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Aims Exercise training reduces recurrence of arrhythmia and symptom severity amongst patients with symptomatic, non-permanent 
atrial fibrillation (AF). However, there is little evidence on whether this effect is modified by patient sex. In a sub-analysis from the 
ACTIVE-AF (A Lifestyle-based, PhysiCal AcTIVity IntErvention for Patients With Symptomatic Atrial Fibrillation) randomized 
controlled trial, we compared the effects of exercise training on AF recurrence and symptom severity between men and women.

Methods 
and results

The ACTIVE-AF study randomized 120 patients (69 men, 51 women) with paroxysmal or persistent AF to receive an ex
ercise intervention combining supervised and home-based aerobic exercise over 6 months or to continue standard medical 
care. Patients were followed over a 12-month period. The co-primary outcomes were recurrence of AF, off anti-arrhythmic 
medications and without catheter ablation, and AF symptom severity scores. By 12 months, recurrence of AF was observed 
in 50 (73%) men and 34 (67%) women. In an intention-to-treat analysis, there was a between-group difference in favour of 
the exercise group for both men [hazard ratio (HR) 0.52, 95% confidence interval (CI): 0.29–0.91, P = 0.022] and women 
(HR 0.47, 95% CI: 0.23–0.95, P = 0.035). At 12 months, symptom severity scores were lower in the exercise group com
pared with controls amongst women but not for men.

Conclusion An exercise-based intervention reduced arrhythmia recurrence for both men and women with symptomatic AF. Symptom 
severity was reduced with exercise in women at 12 months. No difference was observed in symptom severity for men.

Registration Australia and New Zealand Clinical Trials Registry: ACTRN12615000734561
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men and women with symptomatic atrial fibrillation enrolled in a randomized controlled trial of exercise and physical activity 
intervention compared with standard medical care. Previous studies have not provided evidence on whether men and wo
men might benefit from exercise training to a similar degree. Our findings highlight the following key points:   

• Both men and women in our study experienced fewer arrhythmia recurrences with exercise training compared with men 
and women in standard medical care.

• Exercise reduced arrhythmia symptoms in women, but we did not find any evidence of a reduction in symptoms amongst men.
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Introduction
Atrial fibrillation (AF) is associated with a greater risk of stroke, heart 
failure, cardiovascular events, and all-cause mortality in women com
pared with men.1 Women with AF are more symptomatic with lower 
quality of life2 yet referred less frequently and later for catheter abla
tion.3 In addition, the distribution of risk factors for AF may differ be
tween men and women, with hypertension, obesity, and type 2 
diabetes more frequent, yet lower prevalence of alcohol consumption 
and obstructive sleep apnoea.4

Lifestyle modification and aggressive risk factor management now 
underpin the treatment pathway in patients with symptomatic AF.5

This pillar of treatment targets the underlying substrate promoting 
AF, limiting its progression, and promotes sinus rhythm.6–8 Although 
there is accumulating evidence demonstrating the efficacy of risk factor 
reduction for the secondary prevention of AF, there is limited data on 
whether underlying differences in the clinical profile and pathophysi
ology between women and men influence outcomes.

Higher levels of aerobic exercise and physical activity are associated 
with a lower risk of AF.9–11 Interestingly, the association between in
creased physical activity and a lower risk of AF has previously been 
shown to be greater for women compared with men.10 Additionally, 
in participants of endurance sports, there is evidence that women re
duce their risk of AF, in contrast to men who develop increased AF 
risk with endurance sports.12 In both observational and randomized 
studies amongst patients with symptomatic AF, exercise intervention 
improved maintenance of sinus rhythm and lowered AF symptoms.13,14

Despite this evidence, little attention has been paid to whether sex in
fluences outcomes following exercise intervention.

The ACTIVE-AF (A Lifestyle-based, PhysiCal AcTIVity IntErvention 
for Patients With Symptomatic Atrial Fibrillation) study was a rando
mized, controlled trial of a 6-month aerobic exercise intervention com
pared with standard medical care in patients with symptomatic 
paroxysmal or persistent AF.15 The primary study findings demon
strated a reduction in AF recurrence and symptom severity amongst 
those randomized to exercise intervention. In this sub-study of 

ACTIVE-AF, we explore whether the effects of exercise intervention 
may be influenced by patient sex.

Methods
Study design
The ACTIVE-AF study was a randomized, controlled trial of patients with 
symptomatic AF allocated to combined home and supervised exercise 
intervention or usual medical care for a period of 6 months with an add
itional 6-month follow-up.15 All patients were recruited via referral to a sin
gle centre for rhythm management from three tertiary hospitals. The study 
was approved by the Human Research Ethics Committees of the Central 
Adelaide Local Health Network and the University of Adelaide. All partici
pants provided written informed consent. The trial was prospectively regis
tered with the Australia and New Zealand Clinical Trials Registry 
(ACTRN12615000734561).

Patient selection and randomization
Patients with symptomatic paroxysmal or persistent AF, aged 18–80 
years, referred for rhythm management were screened (Figure 1). 
Exclusion criteria included the absence of AF lasting >30 s in the past 
3 months documented by 12-lead electrocardiogram (ECG) or Holter 
monitoring, AF ablation within the past 12 months, permanent AF, myo
cardial infarction (MI), or cardiac surgery within the past 12 months, 
autoimmune or systemic inflammatory disease, left ventricular (LV) 
ejection fraction of <45%, moderate-to-severe valvular disease, and in
ability to participate in a structured exercise programme due to a mus
culoskeletal condition. A computer-generated randomization schedule 
was used to randomize patients 1:1 to either the exercise arm or the 
control arm. Randomization was stratified using block sizes of four 
patients.

