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Association Between Changes in Physical Activity and New-Onset Atrial Fibrillation After ICD/CRT-D Implantation
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Background: Changes in physical activity (PA) after implantable cardioverter defibrillator (ICD) or cardiac resynchronization therapy defibrillators (CRT-D) implantation were unknown. The association of PA changes with new-onset atrial fibrillation (AF), cardiac death and all-cause mortality was unclear in patients at high risk of sudden cardiac death.

Methods: Patients receiving ICD/CRT-D implantation from SUMMIT registry were retrospectively analyzed. Changes in PA were considered from baseline status to 1 year after implantation. New-onset AF was defined as the first atrial high-rate episode ≥1% of the daily AF burden detected after implantation.

Results: Over a mean follow-up of 50.3 months, 124 new-onset AF events (36.2%), 61 cardiac deaths (17.8%), and 87 all-cause deaths (25.4%) were observed in 343 patients with ICD/CRT-D implantation. PA at 1 year after implantation was increased compared with PA at baseline (11.97 ± 5.83% vs. 10.82 ± 5.43%, P = 0.008), and PA at 1 year was improved in 210 patients (61.2%). Per 1% decrease in PA was associated with 12.4, 18.3, and 14.3% higher risks of new-onset AF, cardiac death and all-cause mortality, regardless of different baseline characteristics. Patients with decreased PA had 2-fold risks of new-onset AF (hazard ratio [HR] = 1.972, 95% confidence interval [CI]: 1.352–2.877, P < 0.001) as high as those with unchanged/increased PA. Decreased PA was an independent risk factor for cardiac death (HR = 3.358, 95% CI: 1.880–5.996, P < 0.001) and all-cause mortality (HR = 2.803, 95% CI:1.732–4.535, P < 0.001).

Conclusion: PA decrease after ICD/CRT-D implantation is associated with a higher incidence of new-onset AF, resulting in worsened outcomes in cardiac death and all-cause mortality.
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INTRODUCTION

Atrial fibrillation (AF) is a common cardiac arrhythmia with an increasing prevalence (1). It was reported the prevenance of AF in patients with implantable cardioverter defibrillators (ICDs) was as high as 25% (2). AF is associated with higher risks of ischemic stroke, cardiovascular events, hospitalizations, and all-cause mortality (3, 4). In patients receiving ICD or cardiac resynchronization therapy defibrillator (CRT-D) implantation, new-onset AF was also associated with a greater number of ICD shocks for ventricular arrhythmia, inappropriate shocks, hospitalizations for heart failure (HF), and increased mortality (5–8). Thus, it is essential to predict the incidence of new-onset AF and initiate anticoagulation and rate control management to improve the long-term clinical outcomes after ICD/CRT-D implantation.

Physical activity (PA) can predict the outcomes of different diseases (9–12). PA can be measured via questionnaires to reflect an individual's functional status over the preceding years or months (13). Moreover, accelerometer-derived PA can be detected within the first 30–60 days to reflect the baseline PA status (14). Low levels of baseline PA were associated with higher incidences of hospitalizations for HF, cardiac death, and all-cause mortality after ICD/CRT-D implantation (11, 14). Baseline PA can also predict new-onset AF among the general population or patients with HF (15–18). Chelu et al. found PA decreased and mortality increased significantly after a newly persistent AF episode in patients with ICD (19). It was indicated that longitudinal decrease in PA was associated with a higher incidence of new-onset AF, resulting in worsened long-term outcomes.

To date, few studies have assessed changes in PA after ICD/CRT-D implantation. In the present study, early changes in PA from baseline to 1 year after implantation were evaluated in patients with ICD/CRT-D implantation. Dual-chamber ICDs can provide quantitative and continuous daily PA and AF burden data using a remote home monitoring system, enabling accurate detection of PA changes and new-onset AF (15). This study aimed to investigate the association of changes in PA with the incidence of new-onset AF, as well as explore the effects of PA decreases on long-term cardiac death and all-cause mortality among patients at high risk of sudden cardiac death.



