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Background: A recent subanalysis of the EAST-AFNET 4 trial suggests a stronger benefit of 

early rhythm-control (ERC) in patients with atrial fibrillation (AF) and a high comorbidity burden 

when compared to patients with a lower comorbidity burden.

Methods: We identified 109,739 patients with newly diagnosed AF in a large US de-identified 

administrative claims database (OptumLabsⓇ) and 11,625 patients in the population-based UK 

Biobank (UKB). ERC was defined as AF ablation and/or antiarrhythmic drug therapy within 

the first year after AF diagnosis. Patients were classified as 1) ERC & high comorbidity burden 

(CHA2DS2-VASc score ≥4); 2) ERC & lower comorbidity burden (CHA2DS2-VASc score 2–

3); 3) no ERC & high comorbidity burden; and 4) no ERC & lower comorbidity burden. 

Patients without an elevated comorbidity burden (CHA2DS2-VASc score 0–1) were excluded. 

Propensity score overlap weighting and cox proportional hazards regression were used to balance 

patients and compare groups for the primary composite outcome of all-cause mortality, stroke, or 

hospitalization with the diagnoses heart failure or myocardial infarction as well as for a primary 

composite safety outcome of death, stroke, and serious adverse events related to ERC.

Results: In both cohorts, ERC was associated with a reduced risk for the primary composite 

outcome in patients with a high comorbidity burden (OptumLabs: HR 0.83, CI 0.72–0.95, 

p=0.006; UKB: HR 0.77, CI 0.63–0.94, p=0.009). In patients with a lower comorbidity burden, 

the difference in outcomes was not significant (OptumLabs: HR 0.92, CI 0.54–1.57, p=0.767; 

UKB: HR 0.94, CI 0.83–1.06, p=0.310). The comorbidity burden interacted with ERC in the UKB 

(interaction-p=0.027) but not in OptumLabs (interaction-p=0.720). ERC was not associated with 

an increased risk for the primary safety outcome.

Conclusions: ERC is safe and may be more favorable in a population-based sample of patients 

with high a comorbidity burden (CHA2DS2-VASc score ≥4).
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Introduction

Atrial fibrillation (AF) is the most common cardiac arrhythmia and poses a major burden 

on health care systems.1 Treatment domains include oral anticoagulation for prevention of 

stroke, treatment of concomitant and underlying cardiovascular conditions, rate control, and 

rhythm control.1,2

In the past decades, several large randomized clinical trials failed to show a prognostic 

benefit of rhythm-control therapy compared with rate-control.3–5 Recently, however, 

paradigms in the therapy of AF have shifted following the demonstration that early and 

systematic initiation of rhythm control therapy reduces outcomes compared to usual care:6,7 

In the Early Treatment of Atrial Fibrillation for Stroke Prevention Trial (EAST-AFNET 4), 

early rhythm-control therapy (ERC) led to reduced cardiovascular complications, including 

fewer strokes and cardiovascular deaths, in patients with recently diagnosed AF and 

concomitant cardiovascular conditions compared to usual care consisting of rate control 

and symptom-limited rhythm-control therapy.6 Most patients seen in routine clinical care 

or included in population-based projects are eligible for ERC, and modern rhythm-control 

therapy appears safe in unselected patients treated in the United Kingdom, United States, 

and South Korea.8,9,10

A recent subgroup analysis of the EAST-AFNET 4 trial suggests a stronger benefit of 

ERC in patients with a high comorbidity burden, defined by a CHA2DS2-VASc score ≥4, 

challenging the current practice to mainly offer rhythm-control therapy to healthier patients 

with fewer comorbidities.11 The aim of this study was to evaluate the safety and efficacy of 

ERC in patients with a high comorbidity burden treated in routine care by interrogating a 

large US health records data set and the UK biobank.

Methods

Because of the sensitive nature of the data collected for this study, requests to access the data 

set from qualified researchers trained in human subject confidentiality protocols may be sent 

to OptumLabs.

Data Sources

In this study, we analyzed two different patient cohorts: a large US de-identified 

administrative claims database (OptumLabs Data WarehouseⓇ) and the population-based 

UK Biobank:

1. OptumLabs, de-identified administrative claims data containing medical and 

pharmacy claims and enrollment records for more than 130 million private 

insurance and Medicare Advantage enrollees of all ages and races throughout 

the United States.8,12,13

2. The UK Biobank, a prospective, population-based cohort of more than 500,000 

randomly selected participants aged 40 to 69 enrolled between 2006 and 2010 

in the United Kingdom containing comprehensive medical information with 
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additional data on incidence of disease and mortality obtained from UK death 

registers and inpatient records.10,14

This study used preexisting, deidentified data. No informed consent was required. For both 

data sources, at least one author had full access to all the data in this study and takes 

responsibility for its integrity and the data analysis.