Exercise intervention
The exercise intervention has been described previously.15 Briefly, a perso
nalized exercise programme was developed for each patient according to 
baseline exercise capacity and current physical activity habits and delivered 

Figure 1 CONSORT diagram of patient recruitment, randomisation, and follow-up. AF, atrial fibrillation; LV, left ventricular; MI, myocardial infarc
tion; mth, month.
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by clinical exercise physiologists. Participants were given access to super
vised, one-on-one exercise sessions on a weekly basis for the first 3 months 
and then fortnightly from 3 to 6 months. Additional sessions were offered if 
required. A weekly physical activity plan was developed at each session to 
promote home-based participation in moderate-to-vigorous aerobic physical 
activity tailored to their ability. All home-based physical activity was recorded 
by participants in a diary, in which mode, duration, and intensity of activities 
were recorded. During the initial training phase, participants were encour
aged to increase their weekly physical activity time by ∼20% per week 
until a target of 210 min per week was reached. Weekly physical activity 
time included periods of moderate-to-vigorous aerobic activity of 
≥10 min. Supervised exercise sessions followed the aerobic interval 
training structure consisting of 4 × 4 min intervals, each interspersed 
by 2 min of active recovery, as demonstrated elsewhere.13 The target 
exercise intensity for each interval was 85–90% of the heart rate reserve 
(HRR) established during baseline cardiopulmonary exercise testing 
(CPET).16 For patients in AF, a modified Borg Scale using the rating of 
perceived exertion (1–10) was used to guide exercise intensity, with a 
target rating of 9 identified for aerobic intervals.

Control group
Participants in the control group were provided with two education ses
sions on the benefits of physical activity for the management of AF. Each 
session was delivered one-on-one by a clinical exercise physiologist. 
Specifically, patients in the control group were encouraged to achieve 
150 min of moderate physical activity per week but did not attend any su
pervised exercise sessions or receive any individualized exercise 
programme.

Guideline-directed, standard medical care was provided to all patients 
throughout the study period from their treating cardiologist blinded to 
the randomization group. Arrhythmia management, including decisions re
garding rate control, rhythm control, and anticoagulation, was at the discre
tion of the treating cardiologist. In addition, all patients received advice on 
management of lifestyle-based risk factors, consistent with current guide
lines. No specific weight loss intervention was initiated during the study 
period.

Follow-up
All patients underwent a standardized follow-up that included study vis
its at baseline and 6, 9, and 12 months post-randomization. Study out
comes were assessed by research and clinical staff blinded to 
treatment allocation.

Study outcomes
The co-primary outcomes of the primary study were freedom from AF, off 
anti-arrhythmic medications and without AF ablation, and AF symptom se
verity, quantified using the symptom severity domain of the University of 
Toronto AF Symptom Severity (AFSS) questionnaire.

Atrial fibrillation monitoring
Ambulatory monitoring was undertaken for 4 days in all patients at baseline 
and 6 and 12 months. Additional 4-day Holter monitoring was performed in 
patients who report symptoms consistent with AF. Furthermore, all pa
tients underwent 12-lead ECG and clinical review at 3 and 9 months post- 
randomization to screen for any potential arrhythmia or arrhythmia-related 
clinical events. A team of two independent cardiac scientists blinded to pa
tient randomization assessed Holter recordings, with final review by a car
diac electrophysiologist also blinded to patient randomization. Episodes of 
AF lasting 30 s or longer17 on Holter monitoring, AF documented with 
12-lead ECG following symptomatic episodes, and ongoing symptomatic 
episodes requiring anti-arrhythmic medication or AF ablation were consid
ered recurrence of AF.

Atrial fibrillation symptom severity
The AFSS questionnaire is a validated questionnaire that assesses the fre
quency, duration, and severity of AF-related symptoms. The co-primary 
outcome focused on the symptom severity domain that questions patients 
on the severity of seven AF-related symptoms over the preceding 4-week 

period.18 The AFSS questionnaire asks the patients to rate the extent to 
which each symptom has bothered them on a scale of 0–5 (0 being ‘No 
symptom’, 5 representing ‘A great deal’). The sum of all symptom scores 
was used to compute the total symptom severity score. In addition, three 
additional domains from the AFSS questionnaire were assessed: arrhythmia 
frequency (scored 1–10) and duration (scored 1.25–10). Using all compo
nents, the total AF symptom burden was computed on a scale ranging from 
3.25 (lowest symptom burden) to 30 (highest symptom burden). The AFSS 
questionnaire was administered at baseline and 6 and 12 months by staff 
blinded to patient randomization.

Cardiopulmonary exercise testing
At baseline and 6 and 12 months, all patients underwent treadmill-based 
maximal CPET using breath-by-breath pulmonary gas exchange (Jaeger 
Oxycon Pro, CareFusion, San Diego, CA, USA) following current guide
lines.19 The treadmill protocol followed a standardized protocol with a 
fixed walking speed and a 1% increase in gradient each minute until exhaus
tion. Twelve-lead ECG (Mortara, USA) was used to assess the rhythm and 
heart rate. Peak oxygen consumption (VO2peak) was defined as the highest 
oxygen uptake averaged over 20 s intervals. Maximal effort was determined 
by a peak respiratory exchange ratio (RER) of ≥1.05.

