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4. Rationale:  
 
Higher resting heart rate is a marker of poor physical fitness.  Yet, even after accounting for 
fitness, higher heart rate is consistently associated with elevated arterial cardiovascular disease 
risk, total mortality risk, higher blood pressure, and higher inflammatory markers (1-4).  The 
MESA study recently presented data showing a high resting heart rate is a risk factor for VTE 
(deep vein thrombosis and pulmonary embolism) (5).  VTE risk was twice as high in those with 
heart rate >80 vs <60.  MESA defined VTE by unvalidated ICD discharge codes.   



There appear to be no other publications addressing heart rate and VTE.  The mechanisms for a 
VTE association are speculative but include a systemic effect of excessive sympathetic to 
parasympathetic activity; residual confounding from low physical fitness, obesity/metabolic 
syndrome, or other cardiovascular diseases; inflammation; or possible effects on sheer 
stress/stasis or hemostasis.  However, most of these possible mechanisms are more relevant to 
arterial disease than venous thrombosis. 
 
We would like to examine this association in ARIC, using VTEs validated by our Longitudinal 
Investigation of Thromboembolism Etiology (LITE). 
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5. Main Hypothesis/Study Questions:  Is heart rate at baseline or as a time dependent variable 
a risk factor for VTE? 
 
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: prospective starting at visit 1 
Exclusions (visit 1): missing heart rate, prevalent VTE, anticoagulant use  
Exposure: visit 1 heart rate from ECG; secondary analysis—heart rate at every visit 
Outcome: incident validated VTE (leg DVT or PE) through 2015 (n of VTEs >700).  Subsets 
are: DVT and PE separately, provoked and unprovoked 
Covariates (visit 1): age, race, sex, BMI, diabetes, cigarette smoking, sports score, AV nodal 
blocking medications (beta-blockers, calcium channel blockers, digoxin, amiodarone), eGFR, 
von Willebrand factor, factor VIII, VTE 5-snp genetic risk score (GRS). 
 
Analysis: 

1. Examine covariates by V1 heart rate categories (<=60, 60-69, 70-79, 80+ bpm in MESA) 
2. Calculate incidence rates by V1 heart rate categories.  Kaplan-Meier graphs. 
3. Using Cox models, test proportional hazards assumption and estimate hazard ratios by 

V1 heart rate categories and by continuous heart rate 
Model 1: adjusted for age, race, sex (after verifying none of these interacts with heart 
rate). 



Model 2: also adjusted for BMI, diabetes, smoking, sports score, eGFR, AV nodal 
blocking medications 
Model 3: also adjusted for von Willebrand factor, factor VIII 
Examine in Model 2 or 3 effect modification by GRS, using stratification and cross-
product terms. 

4.  Sensitivity analysis, using time-dependent heart rate and Model 1 covariates and 
repeated with Model 2 covariates but making AV nodal meds time-dependent as well. 

 
Heart rate is correlated moderately with heart rate variability.  In an exploratory analysis, we will 
also examine the association of incident VTE with heart rate variability indices from the 2-
minute rhythm strip at Visit 1.  Indices include:  the SD of RR intervals [SDNN], the root mean 
square of successive differences of successive RR intervals, the mean of all normal RR intervals 
[mean NN], low-frequency [LF] and high frequency [HF] power, and the LF/HF ratio. 
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