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Background: Atrial fibrillation (AF) is associated with diminished cardiac function, and exercise

tolerance.

Hypothesis: We sought to investigate the role of cardiac rehabilitation program (CR) in patients

with AF.

Methods: The study included 2165 consecutive patients that participated in our CR program

between the years 2009 to 2015. All were evaluated by a standard exercise stress test (EST) at

baseline, and upon completion of at least 3 months of training. Participants were dichotomized

according to baseline fitness and the degree of functional improvement. The combined primary

end point was cardiac related hospitalization or all-cause mortality.

Results: A total of 292 patients had history of AF, with a mean age of 68 � 9 years old, 76% of

which were males. The median predicted baseline fitness of AF patients was significantly lower

compared to non-AF patients (103% vs 122%, P < 0.001, respectively). Prominent improvement

was achieved in the majority of the patients in both groups (64% among AF patients and 63%

among those without AF). Median improvement in fitness between stress tests was significantly

higher in patients with AF (124% vs 110%, P < 0.001, respectively). Among AF patients, high

baseline fitness was associated with a lower event rates (HR 0.40; 95%CI 0.23-0.70; P = 0.001).

Moreover, prominent improvement during CR showed a protective effect (HR 0.83; 95% CI

0.69-0.99; P = 0.04).

Conclusion: In patients with AF participating in CR program, low fitness levels at baseline EST

are associated with increased risk of total mortality or cardiovascular hospitalization during

long-term follow-up. Improvement on follow-up EST diminishes the risk.
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1 | INTRODUCTION

Atrial fibrillation (AF) is a common arrhythmia which is increasing

yearly.1 Risk factors for developing AF include, among others, age,

gender, obesity, and low fitness level.2,3

The benefit of cardiac rehabilitation (CR) programs has been well-

established in many cardiac diseases, including heart failure, and coro-

nary artery disease.4–6 Participation in multidisciplinary programs that

include aerobic physical activity has been shown to be associated with

a significant reduction in morbidity and mortality.7 Furthermore,

fitness levels at baseline and the degree of improvement of fitness

during rehabilitation are in correlation with outcomes.8,9

The relationship between physical activity and risk of AF is pre-

served even when corrected for BMI, age, and comorbidities. In fact,

the arrhythmia itself is associated with lower exercise capacity and

physical fitness.10 While multiple studies showed benefit in increasing

cardiovascular fitness in this patient population with subsequent

decrease in incidence or recurrences of AF episodes,11,12 only few

have examined the impact of the arrhythmia on cardiac rehabilitation

and fitness training without being able to evaluate the real impact of
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exercise based cardiac rehabilitation on mortality or cardiovascular

adverse events.13

Accordingly, the aim of this study was to examine effects of AF

on cardiac rehabilitation and associated outcomes. Specifically, we

sought to evaluate the role of the fitness level at baseline as well as

the degree of improvement among AF patients undergoing CR, and its

effect on cardiac related morbidity and total mortality.

2 | METHODS

2.1 | Patients

Our CR cohort contains 5732 patients. The present study population

was comprised of 2177 consecutive patients with and without AF

who completed our CR program and who had a follow-up EST

between 2009 and April 2015. All are patients with established car-

diovascular diseases who were admitted to our cardiac rehabilitation

center after myocardial infarction, percutaneous coronary interven-

tion, coronary artery by-pass grafting operation, decompensated heart

failure, or valve repair/replacement.

Participants were divided into two groups according to the exis-

tence of AF. Furthermore, the patients among the AF group were also

dichotomized according to the degree of functional improvement,

between the baseline and the follow-up EST according to percent of

predicted age and sex metabolic equivalent task (METs) score. The

combined primary end point was cardiac related hospitalization

and/or all-cause mortality.

2.2 | The diagnosis of AF

History of AF at baseline was based on medical records, self-report

during the initial physician examination, or electrocardiographic docu-

mentation of AF during the first exercise stress test. All atrial fibrilla-

tion events were adjudicated by two study investigators (Arwa Younis

and AB (Anat Berkovitch)) who were blinded to patients' baseline

characteristics.

2.3 | Exercise protocol and clinical management

Patients participated in a 6-month cardiac rehabilitation program, con-

sisting of structured, 60 minutes, bi-weekly ET sessions according to a

predefined protocol individualized according to the ESC HF rehabilita-

tion consensus paper.4 A maximal exercise stress test (EST) according

to the Bruce protocol was performed and interpreted by a board certi-

fied cardiologist at the first visit.14 Exercise capacity and prescription

was based on the results of the first EST, and were individually pre-

scribed by senior exercise physiologists. In addition, all patients were

consulted by cardiologists, dietitians, and nursing staff. Psychological

support was available to all subjects.