Transthoracic echocardiography
Transthoracic echocardiography was performed by an experienced sono
grapher blinded to patient randomization at baseline and 6 and 12 months. 
All images were obtained and analysed as per current guidelines.20,21

Clinical follow-up
All patients were followed up by a clinical cardiac electrophysiologist 
blinded to treatment allocation. Furthermore, study investigators were 
blinded to decisions on rate and rhythm control medication. The prescribed 
medications for each patient were evaluated and recorded at baseline and 6 
and 12 months. Additionally, in-office blood pressure, height, and weight 
were obtained during each study visit by experienced cardiac scientists 
blinded to randomization.

Statistical analysis
All data are presented as percentages for discrete variables and median [inter
quartile range (IQR)] or mean ± standard deviation for continuous variables. 
For analysis of the co-primary outcome of AF freedom, we first constructed a 
single Cox regression model including both the randomization group and sex, 
and their interaction, as input variables. Survival curves were subsequently es
timated by the Kaplan–Meier method and compared by the log-rank test 
within each sex. The hazard ratio (HR) and 95% confidence interval (CI) of 
the group effect were derived using the Cox proportional hazards model. 
All participants were analysed using the intention-to-treat principle according 
to initial randomization and by sex. The proportional hazards assumption was 
assessed by correlating scaled Schoenfeld residuals with time to test for inde
pendence between residuals and time. Proportionality of hazards was con
firmed using Schoenfeld’s global test with P > 0.05, indicating that this 
assumption was met. For analysis of the co-primary outcome of AF symptom 
severity, pairwise mean comparisons at 6 and 12 months were performed 
with adjustment for baseline values using analysis of covariance, with α =  
5% set as the significance level. To account for missing values, a multiple im
putation approach was performed using the predictive mean matching meth
od with 50 iterations taken to impute missing values. Five imputed datasets 
were created, which were subsequently pooled for analysis. In addition, a sec
ondary analysis was performed using complete cases only. All other second
ary outcomes were analysed using analysis of covariance to compare mean 
differences and 95% CI at 6 and 12 months, with baseline measures added 
as a covariant. The CI of secondary endpoints is presented without adjust
ment for multiplicity. All statistical analyses were performed using R 
Statistical Software (R Foundation for Statistical Computing) using the 
‘mice’, ‘rms’, ‘survival’, and ‘emmeans’ packages. A P-value of <0.05 was con
sidered statistically significant.
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Results
Patient characteristics
From November 2015 to December 2019, 369 symptomatic AF pa
tients were assessed for eligibility and 120 patients were enrolled in 
the study. Of these, 69 (57.5%) were men and 51 (42.5%) were women. 
The baseline characteristics of enrolled patients are shown in Table 1. 
On average, women were older (68 vs. 63 years) and more likely to 
have paroxysmal AF than men (75% vs. 52%). The prevalence of coron
ary artery disease was lower amongst women (20.3% vs. 5.9%). There 
were no differences between men and women for prescribed medica
tions. Fourteen patients did not complete follow-up (eight men, six wo
men; Figure 1). For men, four patients withdraw from each of the 
exercise and control groups. Amongst women, two patients withdrew 
from the exercise group and four withdraw from the control group.

Primary outcome: atrial fibrillation 
recurrence
Recurrence of AF, off anti-arrhythmic therapy, was observed in 50 
(73%) men and 34 (67%) women (HR 1.38, 95% CI: 0.89–2.14). In a 
Cox regression model including both the randomization group and 
sex, we found no evidence of an interaction between the group and 
sex (P = 0.99). In an intention-to-treat analysis, there was a 
between-group difference in favour of the exercise group for both 
men (HR 0.52, 95% CI: 0.29–0.91, P = 0.022) and women (HR 0.47, 
95% CI: 0.23–0.95, P = 0.035; Figure 2). These findings did not differ 
when only complete cases were included in this analysis (see 
Supplementary material online, Table S1).

Sex differences in atrial fibrillation 
symptoms
At enrolment, women and men reported comparable AF symptom se
verity scores (11 ± 7 vs. 9 ± 7), and this similarity remained after adjust
ment for between-sex differences in age, AF type, and coronary artery 
disease (P = 0.08). The change in AF symptom severity over the 
12-month study period is shown in Figure 3. We did not observe any 
statistically significant interaction between the group and sex on AF 
symptom severity. At 6 months after randomization, the mean AF 
symptom severity score for women was 7 ± 4 and 12 ± 9 for the exer
cise and control groups, respectively, with a mean adjusted difference of 
−2.6 (95% CI: −5.6 to 0.5, Table 2). At 12 months, the AF symptom se
verity score for women was 6 ± 5 and 11 ± 9 for the exercise and con
trol groups (adjusted mean difference −3.4, 95% CI: −6.6 to −0.2). In 
men, the 6-month symptom severity scores for the exercise and con
trol groups were 7 ± 6 and 7 ± 6, corresponding to an adjusted mean 
difference of −0.95 (95% CI: −3.6 to 1.7). At 12 months, symptom se
verity scores were 6 ± 5 and 6 ± 5, corresponding to an adjusted mean 
difference of −0.3 (95% CI: −3.0 to 2.5, Table 2). These findings did not 
differ when only complete cases were included in this analysis (see 
Supplementary material online, Table S2).

