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Abstract

Background

There is a paucity of information about cardiovascular outcomes related to exercise habit
change after a new diagnosis of atrial fibrillation (AF). We investigated the association
between exercise habits after a new AF diagnosis and ischemic stroke, heart failure (HF),
and all-cause death.

Methods and findings

This is a nationwide population-based cohort study using data from the Korea National
Health Insurance Service. A retrospective analysis was performed for 66,692 patients with
newly diagnosed AF between 2010 and 2016 who underwent 2 serial health examinations
within 2 years before and after their AF diagnosis. Individuals were divided into 4 categories
according to performance of regular exercise, which was investigated by a self-reported
questionnaire in each health examination, before and after their AF diagnosis: persistent
non-exercisers (30.5%), new exercisers (17.8%), exercise dropouts (17.4%), and exercise
maintainers (34.2%). The primary outcomes were incidence of ischemic stroke, HF, and all-
cause death. Differences in baseline characteristics among groups were balanced consider-
ing demographics, comorbidities, medications, lifestyle behaviors, and income status. The
risks of the outcomes were computed by weighted Cox proportional hazards models with
inverse probability of treatment weighting (IPTW) during a mean follow-up of 3.4 + 2.0
years. The new exerciser and exercise maintainer groups were associated with a lower risk
of HF compared to the persistent non-exerciser group: the hazard ratios (HRs) (95% Cls)
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were 0.95 (0.90-0.99) and 0.92 (0.88-0.96), respectively (p <0.001). Also, performing exer-
cise any time before or after AF diagnosis was associated with a lower risk of mortality com-
pared to persistent non-exercising: the HR (95% Cl) was 0.82 (0.73-0.91) for new
exercisers, 0.83 (0.74-0.93) for exercise dropouts, and 0.61 (0.55—-0.67) for exercise main-
tainers (p <0.001). For ischemic stroke, the estimates of HRs were 10%—14% lower in
patients of the exercise groups, yet differences were statistically insignificant (p =0.057).
Energy expenditure of 1,000—1,499 MET-min/wk (regular moderate exercise 170—240 min/
wk) was consistently associated with a lower risk of each outcome based on a subgroup
analysis of the new exerciser group. Study limitations include recall bias introduced due to
the nature of the self-reported questionnaire and restricted external generalizability to other
ethnic groups.

Conclusions

Initiating or continuing regular exercise after AF diagnosis was associated with lower risks of
HF and mortality. The promotion of exercise might reduce the future risk of adverse out-
comes in patients with AF.

Author summary

Why was this study done?

o Atrial fibrillation (AF) is associated with an increased risk of stroke, heart failure, and
death. As AF and its related healthcare burden are expected to surge, integrated man-
agement of AF is advocated as part of holistic care.

« Exercise has been established to benefit AF-related outcomes, including symptoms, inci-
dence, recurrence, burden, and quality of life. However, there are no current data pro-
viding the association between exercise and cardiovascular morbidities in patients with
AF.

What did the researchers do and find?

o We performed a retrospective analysis of 66,692 patients with newly diagnosed AF who
underwent 2 serial health examinations before and after their AF diagnosis from 2010 to
2016 using data from the Korea National Health Insurance Service.

Individuals self-reported exercise status by a questionnaire included in each health
examination and were categorized into 4 groups according to their change of exercise
status from before to after their AF diagnosis. We investigated and compared the inci-
dences of ischemic stroke, heart failure, and all-cause death across the groups.

Initiating or continuing regular exercise after a diagnosis of AF was associated with a
5%-8% lower risk of HF and 17%-39% lower risk of mortality than being a persistent
non-exerciser. For ischemic stroke, the estimated hazard ratios were 10%-14% lower in
patients in the exercise group, yet statistical significance was undetermined.
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What do these findings mean?

o We suggest the potential benefits of exercise as a lifestyle intervention for cardiovascular
outcomes in AF patients by demonstrating the association. The promotion of exercise
might reduce the future risk of adverse outcomes in patients with AF.

Introduction

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia, and the prevalence
has been continuously growing over the past decades, potentially due to aging and an increase
of risk factors predisposing to AF [1-3]. The clinical implication of AF is that it is associated
with an increased risk of stroke, heart failure (HF), myocardial infarction (MI), and death
[2,4]. As AF and its related healthcare burden are expected to surge in the coming years [5],
this common condition necessitates a more integrated approach to management.

Many studies have suggested risk factor modification be incorporated as the fourth pillar of
AF management along with anticoagulation, rhythm control, and rate control [6-8]. Exercise
of regular moderate intensity, as a part of risk factor management of AF, not only improves
underlying conditions related to atherosclerotic cardiovascular disease (CVD) but has been
established to provide benefit for AF-related outcomes, including symptoms, incidence, recur-
rence, burden of AF, and quality of life [9-12]. Though the link between exercise and AF-
related outcomes has been supported by substantial evidence, benefits in cardiovascular mor-
bidities led by exercise in AF patients are less likely to be offered. The majority of deaths in AF
patients are cardiovascular in origin [13,14], thus emphasizing that optimal management of
underlying heart disease should be a part of the holistic approach to AF care [15].

Given the paucity of information about cardiovascular outcomes related to exercise habit
change after a new diagnosis of AF, we aimed to investigate the association between exercise
habits after a new AF diagnosis and the risk of ischemic stroke, HF, and all-cause death.

Methods

Data source and study population

We defined a population-based cohort from the National Health Information Database
(NHID), which incorporates all data from the National Health Insurance Service and covers
the entire population of the Republic of Korea (hereafter denoted as Korea). NHID is only
accessible online at designated analysis centers, with formal payment according to the period
of browsing and analyzing the data and applying strict regulations regarding data release
(https://nhiss.nhis.or.kr/). All insured adults are eligible for a biennially conducted general
health examination, and examination reports—including demographic variables, self-ques-
tionnaire survey, clinical laboratory values, inpatient and outpatient usage, prescription rec-
ords, income-based insurance contributions, and date of death—are available from NHID
[16,17]. The institutional review board at Seoul National University Hospital (E-2001-111-
1096) authorized this study. This study is reported as per the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guideline (S1 STROBE Checklist). The sta-
tistical analysis plan was not prespecified. However, the analysis was performed with a priori-
defined outcomes and covariates that were validated based on our previous publications before
analysis [18,19].
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Exercise ‘Yes’ group was defined as patients performing moderate intensity exercise (e.g. brisk pace walking, tennis doubles,
or bicycling leisurely) more than 30 min > 1/wk or vigorous intensity exercise (e.g. running, climbing, fast cycling, or aerobics)
more than 20 min = 1/wk.

Exercise ‘No’ group was defined as study population not engaged in any moderate or vigorous intensity exercise.
Nevertheless, they participated in any amount of light intensity exercise (e.g. walking slowly, or sweeping carpets)

Fig 1. Selection and categorization of the study population. (A) Selection of study population from the National Health Insurance Service. (B) Categorization of study
population according to the change of exercise status and overall scheme of study, including clinical outcomes. AF, atrial fibrillation; CHF, congestive heart failure.

https://doi.org/10.1371/journal.pmed.1003659.9001

We identified 523,174 patients newly diagnosed with AF between January 1, 2010, and
December 31, 2016, and excluded patients with valvular AF or age under 20 years. Among the
remaining patients, 132,741 patients who had data from 2 consecutive health examinations
within 2 years before and after AF diagnosis were analyzed. Since we evaluated de novo inci-
dence of ischemic stroke and HF after AF diagnosis, patients with prior recorded history of
ischemic stroke or HF before the index date (health examination date after AF diagnosis) were
excluded. Finally, 66,692 patients with AF were included in the analysis (Fig 1A).

Exercise evaluation

The individuals self-reported intensity and frequency of exercise via a questionnaire about life-
style behaviors at the serial health examinations before and after AF diagnosis. The survey
structure used for exercise evaluation was adopted and modified from the International Physi-
cal Activity Questionnaire (IPAQ), which was developed by the World Health Organization
(WHO); both the reliability and validity of this short-form survey were reported in previous
studies [20-23]. The questionnaire section on exercise was composed of 3 questions asking
about the frequency (days per week) of light, moderate, and vigorous exercise during a recent
week, i.e., the frequency of (i) light intensity exercise (e.g., walking slowly or sweeping carpets)
for more than 30 min, (ii) moderate intensity exercise (e.g., brisk-pace walking, tennis doubles,
or bicycling leisurely) for more than 30 min, and (iii) vigorous intensity exercise (e.g., running,
climbing, fast cycling, or aerobics) for more than 20 min. Exercise “Yes” was defined as per-
forming moderate intensity exercise for more than 30 min or vigorous intensity exercise for
more than 20 min, at least once a week. Exercise “No” was defined as not engaging in any
moderate or vigorous intensity exercise, regardless of any amount of light intensity exercise.
By comparing categorization of exercise status at the health examinations before and after AF
diagnosis, the study population was divided into 4 groups: persistent non-exercisers (No to
No), new exercisers (No to Yes), exercise dropouts (Yes to No), and exercise maintainers (Yes
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to Yes). Fig 1B summarizes our study’s overall configuration and the selection of the popula-
tion included in the analysis.

