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Effectiveness of early rhythm control i

in improving clinical outcomes in patients
with atrial fibrillation: a systematic review
and meta-analysis

Wengen Zhu'?*"", Zexuan Wu'%*", Yugang Dong'%?, Gregory Y. H. Lip*>" and Chen Liu'**"

Abstract

Background: Current guidelines recommend rhythm control for improving symptoms and quality of life in sympto-
matic patients with atrial fibrillation (AF). However, the long-term prognostic outcomes of rhythm control compared
with rate control are still inconclusive. In this meta-analysis, we aimed to assess the effects of early rhythm control
compared with rate control on clinical outcomes in newly diagnosed AF patients.

Methods: We systematically searched the PubMed and Embase databases up to August 2022 for randomized and
observational studies reporting the associations of early rhythm control (defined as within 12 months of AF diagnosis)
with effectiveness outcomes. The primary outcome was a composite of death, stroke, admission to hospital for heart
failure (HF), or acute coronary syndrome (ACS). Hazard ratios (HRs) and 95% confidence intervals (Cls) from each study
were pooled using a random-effects model, complemented with an inverse variance heterogeneity or quality effects
model.

Results: A total of 8 studies involving 447,202 AF patients were included, and 23.5% of participants underwent an
early rhythm-control therapy. In the pooled analysis using the random-effects model, compared with rate control,

the early rhythm-control strategy was significantly associated with reductions in the primary composite outcome
(HR=0.88, 95% Cl: 0.86-0.89) and secondary outcomes, including stroke or systemic embolism (HR=0.78, 95% Cl:
0.71-0.85), ischemic stroke (HR=0.81, 95% Cl: 0.69-0.94), cardiovascular death (HR=0.83, 95% Cl: 0.70-0.99), HF
hospitalization (HR =0.90, 95% Cl: 0.88-0.92), and ACS (HR=0.86, 95% Cl: 0.76-0.98). Reanalyses using the inverse vari-
ance heterogeneity or quality effects model yielded similar results.

Conclusions: Our current meta-analysis suggested that early initiation of rhythm control treatment was associated
with improved adverse effectiveness outcomes in patients who had been diagnosed with AF within 1 year.

Registration: The study protocol was registered to PROSPERO (CRD42021295405).
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Background

Atrial fibrillation (AF) is the most common arrhythmia
with a rapidly rising incidence and prevalence [1]. It is
associated with a higher risk of thromboembolic com-
plications, heart failure (HF), and other cardiovascu-
lar events, leading to an increased rate of mortality and
disability [2]. Rhythm and rate control therapy are two
fundamental therapeutic strategies for AF as part of an
integrated approach to AF care [3]. Both rhythm and
rate control strategies improve the health-related quality
of life in recent-onset AF patients [4]. However, no dif-
ferences in the long-term clinical outcomes have been
observed between these two strategies [5]. Moreover,
patients with AF undergoing rhythm-control therapy
have a higher risk of safety events than those with a rate-
control strategy [6]. As such, current guidelines generally
recommend rhythm-control therapy only for sympto-
matic AF patients to improve their symptoms and quality
of life [7]. Nevertheless, the long-term prognostic out-
comes of rhythm control in comparison with rate control
are still inconclusive.

More recently, several studies have highlighted the
superiority of early rhythm control over rate control in
patients with recent-onset AF [8—11]. The Early Treat-
ment of Atrial Fibrillation for Stroke Prevention Trial
(EAST-AENET 4) including 2789 patients with AF diag-
nosed up to 1 year before enrollment suggested that early
rhythm control, compared with rate control, significantly
reduced the risks of adverse cardiovascular outcomes [8].
In contrast, a subanalysis of the Atrial Fibrillation Fol-
low-up Investigation of Rhythm Management (AFFIRM)
trial failed to show that early rhythm control had better
clinical benefits than rate control in patients with newly
diagnosed AF [12]. Notably, the real-world evidence
derived from several observational studies may provide a
significant platform for the comparative effectiveness of
early rhythm-control strategies in AF management. For
instance, a current observational cohort study by Kim
et al. [13] has suggested that early initiation of rhythm
control within 1 year of AF diagnosis was associated with
a lower risk of stroke, and the initiation of rhythm con-
trol within 6 months of AF diagnosis reduced the risk of
HF-related hospitalization. In light of this emerging topic
in AF management, we undertook a systematic review
and meta-analysis to clarify the relationship between an
early rhythm-control strategy and various clinical out-
comes in patients with newly diagnosed AF and further
test whether the pooled findings of observational studies
were consistent with data from randomized studies.