At 6 and 12 months, the AF symptom burden was lower in the ex
ercise group amongst women only. Similarly, we observed a reduced 
AF frequency at 12 months in women only. We found no evidence 
of a reduced AF symptom burden, duration, or frequency in men ran
domized to exercise at either time point.

Sex differences in cardiorespiratory 
fitness
At enrolment, VO2peak was lower in women compared with men (16.0  
± 4.1 vs. 22.3 ± 5.1 mL/kg/min, P < 0.001). These differences persisted 
following adjustment for sex differences in age, type of AF, and 

coronary artery disease. We did not observe any statistically significant 
interaction between the group and sex on VO2peak. Upon completion 
of the intervention period, the between-group difference in VO2peak for 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline clinical characteristics

Characteristic Men  
(n = 69)

Women  
(n = 51)

P-value

Demographics and baseline measures
Age (years) 63 ± 11 68 ± 7 0.003

Body mass (kg) 98 ± 18 83 ± 17 <0.001
Height (cm) 180 ± 8 164 ± 6 <0.001

Body mass index (kg/m2) 30.2 ± 5.3 30.8 ± 6.6 0.59

Systolic blood pressure 
(mmHg)

134 ± 17 130 ± 20 0.28

Diastolic blood pressure 

(mmHg)

79 ± 10 71 ± 14 <0.001

Medical history
Persistent AF (n, %) 33 (48) 13 (25) 0.022

Hypertension (n, %) 44 (64) 36 (71) 0.56
Type 2 diabetes (n, %) 10 (14) 6 (12) 0.87

Obstructive sleep apnoea 

(n, %)

29 (42) 20 (39) 0.90

Coronary artery disease 

(n, %)

14 (20) 3 (6) 0.049

Previous stroke/TIA (n, %) 3 (4) 3 (6) 0.99
CHA2DS2-VASc (median, 

IQR)

1 (1–2) 2 (1–2.5) 0.12

Medications
Beta-blocker (n, %) 30 (43) 21 (41) 0.85

Calcium channel blocker 

(n, %)

22 (32) 18 (35) 0.66

Sotalol (n, %) 11 (16) 8 (16) 1.0

Flecainide (n, %) 19 (28) 13 (26) 1.0

Amiodarone (n, %) 6 (9) 2 (4) 0.52
ACE inhibitor (n, %) 18 (26) 12 (24) 0.96

Angiotensin receptor 

blockade (n, %)

24 (35) 17 (33) 1.0

Statin (n, %) 30 (43) 20 (39) 0.8

Oral anticoagulation (n, %) 55 (80) 41 (80) 1.0

Echocardiography and exercise testing
LA volume (mL/m2) 33.8 ± 9.7 29.8 ± 8.0 0.024

LV ejection fraction (%) 61.1 ± 7.8 62.9 ± 6.4 0.20

LV mass (g/m2) 88.7 ± 23.3 77.1 ± 16.2 0.003
E/e′ 9.5 ± 4.5 10.6 ± 4.0 0.16

VO2peak (mL/kg/min) 22.3 ± 5.1 16.0 ± 4.1 <0.001

AF symptom scores
Symptom severity 8.9 ± 7.4 11.3 ± 7.3 0.08

Symptom frequency 4.5 ± 3.6 4.6 ± 3.0 0.84

Symptom duration 5.5 ± 3.5 4.9 ± 3.0 0.35
Symptom burden 15.5 ± 7.0 15.4 ± 4.8 0.92

LA volume and LV mass were indexed to the body surface area. VO2peak was indexed to 
body mass. 
ACE, angiotensin converting enzyme; AF, atrial fibrillation; TIA, transient ischaemic 
attack; LA, left atrial; LV, left ventricular; E, early mitral filling; e′, mitral annular early 
diastolic velocity; VO2peak, peak oxygen consumption; IQR, interquartile range.
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men (mean difference 1.9 mL/kg/min, 95% CI: 0.2 to 3.5) tended to be 
higher than for women (mean difference 1.3 mL/kg/min, 95% CI: −0.2 to 
2.7). Similarly, between-group differences suggested that exercise benefits 
were sustained at 12 months for men (mean difference 2.6 mL/kg/min, 
95% CI: 0.4 to 4.8) but less for women (mean difference 0.7 mL/kg/min, 
95% CI: −1.1 to 2.5; Figure 4).

Sex differences in echocardiographic 
measures and risk factors
At baseline, men had higher left atrial (LA) volumes and LV mass when 
indexed to body size (Table 1). Systolic and diastolic LV functions were 
similar between men and women. There were no statistically significant 
differences in LA size, LV size, or function between groups for either 
men or women during follow-up. At baseline, body mass and systolic 
blood pressure were comparable between sexes, with higher diastolic 
blood pressure in men compared with women. At the final follow-up 
(see Supplementary material online, Table S3), there were no 
between-group differences in body mass at 6 months. However, at 12 
months, body mass was higher in the exercise group amongst women 
(mean difference 2.9 kg, 95% CI: 0.1–5.8). Systolic blood pressure was 
comparable between both groups in both men and women at each 
time point. In men, diastolic blood pressure was lower in the exercise 
group at 6 (mean difference −4.4 mmHg, 95% CI: −8.3 to −0.5) but 
not 12 months. There were no between-group differences in diastolic 
blood pressure in women.

