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Abstract

Background The prognostic significance of resting heart rate and its therapeutic target in atrial fibrillation (AF) is
uncertain. We sought to investigate the relationship between resting heart rate and cardiovascular outcomes in
patients with non-paroxysmal AF (non-PAF).

Methods In this propensity score-weighted, multi-center prospective cohort study, 3217 patients with non-PAF were
analyzed. Patients were categorized according to the baseline resting heart rate and cardiovascular outcomes were
accessed for a median follow-up of 30 months. The primary outcome was a composite of cardiovascular death, heart
failure hospitalization, and myocardial infarction/critical limb ischemia.

Results Freedom from primary outcome was longest among patients with resting heart rate 80-99 beats per
minute (bpm) whereas shortest among those with <59 bpm (weighted log rank, p=0.008). Compared with heart
rate > 100 bpm, resting heart rate 80-99 and 60-79 bpm was associated with reduced risk of primary outcome
(weighted hazard ratio [WHR] 0.52, 95% confidence interval [Cl] 0.32-0.84, p=0.008 and WHR 0.58, 95% C| 0.37-0.92,
p=0.021 for heart rate 80-99 and 60-79 bpm, respectively). Using weighted restricted cubic spline curves, there was
a U-shaped association between the resting heart rate and primary outcome with reduced risk of primary outcome in
heart rate range of 68-99 bpm. This association was maintained regardless of atrioventricular node (AVN) blocker use
or persistent/permanent AF (p for interaction 0.767 for AVN blocker use and 0.720 for AF type).

Conclusion Resting heart rate was associated with cardiovascular outcomes in patients with non-PAF and those with
resting heart rate between 68 and 99 bpm had lower risk of adverse cardiovascular events regardless of AVN blocker
use or persistent/permanent AF.

Keywords Heart rate, Atrial fibrillation, Heart failure, Prognosis
N\

*Hanjin Park and Hee Tae Yu contributed equally to this work

*Correspondence:

Boyoung Joung

cby6908@yuhs.ac

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s42444-023-00090-6&domain=pdf
http://orcid.org/0000-0001-9036-7225

Park et al. International Journal of Arrhythmia (2023) 24:15

Introduction

Atrial fibrillation (AF) is associated with stroke, myo-
cardial infarction, heart failure (HF), and cardiovascular
death [1-4]. AF is increasingly prevalent with increas-
ing longevity and is associated with significant morbid-
ity and mortality. Because previous studies failed to show
improved prognosis with rhythm control [5-9], rate con-
trol has become the cornerstone of AF therapy. Rate con-
trol has been attempted as background therapy in nearly
all patients with AF and is crucial in patients already on
rhythm control as well because controlled rate should
be maintained during relapses of AF [10]. Theoretically,
rapid ventricular rate in patients with AF is believed to
have a role in the development or worsening of HF due
to loss of atrial contraction, reduced ventricular filling
and stroke volume [10, 11]. Although there were reasons
to expect improved prognosis under strict rate control,
the RACE-II (Rate Control Efficacy in Permanent Atrial
Fibrillation: a Comparison between Lenient versus Strict
Rate Control II) trial demonstrated no significant differ-
ence in cardiovascular outcomes between patients with
strict rate control (<80 beats per minute [bpm]) versus
lenient rate control (<110 bpm) [12]. Because of the non-
inferiority of lenient rate control compared to strict rate
control, professional guidelines [2] now recommend a
heart rate target of <110 bpm. However, along with still
existing theoretical concerns of lenient rate control, cli-
nicians make varying decisions given the broad range of
guideline heart rate target recommendation. Our study
sought to investigate the therapeutic target for resting
heart rate in patients with non-paroxysmal AF (non-PAF)
and its association with cardiovascular outcomes.

Methods

Data source and study population

The COmparison study of Drugs for symptom con-
trol and complication prEvention of Atrial Fibrillation
(CODE-AF) registry is an ongoing prospective observa-
tional registry at 18 tertiary hospitals from all geographi-
cal regions of Republic of Korea. Detailed descriptions
are available in previous studies [13]. In brief, the aim of
the CODE-AF registry is to assess the clinical epidemi-
ology of patients with AF and to determine the diagnos-
tic and therapeutic processes applied to these patients,
along with their clinical outcomes. All patients provided
written informed consent. The registry was designed by
the Korea Heart Rhythm Society, approved by the ethics
committee of each center (4-2016-0105), and registered
at ClinicalTrials.gov (NCT02786095).