Methods

We performed this study based on the criteria of the
Cochrane Handbook for Systematic Reviews of Interven-
tions (version 6.2) [14]. The results are presented accord-
ing to the preferred reporting items for systematic review
and meta-analysis (PRISMA) 2020 statement (Supple-
mental Table 1) [15]. The study protocol was registered
to PROSPERO (CRD42021295405). Ethical approval was
not necessary for this study because we only included
published studies.

We systematically carried out the initial search in the
PubMed and Embase electronic databases up to August
2022 (Supplemental Table 2). Randomized controlled tri-
als (RCTs) and observational (prospective or retrospec-
tive cohort) studies were included if they assessed the
associations of early rhythm control (defined as within 12
months of AF diagnosis) with adverse outcomes [8]. The
primary effectiveness outcome was a composite of death,
ischemic or hemorrhagic stroke, hospitalization with HF,
or acute coronary syndrome (ACS), whereas the second-
ary effectiveness outcomes included stroke or systemic
embolism (SSE), ischemic stroke, all-cause death, cardio-
vascular death, HF hospitalization, and ACS. We assessed
the bias risk of RCTs using Cochrane’s Risk of Bias tool,
and the Newcastle—Ottawa Scale (NOS) tool was used
to assess the quality of the post hoc analysis of RCTs and
observational cohorts [16]. Hazard ratios (HRs) and 95%
confidence intervals (CIs) from each study were pooled
using a random-effects (RE) model, complemented with
an inverse variance heterogeneity (IVhet) model or the
quality effects (QE) model.

All the statistical analyses were performed using the
Review Manager version 5.4 software (the Cochrane Col-
laboration 2014, Nordic Cochrane Centre Copenhagen,
Denmark; https://community.cochrane.org/), the Stata
software (version 15.0, Stata Corp LP, College Station,
TX), and MetaXL (version 5.3). Full details of methods
are presented in the online-only Data Supplement.

Results

Study identification and selection

The literature retrieval process is presented in Fig. 1. A
total of 15,268 retrieved records were retrieved from
the PubMed and Embase databases. The titles and
abstracts of the 15,268 records were screened, and then
we excluded 15,245 studies according to the predefined
criteria. In the full-text screenings, we further excluded
15 studies because (1) 6 studies were designed to exam-
ine the effect of early versus delayed rhythm control on
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Fig. 1 Flow chart of document retrieval for this meta-analysis

adverse events in AF patients, (2), 1 study had patients
with a sample size of < 100, (3), 2 studies included rhythm
control strategies in the control group, and (4) 6 stud-
ies shared the same data sources with the final included
studies (Supplemental Table 3). No additional stud-
ies were found in the reference lists of previous reviews
[17, 18]. Finally, a total of 8 studies [8, 10-12, 19-22]
(1 RCT [8], 2 post hoc analyses of RCTs [11, 12], and 5
observational cohorts [10, 19—-22]) were included in this
meta-analysis.

Study characteristics

The baseline characteristics of the included studies
are shown in Table 1. These studies were published
between 2020 and 2022. The sample size across the
included studies ranged from 1296 to 301,064. A total
of 447,202 patients with AF were included, and 23.5%
(n=105,261) of them underwent an early rhythm-
control therapy. Newly diagnosed AF was defined as
<12 months (Kirchhof et al., Proietti et al., Kim et al.,,
Chao et al., Dickow et al., and Kany et al.), <6 months

(Yang et al.), or < 3 months (Blomstrom et al.) before
enrollment. The follow-up time ranged from 1.85 to 5.1
years. Additional specific data (e.g., AF characteristics,
comorbid conditions, and medications) of the included
studies between early rhythm control and rate control
are presented in Supplemental Table 4.

