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3. Timeline: Data to be used in this proposal are already available. Analyses and 

manuscript preparation will be performed over the next 6 months. 

 

4. Rationale: Chronic kidney disease (CKD) is a major global public health problem. 

CKD affects 10 to 16% of the adult population in Asia, Europe, and North America and 

increases the risk of cardiovascular disease for 2 to 30 fold according to the stage of 

CKD.
1, 2

 Indeed, individuals with CKD are more likely to die of cardiovascular disease 



than to develop kidney failure.
2
 Despite that, effective strategy of cardiovascular disease 

(CVD) prevention for persons with CKD has not been established. First of all, data on 

effectiveness of medical therapies among CKD patients are sparse, since persons with 

CKD have been frequently excluded from major cardiovascular clinical trials. 

Additionally, a few trials explicitly focusing on patients on dialysis did not show benefits 

of conventional preventive approaches such as statin therapy,
3, 4

 suggesting some 

differences in the clinical characteristics of CKD population which affect cardiovascular 

benefits and risks.  

 In June 2011, the SHARP Study demonstrated that low-density lipoprotein 

cholesterol reducing regimen with simvastatin and ezetimibe reduced the risk of 

cardiovascular disease approximately 20% in persons with CKD.
5
 The SHARP Study has 

clearly shown that cardiovascular disease in CKD is, to some extent, preventable and has 

opened a door to the discussion as to who with CKD would benefit by the LDL-C 

lowering therapy. The US National Cholesterol Education Program Adult Treatment 

Panel III (NCEP-ATPIII) currently recommends LDL-C lowering therapy for individuals 

with 10-year risk of coronary heart disease ≥20% predicted by the Framingham Risk 

Score.
6
 However, the Framingham Risk Score (FRS) has been developed in a middle-

aged general population and thus has been shown to poorly perform in individuals with 

CKD.
7
 Therefore, an investigation about improvement in cardiovascular risk prediction 

using non-traditional risk factors for CKD population is warranted.  

 

 

5. Main Hypothesis/Study Questions: 

1. Existing CVD prediction tools do not perform well in the CKD subgroup of the 

ARIC population 

2. Non-traditional risk factors improve CVD risk prediction beyond traditional CVD 

risk factors in the CKD subgroup of the ARIC population 

 Novel risk factors tested will be:  

 Markers of kidney filtration function (GFR estimated [eGFR] by the 

CKD-EPI 2009 creatinine equation and cystatin C, β2-microglobulin 

[B2M], β-trace protein [BTP])  

 Kidney damage marker (urinary albumin-to-creatinine ratio [ACR])  

 Other lipid parameters (triglyceride, apolipoproteins A1 and B)  

 Cardiac damage/overload markers (high-sensitivity troponin T [hsTnT] 

and N-terminal pro–B-type natriuretic peptide [NT-proBNP])  

 Additional CVD measures: ankle-brachial index (ABI), and presence of 

atrial fibrillation 

 

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 subjects with data at visit 4 (the only visit for which urinary 

albumin data for CKD definition are available in the entire cohort)  



 

Exclusions: 
-Ethnicity other than black or white 

-Individuals without data of serum creatinine and urinary albumin 

-Prevalent CVD at visit 4 

 

Exposure:  

-Traditional risk factors: 

We will define traditional risk factors as those used in multiple prediction tools as shown 

in table below. Specifically, these include age, blood pressure, antihypertensive 

medication use, total (or LDL) cholesterol, HDL cholesterol, diabetes, and smoking 

status. These existing tools usually are designed to predict risk for gender and racial 

groups separately. So, we will include gender and race into traditional risk factors.   

 

Existing prediction tools to be used as a basic model: 

 FRS 1998
8
 FRS 2008

9
 ARIC 

CHD
10

 

ARIC 

Stroke
11

 

Reynolds 
12, 13

 

Age x x x x x 

Blood pressure x x x x x 

Antihypertensive 

Medications 
 x x x  

Total (or LDL) 

Cholesterol 
x x x  x 

HDL cholesterol x x x  x 

Diabetes x x x x x 

Smoking x x x x x 

Left Ventricular 

Hypertrophy 
   x  

Family History of 

premature CHD 
    x 

High-Sensitivity 

CRP  
    x 

 

-Non-traditional risk factors: 

A group of other CVD risk factors will be tested. Factors included in one risk prediction 

tool listed in the table but not in others, i.e., left ventricular hypertrophy by 

electrocardiogram, family history of premature CHD, and high-sensitivity C-reactive 

protein (hsCRP)
11-13

 will be categorized as non-traditional risk factors. The selection of 

other non-traditional risk factors will be based on literature and availability at visit 4 for 

the entire ARIC participants. Following risk factors will be tested: various markers of 

kidney filtration function (GFR estimated [eGFR] by the CKD-EPI 2009 creatinine 

equation
14, 15

 and cystatin C, β2-microglobulin [B2M], β-trace protein [BTP]
16

), kidney 

damage marker (urinary albumin-to-creatinine ratio [ACR]),
1
 other lipid parameters 

(triglyceride, apolipoproteins A1 and B),
17

 cardiac damage/overload markers (high-

sensitivity troponin T [hsTnT] and N-terminal pro–B-type natriuretic peptide [NT-

proBNP]),
18, 19

 ankle-brachial index (ABI),
20

 and presence of atrial fibrillation.
21 



 