Study Population

The study population in the OptumLabs cohort included adult patients (aged ≥18 years) who 

had newly diagnosed AF between July 28, 2011, and December 30, 2016, the enrollment 

period of EAST-AFNET 4.6,8 The UK Biobank cohort included all adult patients (aged 

≥18 years) with incident AF during the entire study and follow up period up to March 

2021.10 Patients without relevant comorbidity burden (CHA2DS2-VASc score 0–1) were 

excluded from the analysis, reflecting recent subgroup analysis of the EAST-AFNET 4 

trial.11 Patients were devided into two treatment groups based on treatment as either patients 

who received ERC, i.e., AF ablation or antiarrhythmic drug (AAD) therapy, within the 

first year after AF diagnosis, or patients not receiving ERC within the first year after 

AF diagnosis.8,10 AF ablation and cardiovascular diseases were identified using ICD-10 

codes.8,10,15,16 Furthermore, patients were classified based on their comorbidities and age 

as 1) ERC & high comorbidity burden (CHA2DS2-VASc score ≥4); 2) ERC & lower 

comorbidity burden (CHA2DS2-VASc score 2–3); 3) no ERC & high comorbidity burden; 

and 4) no ERC & lower comorbidity burden.11

Outcomes

The primary composite outcome was a composite of all-cause mortality, stroke, or 

hospitalization with the diagnoses heart failure or acute coronary syndrome. This replicated 

the primary outcome of the EAST-AFNET 4 trial with one difference due to the available 

mortality information, i.e., all-cause mortality instead of cardiovascular mortality.6,8,10 The 

primary safety outcome was a composite of death, stroke, and serious adverse events related 

to ERC such as non-fatal cardiac arrest, drug-induced bradycardia, atrioventricular block, 

torsade de pointes tachycardia, pericardial tamponade, and periprocedural bleeding, or 

blood pressure events.6,10,11 Patients in the OptumLabs cohort were followed until death, 

disenrollment or study end date (December 31st, 2019), patients in the UK Biobank cohort 

until March 2021.8,10

Sensitivity Analysis

In a sensitivity analysis replicating the EAST-AFNET 4 subgroup analysis, the inclusion 

and exclusion criteria of EAST-AFNET 4 were applied and only patients who were eligible 

for EAST-AFNET 4 trial inclusion were included in the analysis, i.e., patients who were 

either aged >75 years or had a previous transient ischemic attack or stroke, or met 2 

of the following criteria: age >65 years, female sex, heart failure, hypertension, diabetes, 

severe coronary artery disease, chronic kidney disease (stage III or IV), and left ventricular 

hypertrophy.6 Patients were excluded if one of the following criteria was present: female 

sex and age <45 years, drug abuse, previous AF ablation, severe mitral stenosis, prosthetic 
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mitral valve, hepatic dysfunction, thyroid dysfunction without treatment, and severe renal 

dysfunction (stage V or dialysis).6

Statistical Analysis

The propensity score was estimated using logistic regression based on patient characteristics 

listed in Supplemental Table I. Propensity score overlap weighting method was used to 

balance differences in baseline characteristics between patients who received ERC and 

patients who did not receive ERC.8 Standardized mean difference was used to assess 

the balance of covariates after weighting and a difference less than 0.1 was considered 

acceptable.8,17 The overlap weight was calculated as 1 minus the propensity score for 

patients in the ERC group and propensity score for patients not treated with ERC.18 Cox 

proportional hazards regression was used to compare outcomes of patients who received 

ERC and patients who did not receive ERC in the propensity score weighted cohort, with 

a robust sandwich estimator for variance estimation.8 Interaction was tested using a Cox 

model. A 2-sided P-value less than 0.05 was considered statistically significant for all tests. 

To exclude residual confounding, we tested falsification outcomes that are unlikely to be a 

result of undergoing ERC therapy and that might be related to unmeasured confounders.

All analyses except those related to the primary outcome were considered to be exploratory 

and conducted using SAS Enterprise Guide 7.1 (SAS Institute Inc.) and Stata 16.0 

(Stata Corp) for the OptumLabs cohort and using R 4.0.3 for the UK Biobank cohort, 

respectively.8,10

Results

Patient Characteristics

In the OptumLabs cohort, 720,516 patients with AF were identified during the study 

period of EAST-AFNET 4. Of these, 109,739 patients had newly diagnosed AF and 

were eligible for analysis, 7,897 patients (7.2%) with a CHA2DS2-VASc score 0–1 were 

excluded. Most patients did not receive ERC within the first year after AF diagnosis (ERC: 

N=24,382 [23.9%]; no ERC: N=77,460 [76.1%]; Figure 1). In the UK Biobank cohort, 

patients without primary care data were excluded. 16,461 patients were identified with 

incident AF during the entire observation period, 4,034 patients (24.5%) with a CHA2DS2-

VASc score 0–1 were excluded, and 11,625 patients were included in the analysis. The 

remaining patients were excluded due to missing or incomplete follow up data. Patients 

in the UK Biobank had a lower comorbidity burden than in OptumLabs (OptumLabs: 

CHA2DS2-VASc score ≥4: N=76,921 [75.5%], CHA2DS2-VASc score 2–3: N=24,921 

[24.5%]; UK Biobank: CHA2DS2-VASc score ≥4: N=3,811 [32.8%], CHA2DS2-VASc score 

2–3: N=7,814 [67.2%]).