Of the 8 eligible studies, the strategies of rhythm control
included AF ablation, cardioversion, and long-term use of
antiarrhythmic drugs (AADs) (Supplemental Table 5). All
the enrolled patients in the study of Blomstrom et al. used
dronedarone in the rhythm control group, whereas Yang
et al. applied different types of AADs including amiodar-
one, propafenone, flecainide, and other unspecified drugs.
Kirchhof et al., Kim et al., Chao et al., Dickow et al., and
Kany et al. included a mixed treatment pattern of ablation
and AADs (e.g., amiodarone, dronedarone, flecainide,
propafenone, sotalol, dofetilide, quinidine, disopyramide,
moricizine, procainamide, and azimilide). Beyond abla-
tion and AADs, Proietti et al. also used electrical or phar-
macological cardioversion in AF patients for the rhythm
control treatment. As presented in Supplemental Table 6,
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Table 1 Baseline characteristics of the included studies in this meta-analysis

Studies Study design Data source  Inclusion AF Sample size  Early rhythm Age (y)? Females (%) Follow-up
(author-year) period (y) population  (N) control time (y)
for analysis (N[%])
Kirch- RCT EAST-AFNET 4 2011-2016 AF diagnosed 2789 1395 (50.0) 71.0 46.2 5.1
hof-2020 [8] <12 months
before enroll-
ment
Blom- Post hoc ATHENA 2005-2006 AF diagnosed 1296 670 (51.7) 725 720 NA
strom-2020  analysis of <3 months
[11] RCT before enroll-
ment
Yang-2021 Post hoc AFFIRM 1995-2002 AF diagnosed 2526 1269 (50.2) 710 383 35
[12] analysis of <6 months
RCT before enroll-
ment
Proietti-2022 Observational ESC-EHRA 2013-2016 AF diagnosed 3774 2052 (54.4) 69.0 441 1.85
[19] cohort EORP-AF <12 months
Long-Term before enroll-
General ment
Registry
Kim-2021 Observational  National 2011-2015 AF diagnosed 16323 9246 (56.6) 69.0 471 2.1
[10] cohort Health Insur- <12 months
ance Service before enroll-
of Korea ment
Chao-2022 Observational  Taiwan 2001-2016 AF diagnosed 301064 62649 (20.8) 683 445 5.1
[22] cohort National <12 months
Health Insur- before enroll-
ance Research ment
Database
Dickow-2022 Retrospective  US administra- 2011-2016 AF diagnosed 109739 27106 (24.7) 689 40.8 26
[21] cohort tive database <12 months
before enroll-
ment
Kany-2022 Retrospective UK Biobank 2006-2010 AF diagnosed 9691 874 (9.91) 68.0 420 4.94°
[20] cohort database <12 months

before enroll-

ment

AF Atrial fibrillation, RCT Randomized controlled trial, EAST-AFNET 4 Early Treatment of Atrial Fibrillation for Stroke Prevention Trial, AFFIRM Atrial Fibrillation Follow-up
Investigation of Rhythm Management, GARFIELD-AF Global Anticoagulant Registry in the FIELD-AF, ATHENA A Placebo-Controlled, Double-Blind, Parallel Arm Trial to
Assess the Efficacy of Dronedarone 400 mg BID for the Prevention of Cardiovascular Hospitalization or Death from any Cause in Patients with Atrial fibrillation/Atrial

Flutter, US United States, UK United Kingdom, y years
2 Data for patients with an early rhythm control treatment

all the included studies addressed the confounders via
propensity score methods (e.g., matching, inverse prob-
ability of treatment weighting) or Cox regression model
adjustments.

Bias risk assessment

For the study quality assessment, the EAST-AFNET 4
trial by Kirchhof et al. had a low risk of bias (Supple-
mental Table 7), whereas 2 post hoc analyses of RCTs
and 5 observational cohorts had a NOS of > 6 points
(graded as moderate-to-high quality, Supplemental
Table 8).

Synthesis of results

Effect of early rhythm control on the primary outcome

A total of 6 included studies examined the impact of
early rhythm control on the primary composite out-
come. As shown in Fig. 2, our pooled results based on
the RE model showed that compared with rate con-
trol, early rhythm control was associated with a sig-
nificant reduction in the primary composite outcome
(HR=0.88, 95% CI: 0.86-0.89; I*=0%). The method
of reanalysis by excluding studies at a time produced
similar results (Supplemental Table 9), even when we
deleted the study of Chao et al., which had the greatest
weight (HR =0.83, 95% CI: 0.77—0.89; I> = 0%; Fig. 3).
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Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Random, 95% CI

