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Abstract

Evidence suggests an association between autonomic nervous system (ANS) function and atrial 

fibrillation (AF) development. We sought to examine the association of baseline resting heart rate 

(RHR) and short-term heart rate variability (HRV) as surrogates of (ANS) with incident AF in 

individuals without prior cardiovascular disease. A total of 6261 participants of the Multi Ethnic 

Study of Atherosclerosis (MESA) who were free of AF and diagnosed cardiovascular disease were 

enrolled. Three standard 10-second, 12-lead electrocardiograms were used to measure RHR, the 

standard deviation of normal-to-normal intervals (SDNN) and the root mean square of successive 

differences in RR intervals (RMSSD). Cox proportional hazards models adjusted for 

demographics, atrioventricular nodal agents, and known cardiovascular risk factors were used to 

examine the association of baseline RHR, and log transformed SDNN and RMSDD with incident 
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AF. Over a mean follow-up of 11.3 ± 3.7 years, 754 (12%) participants developed AF. Spline 

curve analysis revealed a non-linear association between RHR, HRV and incident AF. In fully 

adjusted models higher (but not lower) baseline resting heart rate (RHR >76 beats/min) was 

associated with incident AF (HR: 1.48 95% CI: 1.18-1.86). Additionally, lower values of RMSDD 

and SDNN and higher values of RMSDD were independently associated with incident AF. In 

conclusion, cardiac ANS dysregulation indicated as higher RHR and lower HRV is associated with 

incident AF independent of known cardiovascular risk factors.

Keywords

Atrial fibrillation; resting heart rate; heart rate variability; autonomic nervous system

Introduction

Several observations suggest a role for autonomic nervous system (ANS) in atrial fibrillation 

(AF) pathogenesis. These studies have used orthostatic hypotension, resting heart rate 

(RHR) and heart rate variability (HRV) as surrogates of autonomic tone.1-3 Inconsistent 

results have been reported regarding the association of RHR and HRV with new onset AF in 

the general population. An association between a higher RHR4 or a lower resting 5 or 

exercise heart rate6 with incident AF has been reported. Also, low HRV was associated with 

incident AF independent of cardiovascular risk factors in two studies.5, 7 While in another 

study baseline HRV was not different between participants who developed AF and those 

who did not.8 In this study we sought to examine the association between baseline RHR and 

short term HRV with incident AF in a multi-ethnic population free of any clinical 

cardiovascular disease at baseline.

Methods

The Multi-Ethnic Study of Atherosclerosis (MESA) protocol has been described in detail.9 

Briefly, between July 2000 and August 2002, 6814 individuals were recruited from 6 U.S. 

communities in California, Illinois, New York, North Carolina, Maryland, and Minnesota. 

The participants were between 45 and 84 years of age and were from 4 different self-

reported racial/ethnic backgrounds (white, African-American, Hispanic and Chinese). At 

baseline, all participants were free of any clinically apparent cardiovascular disease. The 

institutional review boards of each of the 6 participating field sites approved the study, and 

all participants gave written informed consent. For this study, participants with baseline 

diagnosis of AF, and those on antiarrhythmic medications were excluded.

Trained technicians obtained three consecutive 10-second 12-lead electrocardiograms using 

GE MAC 1200 electrocardiographs based on standardized procedures. All ECGs were 

obtained after at least 5 minutes of resting and in the fasting state to negate dietary 

influences on recordings. Most (92%) of the ECGs were obtained in the morning. ECGs 

were then transmitted electronically to a central ECG reading center, which was blinded to 

all clinical and personal details of the participants. All ECGs were automatically processed, 

after visual inspection for technical errors and inadequate quality, using the 2001 version of 

the GE Marquette 12-SL program (GE, Milwaukee, Wisconsin, USA). To assess ANS 
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function, following variables were measured from baseline (MESA Visit 1) ECGs using the 

