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Heart rate (HR) at rest is a well-known marker of cardiovascular morbidity and mortality.
Results on the association between HR and incident atrial fibrillation (AF) have, however,
been conflicting. Using digital electrocardiograms from 281,451 primary care patients, we
aimed to describe the association between HR at rest and the hazards of incident AF.
Secondary end points were death from all causes and pacemaker implantation. Data on
drug use, co-morbidity, and outcomes were collected from nationwide administrative health
care registries. During a median follow-up time of 8.4 years, 15,666 subjects were observed
to develop AF, of which 1,631 were lone AF. A HR at rest from 30 to 51 beats/min was
associated with an adjusted hazard ratio of 1.16 (95% CI 1.06 to 1.27) for AF compared
with the reference group (66 to 72 beats/min). From 72 beats/min and upward, the hazard
ratio of AF increased in a dose-response manner, reaching an adjusted hazard ratio of 1.36
(95% CI 1.26 to 1.46) for HR between 95 and 120 beats/min. Both for low and high HR, the
associations were accentuated for the outcome lone AF (adjusted hazard ratios of 1.48, 95%
CI 1.19 to 1.84 and 1.84, 95% CI 1.47 to 2.30 for HR between 30 to 51 and 95 to 120 beats/
min, respectively). For death from all causes, the hazard increased almost linearly with
increasing HR. A HR at rest from 30 to 51 beats/min was associated with an adjusted
hazard ratio of 1.80 (95% CI 1.46 to 2.21) for pacemaker implantation. In conclusion, a
U-shaped association was found between HR at rest and incident AF, and this association
was strongest for the outcome lone AF. � 2016 Elsevier Inc. All rights reserved. (Am J
Cardiol 2016;118:708e713)

Atrial fibrillation (AF) is the most common sustained
cardiac arrhythmia, affecting 1% to 2% of the general
population. AF represents a major health care burden in
terms of morbidity and mortality, primarily due to an
increased risk of ischemic stroke and heart failure.1,2 Heart

rate (HR) at rest has long been recognized as a marker of
cardiovascular morbidity as well as all-cause and cardio-
vascular mortality.3e8 However, results on the association
between HR at rest and incident AF have been con-
flicting.9e12 Using data on a large population of primary
care patients referred for digital electrocardiographic (ECG)
recording, we aimed to describe the association between HR
at rest and incident AF, allowing for a nonlinear relation.
Secondary end points were all-cause mortality and pace-
maker implantation.

Methods

Most general practitioners in the greater region of
Copenhagen, Denmark, refer their patients to the Copen-
hagen General Practitioners’ Laboratory (CGPL) for clinical
tests, such as ECG recordings. The present study is part of
the Copenhagen ECG study including all subjects who had
an electrocardiogram recorded at the CGPL during 2001 to
2011, as described in details previously.13 For the present
analysis, subjects were excluded as shown in Figure 1.

All electrocardiograms obtained at CGPL were recorded
on subjects at rest and in supine position. Recordings were
digitally stored in the MUSE Cardiology Information Sys-
tem (GE Healthcare, Wauwatosa, Wisconsin), and pro-
cessed using version 21 of the Marquette 12SL algorithm.13

aLaboratory for Molecular Cardiology, Department of Cardiology,
Rigshospitalet, University of Copenhagen, Copenhagen, Denmark;
bCopenhagen General Practitioners’ Laboratory, Copenhagen, Denmark;
cDepartment of Health Science and Technology, Aalborg University, Aal-
borg, Denmark; dDepartment of Clinical Medicine, Faculty of Health and
Medical Sciences, and eDepartment of Biostatistics, University of Copen-
hagen, Copenhagen, Denmark; and fDivision of Cardiovascular Medicine,
Department of Internal Medicine and gDepartment of Human Genetics,
University of Michigan, Ann Arbor, Michigan. Manuscript received
February 11, 2016; revised manuscript received and accepted June 3, 2016.

This work was supported by the University of Copenhagen, the Danish
National Research Foundation, grant 11-107456 from the Danish Council
for Independent Research, The John and Birthe Meyer Foundation, The
Research Foundation of the Heart Center at Rigshospitalet, Fondsbørs-
vekselerer Henry Hansen og Hustru Karla Hansen Født Vestergaards Legat,
and The Research Foundation of Rigshospitalet, all from Copenhagen,
Denmark.

See page 712 for disclosure information.
*Corresponding author: Tel: (þ45) 35-45-67-38; fax: (þ45) 35-45-65-

00.
E-mail address: m.wagnernielsen@gmail.com (M.W. Skov).

0002-9149/16/$ - see front matter � 2016 Elsevier Inc. All rights reserved. www.ajconline.org
http://dx.doi.org/10.1016/j.amjcard.2016.06.013

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2016.06.013&domain=pdf
mailto:m.wagnernielsen@gmail.com
http://www.ajconline.org
http://dx.doi.org/10.1016/j.amjcard.2016.06.013


With the use of this algorithm, we excluded electrocardio-
grams with rhythms different from sinus rhythm, delta
waves, short PR intervals (<50 ms), second and third degree
atrioventricular blocks, multiple premature ventricular
complexes, multiple premature atrial complexes, junctional
rhythms, and pace spikes. The algorithm derived the HR
based on the number of sinus QRS complexes during a
10-second recording. For subjects with multiple electrocar-
diograms obtained, only the first was taken into account.
However, to get an estimate of the intraindividual ECG-to-
ECG variability of HR, we identified subjects with a second
ECG recording 1 year � 3 months (n ¼ 18,676) and 8 years
� 1 year (n ¼ 20,901) from the first recording (baseline
electrocardiogram) and estimated the medians of the abso-
lute differences in HR between the 2 electrocardiograms.

