28,29 and the 

control group data were not available).30  

Maximal power (in watts) was assessed in four studies.21,27-29 Only two studies21,27 (effect of 

aerobic exercise21 and exercise-based CR27) were pooled (Supplemental Digital Content 

Figure S5), as the others28,29 did not report a standard deviation. There was no difference in 

maximal power between baseline and the end of the intervention with either aerobic exercise 

(MD 22W (95%CI: -17.10, 61.10,)) or exercise-based CR (MD 11W (95%CI: -36.19, 58.19)) 

with total MD 17.52W (95%CI: -12.59, 47.63); p= 0.25; I2 = 0%. The other two studies28,29 
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reported significant differences in maximal power in the intervention group following 4- and 

12-months of exercise-based CR (p=0.018 and p=0.01, respectively; SD/95% CI not reported).   

 

AF burden and AF recurrence 

AF burden was assessed in two studies,17,22 where one study17 investigated the effects of AIT 

on AF burden measured using a loop recorder, reporting a significant reduction in AF burden 

from 8.1% to 4.8% with AIT, compared to an increase in AF burden among the control group 

from 10.4% to 14.6%. In the other study,22 AF burden was calculated using the ratio of ECGs 

recording AF with the total number of ECGs. There were no significant differences between 

HIIT and LIIT on AF burden, which remained after adjusting for predefined confounders. 

AF recurrence was reported in two studies,22,30 but the method of measurement was not 

recorded in one study.22 AF recurrence was the most frequent reason for hospital admission 

during follow-up with no significant difference between intervention groups (89.5% of the 

HIIT and 68.4% of the LIIT; p=0.465).22 Kato and colleagues30 used the 12-lead ECG to assess 

AF recurrence, which was not significant between groups (21.4% in the exercise group and 

25.8% in usual care group; risk ratio, 0.83 (95%CI: 0.33, 2.10)). 

Retention and adherence 

Eleven studies13,17,21,22,24-30 (n=841) reported retention and adherence. One study investigating 

AIT,17 reported 100% retention in both groups. Four studies13,21,22,24 reported retention rates of 

92-96% and another four 86-89%.27,25,26,30 The attrition rate varied over time in the two 

remaining studies.28,29 In one,28 from baseline to 1 month follow-up, 2.9% of participants 

dropped out. In the other,29 66% of the participants in both groups completed the exercise 

capacity assessment at 12-months; at 24 months29 74.3% of the exercise group and 77.1% of 
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the control completed the MCS with no clear total number reported for retention of participants 

at the end of the interventions.  

Intervention adherence was reported in eight studies.13,17,22,25-28,30 Most were supervised 

interventions in hospital. Adherence to exercise-based CR was ≥75.0%27 and 93.3%,30 while 

in another exercise-based CR intervention28 it varied by site (home 69.4%, hospital 52.7%, 

supervised facility 44.4%). The AIT interventions reported adherence rates between 65.0%22 

and 80.0%.17 For yoga interventions,13,25,26 the adherence of Iyengar yoga was a mean of three 

studio sessions per week (range 2-7);13 Medi-yoga a mean of 10 hospital-based sessions (range 

8–12), and median of two sessions a week (range 1–4) at-home,25 and nine hospital-based 

sessions (7–11) in another study.26 

 

Adverse events  

Ten studies13,17,21,22,24,26-30 reported adverse events, and seven17,21,24,26-28,30 are presented in the 

Forest plot (Supplemental Digital Content Figure S6). The reasons for excluding the other 

three studies13,22,29 were: pre-post study,13 comparison with another active group (HIIT and 

LIIT),22 and adverse events not presented by group.29 Three studies13,21,26 did not report any 

adverse events for either intervention or control groups, or they were not serious or were 

unrelated to the intervention.17,22,24,30 

Only three studies27-29 reported serious adverse events (SAE). One exercise-based CR study 

reported two SAEs,28 one death during exercise-based CR but it was unrelated to the 

intervention and one related SAE that required hospital admission due to AF during exercise. 