Discussion
The results of this sub-analysis of the ACTIVE-AF study provide im
portant insights into the efficacy of exercise training amongst men 
and women with symptomatic, non-permanent AF. Specifically, we 
demonstrate the following clinically relevant findings: 

(1) Despite differences in patient characteristics at enrolment, men 
and women randomized to exercise intervention had a reduction 
in recurrent AF over the 12-month follow-up.

(2) Amongst women, those randomized to exercise had lower AF 
symptom severity at the 12-month follow-up. In contrast, we 
did not observe between-group differences in symptom severity 
between men randomized to exercise and control groups.

(3) By the 12-month follow-up, men randomized to exercise dis
played higher cardiorespiratory fitness than control group pa
tients. In contrast, we did not observe between-group 
differences amongst women.

Amongst patients with AF, there are frequently reported differences 
between men and women in risk factor profiles, pathophysiology, 
symptoms, access to therapy, and treatment outcomes.2,3,22–24 The 
ACTIVE-AF study reported the efficacy of exercise intervention for 
the reduction of AF recurrence and symptom severity amongst patients 
with symptomatic paroxysmal or persistent AF, lending further evi
dence in favour of lifestyle modification and risk factor reduction as 
the first pillar of AF management.5 However, there is a paucity of 
data regarding the reported between-sex differences that influence 
outcomes from lifestyle intervention. The novel finding from our study 
is that despite more frequent AF recurrences in men compared with 
women overall, the effect of exercise on AF recurrence was similar be
tween sexes. This finding reinforces the need for consideration of ex
ercise prescription amongst patients with symptomatic AF, regardless 
of sex. Although further prospective studies within women with AF 
are warranted, this finding addresses an important clinical knowledge 
gap.

Exercise training is associated with a reduction in symptom severity 
amongst patients with AF. In this post hoc analysis, our study demon
strated a reduced AF symptom severity at 12 months for women in 
the exercise arm compared with the control arm, although there was 
no evidence for reduced symptom severity with exercise training 
amongst men. Previous multicentre registries have shown persistently 
worse symptom scores amongst women despite ongoing treatment.2

Therefore, the observation that exercise intervention provides signifi
cant benefits within women is notable and supports exercise recom
mendation to close the gap in symptoms between men and women. 
Although we did not find evidence for a reduction in AF symptom se
verity amongst men in the ACTIVE-AF study, we cannot rule out the 

Figure 2 Arrhythmia freedom, off anti-arrhythmic therapy and without ablation, within men (left) and women (right). CI, confidence interval; HR, 
hazard ratio.
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potential for a type II error given that this post hoc analysis was not spe
cifically powered to detect subtle differences in symptom profiles with
in each sex. Nonetheless, we maintain that exercise recommendation in 
men with AF is justified for the prevention of recurrent AF and its sub
sequent progression.

Women in the ACTIVE-AF study had lower VO2peak at enrolment 
compared with men. Sex differences in aerobic capacity are largely 
the consequence of reduced cardiac volumes and increased LV stiffness, 
coupled with differences in blood volume and oxygen-carrying capacity 
amongst women. However, it is also possible that prior physical activity 
habits may influence the difference observed here. Interestingly, exer
cise training resulted in more sustained improvements in VO2peak for 
men compared with women. Although the mechanisms for this differ
ence are not immediately clear, previous studies have shown a blunted 
cardiovascular response to training amongst women.25 In our study, we 
did not demonstrate any difference between exercise and control 

groups within either sex for echocardiographic assessment of LA 
size, LV dimensions, or cardiac function. An interesting observation 
from this analysis is the absence of any observed change in VO2peak des
pite improved symptom severity and reduced AF recurrence amongst 
women. We have previously reported discordance between VO2peak 
and self-reported symptoms amongst patients with AF.26 Collectively, 
these findings suggest that improvements in exercise tolerance may 
not directly translate into changes in symptom profiles amongst pa
tients with AF.

The beneficial effects of exercise were observed in the absence of a 
significant reduction in modifiable risk factors or favourable cardiac re
modelling. This suggests that the benefits of exercise may be independ
ent of reduced body mass and blood pressure. Interestingly, we 
observed a modest increase in body mass amongst women in the exer
cise group compared with the control group. Previous studies have 
shown an increase in lean mass with aerobic exercise training, which 

Figure 3 Atrial fibrillation symptom severity at 6 and 12 months, within men (top left) and women (bottom left). The mean difference between 
groups (adjusted for baseline measures) is shown in men (top right) and women (bottom right). AF, atrial fibrillation; CI, confidence interval.

