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3. Timeline: Data collection has been completed. Data analysis and manuscript preparation 
will be done in the next 6 months. 
 
 
4. Rationale:  
Valvular heart disease (VHD) is highly prevalent in older people in the general population1-3. It 
is associated with multiple adverse events, such as all-cause mortality, incident heart failure 
(HF), and incident atrial fibrillation (AF)1,3. According to recent guidelines, VHD can be 
classified as four stages (stage A, B, C and D)4,5. Early stages of VHD, such as stage A and B, 
are also associated with adverse cardiovascular (CV) events1. Moreover, VHD progresses over 
time, which worsens prognosis.  
 
Atrial myopathy—characterized by abnormal structure and function of the left atrium (LA)6—is 
associated with adverse CV events, such as HF, AF, and ischemic stroke7-9. Recent evidence 
suggests that lower (poorer) LA function is associated with functional mitral regurgitation 
(MR)10-12, a subtype of MR. Moreover, impaired LA function is a strong risk factor for AF, 
which in turn leads to atrial functional MR12. However, whether lower LA function is associated 
with other VHD, such as aortic regurgitation (AR) or aortic stenosis (AS), is unknown. 
 
Besides echocardiographic-based LA strain, P-wave parameters (PWP) are electrocardiogram 
(ECG) surrogates of atrial myopathy. The parameters include P wave terminal force in lead V1 
(PTFV1), P wave axis, P wave duration, P wave dispersion, and advanced interatrial block6. 
Whether these ECG surrogates of atrial myopathy are associated with VHD is unknown. 
 
Therefore, we aim to evaluate the association of echocardiographic-based LA function and ECG 
parameters at Visit 5 with prevalence of VHD at Visit 5 and progression of VHD from Visit 5 to 
Visit 7. 
 
5. Main Hypothesis/Study Questions: 
 
Aim 1: Evaluate association of LA function with VHD. 
Hypothesis 1A: Lower LA function will be cross-sectionally associated with higher prevalence 
of VHD (composite of AR, MR, AS with stage A to D) at Visit 5. 
Hypothesis 1B: Lower LA function will be associated with progression of VHD from Visit 5 to 
Visit 7. 
 
Aim 2: Evaluate association of PWP with VHD. 
Hypothesis 2A: Abnormal PWPs will be cross-sectionally associated with higher prevalence of 
VHD (AR, MR, AS with stage A to D) at Visit 5. 
Hypothesis 2B: Abnormal PWPs will be associated with progression of VHD from Visit 5 to 
Visit 7. 
 
As secondary aims, we will also evaluate association of LA function and PWPs with individual 
VHD: AR, MR, and AS. 
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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 
Aim 1A and 2A: Cross-sectional at Visit 5 
Aim 1B and 2B: Prospective cohort study design (Visit 5 to Visit 7).  
 
Inclusion: For Aim 1A and 2A, participants with LA function and ECG data at Visit 5. For Aim 
1B and 2B, participants with LA function and ECG data at Visit 5 and with follow-up echo at 
Visit 7, 
 
Exclusion: History of valve replacement and repair at Visit 5, any stage of mitral stenosis (MS), 
missing covariates, participants who reported race other than Black or White or non-White 
participants at the Minneapolis and Forsyth County field centers due to low numbers. For 
analysis of P wave parameters, we were also exclude participants with AF at visit 5 ECG. 
 
Variables 
Exposures:  
The following LA function measures (obtained at visit 5) will be assessed continuously (per 1-
SD decrement) and categorically as quintiles (highest quintile as referent) 
1. LA reservoir strain  
2. LA contractile strain 
3. LA conduit strain 
4.    LA volume index. 
 
 
P wave parameters will be assessed as binary categorical variables using predetermined cut-offs.  
1. Abnormal P-wave terminal force in lead V1 (aPTFV1, >= 4000 uV x ms) 
2. Abnormal P-wave axis (aPWA >75° or <0°) 
3. Prolonged P-wave duration, (PPWD >120 ms) 
4. Advanced Interatrial block (a-IAB) 
 
Outcome: 
For Aim 1A and 2A: Prevalence of VHD (i.e., Stage A to D) classified on the AHA stage 
classification at V5.  
For Aim 1B and 2B: Progression of VHD: A binary variable defined as worse VHD stage at V7 
compared to the VHD stage at V5. 
 
Stage A at risk for valve dysfunction, including AV sclerosis, mitral annular calcification, mitral 
valve prolapses, and mild MR. 
Stage B progressive valvular dysfunction, including mild AS or AS, moderate MR or eccentric 
jet with mild MR.  
Stage C severe asymptomatic valve dysfunction. 
Stage D severe symptomatic valve dysfunction. 
Stage C and D include severe AS, AR or MR. 
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MR was quantified as MR jet area / left atrial area ratio. 
AS was quantified with trans valvular AV peak jet velocity and AV area at Doppler.  
AR was qualitatively assessed by overreading echocardiographers on the basis of color Doppler 
signal. 
 
Covariates  
Age, sex, race, body mass index (BMI), diabetes, coronary heart disease (CHD), HF, AF, ARIC 
field center, smoking status, systolic blood pressure, antihypertensive medication use, 
educational level, HF medication, stroke, LA volume index, LV ejection fraction, E/e’, LV mass 
index. 
 
Data analysis 
Baseline characteristics will be described as mean ± SD for continuous variables and proportions 
for categorical variables. 
 

• For Aim 1A and 2A, logistic regression models will be used to estimate the association of 
LA function and PWP with prevalence of VHD stage at V5. 

 
• For Aim 1B and 2B, logistic regression models will be used to estimate the association of 

LA function and PWP with the progression of VHD from visit 5 to visit 7.  
 
 
For all analyses, the following models will be used: 

• Model 1 will be adjusted for baseline age, sex, race/center, education level. 
• Model 2 will be adjusted for model 1 plus BMI, diabetes, CHD, HF, AF, smoking status, 

systolic blood pressure, antihypertensive medication use, stroke. 
• Model 3 will be adjusted for model 2 plus LA volume index, LV ejection fraction, E/e’, 

LV mass index. 
 
-Sensitivity analysis: we will repeat the analysis above excluding participants with prevalent AF 
and HF. And inverse probability weighting will be incorporated into the sensitivity analysis to 
handle the missing data. 
 
-We will test effect modification by sex, age (dichotomized using the median as the cut-off), 
race. Stratified analyses will be reported when appropriate. 
 
 
7.a. Will the data be used for non-ARIC analysis or by a for-profit organization in this 
manuscript? ____ Yes    __X__ No 
 
 b. If Yes, is the author aware that the current derived consent file ICTDER05 must be 
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the responses to consent updates related to stored sample use for research.) 
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