Hazard Ratio
1V, Random, 95% CI

heart failure; HR, hazard ratio; Cl, confidence interval

1.1.1 Primary composite outcome
Chao-2022 -0.127 0.009 94.5% 0.88[0.87, 0.90] .
Dickow-2022 -0.163 0.066 1.8% 0.85 [0.75, 0.97] —_—
Kany-2022 -0.139 0.094 0.9% 0.87[0.72, 1.05] I
Kim-2021 -0.211 0.069 1.6% 0.81[0.71, 0.93] ——
Kirchhof-2020 -0.236 0.09 0.9% 0.79 [0.66, 0.94] s —
Proietti-2022 -0.174 0.15 0.3% 0.84[0.63, 1.13] S
Subtotal (95% CI) 100.0% 0.88 [0.86, 0.89] [}
Heterogeneity: Tau? = 0.00; Chi? = 3.22, df = 5 (P = 0.67); I> = 0%
Test for overall effect: Z = 14.89 (P < 0.00001)
1.1.2 Stroke or systemic embolism
Chao-2022 -0.256 0.017 60.9% 0.77 [0.75, 0.80] ]
Dickow-2022 -0.416 0.174 6.6% 0.66 [0.47, 0.93]
Kany-2022 -0.163 0.2 5.1% 0.85[0.57, 1.26] —
Kim-2021 -0.301 0.106 15.1% 0.74 [0.60, 0.91]
Kirchhof-2020 -0.431 0.202 5.0% 0.65 [0.44, 0.97]
Yang-2021 0.086 0.164 7.3% 1.09 [0.79, 1.50] e
Subtotal (95% CI) 100.0% 0.78 [0.71, 0.85] <o
Heterogeneity: Tau? = 0.00; Chi? = 6.34, df = 5 (P = 0.27); I = 21%
Test for overall effect: Z = 5.37 (P < 0.00001)
1.1.3 Ischemic stroke
Chao-2022 -0.256 0.017 56.4% 0.77 [0.75, 0.80] |
Kim-2021 -0.301 0.106 27.6% 0.74[0.60, 0.91] —
Yang-2021 0.086 0.164 16.0% 1.09 [0.79, 1.50] — T
Subtotal (95% CI) 100.0% 0.81 [0.69, 0.94] ‘
Heterogeneity: Tau? = 0.01; Chi? = 4.51, df = 2 (P = 0.10); I*> = 56%
Test for overall effect: Z = 2.78 (P = 0.005)
1.1.4 All-cause death
Blomstrom-2020 -0.198 0.212 7.4% 0.82 [0.54, 1.24] S
Chao-2022 -0.137 0.011 27.6% 0.87 [0.85, 0.89] u
Dickow-2022 -0.128 0.083 19.5% 0.88[0.75, 1.04] —=
Kany-2022 0.02 0.126 14.1% 1.02 [0.80, 1.31] I
Proietti-2022 -0.041 0.128 13.8% 0.96 [0.75, 1.23] s
Yang-2021 0.247 0.097 17.6% 1.28 [1.06, 1.55] I
Subtotal (95% CI) 100.0% 0.96 [0.85, 1.10] <@
Heterogeneity: Tau? = 0.02; Chi? = 17.51, df = 5 (P = 0.004); I> = 71%
Test for overall effect: Z = 0.55 (P = 0.58)
1.1.5 Cardiovascular death
Kany-2022 -0.248 0.205 18.9% 0.78 [0.52, 1.17] . S
Kim-2021 -0.073 0.125 50.8% 0.93[0.73, 1.19] ——
Kirchhof-2020 -0.329 0.162 30.3% 0.72[0.52, 0.99] — &
Subtotal (95% CI) 100.0% 0.83 [0.70, 0.99] B
Heterogeneity: Tau? = 0.00; Chi? = 1.69, df = 2 (P = 0.43); I = 0%
Test for overall effect: Z = 2.06 (P = 0.04)
1.1.6 HF hospitalization
Chao-2022 -0.101 0.012 95.4% 0.90 [0.88, 0.93] .
Dickow-2022 -0.051 0.112 1.1% 0.95[0.76, 1.18] I
Kany-2022 -0.041 0.115 1.0% 0.96 [0.77, 1.20] S
Kim-2021 -0.236 0.099 1.4% 0.79 [0.65, 0.96] . —
Kirchhof-2020 -0.211 0.115 1.0% 0.81[0.65, 1.01] [
Subtotal (95% CI) 100.0% 0.90 [0.88, 0.92] )
Heterogeneity: Tau? = 0.00; Chi? = 3.22, df = 4 (P = 0.52); I> = 0%
Test for overall effect: Z = 8.78 (P < 0.00001)
1.1.7 Acute coronary syndrome
Chao-2022 -0.082 0.016 70.1% 0.92 [0.89, 0.95] [ |
Dickow-2022 -0.274 0.177 10.7% 0.76 [0.54, 1.08] —
Kany-2022 -0.416 0.247 5.9% 0.66 [0.41, 1.07] T
Kim-2021 -0.528 0.345 3.2% 0.59[0.30, 1.16] ¢
Kirchhof-2020 -0.186 0.183 10.1% 0.83[0.58, 1.19] e a—
Subtotal (95% CI) 100.0% 0.86 [0.76, 0.98] L 2
Heterogeneity: Tau? = 0.01; Chi? = 4.91, df = 4 (P = 0.30); I> = 19%
Test for overall effect: Z = 2.34 (P = 0.02)