A total of 11,527 non-valvular AF patients who
sought treatment between June 2016 and July 2020 were
enrolled. Eligible patients of the registry were>18 years
old with AF and patients without transient AF with
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reversible causes, or need for chronic anticoagulation to
treat conditions other than AF, such as valve prosthesis,
deep venous thrombosis (DVT), and pulmonary throm-
boembolism (PE). After enrollment, each patient was
scheduled to be followed up every 6 months either by
out-patient clinic visit or telephone contact. Each patient
was accessed at enrollment regarding demographics,
detailed medical history, and laboratory measures. Rest-
ing heart rate and heart rhythm were obtained at baseline
from a 12-lead electrocardiogram (ECG), measured after
five minutes of rest in the supine position. AF diagnosis
was classified as persistent or permanent AF. HF diag-
nosis was based on medical history or clinical judgment
along with laboratory and echocardiographic findings.
Patients with body mass index (BMI)>25 kg/m?* were
considered obese according to Asian guideline on defini-
tion of obesity [14].

In this study, we included non-PAF patients whose
baseline ECG were identified as AF or atrial flutter at the
time acquisition. Patients without an out-patient clinic
visit or telephone contact for more than 365 days, missing
baseline medical data, who were paced permanently were
excluded from our study sample. Finally, a total of 3217
non-PAF patients were included and categorized into
the following groups according to baseline resting heart
rate: > 100 bpm, 80—-99 bpm, 60-79 bpm, and <59 bpm.

Outcome definition and follow-up

The primary outcome was a composite of cardiovascu-
lar death, HF hospitalization, and myocardial infarction/
critical limb ischemia (CLI). The secondary outcomes
were the individual components of the primary outcome.
HF hospitalization included hospital admission due to
new onset or worsening signs and symptoms of HF irre-
spective of LVEF. Myocardial infarction was defined as
clinical evidence of myocardial ischemia with myocardial
necrosis from laboratory findings. Critical limb ischemia
(CLI) was defined as presence of ischemic resting pain,
ulcer, or gangrene with lower extremity peripheral artery
disease. Patients were followed up until the study out-
come occurred, censoring, the end of the study period, or
death.

Study design and statistical analysis

To make an unbiased comparison between the rest-
ing heart rate groups, we used an inverse probability of
treatment weight (IPTW) approach. The propensity
score, which is the probability of receiving treatment,
was estimated using a multinomial logistic regression
based on sociodemographic factors, medical history and
medication use (variables in Table 1). We examined the
balance across the resting heart rate groups using the
absolute standardized differences of all covariates with a
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Table 1 Baseline characteristics of the study population by resting heart rate