Sex influence on exercise for AF                                                                                                                                                                 2011
D

ow
nloaded from

 https://academ
ic.oup.com

/eurjpc/article/30/18/2006/7229959 by guest on 21 M
arch 2024



Figure 4 Peak oxygen consumption at 6 and 12 months, within men (top left) and women (bottom left). The mean difference between groups (ad
justed for baseline measures) is shown in men (top right) and women (bottom right). CI, confidence interval; VO2peak, peak oxygen consumption.
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Table 2 Atrial fibrillation symptom scores at baseline and 6 and 12 months. Between-group differences are presented 
after adjustment for baseline scores

Group Baseline 6 months 12 months Adjusted mean difference  
at 6 months (95% CI)

Adjusted mean difference  
at 12 months (95% CI)

Men
Symptom severity Exercise 10.2 ± 8.3 6.4 ± 5.6 6.0 ± 5.8 −1.0 (−3.6 to 1.7) −0.3 (−3.0 to 2.5)

Control 7.8 ± 6.2 7.3 ± 5.5 6.3 ± 5.8
Symptom burden Exercise 15.4 ± 6.8 15.0 ± 5.3 14.4 ± 5.0 −0.9 (−3.4 to 1.6) −0.3 (2.6 to 2.1)

Control 15.7 ± 7.3 15.9 ± 5.3 14.7 ± 5.0

Symptom duration Exercise 5.3 ± 3.4 5.6 ± 2.5 4.8 ± 2.9 0.1 (−1.1 to 1.3) −1.2 (−2.5 to 0.2)
Control 5.7 ± 3.6 5.4 ± 2.5 4.7 ± 2.9

Symptom frequency Exercise 4.5 ± 3.5 4.2 ± 2.7 3.6 ± 2.9 −0.5 (−1.8 to 0.8) −0.4 (−1.8 to 0.9)

Control 4.4 ± 3.7 4.7 ± 2.7 4.0 ± 2.9
Women
Symptom severity Exercise 9.8 ± 5.4 8.5 ± 5.5 7.1 ± 5.8 −2.6 (−5.6 to 0.5) −3.4 (−6.6 to −0.2)

Control 12.8 ± 8.6 11.0 ± 5.6 10.5 ± 5.8
Symptom burden Exercise 14.3 ± 4.4 13.3 ± 4.9 12.7 ± 4.3 −3.3 (−6.0 to −0.5) −3.5 (−5.9 to −1.1)

Control 16.5 ± 5.0 16.5 ± 4.9 16.2 ± 4.3

Symptom duration Exercise 4.8 ± 3.0 4.2 ± 2.5 3.4 ± 2.2 −1.2 (−2.5 to 0.2) −1.2 (−2.4 to 0.0)
Control 5.0 ± 2.9 5.4 ± 2.5 4.6 ± 2.2

Symptom frequency Exercise 3.7 ± 2.6 4.3 ± 2.0 3.1 ± 2.5 −0.7 (−2.9 to −0.1) −1.5 (−2.9 to −0.1)

Control 5.5 ± 3.2 4.9 ± 2.0 4.6 ± 2.5
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may have contributed to this weight gain.27 We did not assess specific 
components of body composition, precluding evaluation of whether 
weight gain in women was promoted by lean or fat mass. However, 
it should be noted that the extent of weight gain was relatively modest 
and may not be associated with a parallel increase in specific adipose 
depots, such as epicardial adipose tissue, which are associated with re
current AF.28 All patients in our study were offered risk factor advice 
from their treating physician in line with current clinical guidelines. 
The absence of any between-group difference in measured risk factors 
at follow-up suggests that the extent of risk factor intervention did not 
differ between groups.

Limitations
We acknowledge several limitations within this study. First, this is a 
sub-analysis of the ACTIVE-AF study and would require replication in 
a larger cohort. Our sample size was not specifically powered to detect 
differences between sexes. This also limited our capacity to perform 
sensitivity analyses within each sex. As a result, we limited our analyses 
to the efficacy of exercise training within each sex. We acknowledge 
that there were statistically significant interactions between sex and 
group allocation for the outcomes assessed. Therefore, between-group 
differences in outcomes such as AF symptom severity and VO2peak 

should be interpreted with caution and will require formal testing in lar
ger, prospective studies. To account for missing follow-up data of the 
co-primary outcome of AF symptom severity, we performed multiple 
imputation in the primary study, although this was limited to the imput
ation of only five databases. The nature of exercise studies limits patient 
blinding to treatment allocation, which may influence findings in relation 
to self-reported measures of AF symptoms. We acknowledge that add
itional clinic visits for patients in the intervention group may have pro
moted greater medication adherence and awareness of AF 
management. We did not use continuous rhythm monitoring to detect 
asymptomatic episodes of AF, which may have differed between study 
groups and by sex. Furthermore, two-dimensional echocardiography 
may have been insufficient to detect subtle differences in LA remodel
ling. Finally, we are unable to extrapolate beyond the 12-month findings 
to evaluate whether the longer-term benefits of exercise intervention 
may differ between men and women.

Conclusions
Although there were sex differences upon enrolment in age, AF type, 
LA size, body mass index, and symptom severity, we found that the 
benefits of exercise on AF recurrence in the ACTIVE-AF study were 
comparable between men and women. However, AF symptoms 
were improved in the exercise group for women, with no differences 
observed amongst men. This study provides evidence supporting the 
prescription of exercise for the secondary prevention of AF amongst 
both men and women.
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Cardiology online.

Funding
A.D.E. is supported by a Future Leader Fellowship from the National Heart 
Foundation of Australia. R.M. is supported by a mid-career fellowship from 
the Hospital Research Foundation. M.E.M. is supported by a post-doctoral 
fellowship from the University of Adelaide. P.S. is supported by a 
Practitioner Fellowship from the National Health and Medical Research 
Council of Australia.