To evaluate whether there exists an optimal exercise amount related to the best cardiovascu-
lar outcomes, we analyzed the hazards of cardiovascular morbidities according to stratified
energy expenditure. This analysis was performed in the new exerciser (No to Yes) group to
measure the influence of exercise introduction by isolating other healthy confounders that
might contribute to the maintenance of exercise. Energy expenditure denotes the “minimum”
amount of energy consumption calculated from a self-reported survey question that asks the
frequency of each intensity of exercise as a unit of least duration. To calculate energy expendi-
ture, we rated light, moderate, and vigorous intensity exercise as 2.9, 4.0, and 7.0 metabolic
equivalents of task (METs), respectively [24]. The total energy expenditure level —the summa-
tion of multiplying 2.9, 4.0, and 7.0 METs by frequency of light, moderate, and vigorous exer-
cise together with minimum duration—was stratified into <500, 500-999, 1,000-1,499, and
>1,500 MET-min/wk in an explorative way.

Covariates, follow-up, and clinical outcomes

Demographics, comorbidities (hypertension, diabetes mellitus, dyslipidemia, M1, peripheral
artery disease [PAD], chronic obstructive pulmonary disease [COPD], cancer, and chronic
kidney disease [CKD]), CHA,DS,-VASc score, medications, laboratory results, anthropo-
metric measurements, responses to the self-reported questionnaire conducted at the health
examination after AF diagnosis (index date), and income-based insurance contributions
were retrieved to analyze the baseline characteristics of individuals. To evaluate the relation-
ship between exercise habit change and cardiovascular outcomes, we determined incident
ischemic stroke and HF using International Classification of Diseases—10th Revision, Clini-
cal Modification (ICD-10-CM) codes in inpatient and outpatient records. The date of death,
and ICD-10-CM code recorded for the death, was obtained from NHID and used to investi-
gate all-cause death. We defined a major cardiovascular death as a death from the most fre-
quent 4 major specific diseases that belong to diseases of the circulatory system (I codes in
the ICD-10 system), and that most often are the cause of death among Korean AF patients:
cerebral infarction (163), acute MI (121), sequelae of cerebrovascular disease (169), and HF
(150) [14].

The follow-up period was defined as the time from the index date to the first occurrence of
ischemic stroke, HF, or death or December 31, 2017, whichever came first. Detailed definitions
of comorbidities and study outcomes are provided in S1 Table [2,25,26].

Statistics

Continuous variables are reported as mean + standard deviation, and categorical variables are
reported as number (percentage). We performed inverse probability of treatment weighting
(IPTW) using propensity scores derived from all the baseline covariates including demograph-
ics, comorbidities, anthropometric measures, lifestyle behaviors, medications, and income sta-
tus to balance the weights across the 4 study groups. Maximum absolute standardized
difference (ASD) < 0.1 (10%) was evaluated as a negligible difference in the baseline covariates
between the study groups [27,28]. After IPTW, the weighted incidence rates of ischemic
stroke, HF, and all-cause death were computed by dividing each weighted event number by
the total follow-up duration and presented as per 1,000 person-years (PY). The risks of the out-
comes were computed by weighted Cox proportional hazards models with IPTW.

To compute the most optimal exercise amount for the best cardiovascular outcomes, we
defined the persistent non-exerciser category (No to No) as the reference group and computed
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a multivariable-adjusted Cox proportional hazards model with 95% confidence intervals (CIs);
model 1 was adjusted for age and sex, and model 2 was adjusted for body mass index (BMI),
hypertension, diabetes mellitus, dyslipidemia, previous MI, PAD, COPD, cancer, CKD,
CHA,DS,-VASc score, use of oral anticoagulation, use of antiplatelet agent, use of statin,
smoking, heavy drinking, and income level in addition to the variables in model 1. All analyses
were 2-tailed, and p-values < 0.05 were considered statistically significant. Data collection and
statistical analysis were performed using SAS version 9.4 (SAS Institute, Cary, NC) from Janu-
ary 2020 to September 2020.

Subgroup and sensitivity analyses

We performed subgroup analyses of the primary outcomes according to sex, age (<65, 65 to
<75, and >75 years), and CHA,DS,-VASc score (<3 and >3). The p-value for the interaction
was estimated to assess the consistency of patterns in the main results among subgroups.

To verify our results’ robustness, we performed sensitivity analyses by multivariable Cox
proportional hazards models. Model 1 was adjusted for age and sex, and model 2 was adjusted
for body measures, comorbidities, CHA,DS,-VASc score, medications, lifestyle behaviors, and
income level in addition to the variables in model 1. Two analyses were performed in response
to suggestions from peer review. We further evaluated the risk of the primary outcomes con-
sidering comorbidities or frailty using the Charlson Comorbidity Index (CCI), in addition to
computing model 2 to adjust for confounding factors that might lead to a change in exercise
status. The optimal amount of exercise was also analyzed in the exercise maintainer (Yes to
Yes) group, to extend the finding of the most beneficial exercise level in the new exerciser (No
to Yes) group.

Results
Baseline characteristics

Of the total 66,692 patients with AF, the mean age was 59.5 + 12.4 years, and 42,410 (63.6%)
were men. Comparison between the final study population and the excluded patients, most of
whom were excluded due to unavailable health examination data within 2 years both before
and after AF diagnosis, is summarized in S2 Table. Patients who received 0 or only 1 health
examination were older, were more likely to be female, had more prevalent comorbidities, and
had higher CHA,DS,-VASc scores than those with 2 health examinations.

The final study population consisted of 4 categories: persistent non-exercisers (n = 20,354,
30.5%), new exercisers (n = 11,874, 17.8%), exercise dropouts (n = 11,630, 17.4%), and exercise
maintainers (n = 22,834, 34.2%). The baseline characteristics of each group are shown in
Table 1. New exerciser and exercise maintainer groups tended to be younger, male-predomi-
nant, and less affected with comorbidities (especially PAD, COPD, and CKD), and to have
lower CHA,DS,-VASc scores and healthier lifestyle behaviors. We evaluated the differences
and balances among multiple groups using the maximum ASDs of all baseline covariates,
using a threshold of 0.1 to indicate imbalance. All of the covariates were well balanced after
IPTW (ASDs < 0.1). The multiple comparisons of covariates and the analysis of degrees of bal-
ance achievement between the 4 study groups were performed by calculating ASD (presented
in S3 Table).

The mean period from the health examination before AF diagnosis (first examination) to
the date of AF diagnosis was 1.1 + 0.5 years, and from AF diagnosis to the health examination
after AF diagnosis (second examination) was 0.9 + 0.5 years. Overall, the time between the 2
consecutive biennial health examinations was 2.0 + 0.5 years.
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Change in exercise status and ischemic stroke, HF, and all-cause death

Mean follow-up durations for ischemic stroke, HF, and all-cause death were 3.4 + 2.0,

3.0 £2.0, and 3.4 £ 1.9 years, respectively. Table 2 provides the weighted event numbers,
weighted incidence rates (per 1,000 PY), and weighted hazard ratios (HRs) of ischemic stroke,
HF, and all-cause death after IPTW.

Performing exercise any time before or after AF diagnosis was related to a lower risk of
mortality compared to those without exercise: the HR (95% CI) was 0.82 (0.73-0.91) for new
exercisers, 0.83 (0.74-0.93) for exercise dropouts and 0.61 (0.55-0.67) for exercise maintainers
(p < 0.001).

Initiating and maintaining exercise after AF diagnosis was associated with a lower risk of HF
compared to the persistent non-exerciser group: the HR (95% CI) was 0.95 (0.90-0.99) for the
new exerciser group and 0.92 (0.88-0.96) for the exercise maintainer group (p < 0.001). How-
ever, the exercise dropouts exhibited a similar risk of HF as the persistent non-exerciser group.

For ischemic stroke, participating in exercise was associated with 10%-14% lower risk com-
pared to the persistent non-exerciser group, but the precision in the estimates of HRs was sta-
tistically insignificant: the HR (95% CI) was 0.90 (0.79-1.03) for the new exerciser group and
0.86 (0.77-0.96) for the exercise maintainer group (p = 0.057). The weighted incidence rates
and risks of cardiovascular outcomes according to the change of exercise status are illustrated
in Fig 2.

Since the effect size of lowered estimates of HRs in all-cause death was larger than that of
ischemic stroke and HF, we investigated whether the lower risk of all-cause death was

Table 2. Hazard ratios with 95% confidence intervals for ischemic stroke, heart failure, and all-cause death
according to change of exercise status.

Outcome and exercise Number of Number of IR* (per 1,000 HR* (95% CI) or p-
group individuals events® PY) value

Ischemic stroke

Persistent non-exercisers 20,354 633.22 9.13 1 (Ref.)