Patients who received ERC were on average three years younger than patients who did not 

receive ERC (OptumLabs: 70.7 ± 10.2 years vs. 73.0 ± 10.4 years; UK Biobank: 64.6 ± 

6.0 years vs. 67.4 ± 7.7 years) and were less often female (OptumLabs: 43.9% vs. 52.4%; 

UK Biobank: 43.8% vs. 44.8%). Although patients in the UK Biobank were younger and 

healthier than in OptumLabs, the rates of oral anticoagulation, especially in the ERC group, 
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were higher (OptumLabs: ERC: 45.2% vs. no ERC: 30.4%; UK Biobank: ERC: 69.3% 

vs. 33.1%). After propensity score weighting no significant baseline characteristics were 

present. For more details, see Table 1, Supplemental Table I, and Supplemental Table II.

Early Rhythm-Control Therapy

In the OptumLabs cohort, patients who received ERC mainly had a high comorbidity burden 

(CHA2DS2-VASc score ≥4: N=17,229 vs. CHA2DS2-VASc score 2–3: N=7,153; Figure 1). 

AF ablation, with or without AAD treatment, was more frequent in patients with a lower 

comorbidity burden (CHA2DS2-VASc score ≥4: N=880 [5.1%] vs. CHA2DS2-VASc score 

2–3: N=979 [13.7%]). Independent of the comorbidity burden, amiodarone was the most 

frequently used AAD (CHA2DS2-VASc score ≥4: N=11,171 [64.8%] vs. CHA2DS2-VASc 

score 2–3: N=2,867 [40.1%]).

Patients who received ERC in the UK Biobank cohort had a lower comorbidity burden 

(CHA2DS2-VASc score ≥4: N= 313 [25.5%] vs. CHA2DS2-VASc score 2–3: N= 914 

[74.5%]). The type of ERC was comparable to OptumLabs. AF ablation rates were similar 

(CHA2DS2-VASc score ≥4: N=40 [12.8%] vs. CHA2DS2-VASc score 2–3: N=104 [11.4%]) 

and amiodarone was the most common AAD (CHA2DS2-VASc score ≥4: N=146 [46.6%] 

vs. CHA2DS2-VASc score 2–3: N=377 [41.2%]) followed by sotalol (CHA2DS2-VASc score 

≥4: N=91 [29.1%] vs. CHA2DS2-VASc score 2–3: N=268 [29.3%]).

Primary Composite Outcome

As expected, event rates per 100 person-years were higher in patients with a higher 

comorbidity burden (OptumLabs: no ERC 15.37% vs. ERC 12.69%; UK Biobank: no 

ERC 10.81% vs. ERC 8.40%; Table 2) than in patients with a lower comorbidity burden 

(OptumLabs: no ERC 2.39% vs. 2.18%; UK Biobank: no ERC 5.05% vs. ERC 4.66%; Table 

2). In both cohorts, ERC was associated with a reduced risk for the primary composite 

outcome of all-cause mortality, stroke, or hospitalization with the diagnoses heart failure or 

acute coronary syndrome in patients with a high comorbidity burden (OptumLabs: hazard 

ratio [HR] 0.83, 95% confidence interval [CI] 0.72–0.95, p=0.006; UK Biobank: HR 0.77, 

CI 0.63–0.94, p=0.009; Table 2, Figure 2, and Supplemental Figure S1). In patients with 

a lower comorbidity burden, the difference in outcomes was not significant (OptumLabs: 

HR 0.92, CI 0.54–1.57, p=0.767; UK Biobank: HR 0.94, CI 0.83–1.06, p=0.310). The 

comorbidity burden interacted with ERC in the UK Biobank (interaction-p=0.027) but not 

in OptumLabs (interaction-p=0.720). Crude event numbers and event rates are listed in 

Supplemental Table III. The risk reduction for the components of the primary composite 

outcome differed slightly between the cohorts (Table 2 and Figure 2).

Safety Outcome

The primary safety outcome did not occur more often in patients treated with ERC in 

comparison to patients not treated with ERC, independent of their comorbidity burden. In 

the OptumLabs cohort, in patients with a high comorbidity burden, ERC was associated with 

a reduced risk for the primary safety outcome (OptumLabs: CHA2DS2-VASc score ≥4: HR 

0.87, CI 0.77–1.00, p=0.045; CHA2DS2-VASc score 2–3: HR 0.78, CI 0.49–1.22, p=0.277; 

interaction-p=0.612; UK Biobank: CHA2DS2-VASc score ≥4: HR 0.99, CI 0.79–1.24, 
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p=0.947; CHA2DS2-VASc score 2–3: HR 1.05, CI 0.92–1.21, p=0.464; interaction-p=0.552; 

Table 3 and Figure 2) and a reduced risk for drug-induced bradycardia (CHA2DS2-VASc 

score ≥4: HR 0.61, CI 0.32–1.20, p=0.152; CHA2DS2-VASc score 2–3: HR 9.91, CI 1.53–

64.39, p=0.016; interaction-p=0.006; Table 3). For crude event numbers and event rates, see 

Supplemental Table IV.