Conflict of interest: C.V.V. reports lecture and/or consulting fees from 
Novartis. R.M. reports that the University of Adelaide has received on his 
behalf lecture and/or consulting fees from Medtronic, Abbott, Pfizer, and 
Bayer. R.M. reports that the University of Adelaide has received on his be
half research funding from Medtronic, Abbott, and Bayer. D.H.L. reports 
that the University of Adelaide has received on his behalf lecture and/or 
consulting fees from Abbott Medical, Boehringer Ingelheim, Bayer, and 
Pfizer. P.S. reports having served on the advisory board of Boston 
Scientific, CathRx, Medtronic, Abbott Medical, and PaceMate. P.S. reports 
that the University of Adelaide has received on his behalf lecture and/or 
consulting fees from Medtronic, Boston Scientific, Abbott Medical, 
PaceMate, and CathRx. P.S. reports that the University of Adelaide has re
ceived on his behalf research funding from Medtronic, Abbott Medical, 
Boston Scientific, PaceMate, and Becton Dickinson. All other authors 
have no disclosures.

Data availability
The data underlying this article cannot be shared publicly due to restrictions 
from the Human Research Ethics Committees of the Central Adelaide 
Local Health Network and the University of Adelaide. The data will be 
shared on reasonable request to the corresponding author.

Author contribution
A.D.E. and P.S. oversaw the conception and design of the study. C.V.V., 
A.D.E., R.M., C.G., R.S.M., M.E.M., and D.H.L. contributed to data acquisition 
and analysis. C.V.V. and A.D.E. drafted the manuscript. All authors critically 
revised the manuscript and gave final approval.

References
1. Emdin CA, Wong CX, Hsiao AJ, Altman DG, Peters SA, Woodward M, et al. Atrial fib

rillation as risk factor for cardiovascular disease and death in women compared with 
men: systematic review and meta-analysis of cohort studies. BMJ 2016;532:h7013.

2. Piccini JP, Simon DN, Steinberg BA, Thomas L, Allen LA, Fonarow GC, et al. Differences 
in clinical and functional outcomes of atrial fibrillation in women and men: two-year re
sults from the ORBIT-AF registry. JAMA Cardiology 2016;1:282–291.

3. Volgman AS, Benjamin EJ, Curtis AB, Fang MC, Lindley KJ, Naccarelli GV, et al. Women 
and atrial fibrillation. J Cardiovasc Electrophysiol 2021;32:2793–2807.

4. Grecu M, Blomström-Lundqvist C, Kautzner J, Laroche C, Van Gelder IC, Jordaens L, 
et al. In-hospital and 12-month follow-up outcome from the ESC-EORP EHRA atrial 
fibrillation ablation long-term registry: sex differences. Europace 2020;22:66–73.

5. Elliott AD, Middeldorp ME, Van Gelder IC, Albert CM, Sanders P. Epidemiology and 
modifiable risk factors for atrial fibrillation. Nat Rev Cardiol 2023;20:404–417.

6. Middeldorp ME, Pathak RK, Meredith M, Mehta AB, Elliott AD, Mahajan R, et al. 
PREVEntion and regReSsive Effect of weight-loss and risk factor modification on 
Atrial Fibrillation: the REVERSE-AF study. Europace 2018;20:1929–1935.

7. Pathak RK, Middeldorp ME, Meredith M, Mehta AB, Mahajan R, Wong CX, et al. 
Long-term effect of goal-directed weight management in an atrial fibrillation cohort: a 
long-term follow-up study (LEGACY). J Am Coll Cardiol 2015;65:2159–2169.

8. Pathak RK, Middeldorp ME, Lau DH, Mehta AB, Mahajan R, Twomey D, et al. Aggressive 
risk factor reduction study for atrial fibrillation and implications for the outcome of ab
lation: the ARREST-AF cohort study. J Am Coll Cardiol 2014;64:2222–2231.

9. Mishima RS, Verdicchio CV, Noubiap JJ, Ariyaratnam JP, Gallagher C, Jones D, et al. 
Self-reported physical activity and atrial fibrillation risk: a systematic review and 
meta-analysis. Heart Rhythm 2021;18:520–528.

10. Elliott AD, Linz D, Mishima R, Kadhim K, Gallagher C, Middeldorp ME, et al. Association 
between physical activity and risk of incident arrhythmias in 402 406 individuals: evi
dence from the UK Biobank cohort. Eur Heart J 2020;41:1479–1486.

11. Qureshi WT, Alirhayim Z, Blaha MJ, Juraschek SP, Keteyian SJ, Brawner CA, et al. 
Cardiorespiratory fitness and risk of incident atrial fibrillation: results from the Henry 
Ford Exercise Testing (FIT) Project. Circulation 2015;131:1827–1834.

12. Svedberg N, Sundstrom J, James S, Hallmarker U, Hambraeus K, Andersen K. Long-term 
incidence of atrial fibrillation and stroke among cross-country skiers. Circulation 2019; 
140:910–920.

Sex influence on exercise for AF                                                                                                                                                                 2013
D

ow
nloaded from

 https://academ
ic.oup.com

/eurjpc/article/30/18/2006/7229959 by guest on 21 M
arch 2024

http://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwad242#supplementary-data


13. Malmo V, Nes BM, Amundsen BH, Tjonna AE, Stoylen A, Rossvoll O, et al. Aerobic 
interval training reduces the burden of atrial fibrillation in the short term: a randomized 
trial. Circulation 2016;133:466–473.