METHODS

The Biotronik Home Monitoring System Safety and Efficacy in Cardiac Implantable Electronic Device-implanted Patients (SUMMIT) registry is a prospective, observational, and multicentre study in China. We performed a retrospective analysis using the archived home monitoring transmission data from SUMMIT registry and evaluated the association of changes in PA with the incidence of new-onset AF, long-term cardiac death, and all-cause mortality. The present study, which conformed to the Declaration of Helsinki, was approved by all participating institutions. All patients provided written informed consent before entering this study.


Study Participants

Patients who underwent ICD/CRT-D implantation between May 2010 and May 2015 were included when the following criteria were met: (1) ICD or CRT-D was implanted in accordance with the current guideline's recommendations; (2) continuous home monitoring transmission started immediately after implantation; (3) data related to AF daily burden and PA were available; (4) patients were aged ≥18 years at implantation; and (5) life expectancy was >1 year after device implantation. Patients were excluded when (1) AF, atrial flutter (AFL) or atrial tachycardia (AT) was diagnosed using ICD-10 codes (ICD-10: I48, I49.9) before enrolment; (2) patients were lost to follow-up; (3) remote monitoring transmission data was missing or incomplete; or (4) patients were diagnosed with a malignant tumor or scheduled for heart transplantation.



Measurement of AF Daily Burden and PA

The Biotronik remote home monitoring system can transmit and store data from implantable devices to service centers every day. Data on daily AF burden and PA were collected for each patient. Daily AF burden was expressed as a percentage of the time with atrial high-rate episodes (AHREs) > 180 beats in a 24-h period, where 1% indicated a total of 14.4 min of AHREs per day, which is the minimum daily AF burden. Similar measurement algorithms were previously shown to have a sensitivity and specificity of 95% for AHREs and AF burden detection (20, 21).

Continuous PA was recorded using a Biotronik accelerometer sensor. PA was defined as a percentage of total daily duration recorded when rates were higher than basic rates, where 10% indicated 2.4 h of daily PA, with a resolution of 2 s. PA at baseline was the average daily value detected during the first 30–60 days after ICD/CRT-D implantation, as recommended by previous studies (14), and PA at 1 year was detected during the first 30 days at 1 year after ICD/CRT-D implantation.



Study Endpoints and Follow-Up

The primary endpoint was new-onset AF. New-onset AF was defined as the first AHRE ≥1% of the daily AF burden, whether symptomatic or not, detected after ICD/CRT-D implantation (15, 20).

The secondary endpoints were cardiac death (ICD-10: I00 to I09, I11, and I20 to I51) and all-cause mortality. The date and cause of death was based on the death certificate. Routine follow-ups were conducted via telephone or clinics. If data transmission was disrupted, the clinical research coordinator immediately confirmed the patient's conditions by contacting the family members.



Data Collection

Baseline data for the enrolled patients were derived from medical records during hospitalization, including age at implantation, sex, body mass index (BMI), ICD or CRT-D implantation, New York Heart Association (NYHA) class, echocardiographic characteristics (left ventricular ejection fraction [LVEF] and left ventricular end diastolic diameter [LVEDD]), comorbidities [hypertension, diabetes mellitus [DM], stroke, dilated cardiomyopathy [DCM], hypertrophic cardiomyopathy [HCM], ischemic cardiomyopathy [ICM], valvular disease, prior myocardial infarction [MI], percutaneous coronary intervention [PCI], and pre-implant syncope], and medication (angiotensin-converting enzyme inhibitors or angiotensin receptor blockers [ACEIs/ARBs], diuretics, aldosterone antagonists, calcium channel blockers [CCBs], statins, beta-blockers, amiodarone and antiplatelets).



Grouping

Changes in PA were considered from baseline to 1 year after ICD/CRT-D implantation. All enrolled patients were divided into three groups based on the tertiles of changes in PA, including PA decreased group (Tertile 1, n = 114, mean = −2.85%, range [−12.9 to −0.4%]), PA unchanged group (Tertile 2, n = 114, mean = 0.98%, range [−0.4–2.2%]), and PA increased group (Tertile 3, n = 115, mean = 5.29%, range [2.3–18.0%]).