Sensitivity Analysis

In the analysis replicating the EAST-AFNET 4 trial inclusion criteria, no risk reduction 

in the primary composite outcome was observed in both cohorts (Supplemental Table V). 

However, a significant interaction was observed for hospitalization with acute coronary 

syndrome in the OptumLabs cohort (CHA2DS2-VASc score ≥4: HR 0.67, CI 0.44–

1.01, p=0.058; CHA2DS2-VASc score 2–3: HR 3.20, CI 1.15–8.93), p=0.027; interaction-

p=0.005), and for hospitalization with heart failure in the UK Biobank (CHA2DS2-VASc 

score ≥4: HR 0.66, CI 0.49–0.89, p=0.006; CHA2DS2-VASc score 2–3: HR 0.95, CI 0.77–

1.17, p=0.636; interaction-p=0.047).

The results of the falsification endpoint analysis showed that outcomes not related to AF 

or rhythm-control, e.g., lung cancer or major fracture, were not different between groups 

(Supplemental Table VI).

Discussion

Main Findings

Our analyses provide important confirmation that ERC is safe in patients with recently 

diagnosed AF and a high comorbidity burden, defined by a CHA2DS2-VASc score ≥4, 

in a large US claims data base and in the population-based UK biobank. Furthermore, 

ERC was associated with a 17% to 23% risk reduction in a composite outcome consisting 

of all-cause mortality, stroke, or hospitalization with the diagnoses heart failure or acute 

coronary syndrome in patients with a high comorbidity burden. Finally, although specific 

events related to rhythm-control therapy were different between groups, ERC was not 

associated with more safety events regarding the composite safety outcome. In context of 

the recent pre-specified subgroup analysis in the EAST-AFNET 4 population11, these results 

encourage the use of ERC in patients with recently diagnosed AF and a high comorbidity 

burden.

Outcome Reduction by Early Rhythm Control Therapy

Observational data has long suggested that AF is contributing to adverse cardiovascular 

outcomes and treatment may alleviate these events. This led to “rate versus rhythm” 

trials with neutral outcomes, driven by different factors, including discontinuation of 

anticoagulation and limited success of rhythm-control.5,19,20 The EAST-AFNET 4 trial, 

consistent with smaller trials comparing AF ablation to medical therapy in patients with 

heart failure, recently confirmed that ERC reduces cardiovascular outcomes in patients 

with recently diagnosed AF when added to anticoagulation and therapy of concomitant 

cardiovascular conditions.11,21,22 A recent observational study showed that patients with 

a CHA2DS2-VASc score of 3–4 are more susceptible to adverse events during AF than 
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patients with lower score.23 This interplay between comorbidity and impact of AF burden 

may provide a possible explanation of our findings.

Currently, the CHA2DS2-VASc score is used to assess the need for oral anticoagulation 

therapy in patients with AF. However, the score stratifies comorbidity burden and has shown 

to be also prognostic for mortality in heart failure patients who are hospitalized or in need 

of cardiac resynchronization therapy.24,25 In a sub-study of the ENTRUST-AF PCI, an 

increased CHA2DS2-VASc score was associated with adverse events such as bleeding and 

stent thrombosis providing further evidence of a general risk marker in AF.26

Our analysis confirms that the score can be used to identify patients with AF at highest need 

for risk reduction. The data, collected in two independent data sets, also confirm that ERC 

is safe and effectively reduces outcomes in patients with AF and a high comorbidity burden. 

The interaction analysis suggests that comorbidity burden interacts with ERC in the UK 

Biobank but not in the OptumLabs dataset. Importantly, the falsification endpoints provide a 

measure of robustness for our findings.

Both, AAD treatment and catheter ablation of AF have improved significantly in the past 

decades,27–29 first-line therapy of catheter ablation approaches have been investigated,30–32 

and new evidence is supporting the reduction of adverse cardiovascular events by 

implementing ERC in the management of new-onset AF.6,7 Several prespecified EAST-