14. Pathak RK, Elliott A, Middeldorp ME, Meredith M, Mehta AB, Mahajan R, et al. Impact of 
CARDIOrespiratory FITness on arrhythmia recurrence in obese individuals with atrial 
fibrillation: the CARDIO-FIT study. J Am Coll Cardiol 2015;66:985–996.

15. Elliott AD, Verdicchio CV, Mahajan R, Middeldorp ME, Gallagher C, Mishima RS, et al. 
An exercise and physical activity program in patients with atrial fibrillation: the 
ACTIVE-AF randomized controlled trial. JACC Clin Electrophysiol 2023;9:455–465.

16. Verdicchio CV, Gallagher C, Mahajan R, Middeldorp ME, Linz D, Lau DH, et al. Use of 
heart rate for guiding exercise training in patients with atrial fibrillation. J Sports Med Phys 
Fitness 2023:63:188–194.

17. January CT, Wann LS, Alpert JS, Calkins H, Cigarroa JE, Cleveland JC, et al. 2014 
AHA/ACC/HRS guideline for the management of patients with atrial fibrillation: a 
report of the American College of Cardiology/American Heart Association Task 
Force on Practice Guidelines and the Heart Rhythm Society. J Am Coll Cardiol 
2014;64:e1–76.

18. Dorian P, Jung W, Newman D, Paquette M, Wood K, Ayers GM, et al. The impairment 
of health-related quality of life in patients with intermittent atrial fibrillation: implica
tions for the assessment of investigational therapy. J Am Coll Cardiol 2000;36: 
1303–1309.

19. Guazzi M, Arena R, Halle M, Piepoli MF, Myers J, Lavie CJ. 2016 focused update: clinical 
recommendations for cardiopulmonary exercise testing data assessment in specific pa
tient populations. Eur Heart J 2018;39:1144–1161.

20. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, et al. 
Recommendations for cardiac chamber quantification by echocardiography in 
adults: an update from the American Society of Echocardiography and the 

European Association of Cardiovascular Imaging. J Am Soc Echocardiogr 2015;28: 
1–39.e14.

21. Nagueh SF, Smiseth OA, Appleton CP, Byrd BF, Dokainish H, Edvardsen T, et al. 
Recommendations for the evaluation of left ventricular diastolic function by echocardi
ography: an update from the American Society of Echocardiography and the European 
Association of Cardiovascular Imaging. Eur Heart J Cardiovasc Imaging 2016;17: 
1321–1360.

22. Odening KE, Deiß S, Dilling-Boer D, Didenko M, Eriksson U, Nedios S, et al. Mechanisms 
of sex differences in atrial fibrillation: role of hormones and differences in electrophysi
ology, structure, function, and remodelling. Europace 2018;21:366–376.

23. Volgman AS, Bairey Merz CN, Benjamin EJ, Curtis AB, Fang MC, Lindley KJ, et al. Sex and 
race/ethnicity differences in atrial fibrillation. J Am Coll Cardiol 2019;74:2812–2815.

24. Noubiap JJ, Thomas G, Agbaedeng TA, Fitzgerald JL, Gallagher C, Middeldorp ME, et al. 
Sex differences in clinical profile, management, and outcomes of patients hospitalized 
for atrial fibrillation in the United States. Eur Heart J Qual Care Clin Outcomes 2022;8: 
852–860.

25. Howden EJ, Perhonen M, Peshock RM, Zhang R, Arbab-Zadeh A, Adams-Huet B, et al. 
Females have a blunted cardiovascular response to one year of intensive supervised en
durance training. J Appl Physiol (1985) 2015;119:37–46.

26. Elliott AD, Verdicchio CV, Gallagher C, Linz D, Mahajan R, Mishima R, et al. Factors con
tributing to exercise intolerance in patients with atrial fibrillation. Heart Lung Circ 2021; 
30:947–954.

27. Christensen RH, Wedell-Neergaard AS, Lehrskov LL, Legaard GE, Dorph E, Larsen MK, 
et al. Effect of aerobic and resistance exercise on cardiac adipose tissues: secondary ana
lyses from a randomized clinical trial. JAMA Cardiol 2019;4:778–787.

28. Wong CX, Abed HS, Molaee P, Nelson AJ, Brooks AG, Sharma G, et al. Pericardial fat is 
associated with atrial fibrillation severity and ablation outcome. J Am Coll Cardiol 2011; 
57:1745–1751.

2014                                                                                                                                                                                  C.V. Verdicchio et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurjpc/article/30/18/2006/7229959 by guest on 21 M
arch 2024


	Influence of sex on efficacy of exercise training for patients with symptomatic atrial fibrillation: insights from the ACTIVE-AF randomized controlled trial
	Introduction
	Methods
	Study design
	Patient selection and randomization
	Exercise intervention
	Control group
	Follow-up
	Study outcomes
	Atrial fibrillation monitoring
	Atrial fibrillation symptom severity
	Cardiopulmonary exercise testing
	Transthoracic echocardiography
	Clinical follow-up

	Statistical analysis

	Results
	Patient characteristics
	Primary outcome: atrial fibrillation recurrence
	Sex differences in atrial fibrillation symptoms
	Sex differences in cardiorespiratory fitness
	Sex differences in echocardiographic measures and risk factors

	Discussion
	Limitations

	Conclusions
	Supplementary material
	Funding
	Data availability
	Author contribution
	References