New exercisers 11,874 331.35 8.25 0.90 (0.79-1.03)

Exercise dropouts 11,630 323.73 8.15 0.89 (0.78-1.02)

Exercise maintainers 22,834 597.22 7.87 0.86 (0.77-0.96)
p=0.057

Heart failure

Persistent non-exercisers | 20,354 4,132.32 66.51 1 (Ref.)

New exercisers 11,874 2,279.61 62.95 0.95 (0.90-0.99)

Exercise dropouts 11,630 2,368.37 66.53 1(0.95-1.05)

Exercise maintainers 22,834 4,201.33 61.32 0.92 (0.88-0.96)
p <0.001

All-cause death

Persistent non-exercisers 20,354 981.20 13.87 1 (Ref.)

New exercisers 11,874 462.96 11.32 0.82 (0.73-0.91)

Exercise dropouts 11,630 465.04 11.49 0.83 (0.74-0.93)

Exercise maintainers 22,834 651.07 8.42 0.61 (0.55-0.67)
p < 0.001

p-Values were evaluated by the likelihood ratio test.

HR, hazard ratio; IR, incidence rate; PY, person-years.

“Weighted event numbers and weighted IRs were computed after inverse probability of treatment weighting (IPTW).
The HRs were computed by weighted Cox proportional hazards models with IPTW.

https://doi.org/10.1371/journal.pmed.1003659.t002
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models with inverse probability of treatment weighting.
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indirectly attributable to the unadjusted confounders such as comorbidities or frailty, rather
than possible beneficial effects of exercise. The risk of death from major cardiovascular events
(major cardiovascular death) was lower in the exercise maintainers (HR 0.66, 95% CI 0.49-
0.90, p = 0.040) compared to the persistent non-exercisers. Both the new exercisers (HR 0.74,
95% CI 0.52-1.06) and the exercise dropouts (HR 0.71, 95% CI 0.49-1.02) tended to show a
lower HR without statistical significance, which might be due to low event numbers (54
Table). However, a lower risk of major cardiovascular death in the exercise maintainer group
and lower estimates of HRs in the new exerciser and the exercise dropout groups were consis-
tent with the positive risk benefits in all-cause death (p = 0.040).

The relationship between energy expenditure and the risk of cardiovascular
outcomes

Multivariable-adjusted Cox proportional hazards analysis of ischemic stroke, HF, and all-
cause death in the new exerciser group (No to Yes) according to the stratified amount of exer-
cise is presented in S5 Table. Exercising 1,000-1,499 MET-min/wk (1,208.1 £ 159.7 MET-
min/wk) was consistently associated with a lower risk of adverse cardiovascular outcomes
(adjusted HR 0.77, 95% CI 0.60-0.99, p = 0.229, for ischemic stroke; adjusted HR 0.90, 95% CI
0.82-0.99, p = 0.166, for HF) and all-cause death (adjusted HR 0.68, 95% CI 0.54-0.84, p =
0.002) compared to the persistent non-exerciser group. Lower risks of ischemic stroke, HF,
and all-cause death were correlated with energy expenditure increment, but the associations
became attenuated in the group with exercise amount at or above 1,500 MET-min/wk (Fig 3).

Subgroup and sensitivity analyses

Subgroup analysis was performed by sex, age, and CHA,DS,-VASc score (S6-S8 Tables). For
ischemic stroke, there were no significant statistical interactions for sex, age, and CHA,DS,-
VASc score. The incidence of HF showed an interaction with age, potentially due to an

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003659  June 8, 2021
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augmented lower risk of HF in the exercise maintainer group among those aged 75 years and
older (p for interaction = 0.019). The risk of all-cause death presented an interaction with sex
that might be explained by greater benefits of exercise in male patients (p for

interaction = 0.048).

Sensitivity analyses validating the risks of primary outcomes according to the change of
exercise habits estimated by multivariable-adjusted Cox proportional hazards models are pre-
sented in S9 Table. The risks of ischemic stroke, HF, and all-cause death adjusted by model 2
and CCI were consistent with those in the main analysis. Indeed, S1 Fig shows various adjust-
ment models and corresponding HRs, showing consistent outcomes irrespective of the vari-
ables incorporated in the adjustments. The HRs were only different in subtle ways between the
models. Another sensitivity analysis verifying whether there exists a dose-response relation-
ship between energy expenditure and the risk of cardiovascular outcomes was performed in
the exercise maintainer group (Yes to Yes) and is presented in S10 Table. The levels of energy
expenditure showing the lowest estimates of HRs were all different across ischemic stroke, HF,
and all-cause death, unlike the consistent level in the new exerciser group (No to Yes).

Discussion

In this nationwide population-based cohort study, our principal findings are as follows. First,
initiation and maintenance of exercise after AF diagnosis were associated with a significantly
lower risk for HF and all-cause death. Interestingly, exercise dropout was associated with a
lower risk of all-cause death as well. Second, the estimates of HRs of ischemic stroke were
lower in AF patients with any lifetime experience of exercise before and after AF diagnosis,
though the association was statistically insignificant. Third, performing exercise at an energy
expenditure level of 1,000-1,499 MET-min/wk (moderate intensity exercise 170-240 min/wk
or vigorous intensity exercise 140-210 min/wk) was consistently associated with lower risks of
ischemic stroke, HF, and all-cause death in the new exerciser group. This estimated range of
energy expenditure is in accord with the previously recommended volume of exercise in AF
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patients [11], yet slightly higher than the minimum leisure-time physical activity suggested for
the general population [29].

AF is associated with an increased risk of death and other cardiovascular events [4], which
confers a major healthcare burden. A recent cohort study in men demonstrated the inverse asso-
ciation between fitness and mortality [30,31], and the same relationship was reproduced in
patients with AF. For example, in the HUNT3 study, physical activity levels in AF patients
showed an inverse correlation with risks of all-cause and CVD mortality, as well as the risk of
CVD morbidity [32]. Also, the EORP-AF registry reported a lower risk of all-cause death in AF
patients engaging in regular exercise at 1-year follow-up and showed an inverse association of
cardiovascular outcomes with exercise levels [33]. In addition to there being a mortality benefit of
anticoagulation therapy in AF patients [34], our results provide evidence of a mortality benefit of
exercise in AF patients as a part of a holistic approach to AF care [15]. Moreover, the benefit of
exercise with respect to all-cause death was robust even after evaluating the association by another
statistical method and adjusting the model, including as many covariates as possible. Also, the
risk benefit for major cardiovascular death, using the 4 most frequent major CVDs explaining
deaths of AF patients in Korea [13,14,35-37], presented a pattern consistent with that of all-cause
death; thus, the lowered risk of all-cause death might come from the positive effects of exercise.

HEF is closely linked to AF by sharing common predisposing conditions, and the coexistence of
AF and HF is associated with adverse prognosis [38]. Newly diagnosed AF increases the risk of
HF, and individuals with concomitant AF and HF are at a greater risk of all-cause mortality and
have higher hospital admission rates [39-41]. Exercise is known to have a protective effect in pre-
venting HF and is beneficial to patients with already established HF as well [42]. Also, moderate
and high exercise levels are associated with a lower risk of HF regardless of BMI in the general
population [43]. Possible mechanisms contributing to the favorable result regarding long-term HF
risk include the reduction of subclinical myocardial damage and abnormal left ventricle remodel-
ing [44,45]. Our study extends the previous findings of exercise in HF patients to patients with AF,
whereby those with regular moderate exercise after AF diagnosis showed 5% to 8% lower risk of
HF development. Interestingly, the individuals 75 years and older showed even greater benefits of
exercise for the risk of HF, suggesting that assessment of daily physical activities and recommenda-
tions on exercise are still important for elderly individuals with newly diagnosed AF.

On the other hand, we found that the association between exercise and the risk of stroke
was not statistically significant. Increased physical activity lowers stroke risk in the general
population [46], but this association was conflicting in patients with AF among previous publi-
cations. The HUNT3 study showed an insignificantly lower risk of stroke among patients with
AF fulfilling physical activity guidelines, consistent with our study [32]. Meanwhile, another
study of cross-country skiers demonstrated that endurance exercise in AF patients is associated
with a lower risk of stroke [47]. Moreover, an inverse association between cardiorespiratory
fitness and the risk of stroke in patients with AF also has been reported [48]. The relatively low
event rate of ischemic stroke compared to HF and all-cause death in our study might attribute
to the lack of statistical power; thus, further research needs to address the association between
exercise and the risk of ischemic stroke.