Total Resting heart rate Maximum ASD

<59 bpm 60-79 bpm 80-99 bpm >100 bpm Before IPTW After IPTW

Total, n 3217 286 1379 1194 358
Permanent AF 286 (8.9) 20(7.0) 118 (8.6) 110(9.2) 38(10.6) 0.068 0.052
Age, years 70 (61-76) 69 (61-75) 69 (61-76) 70 (62-77) 70 (60-77) 0.062 0.025
Female 1087 (33.8) 84 (29.4) 485 (35.2) 386 (32.3) 132 (36.9) 0.090 0.052
Previous/current smoker 959 (29.8) 92 (32.2) 401 (29.1) 365 (30.6) 101 (28.2) 0.049 0.039
CHA,DSc-VASc 3(2-4) 3(1-4) 3(2-4) 3(2-4) 3(2-4) 0.079 0.053
HASBLED 2(1-2) 2(1-2) 2(1-3) 2(1-2) 2(1-3) 0.069 0.036
Comorbidity
Hypertension 476 (14.8) 187 (65.4) 973 (70.6) 830 (69.5) 1(70.1) 0.058 0.030
Diabetes mellitus 878 (27.3) 76 (26.6) 357 (25.9) 326 (27.3) 119 (33.2) 0.084 0.048
Dyslipidemia 1029 (32.0) 90 (31.5) 453(32.8) 373(31.2) 3(31.6) 0.018 0.021
Obesity 239 (74) 25(8.7) 98 (7.1) 84 (7.0) ( 9) 0.045 0.029
CKD 330(10.3) 32(11.2) 133 (9.6) 132 (11.1) 33 (9 2) 0.040 0.031
Previous Ml 78 (2.4) 10 (3.5) 34(2.5) 26 (2.2) 8(2.2) 0.042 0.013
Previous stroke 527 (16.4) 53(18.5) 231 (16.8) 192 (16.1) 51(14.2) 0.061 0.042
Previous PAOD 183 (5.7) 23(8.0) 84 (6.1) 60 (5.0) 16 (4.5) 0.082 0.035
Previous heart failure 476 (14.8) 49 (17.1) 187 (13.6) 166 (13.9) 74 (20.7) 0.110 0.026
Medication
Anti-platelet 619 (19.2) 55(19.2) 280 (20.3) 229(19.2) 55(154) 0.065 0.039
Oral anticoagulant 2462 (76.5) 215 (75 2) 1051 (76.2) 929 (77.8) 267 (74.6) 0.042 0.027
RAS blockade 1382 (43.0) 1(45.8) 602 (43.7) 504 (42.2) 145 (40.5) 0.058 0.044
AVN blocker 1700 (52.8) 138 (48.3) 723(52.4) 633 (53.0) 206 (57.5) 0.095 0.066
AAD 958 (29.8) 7 (40.9) 484 (35.1) 275(23.0) 82(22.9) 0.241 0.050
Statin 1063 (33.0) 92 (32,2) 463 (33.6) 403 (33.8) 105 (29.3) 0.053 0.040

Data are expressed as median (25th to 75th percentile) or n (%)

AAD anti-arrhythmic drug, AF atrial fibrillation, ASD absolute standardized difference, AVN atrioventricular node, bpm beats per minute, CKD chronic kidney disease,
IPTW inverse probability of treatment weighting, MI myocardial infarction, PAOD peripheral artery occlusive disease, RAS renin-angiotensin system

threshold of 0.1, above which to indicate imbalance. The
weights were truncated at the 1st and 99th percentiles to
avoid extreme weights. The baseline characteristics of the
study population were compared as counts and percent-
ages for categorical variables and medians with 25th and
75th percentiles for continuous variables across the rest-
ing heart rate groups. The time to event was calculated
as months from the date of entry into the CODE-AF reg-
istry to the date of first occurrence of primary outcome.
We assessed the freedom from primary and second-
ary outcomes by performing an IPTW-weighted Kaplan
Meier analysis and compared the difference among the
resting heart rate groups with a weighted log rank test.
We conducted IPTW-weighted Cox regression analy-
sis to assess the association between resting heart rate
groups and primary and secondary outcomes and calcu-
lated the weighted hazard ratios (WHR) and 95% confi-
dence intervals (95% CI) using heart rate>100 bpm as
the reference category. In addition, for the graphic assess-
ment of the effects of resting heart rate as a continuous

variable, IPTW-weighted restricted cubic spline curves
were presented and three knots were located at the 10th,
50th, and 90th percentiles of resting heart rate range.

All analyses were performed using R statistics, ver-
sion 4.0.2 (R Foundation for Statistical Computing), and
a two-sided p value<0.05 was considered statistically
significant.

Subgroup analysis

To assess potential interaction of baseline covariates on
the association between resting heart rate and adverse
cardiovascular events, we performed subgroup analy-
ses for the primary outcome stratified by AF type (either
persistent or permanent AF), sex, age, hypertension,
diabetes, obesity, atrioventricular nodal (AVN) blocker
use, and anti-arrhythmic drug (AAD) use. AVN blockers
included beta-blockers, non-dihydropyridine calcium-
channel blockers, and digoxin. AADs included flecainide,
propafenone, sotalol, dronedarone, or amiodarone.
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Results

Study population

The baseline characteristics of the study population are
presented in Table 1. Among the 3,217 non-PAF patients,
89% (n=286) had resting heart rate of<59 bpm,
42.9% (n=1379) had 60-79 bpm, 37.1% (n=1194) had
80-99 bpm, and 11.1% (n=358) had > 100 bpm. Patients
with baseline resting heart rate>100 bpm were more
likely to be female, have a history of diabetes or HF, and
prescribed with AVN blockers whereas less likely to
have a history of stroke or PAOD, and prescribed with
AADs. In contrast, age, CHA,DSc-VASc score and HAS-
BLED score were similar across the resting heart rate
groups (Table 1). After the IPTW, the baseline charac-
teristics were well balanced across the resting heart rate
groups (Additional file 1: Table S1).