05 0.7 15 2

Early Rhythm Control Rate Control

Fig. 2 Assessment of the association of early rhythm control with primary and secondary outcomes in patients with AF. AF, atrial fibrillation; HF,
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Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Random, 95% CI

Hazard Ratio
1V, Random, 95% CI

1.1.1 Primary composite outcome

Dickow-2022 -0.163 0.066 31.9% 0.85[0.75, 0.97]
Kany-2022 -0.139 0.094 15.7% 0.87[0.72, 1.05]
Kim-2021 -0.211 0.069 29.1% 0.81[0.71, 0.93]
Kirchhof-2020 -0.236 0.09 17.1% 0.79 [0.66, 0.94]
Proietti-2022 -0.174 0.15 6.2% 0.84[0.63, 1.13]
Subtotal (95% CI) 100.0% 0.83 [0.77, 0.89]

Heterogeneity: Tau? = 0.00; Chi? = 0.82, df = 4 (P = 0.94); I = 0%
Test for overall effect: Z = 5.00 (P < 0.00001)

1.1.2 Stroke or systemic embolism

Dickow-2022 -0.416 0.174 18.4% 0.66 [0.47, 0.93]
Kany-2022 -0.163 0.2 15.2% 0.85[0.57, 1.26]
Kim-2021 -0.301 0.106 31.6% 0.74 [0.60, 0.91]
Kirchhof-2020 -0.431 0.202 14.9% 0.65 [0.44, 0.97]
Yang-2021 0.086 0.164 19.9% 1.09 [0.79, 1.50]
Subtotal (95% CI) 100.0% 0.78 [0.66, 0.94]

Heterogeneity: Tau? = 0.02; Chi? = 6.33, df = 4 (P = 0.18); I = 37%
Test for overall effect: Z = 2.66 (P = 0.008)

1.1.3 Ischemic stroke

Kim-2021 -0.301 0.106 55.2% 0.74 [0.60, 0.91]
Yang-2021 0.086 0.164 44.8% 1.09 [0.79, 1.50]
Subtotal (95% CI) 100.0% 0.88 [0.60, 1.28]

Heterogeneity: Tau? = 0.06; Chi? = 3.93, df = 1 (P = 0.05); I* = 75%
Test for overall effect: Z = 0.66 (P = 0.51)

1.1.4 All-cause death

Blomstrom-2020 -0.198 0.212 10.8% 0.82[0.54, 1.24]
Dickow-2022 -0.128 0.083 26.2% 0.88 [0.75, 1.04]
Kany-2022 0.02 0.126 19.6% 1.02 [0.80, 1.31]
Proietti-2022 -0.041 0.128 19.4% 0.96 [0.75, 1.23]
Yang-2021 0.247 0.097 24.0% 1.28 [1.06, 1.55]
Subtotal (95% CI) 100.0% 1.00 [0.85, 1.18]

Heterogeneity: Tau? = 0.02; Chi? = 9.85, df = 4 (P = 0.04); I* = 59%
Test for overall effect: Z = 0.00 (P = 1.00)

1.1.5 Cardiovascular death

Kany-2022 -0.248 0.205 18.9% 0.78[0.52, 1.17]
Kim-2021 -0.073 0.125 50.8% 0.93[0.73, 1.19]
Kirchhof-2020 -0.329 0.162 30.3% 0.72[0.52, 0.99]
Subtotal (95% CI) 100.0% 0.83 [0.70, 0.99]

Heterogeneity: Tau? = 0.00; Chi® = 1.69, df = 2 (P = 0.43); I = 0%
Test for overall effect: Z = 2.06 (P = 0.04)