The amount of exercise and the risk of AF show a J-shaped relationship; for example,
endurance exercise is known to increase the risk of AF [49]. However, no current data provide
the specific intensity and amount of exercise that could be recommended to AF patients to
benefit cardiovascular outcomes. We not only showed an association between exercise habit
change and the clinical outcomes (ischemic stroke, HF, and mortality) in AF patients, we tried
to suggest an appropriate amount of exercise. We found that exercising 1,000-1,499 MET-
min/wk was associated with lower event rates for stroke, HF, and mortality in the new exer-
ciser group. This level of energy expenditure corresponds to performing moderate intensity
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exercise 170-240 min/wk and is comparable to the amount recommended to adults aged 18-64
years with or without chronic conditions: 150-300 min/wk of moderate intensity aerobic physi-
cal activity, for substantial health benefits according to WHO guidelines on physical activity
and sedentary behavior [50]. Interestingly, the association appeared to be attenuated in the
range of exercise >1,500 MET-min/wk rather than persistently showing a direct inverse correla-
tion. The mechanisms for intensive exercise to increase the risk of AF are diverse, including
changes in autonomic activation [51,52], atrial dilatation [53,54], fibrosis, and inflammation
[55,56]. Similar physiological changes would explain the attenuated risk benefit in AF patients
with exercise level > 1,500 MET-min/wk across cardiovascular outcomes, and particularly in
all-cause death. However, considering the wide 95% Cls in patients with >1500 MET-min/wk,
the small patient numbers in this group might be underpowered. Besides, the optimal amount
of exercise in the exercise maintainer group showed different energy levels having the lowest
estimates of HRs for each cardiovascular outcome. We assume that accumulated and prolonged
exercise would have influenced the clinical outcomes with different magnitudes of impacts.
Taking the evidence together, this exercise dose-response relationship should be interpreted
cautiously due to several limitations, including the explorative stratification of exercise and the
lack of statistical power. Our quantitative analysis could give a clue for future prospective studies
investigating the optimal intensity and amount of exercise in arrhythmia patients.

Exercise has been widely documented to modify potential contributors to AF, such as obe-
sity, hypertension, and diabetes, by improving weight, glucose and lipid control, and endothe-
lial function, and lowering resting heart rate and blood pressure [57-59]. Not only can risk
factors for AF but also cardiac structure and function be modified by exercise. For example,
Malmo et al. [11] found that, in patients with AF, the exercise group was associated with
improved left atrial and ventricular function indices. These mechanisms might contribute to
the noticeably lower risk of HF and all-cause mortality (and possibly a lower HR for ischemic
stroke) in our study in the new exerciser and exercise maintainer groups compared to the per-
sistent non-exerciser group. Also, arrhythmogenic risk factors and cardiac alterations through
exercise might exert continued advantageous effects even in the exercise dropout group, result-
ing in lower mortality. Of note, we categorized the study population by the change of exercise
status after diagnosis of AF; thus, the link between exercise and cardiovascular outcomes could
be analyzed according to new exerciser or exercise maintainer status, which could differentiate
the benefit of exercise per se from an accumulated gain of exercise and other healthy con-
founders that enable maintenance of exercise.

A recent large prospective study quantifying daily physical activity among individuals using
electronic wearable devices found that individuals with AF engage in significantly less average
daily physical activity than those without AF [60]. As we have demonstrated, the influence of
exercise mitigated the risks of HF, all-cause death, and probably ischemic stroke in patients
with AF, and thus, exercise should be an essential component of nonpharmacological manage-
ment of AF. Indeed, exercise is part of the lifestyle reccommendations in the ABC (Atrial fibril-
lation Better Care) pathway of holistic or integrated AF management and has been shown in
the prospective mAFA-II randomized trial to improve overall outcomes [61]. The ABC path-
way refers to the following: “A” for avoid stroke/anticoagulation, “B” for better symptom man-
agement, and “C” for cardiovascular and comorbidity management, including lifestyle
changes [15].

Limitations

Several limitations are evident in our study. First, the self-reported nature of the health exami-
nation survey asking about exercise frequency would be influenced by recall bias. Second, the
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minimum energy expenditure estimated from the 3 questions is limited in its ability to reflect
the actual amount of exact exercise level; it would not be possible to precisely quantify exercise
(e.g., using pedometers) in this population-based study. Due to limited data about exact exer-
cise volume from the questionnaire, the relationship between endurance exercise and cardio-
vascular outcomes could not be evaluated. Third, unavailable confounding factors might not
be fully adjusted for. Fourth, the type and burden of AF were not available; thus, the contribu-
tion of these factors to the outcomes could not be analyzed. Fifth, potential change in exercise
status from the index date to the end of follow-up might introduce bias in the associations.
Sixth, the study was conducted in an Asian population; therefore, physiological and cultural
differences in exercise behavior or biological response to exercise might limit the external gen-
eralizability to other ethnic groups. Seventh, the inclusion of only patients who had 2 consecu-
tive health examinations before and after AF diagnosis would cause some selection bias. Our
results would have limited evidence in those who could not receive health screening due to
underlying diseases; thus, the results should be interpreted and applied cautiously to the gen-
eral AF population. Lastly, this was not a randomized controlled study, and causality and the
direct mechanistic link between exercise and cardiovascular outcomes cannot be determined.
However, there may be an ethical issue with study designs restricting exercise (or stopping any
exercise), which would make it difficult to include as part of a randomized controlled study.
Instead, our data from this large population-based research provide potential evidence for the
beneficial effects of exercise on clinical outcomes as part of holistic AF management.

Conclusion

In this nationwide population-based cohort study, initiating or continuing regular exercise
after AF diagnosis was associated with lower risks of HF and mortality. Regular moderate exer-
cise 170-240 min/wk might be an optimal amount for deriving maximal cardiovascular bene-
fits in patients who initiate exercise after AF diagnosis, but further prospective research needs
to delineate the specific optimal energy expenditure. Timely encouragement of exercise to
overcome misguided fears of arrhythmogenic and sequential adverse outcomes in AF patients
would be warranted.

Supporting information

S1 STROBE ChecKlist.
(DOC)

S1 Fig. Hazard ratios with 95% confidence intervals for ischemic stroke, heart failure, and
all-cause death according to the change of exercise status calculated from the various mul-
tivariable-adjusted Cox proportional hazards models. CI, confidence interval. Model 1
adjusted for age and sex. Model 2 adjusted for body mass index (BMI), smoking, heavy drink-
ing, and low income in addition to the variables in model 1. Model 3 adjusted for diabetes mel-
litus, hypertension, dyslipidemia, and previous myocardial infarction (MI) in addition to the
variables in model 2. Model 4 adjusted for peripheral artery disease (PAD), chronic obstructive
pulmonary disease (COPD), cancer, and chronic kidney disease (CKD) in addition to the vari-
ables in model 3. Model 5 adjusted for CHA,DS,-VASc score in addition to the variables in
model 4. Model 6 adjusted for use of oral anticoagulation (OAC), use of antiplatelet agent, and
use of statin in addition to the variables in model 5. p-Values were evaluated by the likelihood
ratio test. The dots denote hazard ratios, and the whiskers denote 95% confidence intervals
computed by multivariable Cox proportional hazards models.

(DOCX)

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003659  June 8, 2021 13/19


http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003659.s001
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003659.s002
https://doi.org/10.1371/journal.pmed.1003659

PLOS MEDICINE

Exercise habits and the cardiovascular outcomes in patients with incident atrial fibrillation

S1 Table. Definition of covariates and outcomes. CKD, chronic kidney disease; COPD,
chronic obstructive pulmonary disease; MI, myocardial infarction; N/A, not applicable; PAD,
peripheral artery disease. *Combination: 1 = ICD-10-CM code and medication; 2 = number of
diagnosis; and 3 = diagnostic tests or treatment.

(DOCX)

S2 Table. Baseline characteristics of newly diagnosed AF patients according to the number
of health examinations before and after their AF diagnosis. Data are presented as

mean + standard deviation or number (percentage). Percentages may not total 100 because of
rounding. AF, atrial fibrillation; COPD, chronic obstructive pulmonary disease; DOAC, direct
oral anticoagulant; HF, heart failure; MI, myocardial infarction; PAD, peripheral artery dis-
ease. *Low income denotes income in the lowest 20% among the entire Korean population;
individuals with low income are supported by the medical aid program.

(DOCX)

$3 Table. The multiple comparisons between the study groups presented as absolute stan-
dardized differences. ASD, absolute standardized difference; BMI, body mass index; BP,
blood pressure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease;
eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; MI, myocardial infarction; OAC, oral anticoagulant; PAD, peripheral artery dis-
ease. *“Group A denotes persistent non-exercisers, group B denotes new exercisers, group C
denotes exercise dropouts, and group D denotes exercise maintainers. “Low income denotes
income in the lowest 20% among the entire Korean population; individuals with low income
are supported by the medical aid program.

(DOCX)

S$4 Table. Hazard ratios with 95% confidence intervals for major cardiovascular death
according to the change of exercise status. CI, confidence interval; HR, hazard ratio; IR, inci-
dence rate; PY, person-years. *Major cardiovascular deaths are defined as deaths due to cere-
bral infarction (I63), acute myocardial infarction (I121), sequelae of cerebrovascular disease
(I69), and heart failure (I50). Weighted event numbers and weighted IRs were computed after
inverse probability of treatment weighting. The HRs were computed by weighted Cox propor-
tional hazards models with inverse probability of treatment weighting. p-Values were evalu-
ated by the likelihood ratio test.