Statistical Methods

Continuous variables are presented as means ± standard deviations (SDs), and categorical variables are presented as frequencies and percentages. Clinical characteristics were compared across decreased PA, unchanged PA, and increased PA groups using one-way analysis of variance for continuous variables and a chi-square test for categorical variables. Clinical outcomes, including new-onset AF, long-term cardiac death, and all-cause mortality, were calculated and compared using chi-square test.

Considering the competing risks, cumulative incidence function and Fine and Gray model were used in the survival analysis of detected new-onset AF between different groups of PA performance. Kaplan-Meier survival curves and cox proportional hazards regression models were performed to evaluate the association of changes in PA with cardiac death and all-cause mortality. In the multivariate analysis, model 1 was adjusted for age at implantation and sex. Model 2 was adjusted for additional confounders, including BMI, LVEF, LVEDD, ICD or CRT-D implantation, NYHA class, hypertension, DM, DCM, ICM, prior MI, PCI, and ACEI/ARB, diuretics, and aldosterone antagonist usage. Model 3 was adjusted for the above-mentioned confounders and baseline PA.

Subgroup analysis was performed to explore the effects of changes in PA on the incidence of new-onset AF in patients with different baseline characteristics using Fine & Gray model. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated to show the impact. P-values < 0.05 were considered statistically significant. Statistical analyses were conducted using SPSS Statistics version 23.0 (IBM Corp., Armonk, NY) and R version 4.0.3 (Bunny-Wunnies Freak Out, The R Foundation for Statistical Computing, Vienna, Austria).




RESULTS


Baseline Characteristics

A total of 1,015 patients with ICD/CRT-D implantation were retrospectively analyzed. Patients were excluded due to lack of data on AF daily burden (n = 520), unavailable or incomplete monitoring data (n = 75), <1 year survival after device implantation (n = 40), and diagnosis of AF and/or AFL before enrolment (n = 37, 36 AF cases and 1 AFL case). Finally, a total of 343 patients were included in the study.

Overall, PA at 1 year after ICD/CRT-D implantation was significantly higher than PA at baseline (11.97 ± 5.83 vs. 10.82 ± 5.43%, P = 0.008). PA was improved at 1 year in 210 patients (61.2%), compared with baseline PA. Changes in PA across PA decreased, PA unchanged, and PA increased groups were −2.85 ± 2.63, 0.98 ± 0.79, and 5.29 ± 2.93%, respectively. The average age at implantation was 62.53 ± 13.54 years, and male patients were dominant in the cohort study (77.6%). The mean LVEF and LVEDD were 39.08 ± 14.57% and 62.07 ± 13.37 mm, respectively. About half of the patients (51.0%) underwent CRT-D implantation. Significant differences between the groups were observed for baseline PA (P < 0.001) and PA at 1 year (P < 0.001), in addition to sex (P = 0.042), and PCI (P = 0.039). No significant differences were observed for other baseline characteristics. Table 1 illustrates the comparison of baseline characteristics across three groups.


Table 1. Baseline characteristics.
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Clinical Outcomes

The average follow-up time was 50.28 ± 17.75 months. A total of 124 new-onset AF events (36.2%) were detected. The incidence of new-onset AF was significantly higher in the PA decreased group than in PA unchanged and PA increased groups (45.6 vs. 33.3 vs. 29.6%, P = 0.031). For the secondary endpoints, 61 (17.8%) cardiac deaths and 87 (25.4%) all-cause mortality events occurred. In 124 patients who experienced new-onset AF, 44 death events (35.5%) were observed, which was significantly higher than the incidence of mortality (43/219,19.6%) in the remaining 219 patients who did not experience new-onset AF. Patients in PA decreased group had higher risks of cardiac death (24.6 vs. 15.8 vs. 13.0%, P = 0.059) and all-cause mortality (32.5 vs. 21.9 vs. 21.7%, P = 0.103) than those in PA unchanged and PA increased groups. Figure 1 illustrates the differences in clinical outcomes across three groups.


