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3. Timeline: 

 Dr. Marcus has the majority of this data available from previously approved 

manuscript proposals and grant funding. Kaylin Nguyen, the first author, is a medical 

student at UCSF on a yearlong pre-doctoral clinical and translational research grant, 

simultaneously taking classes in epidemiology and biostatistics. As such, she should have 

sufficient time and support from Dr. Marcus and the biostatistics department at UCSF to 

complete this project within six months from its approval. In addition, we already have 



certification from the UCSF Committee on Human Research to perform this study, as 

they do not require specific approval to analyze de-identified data. 

4. Rationale:  

 Premature ectopic beats detected on the 12-lead electrocardiogram (ECGs) are 

common in middle-aged and older adults.
1, 2

 

 PAC count is an independent predictor of atrial fibrillation (AF), stroke, and 

mortality.
3, 4

 PACs have been shown to be critical to AF pathophysiology
5, 6 

and our 

group has shown that PAC count alone was at least as predictive of AF risk as a 

validated, multivariable Framingham risk model.
3
 The presence of PACs on the standard 

12-lead ECG has been associated with all-cause mortality, cardiovascular mortality and 

ischemic heart disease mortality,
7
 suggesting that the association between PACs and 

adverse outcomes can be studied using measurements from the 10-second ECG 

recording. However, the association between the presence of PACs on the standard (10-

second) 12-lead ECG and incident AF is unknown. 

   Premature ventricular contractions (PVCs) are common and associated with older 

age, race, and heart disease.
2
 In otherwise healthy adults, high burden ventricular 

contractions (PVCs) have conventionally been considered benign.
8
 However, recent 

studies have found that PVC count is a predictor of incident heart failure and mortality.
9, 

10
 The presence of  1 PVCs on the 2-minute rhythm strip has been shown to be a 

predictor of incident heart failure, coronary heart disease, and mortality.
11, 12

 

Additionally, the presence of PVCs on the 10-second ECG recording has been associated 

with all-cause and cardiovascular mortality.
13 

These studies suggest that shorter 

recordings can be used to accurately detect the association between PVCs and adverse 

outcomes, such as heart failure. 

 The standard 10-second 12-lead ECG is a widely used tool that is more readily 

available than longer recordings. If relationships between a PAC and AF or PVC and HF 

obtained from such a 12-lead ECG exist, understanding the strength of that relationship 

and the specific utility of the 12-lead ECG as a predictor of these important diseases 

could have important clinical ramifications. 

 

5. Main Hypothesis/Study Questions: 

 Aim 1: To determine whether the presence of at least one PAC on the standard 

10-second, 12-lead ECG is associated with incident atrial fibrillation. 

 Aim 2: To determine whether the presence of at least one PVC on the standard 

10-second, 12-lead ECG is associated with incident heart failure. 

 

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). 

 Dr. Marcus has the majority of this data available from previously approved 

manuscript proposals and grant funding. The only additional data needed are presence of 

at least one PAC or PVC on each serial 12-lead ECG.  

 We plan to measure the presence of one or more PACs on the 10-second, 12-lead 

ECG as a predictor of incident AF and one or more PVCs on the 10-second, 12-lead ECG 

as a predictor of incident heart failure. The primary analysis will examine the presence of 



ectopic beats on the baseline ECG as a predictors of incident events. In secondary 

analyses, we will examine serial ECGs to analyze the association between the presence of 

ectopic beats on multiple ECGs and the outcomes of interest. 

 T-tests or ANOVA will be used to compare normally distributed continuous data 

and nonparametric tests will be used for continuous data that is not normally distributed. 

Chi squared tests will be used to compare categorical data. The predictors will be 

dichotomized into the presence or absence of any PAC or PVC on ECG. In the PAC and 

AF analysis, we will exclude participants with prevalent AF. In the PVC and CHF 

analysis, we will exclude participants with prevalent CHF, and, among participants with 

echocardiography data available, abnormal left ventricular ejection fraction (a second 

related proposal is being submitted to the Jackson Heart Study to obtain 

echocardiographic data). The primary analyses will be performed using survival analyses 

with multivariable Cox Proportional Hazards models, with the repeated measures of 

PACs and PVCs as time-dependent covariates. Potential confounders at baseline and as 

time-dependent covariates will be included in these models and will include age, race, 

body mass index, hypertension, diabetes, coronary disease, MI, AF (in the heart failure 

analysis) and heart failure (in the AF analysis).  

 With the assistance of Dr. Elsayed Soliman, we have already determined that 218 

participants had PACs and 279 participants had PVCs on baseline ECG, 1424 

participants had PACs and 1170 participants had PVCs on any visit ECG, and 1073 

participants had PACs and 978 participants had PVCs on an ECG from visits 1-4 (which 

is relevant because the 5
th

 and most recent visit was completed only a few years ago, 

precluding longer follow-up time).  For analyses of a PAC as a predictor of AF restricted 

to the baseline ECG (given that 1.4% have at least one PAC and approximately 10% 

develop incident AF), we estimate that we have 80% power to detect a statistically 

significant hazard ratio as small as 1.89; if ECGs 1-4 are used (where 7% of participants 

have exhibited at least one PAC), we will have 80% power to detect a statistically 

significant hazard ratio as low as 1.34. Similarly, for analyses of a PVC as a predictor of 

HF restricted to the baseline ECG (given that 2% have at least one PVC and assuming 

approximately 10% will develop incident HF), we estimate that we have 80% power to 

detect a statistically significant hazard ratio as small as 1.70; if ECGs 1-4 are used (where 

6.5% of participants have exhibited at least one PVC), we will have 80% power to detect 

a statistically significant hazard ratio as low as 1.35.  
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