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3. Timeline:  Cystatin C measurements have recently been completed for all 
participants at Visit 4.  Analyses and manuscript preparation will begin when the data are 
received from the coordinating center.   
 
4. Rationale:   Moderately decreased kidney function is associated with an elevated 
risk of mortality.1-3  As direct measurements of glomerular filtration rate (GFR) are 
expensive and inconvenient, most large studies use GFR estimated from serum 
creatinine.  Serum levels of creatinine, however, are affected by factors other than GFR, 
most importantly variations in creatinine generation due to differences in muscle mass.4  
Estimating equations that include age, sex and race as indicators of average muscle mass 
improve the accuracy of GFR estimation, but cannot account for individual differences.  



GFR estimates based on serum creatinine (eGFRSCr) are less accurate at higher levels of 
kidney function.5   

Cystatin C is a marker of kidney function that is less sensitive to differences in 
muscle mass than is serum creatinine.4  Nonetheless, adjustment for age, sex, and race 
improves cystatin C-based estimates of GFR (eGFRCysC) , and GFR estimating equations 
incorporating these factors have recently become available.6  Cystatin C predicted total 
and cardiovascular mortality risk more strongly than creatinine-based estimates of GFR 
in prospective studies of older adults,7;8 but this association has not been evaluated in the 
general population.   

Leakage of protein in the urine is a sensitive indicator of early kidney damage, 
especially in persons with diabetes. The prevalence and severity of albuminuria increase 
with lower GFR, and are significantly higher at each stage among individuals with 
diabetes. National Kidney Foundation (NKF) clinical practice guidelines define 
microalbuminuria, based on a random spot urine sample, as albumin:creatinine ratio 
(ACR) >30 mg/g, and macroalbuminuria as ACR >300 mg/g.  The presence of 
albuminuria is one of the strongest predictors of progression of kidney disease, and is 
associated with a higher risk of cardiovascular disease and mortality in both diabetic and 
non-diabetic individuals.9 

The combined impact of decreased kidney function, as estimated by cystatin C, 
and albuminuria on CHD and mortality has not been investigated in the general 
population.  It is unknown whether these relationships differ by race. 
 
5. Main Hypothesis/Study Questions: 

 
Decreased kidney function, as estimated by cystatin C or serum creatinine, will 

predict subsequent CHD and mortality, independent of other risk factors.  The association 
between eGFRCysC and outcomes will be observed throughout the entire range of 
eGFRCysC, whereas the association between eGFRSCr and outcomes will only be observed 
at eGFRSCr < 60 mL/min/1.73m2. 

 
Albuminuria will predict subsequent CHD and mortality, independent of other risk 

factors.  Even minimally higher ACR, below current clinical cut-offs, will be associated 
with greater risk of events. 

 
Decreased kidney function, as estimated by cystatin C or serum creatinine, will be 

moderately correlated with severity of albuminuria, and each will independently predict 
subsequent events.  

 
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). 
 

Cystatin C was measured on Visit 4 samples as part of Ancillary Study 2006.16, 
“Longitudinal Study of Predictors and Consequences of Chronic Kidney Disease.”  
Serum creatinine and u10rinary albumin and creatinine were measured at Visit 4 for all 



participants.  The most recent follow-up data will be used to assess the association 
between these Visit 4 measures and subsequent CHD events and mortality.   

All analyses will be performed locally by Dr. Astor.  Participants with missing 
values for these variables or with severely decreased kidney function (<15 l/min/1.73m

2
) 

will be excluded from analyses. Urinary albumin:creatinine ratio (ACR) will be 
calculated and analyzed using clinical cutoff (microalbuminuria 30-300 mg/g, 
macroalbuminuria 300+ mg/g) and as a continuous variable (including levels below the 
cutoff for microalbuminurai).  Sex-specific cut-offs (>17 mg/g in men, >25 mg/g in 
women) also will be used.  An important component of the analyses will be an attempt to 
define the risk of events across the entire range of ACR and eGFR. The latter analysis 
will use nonlinear models, and the shape of these curves will be qualitatively compared 
between estimated GFR (eGFR) based on cystatin C and serum creatinine, using 
published estimating equations.6  

Additional analyses will be stratified by race, and interaction terms added to test 
for different relationships in African Americans and whites. 

Additional variables required for analyses include demographic factors (age, race, 
sex, center), comorbid conditions (blood pressure, diabetes status, prior CHD events), 
anthropometric data (waist circumference, wasit:hip ratio, BMI), smoking status, alcohol 
intake, medication use (antihypertensives, lipid-lowering medications), and laboratory 
variables (lipids, blood glucose, insulin).  
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