In order to account for differences in expected METs according to

age and gender, and neutralize their effect in our statistical analyses, we

expressed the fitness of patients as a percentage of the expected METs

for age and gender, as established by normograms from the literature.15

An improvement was defined as delta predicted METs ({[predictedMETs

2−predicted METS1]/ predicted METs 1} * 100) that is greater than 5.

After a median of 8 � 5 months of program participation, subjects

underwent a second symptom limited stress test and clinical evalua-

tion by a rehabilitation physician. Following the active training period,

most patients continued exercise in the community, under the care of

their family physician and cardiologist, while some continued to exer-

cise in a hospital based setting.

2.4 | Study design and endpoints

The primary outcome of the current study was the first composite

event of cardiovascular related hospitalization or all-cause mortality.

Cardiac related hospitalizations were identified from hospital records

of discharge letters from the internal medicine or cardiology wards

with the ICD-9 discharge diagnoses being one of the diagnoses of

CHF or MACE (cardiovascular mortality, myocardial infarction, stroke,

and cardiovascular related hospitalization). Mortality data was avail-

able for all subjects from the National Israeli Population Register up to

middle of 2016.

2.5 | Statistical analyses

Continuous parameters of the study groups were compared using the

two-sample Student t-test. For comparison of categorical data we

used the Fisher exact test. The probability of outcome according to

the presence or absence of AF was graphically displayed according to

the method of Kaplan and Meier, with comparison of cumulative sur-

vival across strata by the log-rank test. Cox proportional hazards

regression modeling was used to determine the hazard ratio (HR) for

our primary outcome.

Multivariable linear regression models were conducted with met-

abolic equivalents as the dependent variable, and independent predic-

tors were selected for inclusion using backward selection

methodology. All potentially significant univariate predictors of exer-

cise capacity (P < 0.10) were included in the model, and least signifi-

cant covariates were removed individually until all remaining

covariates were statistically significant predictors of improvement.

Two and three-way interaction terms between independent predic-

tors in the final models were further tested for statistical significance.

Statistical significance was declared for a two-sided P < 0.05. The

statistical analysis was performed with IBM SPSS version 20.0

(Chicago, Illinois) and SAS version 9.2 (SAS institute Inc.).

3 | RESULTS

3.1 | Population characteristics

This study included 2177 consecutive patients that participated in our

CR program and who had a follow-up EST between 2009 and April

2015. The study group included 304 (15%) patients with a history of

AF, while the control group included 1873 (85%) patients without

it. Baseline characteristics of patients are summarized in Table 1.

The mean age at baseline was significantly higher in the AF group

(68 � 9 years old vs 62 �12 years old, P < 0.001, respectively). In

addition, the rates of comorbidities were higher in the AF group.
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Interestingly, patients with AF had higher LVEF compared to other

participants (54 �10% vs 51 �17%, P < 0.001, respectively).

3.2 | Follow-up exercise stress test and
improvement capacity

Both groups showed high rates of improvement in their fitness level

adjusted for the age and sex predicted METs between the baseline

and follow-up EST. Significant improvement (delta > 5%) was achieved

among 194 (64%) patients with AF, and among 1180 (63%) patients

without AF (P = 0.37 for the comparison). The initial predicted METs

was significantly lower among patients with AF (103% vs 122%;

P < 0.001) (Figure 1A). The delta for improvement in fitness relative to

age and gender predicted value was significantly more prominent in

patients with AF (24% vs 10%, P < 0.001) (Figure 1B).

3.3 | Predictors for improvement among patients
with AF

In multivariate analyses, female sex, non-DM, low maximal pulse

effort, and preserved LVEF (>30%) were all significant independent

predictors of remarkable improvement in exercise capacity after CR

among AF patients (Figure S1, Supporting information). There was a

statistically significant interaction between DM status, sex, and

ejection fraction.

3.4 | Improvement in fitness and the primary
outcome among both groups

During study follow-up a total of 544 (25%) patients met the primary

endpoint. Fifty-four patients (2.5%) died, and another 490 (97.5%)

were hospitalized for any cardiac reason. Among patients with AF,

Kaplan-Mayer survival analysis showed a strong trend for lower event

rates of the primary endpoint at 5 years in patients with significant

improvement in fitness (log-rank P value = 0.06) (Figure 2A). Among

patients without AF, Kaplan-Mayer survival analysis showed a signifi-

cant lower events rate of the primary endpoint at 5 years in patients

with significant improvement in fitness (log-rank P value < 0.001)

(Figure 2B).

3.5 | Improvement in fitness and the primary
outcome only in patients with AF

Accordingly, multivariate cox modeling among only those with AF,

adjusted for age, gender and comorbidities, demonstrated that

prominent improvement was associated with a lower significant risk

for the primary endpoint (HR 0.83; 95% CI 0.69-0.98; P = 0.04).