(DOCX)

S5 Table. Hazard ratios with 95% confidence intervals for ischemic stroke, heart failure,
and all-cause death in the new exerciser group (No to Yes) according to the energy expendi-
ture (MET-min/wk). Exercise dose presented as mean + SD. CI, confidence interval; HR, haz-
ard ratio; IR, incidence rate; MET, metabolic equivalent of task; PY, person-years. Model 1
adjusted for age and sex. Model 2 adjusted for age, sex, body mass index (BMI), hypertension,
diabetes mellitus, dyslipidemia, previous myocardial infarction (MI), peripheral artery disease
(PAD), chronic obstructive pulmonary disease (COPD), cancer, chronic kidney disease (CKD),
CHA,DS,-VASc score, use of oral anticoagulation (OAC), use of antiplatelet agent, use of statin,
smoking, heavy drinking, and low income. p-Values were evaluated by the likelihood ratio test.
(DOCX)

S6 Table. Hazard ratios with 95% confidence intervals for ischemic stroke, heart failure,
and all-cause death according to the change of exercise status and sex. CI, confidence inter-
val; HR, hazard ratio; IR, incidence rate; PY, person-years. Weighted event numbers and
weighted IRs were computed after inverse probability of treatment weighting. The HRs were

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003659  June 8, 2021 14/19


http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003659.s003
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003659.s004
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003659.s005
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003659.s006
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003659.s007
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003659.s008
https://doi.org/10.1371/journal.pmed.1003659

PLOS MEDICINE

Exercise habits and the cardiovascular outcomes in patients with incident atrial fibrillation

computed by weighted Cox proportional hazards models with inverse probability of treatment
weighting. p-Values were evaluated by the likelihood ratio test.
(DOCX)

S7 Table. Hazard ratios with 95% confidence intervals for ischemic stroke, heart failure,
and all-cause death according to the change of exercise status and age. CI, confidence inter-
val; HR, hazard ratio; IR, incidence rate; PY, person-years. Weighted event numbers and
weighted IRs were computed after inverse probability of treatment weighting. The HRs were
computed by weighted Cox proportional hazards models with inverse probability of treatment
weighting. p-Values were evaluated by the likelihood ratio test.

(DOCX)

S8 Table. Hazard ratios with 95% confidence intervals for ischemic stroke, heart failure,
and all-cause death according to the change of exercise status and CHA2DS2-VASc score.
CI, confidence interval; HR, hazard ratio; IR, incidence rate; PY, person-years. Weighted event
numbers and weighted IRs were computed after inverse probability of treatment weighting.
The HRs were computed by weighted Cox proportional hazards models with inverse probabil-
ity of treatment weighting. p-Values were evaluated by the likelihood ratio test.

(DOCX)

S9 Table. Hazard ratios with 95% confidence intervals for ischemic stroke, heart failure,
and all-cause death according to the change of exercise status calculated from the multi-
variable-adjusted Cox proportional hazards model. CI, confidence interval; HR, hazard
ratio; IR, incidence rate; PY, person-years. Model 1 adjusted for age and sex. Model 2 adjusted
for age, sex, body mass index (BMI), hypertension, diabetes mellitus, dyslipidemia, previous
myocardial infarction (MI), peripheral artery disease (PAD), chronic obstructive pulmonary
disease (COPD), cancer, chronic kidney disease (CKD), CHA,DS,-VASc score, use of oral
anticoagulation (OAC), use of antiplatelet agent, use of statin, smoking, heavy drinking, and
low income. Model 3 adjusted for age, sex, BMI, hypertension, diabetes mellitus, dyslipidemia,
previous MI, PAD, COPD, cancer, CKD, CHA,DS,-VASc score, use of OAC, use of antiplate-
let agent, use of statin, smoking, heavy drinking, low income, and Charlson Comorbidity
Index (CCI). p-Values were evaluated by the likelihood ratio test.

(DOCX)

S$10 Table. Hazard ratios with 95% confidence intervals for ischemic stroke, heart failure,
and all-cause death for exercise maintainer group (Yes to Yes) according to the energy
expenditure (MET-min/wk). CI, confidence interval; HR, hazard ratio; IR, incidence rate;
MET, metabolic equivalent of task; PY, person-years. Model 1 adjusted for age and sex. Model
2 adjusted for age, sex, body mass index (BMI), hypertension, diabetes mellitus, dyslipidemia,
previous myocardial infarction (MI), peripheral artery disease (PAD), chronic obstructive pul-
monary disease (COPD), cancer, chronic kidney disease (CKD), CHA,DS,-VASc score, use of
oral anticoagulation (OAC), use of antiplatelet agent, use of statin, smoking, heavy drinking,
and low income. p-Values were evaluated by the likelihood ratio test.

(DOCX)

Author Contributions

Conceptualization: Hyo-Jeong Ahn, So-Ryoung Lee, Jae-Hyun Lim, Jun-Pil Yun, Soonil
Kwon, Gregory Y. H. Lip.

Data curation: Hyo-Jeong Ahn, So-Ryoung Lee, Jin-Hyung Jung.

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003659  June 8, 2021 15/19


http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003659.s009
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003659.s010
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003659.s011
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003659.s012
https://doi.org/10.1371/journal.pmed.1003659

PLOS MEDICINE

Exercise habits and the cardiovascular outcomes in patients with incident atrial fibrillation

Formal analysis: Hyo-Jeong Ahn, So-Ryoung Lee, Kyung-Do Han, Jin-Hyung Jung, Jae-
Hyun Lim, Jun-Pil Yun, Soonil Kwon.

Investigation: Hyo-Jeong Ahn.

Methodology: Hyo-Jeong Ahn, So-Ryoung Lee, Kyung-Do Han, Jin-Hyung Jung, Jae-Hyun
Lim, Jun-Pil Yun, Soonil Kwon.

Project administration: Eue-Keun Choi.

Resources: Eue-Keun Choi.

Software: Kyung-Do Han.

Supervision: Eue-Keun Choi, Seil Oh, Gregory Y. H. Lip.

Validation: Hyo-Jeong Ahn, So-Ryoung Lee, Kyung-Do Han, Jin-Hyung Jung, Seil Oh.
Visualization: Hyo-Jeong Ahn, So-Ryoung Lee.

Writing - original draft: Hyo-Jeong Ahn, So-Ryoung Lee.

Writing - review & editing: Hyo-Jeong Ahn, So-Ryoung Lee, Eue-Keun Choi, Seil Oh, Greg-
ory Y. H. Lip.

References

1. WengLC, Preis SR, Hulme OL, Larson MG, Choi SH, Wang B, et al. Genetic predisposition, clinical risk
factor burden, and lifetime risk of atrial fibrillation. Circulation. 2018; 137(10):1027-38. https://doi.org/
10.1161/CIRCULATIONAHA.117.031431 PMID: 29129827

2. Lee SR, Choi EK, Han KD, Cha MJ, Oh S. Trends in the incidence and prevalence of atrial fibrillation
and estimated thromboembolic risk using the CHA2DS2-VASc score in the entire Korean population.
Int J Cardiol. 2017; 236:226—31. https://doi.org/10.1016/j.ijcard.2017.02.039 PMID: 28233629

3. Chugh SS, Havmoeller R, Narayanan K, Singh D, Rienstra M, Benjamin EJ, et al. Worldwide epidemiol-
ogy of atrial fibrillation: a Global Burden of Disease 2010 Study. Circulation. 2014; 129(8):837—-47.
https://doi.org/10.1161/CIRCULATIONAHA.113.005119 PMID: 24345399

4. Ruddox V, Sandven I, Munkhaugen J, Skattebu J, Edvardsen T, Otterstad JE. Atrial fibrillation and the
risk for myocardial infarction, all-cause mortality and heart failure: a systematic review and meta-analy-
sis. Eur J Prev Cardiol. 2017; 24(14):1555-66. https://doi.org/10.1177/2047487317715769 PMID:
28617620

5. Rahman F, Kwan GF, Benjamin EJ. Global epidemiology of atrial fibrillation. Nat Rev Cardiol. 2014; 11
(11):639-54. https://doi.org/10.1038/nrcardio.2014.118 PMID: 25113750

6. Chung MK, Eckhardt LL, Chen LY, Ahmed HM, Gopinathannair R, Joglar JA, et al. Lifestyle and risk fac-
tor modification for reduction of atrial fibrillation: a scientific statement from the American Heart Associa-
tion. Circulation. 2020; 141(16):e750—72. https://doi.org/10.1161/CIR.0000000000000748 PMID:
32148086