Clinical outcomes

The IPTW-weighted Kaplan Meier analyses for the
resting heart rate groups are presented in Fig. 1. Rest-
ing heart rate 80-99 bpm was associated with longest
whereas <59 bpm with shortest survival free of primary
outcomes (IPTW-weighted log rank, p=0.008). Com-
pared with heart rate > 100 bpm, resting heart rate 80-99
(IPTW-weighted log rank, p=0.01) and 60-79 bpm
(IPTW-weighted log rank, p=0.027) was associated
with reduced risk of primary outcome whereas resting
heart rate<59 bpm was not (IPTW-weighted log rank,
p=0.998).

The IPTW-weighted event rate (ER) and hazard
ratios (HRs) of the primary and secondary outcomes
according to resting heart rate groups are presented
in Table 2. During a median follow-up of 30 months,
IPTW-weighted ER of primary outcome was highest in
those with heart rate > 100 bpm and lowest in those with
heart rate 80—99 bpm (IPTW weighted ER 37.8 and 19.4,
respectively). This tendency was consistently found in
a separate analysis for HF hospitalization whereas the
IPTW-weighted ER for cardiovascular death was low-
est in the 60-79 bpm heart rate group. In the IPTW-
weighted Cox regression analysis, both 80-99 bpm and
60—79 bpm heart rate groups showed a reduced risk of
primary outcome compared with>100 bpm heart rate
group, and risk reduction was more significant in those
with heart rate between 80 and 99 bpm (IPTW-weighted
HR 0.52, 95% CI 0.32-0.84, p=0.008 for 80—99 bpm ver-
sus IPTW-weighted HR 0.58, 95% CI 0.37-0.92, p=0.021
for 60—79 bpm) (Table 2). This tendency was maintained
in a separate analysis for HF hospitalization (IPTW-
weighted HR 0.51, 95% CI 0.28-0.94, p=0.029 for the
80—99 bpm heart rate group versus IPTW-weighted HR
0.64, 95% CI 0.36-1.12, p=0.119 for the 60-79 bpm

Page 4 of 10

heart rate group) whereas not maintained for myocardial
infarction/CLI or cardiovascular death.

In the IPTW-weighted restricted cubic spline curves
using resting heart rate 100 bpm as the reference, rest-
ing heart rate>100 bpm and<56 bpm was associated
with increased whereas 68—99 bpm was associated with
reduced risk of primary outcome. Similar trend was iden-
tified for HF hospitalization and cardiovascular death
whereas resting heart rate had no prognostic significance
for myocardial infarction/CLI (Fig. 2).

Subgroup analysis

The risk of primary outcome according to resting heart
rate stratified by AF type, sex, age, hypertension, diabe-
tes, obesity, AVN blocker use, and AAD use is presented
in Table 3. The association between resting heart rate and
primary outcome was consistent with the main analy-
sis regardless of AF type, sex, age, hypertension, diabe-
tes, obesity, and AVN blocker use. However, significant
interaction with AAD use was identified (p for interac-
tion 0.039). Among patients with AADs, the risk of pri-
mary outcome tended to increase as resting heart rate
decreased. Among patients without AADs, the associa-
tion between resting heart rate and primary outcome was
similar to the main analysis.

Discussion

Main findings

In this prospective AF registry, we investigated the
association between resting heart rate and cardiovas-
cular outcomes in patients with non-PAF. We found
that resting heart rate 68—99 bpm was associated with
reduced whereas > 100 and <59 bpm was associated with
increased risk of adverse cardiovascular events inde-
pendent of AVN blocker use or AF type (persistent or
permanent). Given the broad guideline heart rate tar-
get recommendation, the results of this study may pro-
vide guidance on rate control strategy in clinical practice
among patients with non-PAF.