TABLE 1 Baseline characteristics, echocardiography, and cardiac stress test findings of the study population by the two pre-specified groups

Variable None AF; n = 1873 AF; n = 304 P value

Male 1537 (0.82) 223 (0.76) 0.02

Age (years) 62 (�12) 68 (�9) <0.001

Weight (kg) 81 (�15) 83 (�16) 0.57

Smoking 266 (0.16) 32 (0.11) 0.16

Ischemic heart disease 1535 (0.82) 203 (0.7) <0.001

Congestive heart failure (NYHA ≥ II) 165 (0.09) 79 (0.27) <0.001

Prior CABG 450 (0.24) 102 (0.35) <0.001

Valvular disease 282 (0.15) 114 (0.39) <0.001

Cerebrovascular accident 102 (0.05) 29 (0.1) 0.003

Dyslipedemia 986 (0.53) 165 (0.57) 0.218

Hypertension 887 (0.47) 197 (0.68) <0.001

Diabetes mellitus 493 (0.26) 89 (0.31) 0.136

Renal impairment (eGFR < 60) 100 (0.05) 50 (0.17) <0.001

Chronic obstructive pulmonary disease 30 (0.02) 18 (0.06) <0.001

Chronic resynchronization therapy 37 (0.02) 6 (0.02) 0.928

Implantable cardioverter defibrillator 69 (0.04) 22 (0.08) 0.002

Pacemaker 109 (0.06) 45 (0.15) <0.001

Echocardiography findings

Left ventricular ejection fraction 51% (�17) 54% (�10) <0.001

Left atrial area (cm2) 21 (�6) 27 (�5) <0.001

Systolic pulmonary artery pressure (mm Hg) 33 (�9) 39 (�8) <0.001

Ergometrie findings

Heart rate at rest (bpm) 69 (�11) 69 (�14) 0.325

Max effort pulse (bpm) 125 (�23) 111 (�23) <0.001

One-min recovery pulse (bpm) 101 (�19) 94 (�20) <0.001

Abbreviations: CABG, coronary artery bypass grafting; eGFR, estimated glomerular filtration rate calculated based on the modification of diet in renal dis-
ease study equation; NYHA, New York Heart Association Score.
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High baseline fitness was associated with the lowest significant risk

for the primary endpoint (HR 0.41; 95% CI 0.24-0.70; P < 0.001)

(Table 2). Similar results were obtained also among patients

without AF.

Further analysis, only in patients with AF, incorporating the

improvement upon baseline fitness showed a gradation in outcomes.

Kaplan-Mayer analysis showed that patients with high baseline fitness

and major improvement had the lowest event rate of the primary end-

point. Furthermore, patients with high baseline fitness and minor

improvement or low baseline fitness with a major improvement had

intermediate outcomes. The worst outcome, in fact, was

demonstrated in patients with poor baseline fitness and minor

improvement in follow-up (log-rank P value < 0.001, Figure 3).

While comparing to AF patients with low baseline fitness and

minor improvement (the reference group), those with low baseline fit-

ness and major improvement showed no significant risk reduction in

clinical outcomes (P = 0.75). Interestingly, a significant decreased risk

was observed in patients with high baseline fitness albeit a minor

improvement (HR 0.55, 0.32-0.94, P = 0.03). As predicted, the most

prominent risk reduction was observed in patients with high baseline

fitness and a major improvement in follow-up EST (HR 0.18,

0.08-0.39, P < 0.0001) (Figure S2).

FIGURE 1 A, Initial and last percentage of the predicted METs among patients wit and without AF undergoing cardiac rehabilitation. B, The

percentage change [([Follow-up predicted METs−Baseline predicted METs]/Baseline predicted METs) * 100] among patients with AF and those
without it

YOUNIS ET AL. 1173



4 | DISCUSSION

Our study evaluated the significance of AF among patients with cardio-

vascular illnesses undergoing CR. The main finding of the present study is

that among patients with AF undergoing CR, high baseline fitness levels

are independently associated with decreased risk of MACE or mortality.

In keeping with previous studies16 patients with a history of AF

had a lower baseline fitness levels compared to their non-atrial fibrilla-

tion peers. Interestingly, these patients showed a higher degree of

improvement throughout the rehabilitation program. This could be

potentially related to the fact that starting at a lower level of fitness

allows more room for improvement, whilst patients who start rehabili-

tation closer to their maximal fitness level have to work harder to

achieve similar degree of improvements. Martin et al reported similar

results showing that improvement in fitness level was most strongly

among those who started with low fitness levels.7 Previous studies

have shown also consistent results.17,18 In fact, the positive effect on

physical fitness level and capacity is of a paramount importance, since

these are independent predictors of cardiovascular events and all-

cause mortality.19,20 Several large cohort studies showed that for

every one MET increase in physical capacity the mortality rates

decrease for men by 17%, and for women by 14%.17 Indeed we also

FIGURE 2 Kaplan Meier survival analyses showing the risk for MACE and/or all-cause mortality among patients with AF (A) and without AF