7. Middeldorp ME, Ariyaratnam J, Lau D, Sanders P. Lifestyle modifications for treatment of atrial fibrilla-
tion. Heart. 2020; 106(5):325—-32. https://doi.org/10.1136/heartjnl-2019-315327 PMID: 31712316

8. Joung B. Risk factor management for atrial fibrillation. Korean Circ J. 2019; 49(9):794-807. https://doi.
org/10.4070/kcj.2019.0212 PMID: 31456373

9. Pathak RK, Elliott A, Middeldorp ME, Meredith M, Mehta AB, Mahajan R, et al. Impact of CARDIOrespi-
ratory FITness on Arrhythmia Recurrence in Obese Individuals with Atrial Fibrillation: the CARDIO-FIT
Study. J Am Coll Cardiol. 2015; 66(9):985-96. https://doi.org/10.1016/j.jacc.2015.06.488 PMID:
26113406

10. Thompson PD, Buchner D, Pina IL, Balady GJ, Williams MA, Marcus BH, et al. Exercise and physical
activity in the prevention and treatment of atherosclerotic cardiovascular disease: a statement from the
Council on Clinical Cardiology (Subcommittee on Exercise, Rehabilitation, and Prevention) and the
Council on Nutrition, Physical Activity, and Metabolism (Subcommittee on Physical Activity). Circulation.
2003; 107(24):3109-16. https://doi.org/10.1161/01.CIR.0000075572.40158.77 PMID: 12821592

11. 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
(5):466—73. https://doi.org/10.1161/CIRCULATIONAHA.115.018220 PMID: 26733609

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003659  June 8, 2021 16/19


https://doi.org/10.1161/CIRCULATIONAHA.117.031431
https://doi.org/10.1161/CIRCULATIONAHA.117.031431
http://www.ncbi.nlm.nih.gov/pubmed/29129827
https://doi.org/10.1016/j.ijcard.2017.02.039
http://www.ncbi.nlm.nih.gov/pubmed/28233629
https://doi.org/10.1161/CIRCULATIONAHA.113.005119
http://www.ncbi.nlm.nih.gov/pubmed/24345399
https://doi.org/10.1177/2047487317715769
http://www.ncbi.nlm.nih.gov/pubmed/28617620
https://doi.org/10.1038/nrcardio.2014.118
http://www.ncbi.nlm.nih.gov/pubmed/25113750
https://doi.org/10.1161/CIR.0000000000000748
http://www.ncbi.nlm.nih.gov/pubmed/32148086
https://doi.org/10.1136/heartjnl-2019-315327
http://www.ncbi.nlm.nih.gov/pubmed/31712316
https://doi.org/10.4070/kcj.2019.0212
https://doi.org/10.4070/kcj.2019.0212
http://www.ncbi.nlm.nih.gov/pubmed/31456373
https://doi.org/10.1016/j.jacc.2015.06.488
http://www.ncbi.nlm.nih.gov/pubmed/26113406
https://doi.org/10.1161/01.CIR.0000075572.40158.77
http://www.ncbi.nlm.nih.gov/pubmed/12821592
https://doi.org/10.1161/CIRCULATIONAHA.115.018220
http://www.ncbi.nlm.nih.gov/pubmed/26733609
https://doi.org/10.1371/journal.pmed.1003659

PLOS MEDICINE

Exercise habits and the cardiovascular outcomes in patients with incident atrial fibrillation

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Hegbom F, Stavem K, Sire S, Heldal M, Orning OM, Gjesdal K. Effects of short-term exercise training
on symptoms and quality of life in patients with chronic atrial fibrillation. Int J Cardiol. 2007; 116(1):86—
92. https://doi.org/10.1016/j.iicard.2006.03.034 PMID: 16815571

Fauchier L, Villejoubert O, Clementy N, Bernard A, Pierre B, Angoulvant D, et al. Causes of death and
influencing factors in patients with atrial fibrillation. Am J Med. 2016; 129(12):1278-87. https://doi.org/
10.1016/j.amjmed.2016.06.045 PMID: 27476087

Lee E, Choi EK, Han KD, Lee H, Choe WS, Lee SR, et al. Mortality and causes of death in patients with
atrial fibrillation: a nationwide population-based study. PLoS ONE. 2018; 13(12):e0209687. https://doi.
org/10.1371/journal.pone.0209687 PMID: 30586468

Lip GYH. The ABC pathway: an integrated approach to improve AF management. Nat Rev Cardiol.
2017; 14(11):627-8. https://doi.org/10.1038/nrcardio.2017.153 PMID: 28960189

Cheol Seong S, Kim YY, Khang YH, Heon Park J, Kang HJ, Lee H, et al. Data resource profile: the
National Health Information Database of the National Health Insurance Service in South Korea. Int J
Epidemiol. 2017; 46(3):799-800. https://doi.org/10.1093/ije/dyw253 PMID: 27794523

Seong SC, Kim YY, Park SK, Khang YH, Kim HC, Park JH, et al. Cohort profile: the National Health
Insurance Service-National Health Screening Cohort (NHIS-HEALS) in Korea. BMJ Open. 2017; 7(9):
€016640. https://doi.org/10.1136/bmjopen-2017-016640 PMID: 28947447

Lee SR, Lee HJ, Choi EK, Han KD, Jung JH, Cha MJ, et al. Direct oral anticoagulants in patients with
atrial fibrillation and liver disease. J Am Coll Cardiol. 2019; 73(25):3295-308. https://doi.org/10.1016/.
jacc.2019.04.052 PMID: 31248551

Lee SR, Choi EK, Ahn HJ, Han KD, Oh S, Lip GYH. Association between clustering of unhealthy life-
style factors and risk of new-onset atrial fibrillation: a nationwide population-based study. Sci
Rep. 2020; 10(1):19224. https://doi.org/10.1038/s41598-020-75822-y PMID: 33154443

Chun MY. Validity and reliability of Korean version of international physical activity questionnaire short
form in the elderly. Korean J Fam Med. 2012; 33(3):144-51. https://doi.org/10.4082/kjfm.2012.33.3.144
PMID: 22787536

OhJY, Yang YJ, Kim BS, Kang JH. Validity and reliability of Korean version of International Physical
Activity Questionnaire (IPAQ) short form. J Korean Acad Fam Med. 2007; 28(7):532—41.

Tomioka K, lwamoto J, Saeki K, Okamoto N. Reliability and validity of the International Physical Activity
Questionnaire (IPAQ) in elderly adults: the Fujiwara-kyo Study. J Epidemiol. 2011; 21(6):459-65.
https://doi.org/10.2188/jea.je20110003 PMID: 21946625

Cleland C, Ferguson S, Ellis G, Hunter RF. Validity of the International Physical Activity Questionnaire
(IPAQ) for assessing moderate-to-vigorous physical activity and sedentary behaviour of older adults in
the United Kingdom. BMC Med Res Methodol. 2018; 18(1):176. hitps://doi.org/10.1186/s12874-018-
0642-3 PMID: 30577770

Jeong SW, Kim SH, Kang SH, Kim HJ, Yoon CH, Youn TJ, et al. Mortality reduction with physical activ-
ity in patients with and without cardiovascular disease. Eur Heart J. 2019; 40(43):3547-55. https://doi.
org/10.1093/eurheartj/ehz564 PMID: 31504416

Choi EK. Cardiovascular research using the Korean National Health Information Database. Korean Circ
J. 2020; 50(9):754—72. https://doi.org/10.4070/kcj.2020.0171 PMID: 32725984

Lee SR, Choi EK, Han KD, Jung JH, Oh S, Lip GYH. Edoxaban in Asian patients with atrial fibrillation:
effectiveness and safety. J Am Coll Cardiol. 2018; 72(8):838-53. https://doi.org/10.1016/j.jacc.2018.05.
066 PMID: 30115222

Austin PC. Balance diagnostics for comparing the distribution of baseline covariates between treatment
groups in propensity-score matched samples. Stat Med. 2009; 28(25):3083—-107. https://doi.org/10.
1002/sim.3697 PMID: 19757444

Austin PC. The use of propensity score methods with survival or time-to-event outcomes: reporting
measures of effect similar to those used in randomized experiments. Stat Med. 2014; 33(7):1242-58.
https://doi.org/10.1002/sim.5984 PMID: 24122911

Wen CP, Wai JP, Tsai MK, Yang YC, Cheng TY, Lee MC, et al. Minimum amount of physical activity for
reduced mortality and extended life expectancy: a prospective cohort study. Lancet. 2011; 378
(9798):1244-53. https://doi.org/10.1016/S0140-6736(11)60749-6 PMID: 21846575

Farrell SW, DeFina LF, Radford NB, Leonard D, Barlow CE, Pavlovic A, et al. Relevance of fitness to
mortality risk in men receiving contemporary medical care. J Am Coll Cardiol. 2020; 75(13):1538—47.
https://doi.org/10.1016/j.jacc.2020.01.049 PMID: 32241369