[image: Figure 1]
FIGURE 1. Clinical outcomes across PA decreased group, PA unchanged group, and PA increased group. AF, atrial fibrillation; PA, physical activity.




Univariate Survival Analysis for PA Changes and Clinical Outcomes

Cumulative incidence function and Kaplan-Meier survival curves were plotted to compare the cumulative incidences of new-onset AF, long-term cardiac death, and all-cause mortality between the PA decreased and unchanged/increased groups. Univariate analysis demonstrated that patients had significantly higher incidences of new-onset AF (P = 0.013), cardiac death (P = 0.007), and all-cause mortality (P = 0.010) in PA decreased group, compared to PA unchanged/increased group (Figure 2).


[image: Figure 2]
FIGURE 2. Univariate survival analysis of changes in PA and clinical outcomes. (A) cumulative incidence of new-onset AF between PA decreased group and PA unchanged/increased group (P = 0.013); (B) cumulative incidence of cardiac death between PA decreased group and PA unchanged/increased group (P = 0.007); (C) cumulative incidence of all-cause mortality between PA decreased group and PA unchanged/increased group (P = 0.010). AF, atrial fibrillation; PA, physical activity.




Association of Changes in PA With New-Onset AF

Changes in PA were inversely associated with the incidence of new-onset AF in patients who underwent ICD/CRT-D implantation (Table 2). In Fine and Gray model 1, which was adjusted for age at implantation and sex, changes in PA were inversely associated with the incidence of new-onset AF (HR = 1.073, 95%CI: 1.027–1.121, P = 0.002), and PA decreased group was associated with a higher incidence of new-onset AF (HR = 1.558, 95% CI: 1.091–2.227 P = 0.015) than PA unchanged/increased group. After adjusting for additional confounders, including BMI, LVEF, LVEDD, ICD or CRT-D implantation, NYHA class, hypertension, DM, DCM, ICM, prior MI, PCI, ACEI/ARB, diuretics, and aldosterone antagonist usage in model 2, and the above-mentioned factors and baseline PA in model 3, PA decrease remained an independent risk factor of new-onset AF. Per 1% decrease in PA at 1 year could result in 12.4% higher risks of new-onset AF (HR = 1.124, 95%CI: 1.069–1.182, P < 0.001), and patients with decreased PA had 2-fold risks of new-onset AF (HR = 1.972, 95%CI: 1.352–2.877, P < 0.001) as high as those with unchanged/increased PA.


Table 2. Changes in PA associated with clinical outcomes.
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Association of Changes in PA With Cardiac Death and All-Cause Mortality

Regarding the long-term cardiac death and all-cause mortality, PA decrease was shown as independent risk predictors (Table 2). Decreased PA was associated with higher risks of cardiac death (HR = 1.980, 95% CI: 1.191–3.292, P = 0.008) and all-cause mortality (HR = 1.714, 95% CI: 1.117–2.631, P = 0.014), compared to unchanged/increased PA, in multivariate Cox regression model 1, adjusted for age at implantation and sex. After adjusted for age at implantation, sex, BMI, LVEF, LVEDD, ICD or CRT-D implantation, NYHA class, hypertension, DM, DCM, ICM, prior MI, PCI, prior AF and ACEI/ARB, diuretics, and aldosterone antagonist usage, changes in PA remained an independent predictor for cardiac death and all-cause mortality in model 2. After further adjusting for baseline PA in model 3, the results remained consistent for cardiac death and all-cause mortality. Per 1% decrease in PA contributed to 18.3% and 14.3% higher risks in cardiac death (HR = 1.183, 95%CI: 1.093–1.280, P < 0.001) and all-cause mortality (HR = 1.143, 95%CI: 1.071–1.221, P < 0.001), respectively. Compared to patients with unchanged/increased PA, the risks of cardiac death (HR = 3.358, 95%CI: 1.880–5.996, P < 0.001) and all-cause mortality (HR = 2.803, 95%CI: 1.732–4.535, P < 0.001) increased 2.4 times and 1.8 times, respectively, in patients with decreased PA.



