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4. Rationale:  

Heart rate is regulated by complex interactions of biological systems, including the autonomous 

nervous and hormonal systems. Resting heart rate is associated with many other cardiovascular 

risk factors, including blood pressure, smoking, glucose metabolism, blood lipid and C-reactive 

protein levels, metabolic syndrome, body mass index and diabetes mellitus. In some conditions, 

including heart failure, reduction of heart rate has been shown to lead to event reduction, 

providing evidence that heart rate may be a modifiable, causal risk factor and not just a risk 

marker or a reflection of comorbidities.1 Numerous observational studies have demonstrated that 

an elevated heart rate is associated with cardiovascular disease, myocardial infarction, heart 

failure, and mortality.2 Recently, several community-based cohorts demonstrated that lower heart 

rate is associated with an increased risk of atrial fibrillation (AF), a common cardiac 

arrhythmia.3,4 However, other studies have reported association in the opposite direction, with 

higher heart rate associated with increased risk of AF,5 and also an U-shaped association.6 In the 

past 10 years, several genome-wide association studies revealed genetic variants associated with 

heart rate.7-11 By performing a Mendelian Randomization study with previously found genetic 

variants of heart rate, we aim to determine a potential causal relation between heart rate and AF. 

 

5. Main Hypothesis/Study Questions: 

To use a heart rate genetic risk score as an instrumental variable analysis for comparing the 

estimated influence of heart rate on AF risk with the observed risk as evidence for a causal 

relationship. 

 

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). 

 

Participants: 

Individuals of European ancestry with successful GWAS genotyping, with heart rate measured at 

the baseline ECG, without AF. 

 

Exclusions: 

Individuals not in sinus rhythm at baseline (prevalent AF, pacemaker, complete heart block, 

others). 

 

Exposure: 

 Genetic risk score (for heart rate): Create a weighted genetic risk score, as was done in 

previous studies,12,13 for heart rate. On a study specific basis, the genotype or the 

maximum likelihood dose for imputed genes will be summed at all SNPs in the heart rate 

genetic risk score, weighted by the effect size (beta-coefficient). The score will then be 

analyzed as continuous variable. 

 Heart rate: Heart rate (as continuous covariate) measured at baseline. 

 Incident atrial fibrillation, identified from study ECGs, hospital discharge diagnosis 

codes, death certificates.14 

 

 

 



Statistical analysis (common across all cohorts participating in this project): 

Cohort-specific analysis will be meta-analyzed by the leading writing group at University 

Medical Center Groningen. Two-step approach: 

 

Step one 

 Assess the association between baseline heart rate and incident AF using Cox 

proportional hazards models. Models: 

o Model 1: Heart rate, square of heart rate, age at baseline ECG, sex, eigenvector, 

and, if appropriate, center. 

o Model 2: Model 1 and additionally adjust for hypertension, diabetes, heart failure, 

myocardial infarction, body mass index. 

 

Step two 

 Based on the results of the Step 1 analysis, the meta-analysis team will decide if the Step 

2 analysis needs to be stratified according to instrumental variable-free heart rate (will be 

separately communicated). 

 Irrespective of the results of Step 1, the association between heart rate gene score and 

baseline heart rate using linear regression models in the population before stratification 

according to instrumental variable-free heart rate is needed. Models: 

o Model 1: Heart rate genetic risk score, age at baseline ECG, sex, eigenvector, and, 

if appropriate, center. 

o Model 2: Model 1 and additionally adjust for hypertension, diabetes, heart failure, 

myocardial infarction, body mass index. 

 Assess the association between heart rate gene score and baseline heart rate using linear 

regression models in the population after stratification according to instrumental variable-

free heart rate if needed. Models: 

o Model 1: Heart rate genetic risk score, age at baseline ECG, sex, eigenvector, and, 

if appropriate, center. 

o Model 2: Model 1 and additionally adjust for hypertension, diabetes, heart failure, 

myocardial infarction, body mass index. 

 Assess the association between heart rate gene score and AF incidence using Cox 

proportional hazards models. Models: 

o Model 1: Heart rate genetic risk score, age at baseline ECG, sex, eigenvector, and, 

if appropriate, center. 

o Model 2: Model 1 and additionally adjust for hypertension, diabetes, heart failure, 

myocardial infarction, body mass index. 

o Model 3: Heart rate genetic risk score, heart rate, age at baseline ECG, sex, 

eigenvector, and, if appropriate, center. (evaluate horizontal pleiotropy) 

 

Calculation of causal OR/HR of AF per unit increase of heart rate. 

Instrumental variable estimates of causal beta coefficients will be derived using the Wald-type 

estimator, which involves taking the ratio of the beta coefficient of increase in log HR of AF per 

unit heart rate gene score increase and the beta coefficient of the increase in heart rate per unit 

increase of heart rate gene score. This beta coefficient is then exponentiated to express the result 

as a causal OR/HR. We will do this for models M1 and M2 to determine contribution of 



confounding. With reasonable assumptions, the significance of any difference between the 

observed and estimated relationships can derive from a z-statistic test.  

 

Potential follow-up analyses may stratify by age, given the difference in the association between 

resting heart rate and outcomes in younger vs older individuals, and exclude individuals taking 

medications that affect heart rate (e.g. beta-blockers, digoxin, anti-arrhythmics).  
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