Blair SN, Kohl HW 3rd, Paffenbarger RS Jr, Clark DG, Cooper KH, Gibbons LW. Physical fitness and
all-cause mortality. A prospective study of healthy men and women. JAMA. 1989; 262(17):2395-401.
https://doi.org/10.1001/jama.262.17.2395 PMID: 2795824

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003659  June 8, 2021 17/19


https://doi.org/10.1016/j.ijcard.2006.03.034
http://www.ncbi.nlm.nih.gov/pubmed/16815571
https://doi.org/10.1016/j.amjmed.2016.06.045
https://doi.org/10.1016/j.amjmed.2016.06.045
http://www.ncbi.nlm.nih.gov/pubmed/27476087
https://doi.org/10.1371/journal.pone.0209687
https://doi.org/10.1371/journal.pone.0209687
http://www.ncbi.nlm.nih.gov/pubmed/30586468
https://doi.org/10.1038/nrcardio.2017.153
http://www.ncbi.nlm.nih.gov/pubmed/28960189
https://doi.org/10.1093/ije/dyw253
http://www.ncbi.nlm.nih.gov/pubmed/27794523
https://doi.org/10.1136/bmjopen-2017-016640
http://www.ncbi.nlm.nih.gov/pubmed/28947447
https://doi.org/10.1016/j.jacc.2019.04.052
https://doi.org/10.1016/j.jacc.2019.04.052
http://www.ncbi.nlm.nih.gov/pubmed/31248551
https://doi.org/10.1038/s41598-020-75822-y
http://www.ncbi.nlm.nih.gov/pubmed/33154443
https://doi.org/10.4082/kjfm.2012.33.3.144
http://www.ncbi.nlm.nih.gov/pubmed/22787536
https://doi.org/10.2188/jea.je20110003
http://www.ncbi.nlm.nih.gov/pubmed/21946625
https://doi.org/10.1186/s12874-018-0642-3
https://doi.org/10.1186/s12874-018-0642-3
http://www.ncbi.nlm.nih.gov/pubmed/30577770
https://doi.org/10.1093/eurheartj/ehz564
https://doi.org/10.1093/eurheartj/ehz564
http://www.ncbi.nlm.nih.gov/pubmed/31504416
https://doi.org/10.4070/kcj.2020.0171
http://www.ncbi.nlm.nih.gov/pubmed/32725984
https://doi.org/10.1016/j.jacc.2018.05.066
https://doi.org/10.1016/j.jacc.2018.05.066
http://www.ncbi.nlm.nih.gov/pubmed/30115222
https://doi.org/10.1002/sim.3697
https://doi.org/10.1002/sim.3697
http://www.ncbi.nlm.nih.gov/pubmed/19757444
https://doi.org/10.1002/sim.5984
http://www.ncbi.nlm.nih.gov/pubmed/24122911
https://doi.org/10.1016/S0140-6736%2811%2960749-6
http://www.ncbi.nlm.nih.gov/pubmed/21846575
https://doi.org/10.1016/j.jacc.2020.01.049
http://www.ncbi.nlm.nih.gov/pubmed/32241369
https://doi.org/10.1001/jama.262.17.2395
http://www.ncbi.nlm.nih.gov/pubmed/2795824
https://doi.org/10.1371/journal.pmed.1003659

PLOS MEDICINE

Exercise habits and the cardiovascular outcomes in patients with incident atrial fibrillation

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

Garnvik LE, Malmo V, Janszky |, Ellekjaer H, Wisloff U, Loennechen JP, et al. Physical activity, cardio-
respiratory fitness, and cardiovascular outcomes in individuals with atrial fibrillation: the HUNT study.
Eur Heart J. 2020; 41(15):1467—75. https://doi.org/10.1093/eurheartj/ehaa032 PMID: 32047884

Proietti M, Boriani G, Laroche C, Diemberger |, Popescu MI, Rasmussen LH, et al. Self-reported physi-
cal activity and major adverse events in patients with atrial fibrillation: a report from the EURObserva-
tional Research Programme Pilot Survey on Atrial Fibrillation (EORP-AF) General Registry. Europace.
2017; 19(4):535-43. https://doi.org/10.1093/europace/euw150 PMID: 28431068

Hart RG, Pearce LA, Aguilar MI. Meta-analysis: antithrombotic therapy to prevent stroke in patients who
have nonvalvular atrial fibrillation. Ann Intern Med. 2007; 146(12):857—67. https://doi.org/10.7326/
0003-4819-146-12-200706190-00007 PMID: 17577005

Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomstrom-Lundgqvist C, et al. 2020 ESC Guide-
lines for the diagnosis and management of atrial fibrillation developed in collaboration with the European
Association of Cardio-Thoracic Surgery (EACTS). Eur Heart J. 2021; 42(5):373—498. https://doi.org/10.
1093/eurheartj/ehaa612 PMID: 32860505

Andersson T, Magnuson A, Bryngelsson IL, Frobert O, Henriksson KM, Edvardsson N, et al. All-cause
mortality in 272,186 patients hospitalized with incident atrial fibrillation 1995-2008: a Swedish nation-
wide long-term case-control study. Eur Heart J. 2013; 34(14):1061-7. https://doi.org/10.1093/eurheartj/
ehs469 PMID: 23321349

An'Y, Ogawa H, Yamashita Y, Ishii M, Iguchi M, Masunaga N, et al. Causes of death in Japanese
patients with atrial fibrillation: the Fushimi Atrial Fibrillation Registry. Eur Heart J Qual Care Clin Out-
comes. 2019; 5(1):35—42. https://doi.org/10.1093/ehjgcco/qcy033 PMID: 30020445

Deedwania PC, Lardizabal JA. Atrial fibrillation in heart failure: a comprehensive review. Am J Med.
2010; 123(3):198-204. https://doi.org/10.1016/j.amjmed.2009.06.033 PMID: 20193823

Kotecha D, Holmes J, Krum H, Altman DG, Manzano L, Cleland JG, et al. Efficacy of beta blockers in
patients with heart failure plus atrial fibrillation: an individual-patient data meta-analysis. Lancet. 2014;
384(9961):2235—43. https://doi.org/10.1016/S0140-6736(14)61373-8 PMID: 25193873

Miyasaka Y, Barnes ME, Gersh BJ, Cha SS, Bailey KR, Abhayaratna W, et al. Incidence and mortality
risk of congestive heart failure in atrial fibrillation patients: a community-based study over two decades.
Eur Heart J. 2006; 27(8):936—41. https://doi.org/10.1093/eurheartj/ehi694 PMID: 16399778

Ziff OJ, Carter PR, McGowan J, Uppal H, Chandran S, Russell S, et al. The interplay between atrial
fibrillation and heart failure on long-term mortality and length of stay: insights from the United Kingdom
ACALM registry. Int J Cardiol. 2018; 252:117-21. https://doi.org/10.1016/}.ijcard.2017.06.033 PMID:
29249421

Cattadori G, Segurini C, Picozzi A, Padeletti L, Anza C. Exercise and heart failure: an update. ESC
Heart Fail. 2018; 5(2):222-32. https://doi.org/10.1002/ehf2.12225 PMID: 29235244

Hu G, Jousilahti P, Antikainen R, Katzmarzyk PT, Tuomilehto J. Joint effects of physical activity, body
mass index, waist circumference, and waist-to-hip ratio on the risk of heart failure. Circulation. 2010;
121(2):237—44. https://doi.org/10.1161/CIRCULATIONAHA.109.887893 PMID: 20048205

Florido R, Ndumele CE, Kwak L, Pang Y, Matsushita K, Schrack JA, et al. Physical activity, obesity, and
subclinical myocardial damage. JACC Heart Fail. 2017; 5(5):377-84. https://doi.org/10.1016/j.jchf.
2017.02.002 PMID: 28449797

Pandey A, Allen NB, Ayers C, Reis JP, Moreira HT, Sidney S, et al. Fitness in young adulthood and
long-term cardiac structure and function: the CARDIA study. JACC Heart Fail. 2017; 5(5):347-55.
https://doi.org/10.1016/j.jchf.2016.11.014 PMID: 28285119

Kyu HH, Bachman VF, Alexander LT, Mumford JE, Afshin A, Estep K, et al. Physical activity and risk of
breast cancer, colon cancer, diabetes, ischemic heart disease, and ischemic stroke events: systematic
review and dose-response meta-analysis for the Global Burden of Disease Study 2013. BMJ. 2016;
354:i3857. https://doi.org/10.1136/bm|.i3857 PMID: 27510511

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(11):910-20. https://doi.
org/10.1161/CIRCULATIONAHA.118.039461 PMID: 31446766

Hussain N, Gersh BJ, Gonzalez Carta K, Sydo N, Lopez-Jimenez F, Kopecky SL, et al. Impact of
cardiorespiratory fitness on frequency of atrial fibrillation, stroke, and all-cause mortality. Am J Cardiol.
2018; 121(1):41-9. https://doi.org/10.1016/j.amjcard.2017.09.021 PMID: 29221502

Morseth B, Lochen ML, Ariansen I, Myrstad M, Thelle DS. The ambiguity of physical activity, exercise
and atrial fibrillation. Eur J Prev Cardiol. 2018; 25(6):624-36. https://doi.org/10.1177/
2047487318754930 PMID: 29411631

World Health Organization. WHO guidelines on physical activity and sedentary behaviour. Geneva:
World Health Organization; 2020.