1.1.6 HF hospitalization

Dickow-2022 -0.051 0.112 23.9% 0.95[0.76, 1.18]
Kany-2022 -0.041 0.115 22.7% 0.96 [0.77, 1.20]
Kim-2021 -0.236 0.099 30.6% 0.79 [0.65, 0.96]
Kirchhof-2020 -0.211 0.115 22.7% 0.81[0.65, 1.01]
Subtotal (95% CI) 100.0% 0.87 [0.78, 0.97]

Heterogeneity: Tau? = 0.00; Chi? = 2.69, df = 3 (P = 0.44); I> = 0%
Test for overall effect: Z = 2.59 (P = 0.010)

1.1.7 Acute coronary syndrome

Dickow-2022 -0.274 0.177 36.9% 0.76 [0.54, 1.08]
Kany-2022 -0.416 0.247 18.9% 0.66 [0.41, 1.07]
Kim-2021 -0.528 0.345 9.7% 0.59[0.30, 1.16]
Kirchhof-2020 -0.186 0.183 34.5% 0.83[0.58, 1.19]
Subtotal (95% CI) 100.0% 0.74 [0.60, 0.92]

Heterogeneity: Tau? = 0.00; Chi? = 1.06, df = 3 (P = 0.79); I = 0%
Test for overall effect: Z = 2.75 (P = 0.006)

atrial fibrillation; HF, heart failure; HR, hazard ratio; Cl, confidence interval

4

05 0.7 1.5 2
Early Rhythm Control Rate Control

Fig. 3 Assessment of the association of early rhythm control with primary and secondary outcomes after excluding the study of Chao et al. AF,
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Reanalyses with an IVhet (HR=0.88, 95% CI: 0.86—
0.89) or QE (HR=0.87, 95% CI: 0.85-0.89) model sug-
gested similar results as the above-mentioned primary
analysis with an RE model (Supplemental Fig. 1).

Effect of early rhythm control on secondary outcomes

As presented in Fig. 2 based on the RE model, we
observed that early rhythm control was significantly
associated with reduced risks of SSE (HR=0.78, 95%
CL: 0.71-0.85; I>=21%), ischemic stroke (HR=0.81,
95% CIL 0.69-0.94; ’=56%), cardiovascular death
(HR=0.83, 95% CI: 0.70-0.99; I*=0%), HF hospitaliza-
tion (HR=0.90, 95% CI: 0.88-0.92; *=0%), and ACS
(HR=0.86, 95% CI: 0.76-0.98; ’=19%). There was no
difference in all-cause death (HR=0.96, 95% CI: 0.85—
1.10; 2=71%) between the two studied groups. The cor-
responding results for SSE (HR=0.78, 95% CI: 0.66—0.94;
IP=37%), all-cause death (HR=1.00, 95% CI: 0.85-1.18;
PP=59%), cardiovascular death (HR=0.83, 95% CI:
0.70-0.99; >=0%), HF hospitalization (HR=0.87, 95%
CL 0.78-0.97; *=0%), and ACS (HR=0.74, 95% CIL
0.60-0.92; >=0%) were unchanged after we excluded
the greatest weight study of Chao et al. (Fig. 3). After the
exclusion of Chao et al,, a significant change was noted in
ischemic stroke (HR =0.88, 95% CI: 0.60-1.28; I ="75%);
however, it should be interpreted cautiously since a small
number of studies (7 =2) were included.

In addition, we found that the AFFIRM substudy by
Yang et al. was involved in the pooled analysis of all-
cause death and ischemic stroke. The inclusion period of
Yang et al. ranged from 1995 to 2002, which was much
earlier than that of the other included studies. The het-
erogeneity was greatly reduced to 0% after omitting this
study, and early rhythm control was significantly associ-
ated with decreased risks of all-cause death and ischemic
stroke (Supplemental Fig. 2).

Reanalyses with an IVhet or QE model yielded similar
results as the primary analysis with an RE model regarding
SSE, ischemic stroke, all-cause death, cardiovascular death,
and HF hospitalization (Supplemental Figs. 3 and 4).