Another study29 reported two deaths (1 in the exercise group and 1 in the control group) at 24-

months follow-up. An exercise-based CR study27 reported 20 hospital readmissions among the 

intervention group and 18 among controls for cardiac reasons (mostly AF-related), although 
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no participants experienced adverse events during exercise training (Supplemental Digital 

Content Table S2).  

Risk of bias  

Among the 11 RCTs, random sequence generation and allocation concealment were the major 

sources of risk of bias, which were mostly unclear. Due to the nature of the interventions, 

blinding of study participants or research personnel was not possible, therefore this was graded 

as high risk of bias in all studies. Of 11 RCTs (Supplemental Digital Content Figures S7), five 

studies adequately described the method of randomisation23,24,26,28,30 and the remaining 

six17,21,22,25,27,29 provided an inadequate description of random sequence generation or 

allocation concealment. Two trials24,26 had attrition rates over 25% and did not report intention-

to-treat analyses. Four studies22,27-29 blinded the outcome assessors to minimise bias. The only 

non-RCT (pre-post),13 reported moderate risk of bias due to missing data using ROBINS-I tool, 

however the study was considered good quality since all other sources of biases were reported 

as low risk. 
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Discussion 

This systematic review shows the positive effect of the exercise on HRQoL, exercise capacity 

and AF burden. Twelve studies with a total of 857 participants were included, mostly RCTs 

and predominantly from Europe. Yoga had a significant effect on enhancing two HRQoL 

domains (bodily pain and role emotional). A Qigong intervention reported a significant 

improvement in the 6MWT. None of the exercise interventions reported a significant 

improvement in maximal power. Exercise-based CR and AIT were associated with a significant 

increment in V̇O2peak and AIT was associated with a significant reduction in AF burden. 

One AIT intervention17 reported a significant reduction in AF burden; this may be due to the 

association of AIT in remodelling the left ventricle31 and its advantages in improving oxygen 

uptake,32 and the AIT also reported a significant effect on V̇O2peak. However, future studies 

on AIT, including the comparison of moderate-intensity continuous training with interval 

training, in AF patients are needed to confirm this finding.  

Serious adverse events occurred rarely in the included studies, with most studies free of any 

adverse events, such as yoga and aerobic exercise intervention.13,21,26 However, the exercise-

based CR interventions27,28,29 reported deaths unrelated to the intervention and hospital 

readmissions, mostly because of AF, with just one hospital admission related to the 

intervention.28 

Comparison with previous studies 

During our search, similar exercise-related systematic reviews on patients with AF were 

identified.33-36 The first systematic review33 investigated the benefits of physical activity in AF 

patients with 1056 participants from 36 articles. The interventions included stretching, exercise 

training, resistance, flexibility and aerobic exercise. They demonstrated that moderate-intensity 

exercise had positive effects on improving HRQoL and exercise capacity among AF patients 
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and that moderate-intensity physical activities and a year of exercise training in preparation for 

cardiac surgery significantly decreased AF incidence.  

The second systematic review34 investigated the effects of exercise training on exercise 

capacity, cardiac function, BMI, and quality of life in AF patients. However, this review was 

confined to RCTs, with supervised training and inactive control and only five studies (n=379 

participants) were included. Exercise capacity improved in the intervention group 

(standardized mean difference (SMD): 0.91, 95%CI: 0.70 to 1.12, I2: 0%) compared to controls 

and there were significant improvements in two domains of quality of life, general health and 

vitality assessed by the SF-36 (SMD: 0.71, 95%CI: 0.30 to 1.12, I2: 0%; SMD: 0.81, 95%CI: 

0.40 to 1.23, I2: 0%, respectively). These findings are similar to the current systematic review, 

although previous analyses only included two studies (98 participants) compared with four 

studies (387 participants) in our analyses. 

The third systematic review and meta-analysis (9 studies, n=959 participants),35 showed post 

exercise-based CR significantly improved V̇O2-peak (MD 1.59 mL·kg−1·min−1 (95%CI: 0.11 

to 3.08; p=0.04)); and 6MWT (MD 46.9m (95%CI: 26.4 to 67.4; (p<0.001)) after 12 weeks 

intervention. These results were similar to ours, however, the V̇O2-peak was not significant 

after 6 months in our review. It is noteworthy that exercise-based CR in the review by Smart 

et al35 also included physical therapies such as functional electrical stimulation and inspiratory 

muscle training. The present review added three more trials but excluded studies with these 

physical therapies, which are not strictly exercise training. 