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003659  June 8, 2021 18/19


https://doi.org/10.1093/eurheartj/ehaa032
http://www.ncbi.nlm.nih.gov/pubmed/32047884
https://doi.org/10.1093/europace/euw150
http://www.ncbi.nlm.nih.gov/pubmed/28431068
https://doi.org/10.7326/0003-4819-146-12-200706190-00007
https://doi.org/10.7326/0003-4819-146-12-200706190-00007
http://www.ncbi.nlm.nih.gov/pubmed/17577005
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1093/eurheartj/ehaa612
http://www.ncbi.nlm.nih.gov/pubmed/32860505
https://doi.org/10.1093/eurheartj/ehs469
https://doi.org/10.1093/eurheartj/ehs469
http://www.ncbi.nlm.nih.gov/pubmed/23321349
https://doi.org/10.1093/ehjqcco/qcy033
http://www.ncbi.nlm.nih.gov/pubmed/30020445
https://doi.org/10.1016/j.amjmed.2009.06.033
http://www.ncbi.nlm.nih.gov/pubmed/20193823
https://doi.org/10.1016/S0140-6736%2814%2961373-8
http://www.ncbi.nlm.nih.gov/pubmed/25193873
https://doi.org/10.1093/eurheartj/ehi694
http://www.ncbi.nlm.nih.gov/pubmed/16399778
https://doi.org/10.1016/j.ijcard.2017.06.033
http://www.ncbi.nlm.nih.gov/pubmed/29249421
https://doi.org/10.1002/ehf2.12225
http://www.ncbi.nlm.nih.gov/pubmed/29235244
https://doi.org/10.1161/CIRCULATIONAHA.109.887893
http://www.ncbi.nlm.nih.gov/pubmed/20048205
https://doi.org/10.1016/j.jchf.2017.02.002
https://doi.org/10.1016/j.jchf.2017.02.002
http://www.ncbi.nlm.nih.gov/pubmed/28449797
https://doi.org/10.1016/j.jchf.2016.11.014
http://www.ncbi.nlm.nih.gov/pubmed/28285119
https://doi.org/10.1136/bmj.i3857
http://www.ncbi.nlm.nih.gov/pubmed/27510511
https://doi.org/10.1161/CIRCULATIONAHA.118.039461
https://doi.org/10.1161/CIRCULATIONAHA.118.039461
http://www.ncbi.nlm.nih.gov/pubmed/31446766
https://doi.org/10.1016/j.amjcard.2017.09.021
http://www.ncbi.nlm.nih.gov/pubmed/29221502
https://doi.org/10.1177/2047487318754930
https://doi.org/10.1177/2047487318754930
http://www.ncbi.nlm.nih.gov/pubmed/29411631
https://doi.org/10.1371/journal.pmed.1003659

PLOS MEDICINE

Exercise habits and the cardiovascular outcomes in patients with incident atrial fibrillation

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Wilhelm M, Roten L, Tanner H, Wilhelm |, Schmid JP, Saner H. Atrial remodeling, autonomic tone, and
lifetime training hours in nonelite athletes. Am J Cardiol. 2011; 108(4):580-5. https://doi.org/10.1016/j.
amjcard.2011.03.086 PMID: 21658663

Hirose M, Leatmanoratn Z, Laurita KR, Carlson MD. Partial vagal denervation increases vulnerability to
vagally induced atrial fibrillation. J Cardiovasc Electrophysiol. 2002; 13(12):1272-9. https://doi.org/10.
1046/j.1540-8167.2002.01272.x PMID: 12521345

Molina L, Mont L, Marrugat J, Berruezo A, Brugada J, Bruguera J, et al. Long-term endurance sport
practice increases the incidence of lone atrial fibrillation in men: a follow-up study. Europace. 2008; 10
(5):618-23. https://doi.org/10.1093/europace/eun071 PMID: 18390875

Grimsmo J, Grundvold I, Maehlum S, Arnesen H. High prevalence of atrial fibrillation in long-term endur-
ance cross-country skiers: echocardiographic findings and possible predictors—a 28-30 years follow-
up study. Eur J Cardiovasc Prev Rehabil. 2010; 17(1):100-5. https://doi.org/10.1097/HJR.
0b013e32833226be PMID: 20065854

Chung MK, Martin DO, Sprecher D, Wazni O, Kanderian A, Carnes CA, et al. C-reactive protein eleva-
tion in patients with atrial arrhythmias: inflammatory mechanisms and persistence of atrial fibrillation.
Circulation. 2001; 104(24):2886—-91. https://doi.org/10.1161/hc4901.101760 PMID: 11739301

Engelmann MD, Svendsen JH. Inflammation in the genesis and perpetuation of atrial fibrillation. Eur
Heart J. 2005; 26(20):2083-92. https://doi.org/10.1093/eurheartj/ehi350 PMID: 15975993

Blair SN, Kampert JB, Kohl HW 3rd, Barlow CE, Macera CA, Paffenbarger RS Jr, et al. Influences of
cardiorespiratory fitness and other precursors on cardiovascular disease and all-cause mortality in men
and women. JAMA. 1996; 276(3):205—-10. PMID: 8667564

Gorenek B, Pelliccia A, Benjamin EJ, Boriani G, Crijns HJ, Fogel Rl, et al. European Heart Rhythm
Association (EHRA)/European Association of Cardiovascular Prevention and Rehabilitation (EACPR)
position paper on how to prevent atrial fibrillation endorsed by the Heart Rhythm Society (HRS) and
Asia Pacific Heart Rhythm Society (APHRS). Eur J Prev Cardiol. 2017; 24(1):4—40. https://doi.org/10.
1177/2047487316676037 PMID: 27815538

Menezes AR, Lavie CJ, DiNicolantonio JJ, O’Keefe J, Morin DP, Khatib S, et al. Atrial fibrillation in the
21st century: a current understanding of risk factors and primary prevention strategies. Mayo Clin Proc.
2013; 88(4):394—409. https://doi.org/10.1016/..mayocp.2013.01.022 PMID: 23541013

Semaan S, Dewland TA, Tison GH, Nah G, Vittinghoff E, Pletcher MJ, et al. Physical activity and atrial
fibrillation: data from wearable fitness trackers. Heart Rhythm. 2020; 17(5 Pt B):842—6. https://doi.org/
10.1016/j.hrthm.2020.02.013 PMID: 32354448

Guo 'Y, Lane DA, Wang L, Zhang H, Wang H, Zhang W, et al. Mobile health technology to improve care
for patients with atrial fibrillation. J Am Coll Cardiol. 2020; 75(13):1523—-34. https://doi.org/10.1016/j.
jacc.2020.01.052 PMID: 32241367

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003659  June 8, 2021 19/19


https://doi.org/10.1016/j.amjcard.2011.03.086
https://doi.org/10.1016/j.amjcard.2011.03.086
http://www.ncbi.nlm.nih.gov/pubmed/21658663
https://doi.org/10.1046/j.1540-8167.2002.01272.x
https://doi.org/10.1046/j.1540-8167.2002.01272.x
http://www.ncbi.nlm.nih.gov/pubmed/12521345
https://doi.org/10.1093/europace/eun071
http://www.ncbi.nlm.nih.gov/pubmed/18390875
https://doi.org/10.1097/HJR.0b013e32833226be
https://doi.org/10.1097/HJR.0b013e32833226be
http://www.ncbi.nlm.nih.gov/pubmed/20065854
https://doi.org/10.1161/hc4901.101760
http://www.ncbi.nlm.nih.gov/pubmed/11739301
https://doi.org/10.1093/eurheartj/ehi350
http://www.ncbi.nlm.nih.gov/pubmed/15975993
http://www.ncbi.nlm.nih.gov/pubmed/8667564
https://doi.org/10.1177/2047487316676037
https://doi.org/10.1177/2047487316676037
http://www.ncbi.nlm.nih.gov/pubmed/27815538
https://doi.org/10.1016/j.mayocp.2013.01.022
http://www.ncbi.nlm.nih.gov/pubmed/23541013
https://doi.org/10.1016/j.hrthm.2020.02.013
https://doi.org/10.1016/j.hrthm.2020.02.013
http://www.ncbi.nlm.nih.gov/pubmed/32354448
https://doi.org/10.1016/j.jacc.2020.01.052
https://doi.org/10.1016/j.jacc.2020.01.052
http://www.ncbi.nlm.nih.gov/pubmed/32241367
https://doi.org/10.1371/journal.pmed.1003659

