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3. Timeline: 2019 
 
4. Rationale: 

We recently showed that electrocardiographic global electrical heterogeneity (ECG-GEH), 
measured by five features of the spatial ventricular gradient (SVG) vector (SVG magnitude, 
direction (azimuth and elevation), a scalar value sum absolute QRST integral (SAI QRST), and 



spatial QRS-T angle) on orthogonal XYZ ECG is associated with sudden cardiac death (SCD). 
In the pooled ARIC+CHS population,1 we showed that 5 GEH measurements were 
independently associated with SCD after adjustment for demographics, manifested CV disease 
(time-updated incident non-fatal cardiovascular events [CHD, HF, stroke, AF, use of beta-
blockers], and known CV risk factors such as total cholesterol, HDL, triglycerides, physical 
activity index, smoking, diabetes, BMI, hypertension, anti-hypertensive medications, creatinine, 
alcohol intake, LVEF, and time-updated ECG risk-factors (heart rate, QTc, QRS duration, ECG-
LVH, bundle branch block [BBB] or interventricular conduction delay [IVCD]). GEH 
selectively predicted SCA over non-sudden fatal CHD and non-cardiac death in competing risks 
models, suggesting that abnormal GEH selectively identified participants with abnormal EP 
substrate rather than simply identifying a sicker population with structural heart disease.  
 
Sex differences in SCD rate are well-known. However, mechanisms behind sex differences in 
SCD are not entirely clear. While SCD is less frequent in women, prediction of SCD in women 
is more challenging than in men. Recent Finnish study showed sex differences in GEH-
association with fatal CVD.2  However, it remains unknown whether sex modify association of 
GEH with SCD 
 
5. Main Hypothesis/Study Questions: 
We will test the hypothesis that sex is an effect modifier; it modifies association of ECG GEH 
phenotype with SCD.  
 
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). 
 
All ARIC participants with available and analyzable ECGs, who have GEH results reported 
(both area vectors1 and peak vectors3) will be included.  
We will test for interaction in a population of both men and women, in the described below 
analyses. Next, we will run stratified analyses in male and female subgroups. 
We will use Cox proportional hazards and Fine and Gray competing risk models to study 
associations between each ECG predictor variable treated as continuous variable and SCD. To 
assess the independent association of GEH measures with SCD, we will adjust for other clinical 
factors that are known to be associated with SCD (such as time-updated CV disease (CHD, HF, 
stroke, AF), known CV risk factors, and known ECG predictors of SCD. Schoenfeld residuals 
will be studied to confirm that the proportional hazards assumption was valid in all Cox models.  
Circular statistics will be used to compare circular variables (SVG azimuth and elevation) in men 
and women. 
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