AFNET 4 subgroup analyses demonstrated the effectiveness and safety of ERC in subgroups 

of interest, including in patients with heart failure, in asymptomatic patients, and in patients 

with different AF patterns.11,21,22 These findings are in line with other randomized clinical 

trials and their subgroup analyses.33–35

In routine care, reservations to offer rhythm-control more widely to patients with other 

comorbidities and elderly patients persist, due to fear of adverse events and futility concerns, 

resulting in low use of rhythm-control therapy among patients with AF.36,37 A recently 

published subanalysis of the EAST-AFNET 4 trial challenges this practice by demonstrating 

that the outcome-reducing effect of ERC is much more pronounced in patients with recently 

diagnosed AF and a high comorbidity burden.11

Approximately 25% of the patients randomized to ERC underwent AF ablation in the 

EAST-AFNET 4 trial.6 A similar pattern of ERC was found in both data sets used in this 

analysis. AF ablation is more effective in maintaining sinus rhythm and in delaying progress 

of paroxysmal AF to persistent AF than AAD therapy.30–32,38 Hence, it could be speculated 

that early AF ablation could be a more effective means to deliver ERC than the intervention 

tested in EAST- AFNET 4 and in this analysis. The overall safety of AF ablation in the 

CABANA trial is a first signal that such a treatment strategy could be safe.39 Future research 

is needed to evaluate early AF ablation to deliver ERC.

Safety of Rhythm-Control Therapy in Patients With AF and Multiple Comorbidities

Current guidelines for the management of AF recommend rhythm-control therapy to control 

AF-related symptoms if rate-control is not sufficient.1 These recommendations are based 

on increased rates of adverse events associated with rhythm-control observed in earlier 
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trials comparing rhythm-control and rate-control approaches.5 The safety profile of the 

EAST-AFNET 4 trial and the safety of ERC found in OptumLabs and the UK Biobank show 

that modern rhythm-control therapy is not associated with excess mortality or severe adverse 

events6,8,10, although rates of catheter ablation of AF were comparatively low. The neutrality 

of the primary safety outcome points towards an improved safety profile of the prescribed 

AADs and should reassure clinicians who aim to implement ERC in their practice. Our 

analysis and the EAST-AFNET 4 subanalysis looking at comorbidity burden identified areas 

where rhythm-control can be optimized, e.g. particular reduction of drug toxicity or side 

effects.11

To assess efficacy and safety of ERC in patients fulfilling EAST-AFNET 4 criteria, we 

limited a sensitivity analysis to only patients who would be eligible for ERC in the trial. 

Due to the applied exclusion criteria, less patients were included than in the main analysis 

(OptumLabs: N=79,143/109,739 patients and UK Biobank: N=9,604/16,461 patients, 

Supplemental Table V). Furthermore, excluding the cause of death in this analysis could 

be a potential source of bias. Although interaction effects were observed in components of 

the primary composite outcome, in both cohorts, we did not find a significantly reduced 

composite primary outcome in patients with a higher comorbidity burden, and no safety 

signals were observed.

Strengths and Limitations

Strengths of our analyses are the use of two large, independent datasets in different health 

care systems.

The observational nature and the lack of randomized treatment assignment is a limitation. 

Despite careful adjustment, residual confounding cannot be excluded. We provide a 

sensitivity analysis to assess the effects in a population similar to the EAST-AFNET 4 trial. 

Further falsification analyses using non-cardiovascular outcomes did not detect a systematic 

bias in our analysis. Outcome analyses in both cohorts rely on accurate coding of diagnoses 

and procedures by health care providers. By interrogating multiple data sources, incoherent 

coding and misclassification could be a potential source of bias. Additional limitations apply 

to each cohort. OptumLabs represents only insured U.S. patients. The UK Biobank recruits 

from the general population but has been reported to be healthier and more female than 

the true general population in the UK.40 Conclusions cannot be made with confidence with 

respect to the general population.

Conclusion

Early rhythm-control therapy is safe in patients with recently diagnosed AF and a high 

comorbidity burden. Furthermore, the reduction in cardiovascular outcomes (all-cause 

mortality, stroke, or hospitalization for heart failure or acute coronary syndrome) is 

predominantly found in patients with recently diagnosed AF and a high comorbidity burden. 

These results encourage the preferential use of ERC in patients with multiple cardiovascular 

comorbidities.
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Non-standard Abbreviations and Acronyms

AF atrial fibrillation

AAD antiarrhythmic drug

CABANA Catheter Ablation vs Antiarrhythmic Drug Therapy for 

Atrial Fibrillation

EAST-AFNET 4 Early Treatment of Atrial Fibrillation for Stroke Prevention 

Trial

ERC early rhythm-control therapy
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What is Known

• In the EAST-AFNET 4 trial, early rhythm-control therapy (ERC) reduced the 

risk for adverse cardiovascular outcomes in patients with atrial fibrillation.

• A recent subanalysis of the EAST-AFNET 4 trial suggests a stronger benefit 

of ERC in patients with a high comorbidity burden when compared to patients 

with a lower comorbidity burden.

What the Study Adds

• Our analyses provide important confirmation that ERC is safe in routine care 

in patients with recently diagnosed atrial fibrillation and a high comorbidity 

burden, defined by a CHA2DS2-VASc score ≥4, in a large US claims data 

base and in the population-based UK biobank.