Subgroup Analysis Based on Different Baseline Characteristics

Subgroup analysis was performed using Fine and Gray model 3 to evaluate the association of new-onset AF with changes in PA based on different baseline characteristics, including baseline PA (low level <10.2% or high level ≥10.2%), age at implantation (<60 years old or ≥60 years old), BMI (<24 kg/m2 or ≥24 kg/m2), device type (ICD or CRT-D), and LVEF (<35% or ≥35%) (Table 3). Changes in PA, as a continuous variable, were inversely associated with the incidence of new-onset AF among groups with different baseline characteristics, except for patients with low levels of baseline PA (HR = 1.053, 95%CI: 0.973–1.139, P = 0.200).


Table 3. Subgroup analysis of new-onset AF based on different characteristics.
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Effects of Changes in PA at Different Baseline PA Levels

Considering the potential effects of PA at baseline on new-onset AF, the effects of changes in PA was evaluated among patients with high PA at baseline (PA at baseline >10.2%) and low PA at baseline (PA at baseline <10.2%) using cumulative incidence function (Figure 3). Patients with low levels of baseline PA had higher incidence of new-onset AF than those with high levels of baseline PA (P = 0.117) although it was not statistically significant. In patients with high baseline PA levels, decreased PA resulted in significant higher incidence of new-onset AF, compared to unchanged/increased PA (P < 0.001). However, no significant difference was shown between the PA decreased group and PA unchanged/increased group among patients with low baseline PA levels (P = 0.761).


[image: Figure 3]
FIGURE 3. Univariate survival analysis of new-onset AF based on different levels of PA at baseline. (A) cumulative incidence of new-onset AF between low baseline PA and high baseline PA group (P = 0.117); (B) cumulative incidence of new-onset AF in low baseline PA group (P = 0.761); (C) cumulative incidence of new-onset AF in high baseline PA group (Log-rank, P < 0.001). AF, atrial fibrillation; PA, physical activity.





DISCUSSION

In a cohort study of 343 patients, time-varying changes in PA and new-onset AF were detected using continuous remote monitoring system. Overall, PA at 1 year after ICD/CRT-D implantation was significantly higher than PA at baseline, and PA at 1 year was improved in 210 patients (61.2%). Early changes in PA from baseline to 1 year after implantation were inversely associated with the incidence of new-onset AF, especially among patients with high levels of baseline PA. Additionally, PA decrease at 1 year after implantation remained an independent risk factor of long-term cardiac death and all-cause mortality at 4.2 years.

Some studies have clarified the association of activity performance with AF episodes, hospitalisations, and death among different populations (13, 15–18). The ARIC and MESA studies and a prospective case-control study conducted by Calvo et al. discovered that vigorous PA was associated with a lower risk of incident AF in the general population (16–18). The EORP-AF pilot survey demonstrated that low PA levels were associated with higher risks of cardiovascular death and all-cause mortality in patients with AF, indicating that efforts to increase PA might improve outcomes among AF patients (13). However, PA was measured by patients' self-reported questionnaires, which only indicated the activity level over the preceding years or months, and incident AF episodes were detected using intermittent electrocardiograms. In the IMPLANTED registry (15), objective accelerometer-derived PA and continuous monitoring of AHREs were obtained using remote monitoring system in HF patients who received ICD implantation. It was observed that low baseline PA levels can predict the incidence of AHREs, death, or HF hospitalisations, although the detected AHREs might not be newly AF episodes. For the underlying mechanism between physical performance and AF episodes, vigorous PA probably contributed to weight loss, which has known cardioprotective effects for AF episodes. The CARDIO-FIT Study, Henry Ford Exercise Testing Project, and HUNT3 study reported that high levels of cardiorespiratory fitness (CRF) measured using exercise stress tests were associated with a significantly reduced number of AF episodes among overweight and obese populations over a long-term follow-up (4–8 years) (22–24). However, those above-mentioned studies only focused on baseline PA performance and the individual time-varying PA changes were not discussed.