Heart rate and cardiovascular outcomes

There are scarce data to guide the resting heart rate tar-
get in patients with AF. RACE II study [12] showed that
lenient rate control (<110 bpm) is non-inferior to strict
rate control (<80 bpm) in patients with permanent AF
and the professional guidelines now recommend a rest-
ing heart rate target of <110 bpm [2, 4]. The upper heart
rate target (< 100 bpm) suggested in our study is similar
to RACE-II trial (<110 bpm) considering the heart rate
variability in patients with AF. However, this study also
suggested that resting heart rate >100 or <59 bpm might
be associated with increased risk of adverse cardiovas-
cular events. Consistent with our findings, Van Gelder
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Fig. 1 IPTW-weighted freedom from adverse cardiovascular events according to resting heart rate. Composite outcome included myocardial
infarction/CLI, heart failure hospitalization, cardiovascular death. C/ confidence interval, CL/ critical limb ischemia, HR hazard ratio. Other

abbreviations are the same as in Table 1

et al. [15] compared the RACE (RAte Control vs. Elec-
trical cardioversion) and AFFIRM (Atrial Fibrillation
Follow-up Investigation of Rhythm Management) study
and showed that although there was no favorable trends
toward either heart rate target of <80 bpm or <100 bpm,

both heart rate groups had better clinical outcomes than
the >100 bpm heart rate group.

In terms of lower heart rate target, slow resting heart
rate in patients with AF has been reported to be associ-
ated with chronotropic incompetence and pacemaker
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Table 2 IPTW-weighted event rate and hazard ratios for adverse cardiovascular outcomes according to resting heart rate

Event, n Event rate (Crude/IPTW- Unweighted HR (95% Cl) IPTW-weighted HR p value

weighted) (95% ClI)

Composite outcome
> 100 bpm 28 439/37.8 Reference Reference
80-99 bpm 48 19.7/194 046 (0.29-0.74) 0.52 (0.32-0.84) 0.008
60-79 bpm 63 21.6/21.5 0.51(0.33-0.80) 0.58(0.37-0.92) 0.021
<59 bpm 23 37.5/374 0.89 (0.51-1.54) 1.01 (0.57-1.79) 0.963
Myocardial infarction/CLI
>100 bpm 8 12.0/10.5 Reference Reference
80-99 bpm 13 52/54 044 (0.18-1.07) 0.52 (0.21-1.30) 0.162
60-79 bpm 17 5.7/5.5 0.49(021-1.13) 0.53(0.23-1.25) 0.151
<59 bpm 5 7.9/9.7 0.68 (0.22-2.09) 0.96 (0.31-2.94) 0.941
Heart failure hospitalization
>100 bpm 18 27.7/23.2 Reference Reference
80-99 bpm 30 12.2/11.7 046 (0.25-0.82) 0.51(0.28-0.94) 0.029
60-79 bpm 42 14.3/14.3 0.54 (0.31-0.94) 0.64 (0.36-1.12) 0.119
<59 bpm 17 27.4/25.0 1.04 (0.53-2.01) 1.11(0.56-2.21) 0.765
Cardiovascular death
> 100 bpm 5 74/6.8 Reference Reference
80-99 bpm 9 3.6/39 049 (0.16-1.47) 0.56 (0.18-1.71) 0.308
60-79 bpm 6 2.0/2.1 0.27 (0.08-0.89) 0.31 (0.09-1.04) 0.057
<59 bpm 2 3.2/44 043 (0.08-2.23) 0.63(0.13-3.18) 0.577

Composite outcome included myocardial infarction/CLI, heart failure hospitalization, cardiovascular death

Cl confidence interval, CL/ critical limb ischemia, HR hazard ratio
Other abbreviations are the same as in Table 1

implantation [15, 16]. This implies that AF patients with
relatively slow resting heart rate may have underlying
autonomic nervous dysfunction or conduction system
disorder, which might have translated into loss of clini-
cal benefit among those with heart rate <68 bpm shown
in the spline curves [15, 16]. The lower heart rate target
(>68 bpm) suggested in this study have not been tradi-
tionally considered slow and may have clinical implica-
tions among those already on AVN blockers.

In a hemodynamic point of view, ventricular rate that
is either too fast or too slow is detrimental in patients
with AF and the therapeutic heart rate target should be
the heart rate at which cardiac output is least compro-
mised [10, 17, 18]. Rawles [19] used mathematical models
to investigate the net effect of ventricular rate on cardiac
output in patients with AF. They suggested that resting
ventricular rate around 90 bpm is the heart rate at which
cardiac output is least compromised and is line with our
study findings. Similarly, a rather fast lower heart rate
target (>68 bpm) suggested might be attributable to
reduced stroke volume resulting from loss of atrial con-
traction in AF, and AF patients might require a relatively
faster resting heart rate to generate equivalent cardiac
output compared with those at sinus rhythm [18, 19].