• Furthermore, ERC was associated with a 17% to 23% risk reduction in a 

composite outcome consisting of all-cause mortality, stroke, or hospitalization 

with the diagnoses heart failure or acute coronary syndrome in patients with a 

high comorbidity burden.
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Figure 1. 
Patient Selection Flow Chart. Patient selection in the OptumLabs cohort (A) and in the UK 

Biobank cohort (B).
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Figure 2. 
Outcomes. Forest plot of the primary composite outcome and the safety outcome in the 

OptumLabs cohort (A) and in the UK Biobank cohort (D) and cumulative incidence 

curves of the primary composite outcome for patients with a high comorbidity burden 

(C: OptumLabs, F: UK Biobank) and for patients with a lower comorbidity burden (B: 

OptumLabs, E: UK Biobank).
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Table 2.

Primary Composite Outcome

 

No Early Rhythm Control Early Rhythm Control

Absolute 
Rate 

Difference
(95% CI)

Hazard 
Ratio

(95% CI)

P-
value

P-value for 
interactionNo. of 

Events
Person 
Years

Event 
Rate per 

100 
person-
years

No. of 
Events

Person 
Years

Event 
Rate per 

100 
person-
years

OptumLabs N=77,460 N=24,382

Composite 0.720

2–3 11 454 2.39 10 439 2.18 −0.20 (−1.44, 
1.03)

0.92 
(0.54– 
1.57)

0.767

≥4 218 1,419 15.37 183 1,441 12.69 −2.69 (−4.70, 
−0.67)

0.83 
(0.72, 
0.95)

0.006

Stroke 0.497

2–3 2 460 0.36 2 447 0.37 0.00 (−0.48, 
0.50)

1.02 
(0.27, 
3.85)

0.979

≥4 34 1,554 2.21 22 1,558 1.40 −0.81 (−1.52, 
−0.10)

0.65 
(0.45, 
0.93)

0.019

Heart failure 0.969

2–3 3 460 0.59 2 445 0.54 −0.05 (−0.63, 
0.53)

0.91 
(0.34, 
2.47)

0.859

≥4 80 1,493 5.36 75 1,493 5.02 −0.34 (−1.54, 
0.86)

0.95 
(0.76, 
1.19)

0.646

ACS 0.029

2–3 1 461 0.32 3 444 0.68 0.36 (−0.14, 
0.88)

2.14 
(0.77, 
5.97)

0.144

≥4 35 1,562 2.25 23 1,554 1.45 −0.80 (−1.51, 
0.09)

0.65 
(0.46, 
0.92)

0.015

All-cause 
mortality 0.454

2–3 6 463 1.35 4 449 0.90 −0.45 (−1.38, 
0.47)

0.68 
(0.32, 
1.44)

0.312

≥4 132 1,606 8.22 116 1,587 7.30 −0.91 (−2.28, 
0.45)

0.89 
(0.75, 
1.06)

0.187

UK Biobank N=10,398 N=1,227

Composite 0.027

2–3 262 5,179 5.05 238 5,101 4.66 −0.39 (−0.41, 
−0.37)

0.94 
(0.83, 
1.06)

0.310

≥4 97 893 10.81 98 1,170 8.40 −2.4 (−2.46, 
−2.36)

0.77 
(0.63, 
0.94)

0.009

Stroke 0.231
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No Early Rhythm Control Early Rhythm Control

Absolute 
Rate 

Difference
(95% CI)

Hazard 
Ratio

(95% CI)

P-
value

P-value for 
interactionNo. of 

Events
Person 
Years

Event 
Rate per 

100 
person-
years

No. of 
Events

Person 
Years

Event 
Rate per 

100 
person-
years

OptumLabs N=77,460 N=24,382

2–3 58 5,774 1.00 45 5,675 0.79 −0.21 (−0.22, 
−0.2)

0.82 
(0.61, 
1.10)

0.180

≥4 17 1,035 1.66 21 1,270 1.65 −0.01 (−0.03, 
0.02)

0.99 
(0.63, 
1.53)

0.947

Heart failure 0.088

2–3 154 5,446 2.82 149 5,274 2.83 0.01 (−0.01, 
0.02)

1.02 
(0.87, 
1.20)

0.812

≥4 63 940 6.65 50 1,230 4.08 −2.58 (−2.62, 
−2.54)

0.60 
(0.46, 
0.79)

<0.001

ACS 0.077

2–3 35 5,862 0.59 31 5,695 0.54 −0.05 (−0.06, 
−0.05)

0.91 
(0.64, 
1.29)

0.603

≥4 15 1,048 1.46 8 1,302 0.65 −0.8 (−0.82, 
−0.79)

0.43 
(0.23, 
0.83)

0.012

All-cause 
mortality 0.580

2–3 119 5,997 1.98 117 5,809 2.01 0.04 (0.03, 
0.05)

1.07 
(0.90, 
1.29)

0.444

≥4 45 1,083 4.20 55 1,327 4.15 −0.05 (−0.09, 
−0.03)

0.97 
(0.74, 
1.27)

0.810

Primary composite outcome in the weighted OptumLabs (upper lines) and UK biobank (lower lines) data sets. Event rate was calculated as the 
number of events per 100 person-years. Propensity score weight was applied when calculating number of events, person-years, event rates, absolute 
reduction, and hazard ratios. ACS indicates acute coronary syndrome; CI, confidence interval. For crude numbers and event rates, see Supplemental 
Table III.
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Table 3.

