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4. Rationale:  

Left ventricular hypertrophy (LVH) is most commonly an indicator of target organ damage due 

to hypertension.1  LVH is associated with cardiovascular morbidity and mortality, including 

myocardial infarction, coronary heart disease (CHD), sudden death, stroke, and congestive heart 

failure, independent of traditional cardiovascular risk factors.2-5 Furthermore, LVH is more 

prevalent in blacks than in whites, and is an independent predictor of CHD / CVD survival in 

blacks beyond traditional risk factors.6-8 LVH, measured by 12-lead ECG, may serve as a marker 

for chronicity and the degree of blood pressure elevation as an indicator of long-term burden of 

vascular risk factors.   

 

 An association between blood pressure and cognitive decline has been readily established,9, 

10 including an inverse relationship between the magnitude and duration of blood pressure 

elevation and cognitive performance.11  Despite the extensive literature on the association of 

blood pressure and cognitive performance, few studies have looked at the association between 

LVH with cognitive function and dementia.  In a cross-sectional study, LV mass (measured by 

echocardiography) was associated with lower global cognitive function and increased risk of 

dementia in the elderly, independent of risk factors including blood pressure.12  In another cross-

sectional study of stroke-free participants with an average age 57 years, LV mass was associated 

with cognitive performance after adjustment for blood pressure, but the association was 

attenuated after additional adjustment of CVD and risk factors, suggesting CVD risk factors play 

an important role in the relationship between LV mass and cognition.13 In the Helsinki Aging 

Study, LV mass was associated with a 5-year decline in Mini-Mental State Examination scores 

for 160 elderly participants.14 

 

 In this study, we will examine the association of LVH with cognitive decline and dementia 

over time (approximately 20 years) in a bi-racial community sample.  The ARIC study provides 

a large sample size and extensive follow-up time and covariate selection to evaluate whether 

these associations exist independent of risk factors.   

 

 

 



5. Main Hypothesis/Study Questions: 

Aim 1: Evaluate the association of LVH with cognitive change in ARIC participants 

Aim 2: Evaluate the association of LVH with incident dementia in ARIC participants 

 

Hypothesis: Participants with LVH will experience greater decline in cognitive function over the 

20-year follow-up compared to those without LVH.  In addition, LVH will be an independent 

risk factor for incident dementia.   

If an association exists between LVH and lower cognitive performance or incident dementia, this 

could strengthen the hypothesis that long-term exposure to high blood pressure results in 

subclinical brain injury, which in turn, results in lower levels of cognitive performance.   

 

 
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). 
 
Study design – prospective 
Study population 

 Inclusion criteria: ARIC participants with ECG measures and cognitive data at visit 2. 

 Exclusion criteria: Missing or indeterminate ECG measures at visit 2, prevalent stroke at 

visit 2, prevalent dementia at visit 2, race other than white or black and non-whites in the 

Minneapolis and Washington County field centers, those with major intraventricular 

conduction delay on ECG (including complete bundle branch blocks, Wolf Parkinson-

White Syndrome and/or QRS duration >=120 ms) and those missing covariates. 

 

Exposure 

LVH will be derived from 12-lead ECG at visits 2, 3, 4 and 5.  We will look at associations using 

the dichotomous (yes/no) gender-specific Cornell voltage criteria (SV3 + RaVL > 2.8mV for 

men, and >2.2mV for women). 

LVH will be also be explored as a continuous variable using Cornell voltage, as the association 

between LVH measures with most CVD is linear. Using ECG LVH criteria as a continuous 

variable is becoming more common with the emerging shift of using these criteria for prediction 

rather than diagnosis of anatomical LVH.  



Outcomes  

Cognitive function (measured at visit 2, visit 4, and visit 5) 

Z-scores of 3 neuropsychological tests: Delayed Word Recall Test (DWRT), Digit Symbol 

Substitution Test (DSST), and Word Fluency Test (WFT); and a global cognitive score will be 

used to assess cognitive function and determine cognitive decline.  

 

Dementia:  All-cause dementia (without information about reviewer classification of dementia 

etiology). Dementia diagnosis will be defined as diagnosis level 3 (per MS#2020 (Gottesman et 

al). 

 

Covariates 

Variables measured at one-time only: sex, race/study center, educational level, occupation, 

APOE genotype 

Variables measured at each visits 2, 4 and 5:  Age, smoking, body mass index, systolic and 

diastolic blood pressure, use of antihypertensive medication, total cholesterol, diabetes.  

Variables ascertained yearly: coronary heart disease, heart failure, atrial fibrillation, stroke.    

 
 
Statistical analysis 
 
Aim1:  

To test the association between LVH and cognitive decline rate, we will follow 

recommendations from the ARIC-NCS Analysis Committee. Specifically, we will use linear 

regression models fit with generalized estimating equations to evaluate associations with 

cognitive performance trajectories using robust variance and an unstructured correlation matrix.  

Models will include time modeled using a linear spline with a knot at 6 years (visit 4) and 

interactions between follow-up time and covariates will be explored as appropriate.   Separate 

models will be run for each cognitive test (DWR, DSS, and WF) and a global cognitive score.  

 

The models will adjust for the following covariates (and if necessary, interaction of these 

covariates with time): 

 Model 1 is adjusted for age, race/center, and sex 



 Model 2 is adjusted for adjusted for model 1, education, occupation, APOE genotype, 

smoking (not current vs. current), body mass index, total cholesterol, diabetes, systolic 

and diastolic blood pressure, use of antihypertensive medication, coronary heart disease, 

and heart failure 

 Model 3 is adjusted for model 2 plus time-dependent atrial fibrillation and stroke 

 

We will first look at the association of LVH measured at visit 2 with cognitive decline, and then 

proceed with additional analysis in which we use time-dependent LVH and covariates from visits 

4 and 5.    

Additionally, to account for attrition during follow-up, we will conduct this analysis using 

multiple imputation chained equations (MICE) to impute cognitive scores and covariates for 

participants who did not attend follow-up visits.  This will most likely be the primary analysis, 

and the analysis not using MICE will be presented as a sensitivity analysis.  

  

Aim 2:   

The association of LVH with dementia incidence will be assessed using a Cox proportional 

hazards model.  We will use the 3 models listed above.  Time will be from visit 2 until dementia, 

death, or at the end of follow-up.  We will first look at the association of LVH measured at visit 

2 with incident dementia, and then proceed with additional analysis in which we use time-

dependent LVH and covariates from visits 3, 4 and 5.    

 

Both: 

For both aims, interactions by age, race and sex will be explored through stratified analysis and 

including multiplicative terms in the models.   

Sensitivity analysis: We will consider the following: 

 Aim 1: To mitigate possible floor effects, we will exclude participants scoring the in the 

bottom 5th percentile of race/sex-based cognitive scores at baseline. 

 Aim 1: The un-weighted results, before applying MICE 

 Aim 2: we will also define incident dementia using only hospitalization with an ICD-9 

code of dementia.   



 Aim 2: because of clustering of dementia diagnosis around visit 5, we will also consider 

discrete time alternatives to Cox regression.  
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