average values of three obtained ECG tracings: 1) Resting heart rate (RHR); 2) standard 

deviation of normal-to-normal RR intervals (SDNN); and 3) root mean square of successive 

differences in normal-to-normal RR intervals (RMSDD). As part of the automated 

measurement of HRV, the beat before and the beat after premature atrial contractions were 

excluded from HRV measurements. Premature atrial contractions were detected by visual 

inspection or automatically by software. Also, if the number of PACs exceeded 50%, the 

whole ECG was excluded from the HRV analysis. The validity of the HRV calculation 

method was previously verified on a subset of 264 ECGs. Prior work also has shown high 

correlations between 10-sec and 6-min measures with a correlation coefficient of 0.76 (95% 

CI: 0.68–0.82) for SDNN and 0.82 (95% CI: 0.75–0.86) for RMSSD when 2-3 ECGs were 

used.10

The methods of covariate measurements, data collection, and follow up in MESA have been 

explained in details previously.9 Incident AF during follow-up was identified using a 

combination of MESA hospitalization surveillance, follow-up study ECGs in MESA Visit 5 

(2010-2012), and for participants enrolled in fee-for-service Medicare, from inpatient, 

outpatient, and physician claims. An International Classification of Diseases, Ninth Revision 

diagnosis code of 427.31 (atrial fibrillation) or 427.31 (atrial flutter) in any position was 

considered evidence of AF. AF hospitalizations associated with open cardiac surgery were 

excluded. If the first AF claim occurred before the baseline MESA exam, the participant was 

considered to have prevalent AF and was excluded from the analysis.

Continuous variables are presented as mean ± SD. Categorical data are presented as numbers 

and percentages. The measures of HRV were log transformed to normalize the distribution. 

Baseline characteristics were compared among participants with and without incident AF 

using the chi-square test and Student t test where appropriate. To provide detailed analyses 

of the dose-response relationship of RHR and HRV variables and incident AF, we modeled 

the variables with restricted quadratic splines with knots at the 10th, 50th and 90th percentiles 

of their distribution. Restricted cubic splines were also used to examine if the associations of 

RHR and HRV with incident AF are nonlinear. Multivariable Cox proportional hazards 

models with incremental adjustments were used to determine the association of RHR and 

HRV with incident AF. Covariates entered in models were chosen based on their association 

with incident AF in the present analyses and in published data. Model 1 was adjusted for 

basic demographic characteristics (age, sex, race/ethnicity, and educational levels). Model 2 

included covariates in Model 1 plus body mass index, smoking status (never, former, 

current), hypertension, high-density and low-density lipoprotein cholesterol levels, diabetes 

mellitus status, alcohol consumption (never, former, current), beta blocker and/or calcium 

channel blocker use, and beta agonist and/or anticholinergic use. Proportional hazards 

assumptions were checked using Schoenfeld residuals. Results are presented as hazard ratios 

(HR) with 95% confidence intervals (CI). Statistical analyses were performed using STATA 

software (Version 14.1, STATA Corp, Texas, U.S.A.).

Habibi et al. Page 3

Am J Cardiol. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Results

After excluding participants with prevalent AF at baseline, and those taking antiarrhythmic 

medications, 6261 individuals had baseline measures of heart rate and HRV. Over a mean 

follow-up of 11.3 ± 3.7 years, 754 (12%) individuals with incident AF were identified. 

