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4. Rationale:  
The epidemiologic data for the relationship between resting heart rate and cardiovascular 
outcomes extends over the last 25 years.  Resting heart rate has been related to several 
cardiovascular outcomes1,2,3 and this association is believed to be independent of other 
risk factors and clinical parameters.4,5  Animal model and experimental studies lend 
evidence for pathophysiological mechanisms linking heart rate and cardiovascular 
outcomes such as atherosclerosis, arterial stiffness, myocardial infarction, ventricular 
arrhythmias, left ventricular dysfunction and heart failure.6  Most consistently, elevated 
heart rate has been significantly associated with mortality from coronary disease, all-
cause mortality and cancer mortality.2,6  It has been shown that heredity plays a 
substantial role in the population variation of heart rate.7,8  Quantitative trait loci have 
been identified for heart rate in both animal models9 and humans through linkage 
studies10,11 and candidate gene approaches12, the latter without convincing replication.13   
 
The RRGEN Consortium was convened with the goal of utilizing genome-wide 
association study (GWAS) data to identify genetic variation associated with resting heart 
rate in the general population.  This study is a meta-analysis of seven heart rate GWAS 
involving 24,712 white individuals of European ancestry.  Heart rate is measured as the 
RR interval duration on the electrocardiogram (ECG).  The seven prospective cohort 
studies comprising the RRGEN Consortium include the Age, Gene, Environment 
Susceptibility Study (AGES), the Atherosclerosis Risk in Communities Study (ARIC), 
the Cardiovascular Health Study (CHS), the Framingham Heart Study (FHS), the 
Rotterdam Study (RS1) and the Rotterdam Study Extended Cohort (RS2), and the 
Cooperative Health Research in the Region Augsburg study cohorts F3 (KORA F3) and 
S4 (KORA S4).  Findings will potentially be replicated in five studies: the SardiNIA 
study, the Study of Health in Pomerania (SHIP) and three population isolate studies 
(EUROSPAN: Orkney, ERF and MICROS). 
 
5. Main Hypothesis/Study Questions: 
 
Identification of genetic variation associated with resting heart rate among individuals of 
European ancestry. 
 
6. Design and analysis (study design, inclusion/exclusion, outcome and other 
variables of interest with specific reference to the time of their collection, summary 
of data analysis, and any anticipated methodologic limitations or challenges if 
present). 
 
Design 
This manuscript proposal addresses the analysis of ARIC Whites as a part of the RRGEN 
Consortium.  Analysis of ARIC African Americans will be addressed in a separate 
manuscript proposal as a part of the CARe Consortium.   
 
For this analysis, individuals are excluded if they have prevalent myocardial infarction, 
heart failure or atrial fibrillation; second or third degree atrial-ventricular block; heart rate 
below 50 or above 100 beats per minute (RR interval >1200 milliseconds or <600 



milliseconds); use of beta-blocking agents, non-dihydropyridine calcium antagonists or 
digoxin at the moment of phenotype measurement; and presence of a pace-maker if this 
data was available, or pacemaker activity on the ECG. 
 
In ARIC, RR interval was measured automatically from 12-lead electrocardiograms 
performed at baseline. Initial ECG processing was done by the Dalhousie ECG program, 
and processing was later repeated with the 2001 version of the GE Marquette 12-SL 
program (GE Marquette, Milwaukee, Wisconsin).  Utilizing the ECG data from ARIC 
visit 1 (ECGRAW), RR interval is computed as 60000/ECGRA078.  The phenoytpe for 
the GWAS analysis is the residual resulting from RR interval adjusted for age 
(V1AGE01), gender and BMI (BMI01). 
 
Analysis 
The association between the residuals and ~2.5 million single nucleotide polymorphism 
(SNP) genotypes will be tested under an additive genetic model using linear regression 
implemented in the program ProbABEL.   Each cohort will individually evaluate their 
data and the within-study associations will be meta-analyzed across studies.  These 
analyses include only adults of European ancestry.  An a priori threshold for genome 
wide significance was set at α = 5x10-8. 
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