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manuscript preparation will be performed over the next 6 months. 
 
 
4. Rationale:  
Chronic kidney disease (CKD) is identified as a common condition that elevates the risk 

of cardiovascular disease as well as all-cause mortality. Accumulating evidence has been 



shown that reduced eGFR and elevated albuminuria are independently associated with 

clinical risk (1, 2). Individuals with CKD are known to die of cardiovascular disease than 

to develop kidney failure (3). CKD is defined as either decrease in kidney function 

(glomerular filtration rate [GFR] <60 ml/min/1.73m
2
) or presence of kidney damage 

(urinary albumin excretion of ≥ 30mg/day) (4). Once CKD is defined, CKD stages are 

determined by the level of glomerular filtration rate (eGFR) (2). Although GFR of 15, 30, 

45, 60, and 90 are usually used as thresholds of CKD staging, some propose age-, gender-

, and race-specific cut-points (5).  

 

However, little is actually known whether the associations of GFR and albuminuria with 

clinical outcomes are consistent or not in different subgroups according to age, gender, 

and race. Regarding gender and race, most of the previous studies more focus on gender 

or racial disparities in risk among CKD population (6-13) and have not assessed whether 

the contribution of CKD to clinical risk is similar between genders and racial/ethnic 

groups (14). In terms of age, a recent meta-analysis has shown that, although relative risk 

of mortality is slightly lower in elderly (age ≥65 years) than young individuals (<65 

years), the relationship between kidney measures and mortality was largely consistent in 

these two age groups (ref. CKD-PC phase 1 papers). These meta-analyses selected 

cardiovascular mortality as a cardiovascular outcome. Since mortality can be affected by 

healthcare system or different selection of treatment in subgroups by age, gender, and 

race, to assess biological interaction, it is preferable to assess cardiovascular disease with 

non-fatal events. Also, to our knowledge, no studies have assessed potential effect 

modification by age, gender, and race in the same study population, leaving uncertainty 

about relative importance between these demographic variables.  

 

Therefore, the objective of this study is to investigate whether contribution of low eGFR 

to increased risk of cardiovascular disease is consistent or not among subgroups 

according to age, gender, and race in the middle-aged bi-ethnic cohort, with implications 

of age-, gender-, and race-specific thresholds of GFR for CKD staging. Since recent 

reports suggest using albuminuria in addition to GFR for CKD staging and risk 

classification (15, 16), we are particularly interested in eGFR-risk relationship in the 

context of albuminuria. Also, we will evaluate interaction between demographic variables 

and albuminuria. We will use the CKD-EPI equation in our analysis since clinical 

guidelines would recommend this equation and comprehensive assessment of interaction 

of demographic variables with CKD-EPI eGFR would be clinically relevant. 

 

5. Main Hypothesis/Study Questions: 
The association of reduced GFR and high albuminuria with cardiovascular outcomes 
(coronary heart disease, heart failure, stroke) is consistent or not in subgroups 
according to age, gender, and ethnicity.  
 
 
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). 



 
Inclusions:  
All black and white ARIC participants with measured serum creatinine, albuminuria 
and variables required for GFR estimation (age, gender, and race).  
 
Exclusion:  
Ethnicity other than black and white.  
Individuals with missing data of covariates. 
 
Exposures:  

eGFR: CKD-EPI eGFR 

ACR: using albumin-to-creatinine ratio 

 

Outcomes:  

1. Coronary events including a hospitalized myocardial infarction (MI), fatal CHD, 

cardiac procedure 

2. Heart failure: HF hospitalization or death from HF coded 428 according to the 

ICD-9 or I50 for ICD-10
17, 18

    

3. Stroke: definite and possible incident stroke Composite cardiovascular disease: 

Coronary heart disease, heart failure and stroke. 

4. All-cause mortality 

We will conduct a series of stratified analysis to test interaction. To maximize statistical 

power for stratified analysis, our primary cardiovascular outcome is composite CVD. 

Specific cardiovascular disease will be analyzed as secondary outcomes. 

 

Other variables of interest and covariates: 

 Sociodemographic factors: age, gender, and ethnicity 

 Physical information: systolic blood pressure, diastolic blood pressure, body mass 

index (BMI) 

 Lifestyle: smoking habit 

 Comorbidities: hypertension (defined as antihypertensive medication use & blood 

pressure ≥140/90 mmHg), diabetes, history of cardiovascular disease (coronary 

heart disease; heart failure; stroke at baseline) 

 

Analytic plan:  

We will conduct subgroup analysis stratifying by age, gender and ethnicity to see if the 

associations between kidney measures and cardiovascular disease are consistent in 

different subgroups according to age (< vs. ≥65 years), gender (female vs. male) and race 

(white vs. black). The primary analysis will use Cox proportional hazards models to 

quantify the association between eGFR and ACR with cardiovascular disease and all-

cause mortality. First, both eGFR and ACR will be modeled as continuous variables with 

splines (knots at 30, 45, 60, 75, 105 mL/min/1.73 m
2
 for eGFR and 10, 30, 300 mg/g for 

ACR). To evaluate interaction, models with and without product terms between kidney 

measures and potential effect modifiers will be tested. Using the model with the product 

terms, we will evaluate the ratio of hazard ratio between subgroup, reflecting 

multiplicative interaction, at each 1-unit of eGFR and ACR. Overall interaction will be 



tested based on likelihood ratio test comparing those two models. We will also test 

interaction based on categories of the combination of eGFR (<30, 30-44, 45-59, 60-75, 

75-89, 90-105, and 105+) and ACR (<10, 10-29, 30-299, and 300+). 

 

Limitations:  

We will not be able to rule out the possibility of residual confounding.  

The single measure of serum creatinine and ACR might be another problem.  
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