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4. Rationale:  
 Chronic kidney disease (CKD) increases the risk of cardiovascular disease (CVD) (1,2). 
Although there are several pathophysiological mechanisms linking CKD to CVD, vascular 
calcification is considered as a pivotal contributor since the kidney plays a vital role in calcium-
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phosphate metabolism (3). Indeed, several studies have shown a higher prevalence of coronary 
artery calcification (CAC) in patients with end-stage renal disease (4,5). However, conflicting 
results have been reported regarding the association of mild to moderate CKD with CAC (6-18). 
For example, the Multi-Ethnic Study of Atherosclerosis (MESA) reported that low estimated 
glomerular filtration (eGFR) was not associated with CAC after adjustment for demographic and 
clinical factors.(6) The Framingham Offspring Study showed that neither eGFR nor albuminuria 
was associated with CAC.(13)  
 No or weak associations between CKD and CAC may sound counterintuitive but actually 
may be plausible. Specifically, there are two types of vascular calcification, intimal calcification 
and medial calcification. CKD is known to accelerate medial calcification while CAC is 
predominantly intimal calcification.  
 To better understand this potentially complex association of mild to moderate CKD and 
CAC, we will comprehensively evaluate the association of two key CKD measures, eGFR and 
urine albumin-to-creatinine ratio (ACR) with CAC in the ARIC Study. ARIC has one of the 
largest existing datasets of CAC measurements in individuals aged 75 years and older, and 
provides unique opportunities to study this association. Also, we will be able to assess the 
association of CKD with extra-coronary artery calcification (ECC) like aortic valve calcification.  
 
5. Main Hypothesis/Study Questions: 

• Both CKD measures, lower eGFR and higher ACR, will be independently associated 
with greater CAC. 

• Both CKD measures will be independently associated with prevalence of ECC (i.e., 
ascending aorta, aortic valve ring, aortic valve calcification, descending aorta, and mitral 
valve calcification). 

 
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 

• We will quantify the association of low eGFR and high ACR at a middle (visits 1-4) and 
older (visit 5 or 6) age with CAC at the age of 75 years or older. Since we would like to 
have at least a minimal lag time between CKD measurements and CAC/ECC assessment, 
we are not planning to use CKD data at visit 7 in this study.   

 
Inclusion: 

• All ARIC participants who have eGFR, ACR, and other necessary covariates at baseline 
will be included in the analyses.  

 
Exclusion: 

• Individuals with prevalent coronary heart disease at visit 7 (study design of ARIC CAC 
ancillary) 

• Missing CAC data 
• Missing data on CKD measures and covariates of interest 
• Ethnicity other than black and white 
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Exposures: 
• CKD measures (eGFR and ACR) 
 eGFR calculated by CKD Epidemiology Collaboration (CKD-EPI) equation 

− We will primarily use serum creatinine+cystatin C based eGFR since this is the 
best available equation. Nonetheless, we will secondarily use eGFR based on 
serum creatinine or cystatin C. 

 ACR as a measure of albuminuria as recommended in the Kidney Disease Improving 
Global Outcomes (KDIGO) CKD guidelines (19) 

 Since CKD usually progresses over time, CKD data at visit 5 are likely to reasonably 
reflect the exposure in the past and thus we will use this visit for primary analysis. 
Nonetheless, we will also use the cumulative eGFR and ACR (weighted average 
eGFR and ACR) during ARIC follow-up. For example, we will calculate each 
trapezoid between each visit (area A will be calculated based on levels of CKD 
measures at visit 1 and 2, time differences between visit 2 and visit 1), calculate sum 
of each trapezoid (A-E), then divide sum of each trapezoid by overall follow-up time. 
We will also explore “CKD-years” (i.e., years with CKD status) as an exposure. To 
best estimate kindey function, we will primarily use eGFR based on both serum 
creatinine and cystatin C but will also explore eGFR based on either of these filtration 
markers. 
 
Figure. Weighted average eGFR and ACR 

 
 

• Covariates of interest: socio-demographic characteristics (age, race, gender, education), 
alcohol intake, smoking status, body mass index, history of stroke, history of heart 
failure, hypertension (systolic blood pressure ≥140mmHg, diastolic blood pressure 
≥90mmHg, reported history of hypertension, or use of antihypertensive medication), use 
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of anti-hypertensive medications, diabetes (fasting blood glucose ≥126mg/dl, non-fasting 
glucose ≥200mg/dl, reported history of diabetes, or use of diabetes medication), use of 
anti-diabetes medications, lipid parameters (Total cholesterol, HDL cholesterol, LDL 
cholesterol, and triglyceride), lipid-lowering therapy, and bone-mineral metabolism 
markers (e.g., Ca, P, FGF23).  

 
Outcomes: 

• CAC and ECC 
- CAC measured by non-contrast CTs were calculated using the Angaston method. 

CAC will be modeled as binary outcome (e.g., >0 vs. 0, >100 vs. ≤100, >500 vs. 
≤500, >1000 vs. ≤1000, and >top 25th vs. ≤top 25th) and continuous outcome 
(ln[CAC+1]) to include participants with CAC=0. 

- ECC includes calcification at five sites: aortic valve, aortic valve ring, mitral valve, 
ascending aorta, and descending aorta. This will be also modeled as binary outcome 
and continuous outcome.  

 
Statistical Analysis:  

1. eGFR will be categorized as <30, 30-44, 45-50, 60-80, and ≥90 ml/min/1.73m2 and ACR 
will be categorized <10, 10-29, 30-299 and ≥300 mg/g (19). 

2. We will summarize baseline characteristics by categories of eGFR and ACR. When we 
use the weighted average eGFR and ACR, we will summarize the weighted average 
values for continuous variables and duration of exposures for categorical variables (e.g., 
medication uses, hypertension, diabetes, and smoking) by categories of the weighted 
average eGFR and ACR. 

3. Subsequently, we will quantify the association of eGFR and ACR with CAC (binary and 
continuous variables) using logistic regression models. Those models will adjust for 
covariates listed above as well as each of CKD measures (ACR will be accounted for in 
the analysis for eGFR and vice versa). 

4. We also evaluate whether CKD measures slope is associated with CAC and calcification 
of vascular beds other than coronary artery. We will use linear mixed models with 
random intercept and random slope for each individual to estimate slope. 

5. To compare the contribution of eGFR and ACR to calcification in subgroups, we will 
perform subgroup analysis according to age, gender and race and clinical conditions 
(diabetes, hypertension, and history of stroke or heart failure). 

6. To account for attrition, we will implement inverse probability attrition weighting.  
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