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4. Rationale:  
Valvular heart disease (VHD) affects about 2.5% of the US population.1 The prevalence of VHD 
increases with age2 and exceeds 13% among individuals aged 75 years and older.1 VHD has 
recently attracted substantial attention in the medical field, given the introduction and wide 
availability of novel percutaneous valve replacement therapies, TAVR and MitraClip.3,4 These 
treatments have been associated with improved valve hemodynamics and decreased mortality in 
patients at high-risk for surgical intervention.3,5–7 This has large implications as VHD is a 
progressive disease which, without treatment, can lead to several complications such as heart 
failure and death.8,9 



 
Chronic kidney disease (CKD) may also be a potential complication of VHD. Recently, several 
studies have demonstrated an improvement in kidney function after percutaneous valve 
replacement therapy for VHD (TAVR10–13 and MitraClip14,15). These findings suggest an 
association of hemodynamic abnormalities caused by VHD with impaired kidney function.10,15,16 
However, to our knowledge, there is no literature evaluating the longitudinal CKD progression in 
individuals with VHD who have not undergone valve replacement therapy.  
 
Therefore, we will primarily assess the association of VHD (e.g., aortic stenosis, aortic 
regurgitation, and mitral regurgitation) evaluated by echocardiography at ARIC visit 5 (2011-
2013) with subsequent risk of incident CKD. In our secondary analysis, we plan to assess the 
cross-sectional association of VHD with the prevalence of CKD at visit 5 as well. This research 
has important implications in understanding the etiological contribution of VHD to CKD 
progression.  
 
5. Main Hypothesis/Study Questions: 

1. The presence and severity of VHD (e.g., aortic and mitral valve disease) at visit 5 will be 
associated with incident CKD after visit 5.  

2. The presence and severity of VHD at visit 5 will be cross-sectionally associated with 
prevalent CKD at visit 5.  

 
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:  
Primary analysis: Prospective cohort study 
Secondary analysis: Cross-sectional cohort study  
 
 
Inclusions/Exclusions: 
Prospective analysis:  

- Inclusion 
o Black and White ARIC participants at visit 5 

-Exclusion 
o Missing echocardiography measures at visit 5 
o Missing eGFR or albuminuria measurements at visit 5 
o Participants with eGFR <60 ml/min/1.73 m2 (based on the Chronic Kidney 

Disease Epidemiology Collaboration equation17) or urinary albumin-to-creatinine 
ratio (ACR) ≥30 mg/g18 at visit 5 or previous hospitalization with CKD-related 
diagnosis 

 
Cross-sectional analysis:  

- Inclusion 
o Black and White ARIC participants at visit 5 

-Exclusion 



o Missing echocardiography measures at visit 5 
o Missing eGFR or albuminuria measurements at visits 5 

 
 

Exposures (independent variables):  
Presence and severity of valvular heart disease: 
o Aortic stenosis:  
 Mild: mean gradient less than 20 mm Hg, or jet velocity 2.6-3.0 m/s 
 Moderate: mean gradient 20-39 mm Hg, or jet velocity between 3.0-3.9 m/s 
 Severe: mean gradient greater than 40 mm Hg, or jet velocity greater than 4.0 m/s 

o Aortic regurgitation: categorically assessed as trace, mild, moderate, and severe 
o Mitral stenosis: qualitatively assessed as mild, moderate, and severe (given small number of 

cases with mitral stenosis, we do not anticipate meaningful inference but are listing for 
completeness) 

o Mitral regurgitation: quantified by color Doppler with the ratio of regurgitant jet area to the 
left atria area and classified as none, trace, mild, moderate, or severe. 

   
Outcomes (dependent variables):  
Prospective analysis:  

 -Incident CKD will be defined as eGFR <60 mL/min/1.73m2 or ACR of ≥ 30 mg/g at visits 
6 and 7 or hospitalization with CKD-related diagnosis after visit 5 

 
Cross-sectional analysis:  

 -Prevalent CKD will be defined as eGFR <60 mL/min/1.73m2 or ACR of ≥30 mg/g or 
previous hospitalization with CKD-related diagnosis at visit 5 

 
Other variables of interest and covariates at visit 5: 
Age, sex, race, education level, body mass index (BMI), smoking status, alcohol intake, diabetes 
mellitus, blood pressure, cholesterol lowering medication use, RAAS inhibitor and other 
antihypertensive medication use, cholesterol, high-density lipoprotein cholesterol levels, and 
history of coronary heart disease and heart failure. 
 
Statistical Analysis Plan:  

1. We will compare baseline characteristics across categories of severity of aortic stenosis, 
aortic regurgitation, mitral stenosis, and mitral regurgitation. We will use chi-square test 
or analysis of variance, as appropriate, to compare characteristics across VHD categories.  
 

2. For the cross-sectional analysis, logistic regression will be used to quantify the 
association of VHD (present vs. absent and severity) with prevalent CKD at visit 5. We 
will adjust for the covariates listed above to account for the potential confounders. 
Specifically, Model 1 will be crude. Model 2 will be adjusted for demographics (e.g., age, 
sex, and race). Model 3 will be further adjusted for other cardiovascular risk factors 
(smoking, alcohol, hypertension, diabetes, lipids, and history of coronary heart disease 
and heart failure). 
 



3. For the prospective analysis, we will use Cox proportional hazards regression models to 
examine the association of VHD at visit 5 with incident CKD after visit 5 using the same 
models mentioned above. 
 

4. We will perform a stratified analysis to identify potential effect modifications according 
to age, gender, race, and comorbidities (e.g., hypertension, diabetes, history of coronary 
heart disease, and heart failure). 

 
5. Since hospitalization with CKD-related diagnosis is likely to be mainly based on kidney 

function (given clinical attention and availability of serum creatinine), we will repeat the 
analysis by focusing on eGFR (but not taking into albuminuria) for defining prevalent 
and incident CKD. 
  

Limitations:  
As a result of the observational nature of the study, causality cannot be determined. It is also not 
possible to rule out the possibility of residual confounding. This is particularly for the secondary, 
cross-sectional analysis. Further, study participants were older than 65 years old, and thus the 
findings from this project may not be generalizable to younger populations.  
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