Safety Outcomes

 

No Early Rhythm Control Early Rhythm Control

Absolute 
Rate 

Difference
(95% CI)

Hazard 
Ratio
(95% 
CI)

P-
value

P-value for 
interactionNo. of 

Events
Person 
Years

Event 
Rate 

per 100 
person-
years

No. of 
Events

Person 
Years

Event 
Rate 

per 100 
person-
years

OptumLabs N=77,460 N=24,382

Composite 0.612

2–3 16 444 3.59 12 435 2.78
−0.81 

(−2.29, 
0.68)

0.78 
(0.49, 
1.22)

0.277

≥4 222 1,398 15.90 197 1,416 13.88
−2.02 

(−4.08, 
0.04)

0.87 
(0.77, 
1.00)

0.045

Onset stroke 0.191

2–3 1 462 0.27 2 447 0.39 0.12 (−0.20, 
0.44)

1.44 
(0.54, 
3.82)

0.467

≥4 37 1,549 2.41 27 1,552 1.75 0.66 (−1.42, 
0.10)

0.74 
(0.53, 
1.05)

0.092

Mortality 0.454

2–3 6 463 1.35 4 449 0.90
−0.45 

(−1.38, 
0.47)

0.68 
(0.32, 
1.44)

0.312

≥4 132 1,606 8.22 116 1,587 7.30
−0.91 

(−2.28, 
0.45)

0.89 
(0.75, 
1.06)

0.187

Non-fatal cardiac 
arrest 0.373

2–3 1 463 0.20 1 449 0.12
−0.09 

(−0.44, 
0.27)

0.58 
(0.09, 
3.73)

0.562

≥4 6 1,604 0.37 9 1,586 0.54 0.17 (−0.14, 
0.48)

1.48 
(0.68, 
3.22)

0.322

Bradycardia 0.006

2–3 0 463 0.03 1 449 0.26 0.23 (−0.19, 
0.65)

9.91 
(1.53, 
64.39)

0.016

≥4 8 1,594 0.50 5 1,580 0.30
−0.20 

(−0.50, 
0.11)

0.61 
(0.32, 
1.20)

0.152

Atrioventricular 
block -

2–3 0 463 0.00 0 449 0.04 - - -

≥4 4 1,601 0.24 4 1,583 0.23 - - -

Torsades de 
pointes 
tachycardia

-

2–3 0 463 0.00 0 449 0.00 - - -

≥4 0 1,606 0.00 0 1,587 0.00 - - -
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No Early Rhythm Control Early Rhythm Control

Absolute 
Rate 

Difference
(95% CI)

Hazard 
Ratio
(95% 
CI)

P-
value

P-value for 
interactionNo. of 

Events
Person 
Years

Event 
Rate 

per 100 
person-
years

No. of 
Events

Person 
Years

Event 
Rate 

per 100 
person-
years

OptumLabs N=77,460 N=24,382

Pericardial 
tamponade -

2–3 0 463 0.00 0 449 0.00 - - -

≥4 0 1,606 0.00 0 1,587 0.00 - - -

Major bleed 0.397

2–3 3 458 0.64 3 443 0.79 0.14 (−0.36, 
0.65)

1.23 
(0.58, 
2.62)

0.587

≥4 57 1,510 3.75 50 1,518 3.27
−0.49 

(−1.46, 
0.49)

0.89 
(0.68, 
1.16)

0.371

Blood pressure-
related -

2–3 0 463 0.00 0 449 0.00 - - -

≥4 2 1,605 0.11 1 1,586 0.04 - - -

Syncope 0.216

2–3 6 452 1.35 3 444 0.76
−0.60 

(−1.47, 
0.28)

0.56 
(0.25, 
1.25)

0.159

≥4 38 1,547 2.48 36 1,527 2.37
−0.10 

(−0.88, 
0.67)

0.97 
(0.71, 
1.32)

0.834

Cardiac device 
implantation 0.578

2–3 2 460 0.48 2 446 0.34
−0.14 

(−0.69, 
−0.40)

0.70 
(0.21, 
2.32)

0.560

≥4 19 1,576 1.21 19 1,559 1.23 0.01 (−0.55, 
0.59)

1.03 
(0.64, 
1.64)

0.912

UK Biobank N=10,495 N=1,237

Composite 0.552

2–3 190 5,597 3.40 191 5,456 3.49 0.10 (0.08, 
0.11)

1.05 
(0.92, 
1.21)