Subgroup analysis

In this study, the association between resting heart rate
and primary outcome was not affected by AF type (per-
sistent vs permanent), age, sex, HTN, DM, obesity, or
AVN blocker use. Rate control strategy is a background
therapy for nearly all patients with AF [10] and our
results may apply to those already on AVN blockers. In
contrast, a significant interaction with AADs was identi-
fied, and our results suggest that resting heart rate has no
prognostic significance among AAD users. The reason is
unclear but patients on AADs are more likely to experi-
ence multiple episodes of sinus to AF rhythm and vice
versa, and the resting heart rate measured in our study
might not reflect the average heart rate at which AAD
users were at predominantly.

Limitation

There are several limitations in this study. First, despite
efforts to make unbiased comparison between the resting
heart rate groups using propensity score models, residual
confounding may exist due to the observational nature
of the study. Second, the resting heart rate measured in
this study was a single-time point measure without time
dependent updates. Third, the CODE-AF registry used
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Fig. 2 IPTW-weighted restricted cubic spline curves for the composite outcome using resting heart rate 100 bpm as the reference. Composite
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hazard ratio. Other abbreviations are the same as Table 1

in this study included AF patients from tertiary hospitals
and might not represent the general AF patients. Fourth,
HF diagnosis was based on clinical assessment and medi-
cal history and thus might have been both over and under-
diagnosed considering the similarity between HF and AF
symptoms. Fifth, the resting heart rate was measured from
a single baseline ECG and might not reflect the average
resting heart rate throughout the day.

Conclusion

In this prospective AF registry, we found that rest-
ing heart rate 68—99 bpm was associated with reduced
whereas>100 and<59 bpm was associated with
increased risk of adverse cardiovascular events regard-
less of AVN blocker use or AF type. Given the broad
guideline heart rate target recommendations, the
results of this study may provide guidance on rate con-
trol strategy in clinical practice.
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Table 3 Subgroup analysis for the association between resting heart rate and composite outcome in patients with non-PAF