(B) based on their improvement

TABLE 2 Independent MACE and all-cause mortality risk predictors in patients with and without atrial fibrillation undergoing cardiac

rehabilitation—a multivariate cox model regression

Variable

Atrial fibrillation n. 304 No atrial fibrillation n. 1873

HR 95.0% CI P value HR 95.0% CI P value

High baseline fitness 0.41 0.24-0.70 <0.001 0.67 0.53-0.85 <0.001

Improvementa 0.83 0.69-0.98 0.04 0.58 0.46-0.72 <0.001

Age > 75 years 1.29 0.81-2.05 0.28 1.50 1.13-1.98 0.005

Men 1.1 0.65-1.86 0.73 1.05 0.78-1.39 0.738

Ischemic heart disease 1.04 0.64-1.71 0.87 1.03 0.77-1.38 0.827

Congestive heart failure 1.22 0.77-1.91 0.4 2.06 1.54-2.75 <0.001

Prior cerebrovascular accident 0.85 0.42-1.71 0.64 1.23 0.82-1.85 0.310

Hypertension 1.13 0.70-1.83 0.62 1.18 0.93-1.51 0.170

Dyslipidemia 0.63 0.40-1.01 0.05 0.76 0.60-0.96 0.022

Diabetes mellitus 1.45 0.93-2.29 0.11 1.40 1.10-1.78 0.006

Renal impairmentb 1.66 1.01-2.73 0.05 1.50 1.04-2.16 0.029

Chronic obstructive pulmonary disease 1.54 0.72-3.27 0.27 1.20 0.60-2.38 0.612

a Improvement is ({[predicted METs 2—predicted METS1]/predicted METs 1} * 100) > 5.
b Estimated glomerular filtration rate < 60 mL/min/1.73 m2, based on the Modification of Diet in Renal Disease study equation.
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showed that there is an association between baseline fitness level, the

degree of improvement and morbidity and mortality in patients with a

history of AF. Participants in the rehabilitation program that exhibited

no or little improvement in fitness levels at the six-month evaluation

had increased risk of the cardiac related hospitalization or total mor-

tality. Those who showed an improvement did better during the

follow-up period. Nevertheless, the strongest predictor of this primary

end point was fitness level at baseline: Those at highest risk were

patients with low baseline fitness level, with no or low improvement.

In contrary, patients with high baseline fitness levels, regardless of

their improvement over time, had less adverse events or mortality.

These findings demonstrate that improvement in fitness level has

a modest protective effect, among those with low baseline fitness

levels. Low exercise capacity or fitness as assessed by standard exer-

cise test or cardiopulmonary test is a well-established and indepen-

dent predictor of all-cause mortality, coronary artery disease, or

cardiovascular events. This association was established in several large

population studies and further validated by meta-analysis.21 Actually,

these findings apply for healthy subjects22 and as well as for patients

with ischemic heart disease, or heart failure patients.16 Our results

also support and expand this data, showing consistent result in a real

life unselected cohort of AF patients.

Based on our findings, the most important predictor for cardiac

related adverse events or total mortality in patients with a history of

AF undergoing CR is their baseline fitness capacity. Yet, CR can

reduce the risk of morbidity and mortality in patients with AF,

although this effect is relatively modest, identification of patients at

increased risk could be easily assessed by a baseline exercise test prior

to initiating rehabilitation programs. In those, it may be helpful to

perform an intense rehabilitation in order to increase their fitness

level, and maybe improve their outcomes.

Our study has some limitations most of which stem from the ret-

rospective and observational nature of the analysis which limits our

ability to control for unmeasured confounders. Furthermore the data

are derived from the experience of a single center, limiting the gener-

alization of our results and conclusions. While our study cohort com-

prised subjects with a history of AF participating in CR in our

institution, it is likely that this group still reflects selection bias by

referring physicians. Furthermore, subjects who chose to attend and

adhere to a CR program are probably more compliant and health con-

scious than subjects unwilling to do so. Nevertheless, our study

describes a cohort of AF patients attending a structured CR program

in a real life setting and presents long-term outcome.

5 | CONCLUSION

Among our cohort of AF patients participating in CR program,

improvement in cardiovascular fitness, as measured by standard EST,

was associated with reduced risk of mortality or hospitalization during

follow-up. Nevertheless, the baseline fitness level overshadows the

improvement capacity in determining the primary outcome.
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FIGURE 3 Kaplan-Meier survival analysis showing the risk for MACE and/or all-cause mortality among patients with AF based on their baseline

fitness level and their percentage of improvement
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