Regarding the changes in PA, the longitudinal changes in PA over an entire lifespan were expressed as the total energy expenditure by Westerterp KR et al., which showed that PA gradually increased from an early age to adulthood but decreased in old age (25). Vamos M et al. reported that significant short-term decrease in device-measured PA was associated with a high incidence of hospitalisations for HF in CRT-D recipients (26). Decrease in PA was adopted during a 20-day windows period prior to OptiVol alerts, which was proved to be an independent predictor of the following hospitalization for HF (26). The DISCERN AF study demonstrated an association between AF burden and activity level changes in patients after AF ablation. PA began to decrease after the AF daily burden exceeded 500 min (34.7%) and dropped after 1,000 min (69.4%) (27). Although the inverse relationship between AF burden and activity level changes was not shown at an individual level, it was suggested that individual time-varying PA may be a valuable prognostic predictor for the incidence of new-onset AF. Different from these two studies, the present study measured time-varying changes in PA after ICD/CRT-D implantation for each patient, using a continuous, accurate, and rapid monitoring system. We observed that PA at 1 year after device implantation was generally higher than baseline PA (11.97 ± 5.83 vs. 10.82 ± 5.43%, P = 0.008), and PA increase was observed in 210 patients (61.2%) with an average value of 3.44 ± 3.00%. This finding was consistent with previous published studies, which showed that PA at 3 and 6 months after CRT implantation were generally higher than baseline PA of patients with HF (28). Regarding the mechanism of PA changes after device implantation, the improvement of PA was likely due to the clinical effects of device implantation or lifestyle modification on activity (28, 29). However, worsening PA might reflect that symptomatic or ongoing AF with heavy AHRE burdens exerted limitations on activity tolerance (25).

The present study focused on new-onset AF events during the whole monitoring period, which were detected by ICD/CRT-D devices. A 36.2% incidence of new-onset AF (AF daily burden ≥14 min) over a follow-up period of 4.2 years was reported, which was comparable to the incidence of newly AHREs (30.1%) detected among patients with HF (15). After adjusting for considerable demographic and echocardiographic characteristics, comorbidities, medication, and baseline PA, PA decrease was demonstrated as a strong independent risk factor of new-onset AF. Additionally, changes in PA remained inversely associated with the incidence of new-onset AF among different groups with various baseline characteristics, except for patients with low levels of baseline PA. The possible explanation might be that less patients at low baseline PA levels had decreased PA, especially when the sample size was not large enough. Low baseline PA could also predict the incident new-onset AF events, probably hiding the association between PA changes and new-onset AF. In the clinical complication, the occurrence of new-onset AF should be considered when PA decreases after implantation, especially for those with good performance of PA at baseline. ECG, anticoagulation, and rate control treatment were required to confirm and manage AF, when necessary. Among patients at high risk of sudden cardiac death, initiating AF management might help to decrease the risks of ICD shocks for ventricular arrhythmias and inappropriate shocks (5). Moreover, patients with PA decrease at 1 year after device implantation had 2–3 times higher risk of long-term cardiac death and all-cause mortality than those with PA increases. Time-varying PA after device implantation was valuable to reflect the clinical response and therapeutic efficacy of device implantation (28). Only focusing baseline PA performance was not enough. This study highlighted the importance of monitoring the time-varying PA changes for improving long-term outcomes. Besides this, it is suggested that exercise rehabilitation might improve long-term clinical outcomes in patients receiving ICD/CRT-D implantation, especially for patients with a high level of PA at baseline.



LIMITATION

There are several limitations in the present study. First, the sample size was small, which might limit the analysis of PA changes in low baseline group; Second, the study participants were patients with high risks of sudden cardiac death, so further studies are needed to determine if the association of early changes in PA with new-onset AF can be generalized to other patient populations. Third, due to the limitation of the home monitoring system, AHREs with <1% of total AF burden over a 24-h period cannot be detected. However, the measurement algorithms in this analysis were previously shown to have a sensitivity and specificity of 95% for AHREs and AF burden detection (21).



CONCLUSION

PA decrease at 1 year was associated with a higher risk of new-onset AF, regardless of baseline characteristics. Moreover, PA decrease was an independent predictor for long-term cardiac death and all-cause mortality in patients at high risk of sudden cardiac death.
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