In Denmark, it is possible to follow subjects with respect
to death, emigration, the use of prescription medicine and
any hospital, outpatient clinic, or emergency room discharge
diagnosis with the use of national health care registries and a
unique personal identification number. In this way, we
identified subjects with the following baseline characteris-
tics: hypertension, heart failure, myocardial infarction,
valvular heart disease, diabetes, hyperthyroidism, and
treatment with HR-lowering medication (b blockers or cal-
cium antagonists) at the day of ECG recording.13 Hyper-
tension was defined as being present if a subject before
inclusion was treated simultaneously with at least 2 kinds of
antihypertensive drugs.14 Heart failure was defined as a
discharge diagnosis of heart failure in combination with
treatment with loop diuretics.14 Myocardial infarction and
valvular heart disease were defined from discharge diag-
nosis, procedure, and operation codes.14,15 Diabetes and

hyperthyroidism were defined from discharge diagnosis or
in case of a purchase of prescription medication used for 1
of the 2 diseases. The primary event of interest was a hos-
pital, outpatient clinic, or emergency room discharge diag-
nosis of AF or atrial flutter. Lone AF was defined as the
occurrence of AF before the age of 65 years and in the
absence of hypertension, heart failure, myocardial infarc-
tion, valvular heart disease, diabetes, and hyperthyroidism.
A hospital, outpatient clinic, or emergency room discharge
diagnosis of pacemaker implantation and death from all
causes were secondary end points. Detailed information on
the identification of covariates and clinical outcomes in the
Danish registries has previously been provided.13,16

Follow-up began on the day of the first ECG recording
(index electrocardiogram) and ended in case of the event of
interest, death, emigration, or on December 31, 2013,
whichever came first. The median follow-up time was
estimated with the reverse KaplaneMeier method.17 Sepa-
rate analyses were performed for outcomes AF, lone AF,
pacemaker implantation, and death from all causes. Ana-
lyses of the outcome lone AF excluded patients with hy-
pertension, heart failure, myocardial infarction, valvular
heart disease, diabetes, hyperthyroidism, ECG criteria of left
ventricular hypertrophy, and/or age >65 years at the date of
index electrocardiogram (n ¼ 117,387). Follow-up for the
outcome lone AF was stopped at an event (diagnosis) of
hypertension, heart failure, myocardial infarction, valvular
heart disease, diabetes, or hyperthyroidism or surpassing
65 years of age. Cause-specific Cox regression was used to
assess the association of HR, measured on the index elec-
trocardiogram, with the hazard of AF, lone AF, pacemaker
implantation, and death from all causes, respectively. All
analyses were adjusted for conventional risk factors (see
legend to Figure 2) that were obtained at the date of index
electrocardiogram using a stratified Cox regression analysis.
Age was categorized into 1-year intervals, and the baseline
hazard rate was stratified according to age and all other risk
factors. Thus, no proportional hazard assumption was made,
except for the effect of HR. The latter was checked and
accepted by means of “stopped Cox regression.”18 The
population was divided into 7 categories based on HR (in-
dex electrocardiogram), with cutoffs at the 5th, 20th, 40th,
60th, 80th, and 95th percentiles. Hazard ratios with corre-
sponding 95% CIs are reported using the middle HR cate-
gory (40th to <60 percentile) as reference group. A 2-sided
p value of <0.05 was considered statistically significant. All
analyses were conducted with the use of R (R Foundation
for Statistical Computing, Vienna, Austria [URL http://
www.R-project.org/]).19

According to Danish law, no approval from an ethics
committee is needed in a registry-based study without any
active participation from study subjects. The use of dei-
dentified registry data was approved by the Danish Data
Protection Agency (record number 2007-58-0015).

Results

The final study population consisted of 281,451 subjects
with a median follow-up time of 8.4 years (interquartile
range [IQR] 5.5 to 10.9 years). Baseline characteristics of
the study population are presented in Table 1. No clinically

Figure 1. Flow chart of the study population selection, showing the number
of subjects excluded for various reasons. Subjects were excluded if AF or
atrial flutter were present on index electrocardiogram or if subjects had
registered diagnoses of AF or atrial flutter before inclusion. In addition,
subjects were excluded if pace spikes were present on the index electrocar-
diogram or if subjects had registered diagnoses of pacemaker or implantable
cardioverter defibrillator before inclusion.*Class I or III antiarrhythmic drugs
or digoxin. ICD ¼ implantable cardioverter defibrillator.
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