Baseline characteristics of participants with and without incident AF are summarized in 

table 1. The P Values for quadratic term for RHR, and HRV were <0.05 rejecting linear 

associations. The multivariable-adjusted restricted cubic spline curves (figure 1) also 

suggested non-linear associations. Therefore, to compare the associations of high or low 

RHR and HRV with incident AF we categorized participants based on having RHR and 

HRV measures of <10th percentile, 10th-90th percentile and >90th percentile. Hazard ratios 

of the multivariable associations of categories of RHR and HRV and incident AF are shown 

in table 2. In Model 1, when adjusted for age, sex, race/ethnicity and educational status, 

having a RHR <52bpm (<10th percentile) or >76 bpm (>90th percentile) compared to 52-56 

bpm (10th -90th percentile) were associated with higher incident AF. In fully adjusted 

models the association of RHR and incident AF was attenuated, however, remained 

significant for RHR>76 bpm (HR: 1.38 95% CI: 1.09-1.75). Lower (<10th percentile) 

SDNN (log transformed) and RMSDD (log transformed) and higher RMSDD (>90th 

percentile) were associated with higher hazards of incident AF. In fully adjusted models, 

lower values of SDNN and both lower and higher values of RMSDD remained associated 

with incident AF (Table 2). In fully adjusted models, in addition to RHR and HRV measures, 

age (HR: 1.09; CI: 1.08-1.10), male sex (HR: 1.5; CI:1.3-1.9), active smoking (HR:1.8; CI:

1.4-2.3), BMI (HR: 1.04; CI:1.02-1.06), history of HTN (HR: 1.23; CI: 1.06-1.45) remained 

associated with incident AF. Additionally, compared to white race, black and Hispanic race/

ethnicities were associated with lower incident AF (HR: 0.59 CI: 0.48-0.72 and HR: 0.66 CI: 

0.53-0.83 for black and Hispanic race/ethnicity respectively). Figure 2 shows Kaplan-Meier 

analyses graphs for incident AF based on categories of RHR and HRV.

To assess the differences in relationship of RHR and HRV with AF by age, gender, and 

ethnicity, we included an interaction term between these variables and RHR and HRV 

measures. The sub-analysis revealed no interaction between age, gender and ethnicity and 

RHR and HRV measures and incident AF.

Discussion

In this multi-ethnic population-based study on individuals without baseline clinical 

cardiovascular disease, we found an association of lower and higher HRV and higher RHR 

with incident AF independent of demographics, known cardiovascular risk factors and 

medications affecting heart rate. Our findings suggest that high baseline sympathetic tone 

(measured as higher RHR) and poor heart rate modulation (measured as low HRV) are 

associated with higher risk of incident AF.

RHR and HRV have been used as indirect measures of ANS function. Higher RHR suggests 

a more dominant sympathetic tone, while a lower RHR shows a high basal vagal tone. On 

the other hand, high HRV shows a balanced modulation between sympathetic and 

parasympathetic nervous systems at physiologic levels. However, the interpretation of low 

Habibi et al. Page 4

Am J Cardiol. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



HRV is more complicated. Variation in heart rate during breathing (high frequency HRV) is 

mostly a function of parasympathetic modulation, while HRV during the day and sleep (low 

frequency HRV) is attributable to sympathetic modulation.11 In a study on 29 healthy 

individuals, HRV increased with higher levels of parasympathetic effect, but there was a 

plateau level after which higher levels of parasympathetic activation resulted in a decrease in 

HRV.12Inconsistent results have been reported regarding the association of RHR and 

incident AF. In a large population based study on 309,540 Norwegian men and women, 

every 10 beats/min decrease in RHR was associated with 26% and 15% increase in the risk 

of AF incidence in men and women, respectively.13 A relatively recent publication from 

ARIC showed lower RHR and HRV being associated with AF.5 In contrast, a study on 

281,451 primary care patients found a U-shaped association between RHR and incident AF.
11 In our study we found an association between higher RHR and incident AF. This may be 

a sign of dominant sympathetic tone, which has been shown to modify atrial 

electrophysiological properties in people with cardiac disease.14 A tendency towards higher 

sympathetic tone has been reported before AF episodes during sleep or postoperative AF 

episodes.15, 16 However, in 2 other studies a combination of primary increase in adrenergic 

tone followed by an acute shift towards vagal predominance were observed.1, 17 These 

observations suggest a competition of high sympathetic and parasympathetic tones prior to 