0.464

≥4 65 1,008 6.48 79 1,223 6.47
−0.02 

(−0.06, 
0.03)

0.99 
(0.79, 
1.24)

0.947

Onset stroke 0.296

2–3 48 5,834 0.82 38 5,696 0.66
−0.17 

(−0.17, 
−0.16)

0.84 
(0.61, 
1.15)

0.267

≥4 15 1,045 1.42 17 1,275 1.37
−0.05 

(−0.08, 
−0.04)

0.96 
(0.59, 
1.54)

0.855

Mortality 0.580

2–3 119 5,997 1.98 117 5,809 2.01 0.04 (0.03, 
0.05)

1.07 (0.9, 
1.29) 0.444
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No Early Rhythm Control Early Rhythm Control

Absolute 
Rate 

Difference
(95% CI)

Hazard 
Ratio
(95% 
CI)

P-
value

P-value for 
interactionNo. of 

Events
Person 
Years

Event 
Rate 

per 100 
person-
years

No. of 
Events

Person 
Years

Event 
Rate 

per 100 
person-
years

OptumLabs N=77,460 N=24,382

≥4 45 1,083 4.20 55 1,327 4.15
−0.05 

(−0.09, 
−0.03)

0.97 
(0.74, 
1.27)

0.810

Non-fatal cardiac 
arrest 0.022

2–3 3 5,994 0.04 6 5,797 0.10 0.06 (0.05, 
0.06)

2.41 
(0.94, 
6.22)

0.068

≥4 1 1,081 0.11 4 1,324 0.26 0.16 (0.14, 
0.16)

2.47 
(0.73, 
8.37)

0.145

Bradycardia 0.825

2–3 8 5,956 0.13 7 5,787 0.12
−0.01 

(−0.01, 
−0.01)

0.88 
(0.42, 
1.82)

0.728

≥4 2 1,078 0.18 4 1,314 0.32 0.14 (0.14, 
0.16)

1.88 
(0.65, 
5.47)

0.244

Atrioventricular block 0.640

2–3 9 5,962 0.16 9 5,773 0.16 0.01 (0, 
0.01)

1.11 
(0.58, 
2.12)

0.753

≥4 3 1,078 0.25 4 1,316 0.31 0.06 (0.04, 
0.06)

1.24 
(0.43, 
3.53)

0.690

Torsades de pointes tachycardia -

2–3 0 5,997 0.00 0 5,809 0.00 - - -

≥4 0 1,083 0.00 0 1,327 0.00 - - -

Pericardial tamponade -

2–3 0 5,997 0.00 0 5,809 0.00 - - -

≥4 0 1,083 0.00 0 1,327 0.00 - - -

Major bleed 0.800

2–3 12 5,949 0.19 11 5,748 0.20 0 (0, 0) 1 (0.56, 
1.79) 0.993

≥4 2 1,077 0.19 2 1,321 0.12
−0.07 

(−0.08, 
−0.06)

0.63 
(0.14, 
2.80)

0.541

Blood pressure-related 0.411

2–3 1 5,993 0.01 1 5,803 0.02 0 (0, 0)
1.22 

(0.13, 
11.24)

0.864

≥4 0 1,083 0.01 1 1,323 0.06 0.06 (0.06, 
0.07)

12.07 
(1.03, 

141.78)
0.048

Syncope 0.840

2–3 33 5,853 0.57 37 5,687 0.65 0.08 (0.08, 
0.09)

1.15 
(0.83, 
1.59)

0.409

Circ Arrhythm Electrophysiol. Author manuscript; available in PMC 2024 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dickow et al. Page 24

 

No Early Rhythm Control Early Rhythm Control

Absolute 
Rate 

Difference
(95% CI)

Hazard 
Ratio
(95% 
CI)

P-
value

P-value for 
interactionNo. of 

Events
Person 
Years

Event 
Rate 

per 100 
person-
years

No. of 
Events

Person 
Years

Event 
Rate 

per 100 
person-
years

OptumLabs N=77,460 N=24,382

≥4 11 1,059 1.04 10 1,303 0.76
−0.29 

(−0.29, 
−0.26)

0.72 
(0.39, 
1.35)

0.304

Cardiac device implantation 0.591

2–3 69 5,667 1.22 63 5,496 1.15
−0.07 

(−0.08, 
−0.06)

0.95 
(0.74, 
1.21)

0.664

≥4 18 1,039 1.72 21 1,276 1.61
−0.11 

(−0.14, 
−0.10)

0.95 
(0.61, 
1.47)

0.813

Primary safety outcome and adverse events of special interest in the weighted OptumLabs (upper lines) and UK biobank (lower lines) data sets. 
Event rate was calculated as the number of events per 100 person-years. Propensity score weight was applied when calculating number of events, 
person-years, event rates, absolute reduction, and hazard ratios. CI indicates confidence interval. If event numbers were 0 no comparison was 
conducted. For crude numbers and even rates, see Supplemental Table IV.
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