Early rhythm-control strategy in real-world settings

Our pooled data of 5 observational studies suggested
that early rhythm control was significantly associated
with reduced risks of the primary composite outcome
(HR=0.88, 95% CI: 0.86-0.89, ’=0%), SSE (HR=0.77,
95% CI: 0.75-0.80, I*>=0%), ischemic stroke (HR=0.77,
95% CI: 0.75-0.80, >=0%), all-cause death (HR=0.87,
95% CI: 0.86-0.89, ’=0%), and HF hospitalization
(HR=0.90, 95% CI: 0.88-0.92, >=0%), but not ACS
(HR=0.83, 95% CI: 0.69-1.00, >=35%) and cardiovas-
cular death (HR=0.89, 95% CI: 0.72—1.09, I*=0%) (Sup-
plemental Fig. 5). In addition, we found that there were
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no significant interactions between RCT versus real-
world data regarding the primary composite outcome,
SSE, all-cause death, cardiovascular death, HF hospitali-
zation, and ACS (all P >0.05; Supplemental Fig. 6).

interaction

Publication bias

Visual inspection of the funnel plots suggested no poten-
tial risk of publication bias for the primary composite
outcome (Supplemental Fig. 7). However, it should be
interpreted cautiously because the Cochrane handbook
did not recommend assessing the publication bias when
less than 10 studies were included for the quantitative
analysis.

Discussion
To our knowledge, this was the first summary of avail-
able evidence by including a large sample size of 447,202
participants to assess the effects of early rhythm-control
therapy on effectiveness outcomes in newly diagnosed
AF patients. Our pooled data (Fig. 4) showed that com-
pared with rate control, early rhythm control initiation
produced significant relative risk reductions in the pri-
mary composite outcome and secondary outcomes (SSE,
ischemic stroke, cardiovascular death, HF hospitaliza-
tion, and ACS). There were no significant interactions
between RCT versus observational data regarding the
primary and secondary outcomes in patients with AF,
potentially suggesting that early rhythm-control treat-
ment could be considered in real-world clinical settings.

In recent decades, there has been a fierce debate on
rhythm versus rate control. Since AF is a major risk factor
for SSE, tachycardia-induced cardiomyopathy, and HF, it
is reasonable to believe that restoration and maintenance
of sinus rhythm may be superior to rate control. However,
the Pharmacological Intervention in Atrial Fibrillation
(PIAF) trial, the first RCT to compare rate versus rhythm
control in patients with symptomatic AF, indicated that
these two strategies were equal in terms of improve-
ment of AF-related symptoms [23]. Subsequent studies,
such as the AFFIRM trial consistently failed to observe
the benefits of rhythm control treatment in reducing the
risks of effectiveness outcomes [24—26]. Nevertheless,
the long-term prognostic outcomes between rhythm
versus rate control are still inconclusive, with no clear
indications of benefits or harms. Until the advent of the
EAST-AENET 4 trial, we began to realize the importance
of early rhythm control. Our current study further rein-
forced the findings of the EAST-AENET 4 trial, providing
compelling evidence that early rhythm-control therapy
could be considered in patients with newly diagnosed AF
within 1 year.

Patients who were included in our meta-analysis ini-
tiated much earlier rhythm-control therapy after AF
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Fig. 4 A summary graph of the pooled results of this meta-analysis. AF, atrial fibrillation; HF, heart failure; SSE, stroke or systemic embolism; ACS=,

diagnosis within 1 year. In the Global Anticoagulant Reg-
istry in the FIELD-AF (GARFIELD-AF), rhythm-control
therapy was initiated within 6 weeks after the diagno-
sis of AF [9]. Kim et al. found that early rhythm control
reduced the risks of stroke and HF hospitalization, and
these beneficial effects were attenuated when the rhythm
control initiation was delayed [13]. Similarly, Bunch et al.
found that increasing the time from an initial diagnosis
of AF to ablation significantly increased the risk of AF
recurrence independent of AF type [27]. We anticipated
that the delays in sinus rhythm restoration might lead to
atrial electrical, contractile, and structural remodeling,
thereby gradually deteriorating the cardiac function and
influencing prognosis [28].

The major rhythm control approach in the previous
studies was the use of AADs such as amiodarone and
sotalol [23, 25, 26], whereas a comprehensive rhythm-
control strategy including new agents (e.g., dronedarone)
and ablation was applied in the EAST-AFNET 4 trial. A
recent study has shown that dronedarone is effective in
the reduction of AF burden with lower proarrhythmic
events compared with other AADs [29]. In the ATHENA
trial, dronedarone reduced the incidences of cardiovas-
cular hospitalization or death in patients with AF [30].
In the EAST-AFNET 4 trial, the proportion of patients
undergoing catheter ablation for rhythm control was 8%
at baseline and 19.4% at the 2-year follow-up [8]. A prior

meta-analysis confirmed the superiority of catheter abla-
tion over medical therapy in reducing AF recurrence and
hospitalization rates among patients with paroxysmal
AF [31], implying that catheter ablation initiated ear-
lier in the course of AF might maximize clinical benefits
and improve prognosis. Moreover, the use of direct oral
anticoagulants (DOACs) was relatively higher in recent
studies (e.g., the EAST-AFNET 4 trial), potentially con-
tributing to the protective effects of early rhythm control
on the prognosis of AF. As such, our present meta-anal-
ysis of available randomized and observational studies
favors early rhythm-control treatment in patients with
newly diagnosed AF.