AF episodes. Inconsistent population-based reports also exist regarding the association of 

HRV and incident AF. In the Framingham Heart Study, despite a trend towards an 

association between lower SDNN and incident AF, the association was attenuated after 

adjusting for traditional cardiovascular risk factors.8 In contrast, two other population based 

studies showed an independent association between lower HRV and incident AF.5, 7 

Although we did not have the data on low and high frequency changes in HRV, we also 

found an association between lower HRV and incident AF independent of known 

cardiovascular risk factors. Additionally, in our study higher measures of RMSDD, but not 

SDNN, was also associated with incident AF.

Multiple risk factors such as pressure or volume overload, inflammation, or autonomic 

changes can work as potential mediators to create a favorable atrial substrate for AF 

development.18 However, traditional cardiovascular risk factors can only explain AF 

development in half of the cases.19Therefore many studies have looked at other contributing 

factors to AF development such as ANS regulation. Vagal nerve stimulation is shown to 

shorten the atrial effective refractory period and facilitate AF induction.20 While AF is 

vagally mediated in patients with idiopathic AF, in patients with cardiovascular disease, 

sympathetic tone plays a greater role in AF initiation.14 Cardiac ANS is also affected after 

pulmonary vein isolation performed for treatment of AF.21 Therefore, modulation of the 

ANS through targeting ganglionated plexi or anterior pericardial fat pad removal has been 

proposed as an adjunct for AF treatment.22, 23

Despite several reports on direct contribution of autonomic regulation to AF initiation, a 

causal relationship is not proven. Another possible explanation of such associations is shared 

risk factors affecting ANS and atrial substrate at the same time. Previous studies have shown 

an association between known cardiovascular risk factors such as active smoking, 

hypertension, and diabetes with lower HRV.24-26The same risk factors are also associated 

with atrial fibrosis, which is the final common atrial substrate for AF development.18, 27 In 
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our study, those who developed AF had more cardiovascular risk factors such as older age, 

hypertension and diabetes diagnosis, and positive smoking history. Whether these risk 

factors contribute directly to autonomic dysfunction and also the degree of their contribution 

is not known.

A few limitations should be addressed. We used only time-domain, and not frequency-

domain, HRV parameters. In addition, the HRV variables were extracted from standard 

ECGs and not prolonged ECG data. While use of short-term, time-domain HRV parameters 

could be seen as a limitation, given its feasibility, it increases the clinical applicability of our 

findings. In our study incident AF was identified based on inpatient and outpatient diagnosis 

codes and MESA follow up visits, this may underestimate AF diagnosis as many of AF 

cases are asymptomatic and do not require hospitalization. However, a validation sub-study 

on 45 MESA participants with the diagnosis of AF based on hospital discharge codes 

confirms the diagnosis of AF in 93% of hospitalizations. 28 Additionally, based on a 

systematic review using information from 16 unique studies, a large proportion of prevalent 

AF cases identified by ICD-9 code were valid (positive predictive value 70%-96%, median 

89%). 29

In conclusion, we found an independent association of high RHR and low or high HRV, as 

surrogates of ANS function, with new onset AF in a multi-ethnic population. Whether 

frequent rhythm surveillance in this population would be beneficial for early diagnoses of 

AF or whether modulation of ANS will decrease the risk of future AF needs further studies.
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Figure 1. Association of incident atrial fibrillation with resting heart rate and heart rate 
variability parameters.
The solid lines indicate multivariable-adjusted hazard ratios for AF as a function of resting 

heart rate (left), log transformed SDNN (middle) and log transformed RMSDD (right) using 

restricted quadratic splines. The dotted and dashed lines delineate the upper and lower 95% 

confidence intervals respectively. The horizontal line indicates a hazard ratio of 1. The 

models are adjusted for age, sex, ethnicity/race, educational level, smoking status, 

hypertension, high-density and low-density lipoproteins, diabetes mellitus, alcohol 

consumption, beta agonist and or anticholinergic use, beta-blocker use, and calcium channel 

blocker use.
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Figure 2. 
Kaplan-Meier analysis showing the event free survival of participants based on cut off values 

of resting heart rate (top), SDNN (middle) and RMSD (bottom).
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Table 1.