Unweighted HR (95% Cl) IPTW-weighted HR (95% Cl) p value p for interaction

AF type 0.720
Permanent

> 100 bpm Reference Reference

80-99 bpm 0.30 (0.08-1.21) 0.36 (0.09-1.49) 0.159

60-79 bpm 0.33(0.09-1.25) 043 (0.12-1.61) 0211

<59 bpm 0.81(0.15-4.45) 0.84 (0.14-4.95) 0.846
Persistent

> 100 bpm Reference Reference

80-99 bpm 049 (0.30-0.80) 0.54 (0.32-0.90) 0.018

60-79 bpm 0.54(0.33-0.87) 0.60 (0.37-0.98) 0.042

<59 bpm 091 (0.50-1.63) 1.03(0.57-1.88) 0.922
Sex 0.344
Male

>100 bpm Reference Reference

80-99 bpm 0.62(0.31-1.21) 0.63(0.32-1.24) 0.180

60-79 bpm 0.65 (0.34-1.26) 0.66 (0.34-1.28) 0.222

<59 bpm 1.23(0.57-2.62) 1.21 (0.56-2.64) 0.626
Female

>100 bpm Reference Reference

80-99 bpm 0.36 (0.18-0.70) 0.43(0.21-0.86) 0.017

60-79 bpm 041 (0.22-0.76) 0.51(0.27-0.98) 0.042

<59 bpm 0.67 (0.29-1.56) 0.86 (0.37-2.00) 0.719
Age 0.904
Age>75

>100 bpm Reference Reference

80-99 bpm 048 (0.26-0.90) 0.59(0.31-1.13) 0.109

60-79 bpm 040 (0.21-0.78) 048 (0.24-0.94) 0.034

<59 bpm 0.76 (0.32-1.79) 0.99 (0.42-2.36) 0.981
Age<75

>100 bpm Reference Reference

80-99 bpm 041 (0.20-0.82) 044 (0.21-0.92) 0.029

60-79 bpm 0.67 (0.36-1.24) 0.71(0.38-1.34) 0.291

<59 bpm 1.13(0.54-2.38) 1.14 (0.53-2.45) 0.744
HIN 0.650
Yes

>100 bpm Reference Reference

80-99 bpm 045 (0.27-0.77) 0.53(0.31-0.92) 0.024

60-79 bpm 0.50 (0.30-0.83) 0.59 (0.35-0.99) 0.048

<59 bpm 0.89 (047-1.67) 1.11 (0.58-2.11) 0.760
No

>100 bpm Reference Reference

80-99 bpm 0.50 (0.18-1.35) 049 (0.18-1.35) 0171

60-79 bpm 0.57 (0.22-147) 0.58 (0.22-1.51) 0.266

<59 bpm 0.96 (0.31-2.97) 0.76 (0.23-2.46) 0.646
DM 0373
Yes

> 100 bpm Reference Reference

80-99 bpm 0.50 (0.27-0.90) 0.54 (0.29-1.00) 0.051

60-79 bpm 0.55(0.31-0.97) 0.63(0.35-1.14) 0.123
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Table 3 (continued)

Unweighted HR (95% Cl) IPTW-weighted HR (95% Cl) p value p for interaction
<59 bpm 1.13(0.58-2.21) 1.23 (0.62-2.44) 0.561
No
>100 bpm Reference Reference
80-99 bpm 0.43 (0.20-0.91) 0.50(0.23-1.10) 0.084
60-79 bpm 0.48 (0.23-0.99) 0.53(0.25-1.10) 0.086
<59 bpm 047 (0.15-1.47) 0.66 (0.21-2.06) 0471
Obesity 0.583
Yes
>100 bpm Reference Reference
80-99 bpm 0.61(0.14-2.54) 0.56 (0.13-2.36) 0434
60-79 bpm 0.32 (0.06-1.60) 0.33(0.07-1.63) 0.172
<59 bpm 042 (0.04-4.08) 042 (0.04-4.11) 0456
No
>100 bpm Reference Reference
80-99 bpm 0.45 (0.28-0.74) 0.52(0.31-0.87) 0.011
60-79 bpm 0.53 (0.33-0.84) 0.61(0.38-0.98) 0.043
<59 bpm 0.94 (0.53-1.66) 1.08 (0.60-1.94) 0.804
AAD use 0.039
Yes
>100 bpm Reference Reference
80-99 bpm 1.02 (0.21-4.90) 1.28 (0.26-6.30) 0.759
60-79 bpm 1.62 (0.38-6.93) 1.83(0.43-7.87) 0418
<59 bpm 3.21(0.70-14.6) 3.29(0.71-153) 0.130
No
>100 bpm Reference Reference
80-99 bpm 042 (0.25-0.68) 045 (0.27-0.74) 0.002
60-79 bpm 043 (0.26-0.70) 047 (0.29-0.78) 0.003
<59 bpm 0.69 (0.35-1.34) 0.81(0.42-1.57) 0.535
AVN blocker use 0.767
Yes
>100 bpm Reference Reference
80-99 bpm 046 (0.26-0.81) 047 (0.26-0.85) 0.012
60-79 bpm 048 (0.27-0.83) 0.53 (0.30-0.94) 0.030
<59 bpm 0.88 (0.44-1.79) 1.08 (0.53-2.22) 0.827
No
>100 bpm Reference Reference
80-99 bpm 049 (0.22-1.11) 0.62 (0.27-1.44) 0.266
60-79 bpm 0.61(0.28-1.29) 0.70 (0.32-1.52) 0.362
<59 bpm 0.99 (0.40-2.44) 0.99 (0.39-2.52) 0.987
Composite outcome included myocardial infarction/CLI, heart failure hospitalization, cardiovascular death
Cl confidence interval, CL/ critical limb ischemia, HR hazard ratio, PAF paroxysmal atrial fibrillation
Other abbreviations are the same as in Table 1
Abbreviations DVT Deep venous thrombosis
AAD Anti-arrhythmic drug ECG Electrocardiogram
AF Atrial fibrillation OAC Oral anticoagulant
AVN Atrioventricular nodal PE Pulmonary thromboembolism
BMI Body mass index HF Heart failure
bpm Beats per minute
CKD Chronic kidney disease

[@N] Critical limb ischemia
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