To be noted, the follow-up duration, anticoagulation,
rate control, and rhythm control strategies differ between
the AFFIRM and EAST-AENET 4 trials, the two land-
mark studies regarding rhythm versus rate control in
AF patients [8, 25]. The follow-up time was 3.5 years for
AFFIRM and 5.1 years for EAST-AFNET 4. In EAST-
AFNET 4, nearly 90% of patients continued oral antico-
agulation with DOACs or vitamin K antagonists (VKAs),
whereas in AFFIRM, patients were more likely to discon-
tinue anticoagulation after sinus rhythm restoration with
only 70% of patients continuing anticoagulation (VKAs
only) [8, 25, 32]. Therefore, it is understandable why the
rate of stroke events was higher in AFFIRM than that
in EAST-AFNET 4 (8.2% vs. 3.7%) [8, 32]. For the rate
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control strategies, patients in AFFIRM received fewer
beta-blockers and much more digoxin, whereas digoxin
had been proved as a risk factor for all-cause mortality in
patients with AF [33]. Furthermore, catheter ablation was
performed for rhythm control in EAST-AFNET 4, while
only AADs were used in AFFIRM. These differences
partly explained the findings in the sensitivity analysis
of our meta-analysis. In the pooled analysis of all-cause
death and ischemic stroke, we found a high heterogene-
ity across the included studies. However, after omitting
the AFFIRM substudy by Yang et al. [12], the heterogene-
ity was greatly reduced to 0%, and the protective effects
of early rhythm control in reducing the risks of all-cause
death and ischemic stroke were more prominent.

Limitations of this study

Our meta-analysis had several limitations that should be
carefully addressed. First, the significant varieties in the
study designs and endpoints were the potential limita-
tions. We included mostly observational and post hoc
analyses, with only one study (EAST-AFNET 4) being
a primary RCT. Several unmeasured risk factors might
exist and affect the validity of our findings. In addition,
the modest number of included studies limited the appli-
cation of other techniques to tease out potential con-
tributors (e.g., meta-regression based on population age,
study period). Second, we did not consider safety out-
comes because only two included studies (Kirchhof et al.
and Kany et al.) [8, 20] fully presented serious adverse
events, suggesting that the safety outcomes did not dif-
fer between early rhythm-control therapy and usual care.
In addition, the quality of life was not considered in our
study because it was assessed as outcome in two included
studies (Kirchhof et al. and Proietti et al.). In the EAST-
AFENET 4 trial, there was no difference in the quality of
life between early rhythm control versus rate control
groups, whereas Proietti et al. found that AF patients
with early rhythm control had a better quality of life.
Third, further studies could perform the subgroup anal-
yses based on age [34], the timing of early rhythm-con-
trol [13], AF types (first-diagnosed AF, paroxysmal AF,
and persistent AF) [35], AF symptoms at diagnosis [36],
and concomitant conditions such as HF [37]. Fourth,
although the findings of this meta-analysis were heav-
ily weighted towards the study of Chao et al. with a large
number of patients, it produced similar results after the
exclusion of Chao et al. Given that this was a retrospec-
tive observational study, the selection bias for rhythm
control would bias the outcomes towards intervention
in the overall analysis. Finally, we included a mixed treat-
ment strategy of ablation, cardioversion, or AADs in the
early rhythm-control group. Further studies could focus
on the effect of individual treatment patterns (e.g., early
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initiation of ablation [38]) on the prognostic outcomes
separately.

Conclusions

Our summation of available randomized and observa-
tional studies supported that early initiation of rhythm-
control treatment was associated with improved
effectiveness outcomes in patients who had recently
been diagnosed with AF (within 1 year). These find-
ings underscored the importance of early initiation of
rhythm-control treatment in patients with newly diag-
nosed AF.
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