Baseline characteristic of participants with incident AF and no AF.

Variable Atrial Fibrillation P Value

No (N=5507) Yes (N=754)

Age (years) 60.7±10.0 69.0±7.8 <0.001

Men 2504(45.5%) 404(53.6%) <0.001

 White 2025(36.8%) 348(46.15%)

 Chinese 660(11.9%) 100(13.3%)

 Black 1554(28.0%) 166(22.0%)

 Hispanic 1278(23.2%) 140(18.6%)

Body mass index(kg/m2) 28.3±5.5 28.5±5.6 0.498

Cholesterol (mg/dl)

 Total 194.9±35.8 191.1±35.3 0.006

 LDL 117.9±31.4 113.8±31.6 <0.001

 HDL 50.9±14.7 51.4±15.4 0.352

 Triglyceride 132.5±90.4 132.1±90.6 0.922

Cigarette smoker 0.001

 Never 2801(51.0%) 344(45.7%)

 Former 1960(35.7%) 323(42.9%)

 Current 729(13.3%) 86(11.4%)

Diabetes Mellitus 654(11.9%) 126(16.7%) <0.001

Blood Pressure (mmHg)

 Systolic 125.3±21.1 133.8±21.9 <0.001

 Diastolic 71.9±10.2 72.5±10.2 0.176

Alcohol use 0.064

 Never 1134(20.8%) 155(20.6%)

 Former 1290(23.6%) 206(27.4%)

 Current 3039(55.6%) 391(52.0%)

Antihypertensive use 1714(31.1%) 329(43.6%) <0.001

Betablocker use 433(7.9%) 108(14.3%) <0.001

Calcium Channel Blocker use   617(11.2%) 131(17.4%) <0.001

Anticholinergic or Beta Agonist Use 28(0.5%) 14(1.9%) <0.001

Resting heart rate (bpm) 63.1±9.4 63.2±10.4 0.870

Log (SDNN) 2.95±0.61 2.82±0.69 <0.001

Log (RMSDD) 3.06±0.66 2.95±0.78 <0.001

LDL: low density lipoprotein; HDL: high density lipoprotein; SDNN: standard deviation of normal-to-normal intervals; RMSDD: root mean square 
of successive differences in RR intervals
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Table 2.

Association of resting heart rate and heart rate variability variables with incident AF.

Model 1 Model 2

HR 95% CI P Value HR 95% CI P Value

Resting heart rate

 <10th percentile 1.26 1.01-1.57 0.040 1.22 0.98-1.54 0.072

 10th -90th percentile reference

 >90th percentile 1.48 1.18-1.86 0.001 1.38 1.09-1.75 0.008

SDNN*

 <10th percentile 1.31 1.06-1.57 0.010 1.22 1.01-1.49 0.050

 10th -90th percentile reference

 >90th percentile 1.18 0.93-1.51 0.175 1.17 0.92-1.50 0.198

RMSDD*

 <10th percentile 1.31 1.08-1.59 0.005 1.27 1.04-1.55 0.017

 10th-90th percentile reference

 >90th percentile 1.38 1.09-1.74 0.006 1.36 1.08-1.71 0.009

Model 1 is adjusted for age, gender, race and educational level. Model 2 is additionally adjusted for body mass index, smoking status, hypertension, 
high-density and low-density lipoproteins, diabetes mellitus, alcohol consumption, beta agonist/anticholinergic use, beta-blocker use, and calcium 
channel blocker use.

SDNN: standard deviation of normal-to-normal intervals; RMSDD: root mean square of successive differences in RR intervals

*
Log Transformed
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