The most recent systematic review and meta-analysis (12 studies, n=819 participants),36 also 

reported a significant improvement in vitality (SMD 0.51 (95%CI: 0.31–0.71)), physical 

functioning (SMD 0.63 (95%CI: 0.18–1.09)) and general health (SMD 0.64 (95%CI: 0.35–

0.93)), although the heterogeneity was high in last two domains (I2=85.6%, and I2=66.2% 
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respectively). V̇O2-peak and 6MWT were also significantly improved (SMD 0.37 (95%CI: 

0.16–0.57), SMD 0.69 (95%CI: 0.19–1.19) respectively) but heterogeneity was high in the 

6MWT (I2=70.6%) owing to the training duration. Our review includes other validated quality 

of life questionnaires (not only the SF-36) and excluded studies where patients who were AF-

free were included in the control group. 

When examining the effect of exercises individually on outcomes, the current review showed 

that yoga had a significantly improved bodily pain and emotional role. A study by Howie-

Esquivel et al37 has also demonstrated the positive effect of yoga on HRQoL and on stabilising 

the symptoms of heart failure patients. Exercise capacity was significantly increased by 

Qigong24 (6MWT) and exercise-based CR28,29,30 (V̇O2-peak). A systematic review by Chan et 

al38 recommends implementation of Qigong for patients with chronic heart disease given its’ 

positive effect on exercise capacity. A systematic review39 (12 articles, n=4822 participants) 

examining the effect of CR on patients with AF, found a positive correlation between the 

improvement in aerobic fitness and a lower risk of mortality and hospital admission.    

There is a paucity of different types of exercise/physical activity interventions for AF patients 

compared with other cardiac conditions. For example, there were no studies examining Tai Chi 

interventions despite research demonstrating a positive effect on improving HRQoL and 

physical function in patients with coronary artery disease40,41 and myocardial infarction.42 

Given the heterogeneity in the AF population, a variety of exercise interventions that 

demonstrate benefits on exercise capacity, improvements in quality of life, without increasing 

adverse outcomes are needed to enable patient choice based on functional capacity, ability, and 

interest. Enhancing exercise and physical activity are important considerations for lifestyle 

factors in the Atrial fibrillation Better Care (ABC) pathway,43 as advocated by guidelines as 

part of the holistic or integrated care approach to AF management. Adherence to the ABC 

pathway has been shown to be associated with improved clinical outcomes.44-46 
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Strengths and limitations 

Searching and screening of the evidence were conducted by two independent reviewers 

(following established PRISMA guidelines) and risk of bias assessment for the included studies 

was completed independently by four reviewers. Some data from included studies were not 

available and had to be calculated. There was significant variation in terms of the type of 

exercise, duration of follow-up, and outcome measures, which prevented meta-analysis of 

some data. 

Conclusions  

Most AF patients are older (>65 years) with co-morbidities, including mobility problems, and 

therefore physical activity interventions need to be tailored to an individual’s functional 

capacity. This systematic review demonstrated that aerobic exercises, AIT, Qigong, yoga, and 

exercise-based CR were associated with improvements in HRQoL, exercise capacity, and AF 

burden, where aerobic exercises, AIT, Qigong, and yoga appear relatively safe. No differences 

between the effect of high and low intensity exercise on AF burden or AF recurrence were 

found. To better assess efficacy, safety, and patient acceptability, further well-designed and 

suitably powered trials are recommended. 
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Figure legends 

Figure 2 Changes in health-related quality of life in the eight domains of the SF-36 from 

the baseline to the end of the intervention. 

Figure 3 Changes in health-related quality of life in the Physical Component Scale and 

Mental Component Scale of the SF-36 from the baseline to the end of the 

intervention. 

Figure 4 Changes in the six-minute walk test distance from the baseline to the follow-up 

at different time points for intervention and control groups. 
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