Outcome (All events that occurred after visit 4 and before January 1, 2009 will be 

included):  

-Incident coronary heart disease (CHD) including a hospitalized myocardial infarction 

(MI), fatal CHD, or cardiac procedure 

-Incident stroke: definite and possible incident stroke 

-Incident HF: the first HF hospitalization coded 428 according to the ICD-9 or death from 

HF (coded 428 for ICD-9 and I50 for ICD-10)
22, 23

    

-Incident peripheral artery disease (PAD): ICD-9 diagnosis codes for symptomatic PAD: 

443.9 (intermittent claudication, peripheral vascular disease not otherwise specified), 707.1-

707.19 (lower extremity ulcers), 785.4 (gangrene) and ICD-9 procedure codes for 

symptomatic PAD: 84.11 (toe amputation), 84.12 (foot amputation), 84.15 (below knee 

amputation), 84.17 (above knee amputation), 38.18 (leg endarterectomy), 39.29 (leg bypass), 

39.50 (leg angioplasty).  

 

Since there is a trend to predict general CVD9 rather than specific type of CVD, our 

primary outcome will be composite CVD. We will evaluate each subtype of CVD 

separately as a sensitivity analysis. Secondary analyses will examine all-cause mortality. 

 

Statistical Analysis: 

1. Evaluation of existing prediction tools 

Among various existing risk prediction tools shown in the above table,
8-11

 we will 

primarily assess the Framingham Risk Score (FRS) for CVD published in 2008 

(FRS2008)
9
 The reasons are 1. FRS2008 has been shown to perform better than 

FRS1998, which is used in the NCEP-ATP III clinical guidelines,
6
 2. NCEP ATP 

IV seems to adopt risk prediction of global CVD (lecture at AHA 2011), 3. 

FRS1998 has been already shown to poorly perform in CKD population in ARIC 

and the Cardiovascular Health Study.
7
 

We will evaluate calibration and discrimination to assess the performance 

of FRS2008 in participants with CKD (defined as eGFR <60 ml/min/1.73m
2
 

and/or ACR ≥30 mg/g) and without CKD.  Calibration assesses whether predicted 

risk and actual risk agree. Individuals with and without CKD will be divided into 

quintiles of predicted risk based on FRS2008, respectively, and plots of 10-year 

predicted and actual CVD events will be produced to visually evaluate calibration. 

Differences between predicted and actual risk will be compared using a modified 

Hosmer-Lemeshow chi-square statistic. High χ
2
 values indicate poor calibration. 

Discrimination is the ability of a prediction model to separate those who had 

events from those who did not have events and was quantified by the concordance 

or C-statistic, analogous to the area under a receiver operating characteristic curve 

but able to account for censoring, as is typically met in cohort studies. Utilizing 

coefficients developed by the Framingham investigators to calculate the FRS2008 

for each individual, we will compute C-statistics for FRS2008 in our CKD and 

non-CKD populations.  

We will also assess the impact of each predictor in FRS2008 by 

comparing coefficients for the CKD and non-CKD populations from best fitting 

models and the original Framingham cohort. These coefficients will be compared 

using a 2-tailed z statistic, where z = (β in the original Framingham Study – β in 



the our CKD or non-CKD population)/(standard error). Here β is the log of the 

hazard ratio. The standard error (SE) is defined as ([SE in the original 

Framingham study]
2
+ [SE in our CKD or non-CKD population]

2
)
1/2

.
7
 Given that 

FRS2008 provides gender-specific predictions, we assessed their performance in 

males and females separately. 

 

2. Assessment of additional prognostic value of non-traditional risk factors 

Once we confirm that the performance of FRS2008 is not optimal in CKD 

population, we will use a model incorporating FRS2008 predictors with refitted 

coefficients and baseline hazard as basic model to assess additional prognostic 

information by non-traditional risk factors. As done in FRS2008,
9
 we will log-

transform traditional risk factors. Even if FRS2008 performs well in our CKD 

population, it is clinically important whether non-traditional risk factors provide 

additional prognostic information or not. 

A. General approach: Using the model with traditional risk factors as a basic model, 

the improvement in model performance through addition of non-traditional risk 

factors in Cox proportional hazards regression models will be tested using metrics 

described below. Continuous non-traditional risk factors will be log-transformed. 

First, each non-traditional risk factor will be tested on the top of traditional risk 

factors (“univariable” analysis). Factors not associated with incident CVD in this 

analysis (P >0.1) will not be carried over the next “multivariable” analysis. 

Factors that are not significantly associated with incidence CVD in the 

multivariable analysis will be dropped from the model.  

B. Statistics to evaluate model performance  

a. Discrimination: Concordance statistics (C statistics) and integrated 

discrimination improvement (IDI)
24

 will be computed as measures of 

discrimination.  

b. Calibration: We will compare the observed vs. predicted risk of outcomes 

of interest for each quintile of predicted risk and determined the 

magnitude of the deviation using the Hosmer-Lemeshow test.  

c. Goodness of Fit: Overall model fit for sequential models will be compared 

using the Akaike Information Criterion (AIC), which takes into account 

both the statistical goodness of fit and the number of parameters required 

to achieve this particular degree of fit, by imposing a penalty for 

increasing the number of parameters. 

d. Reclassification: Reclassification refers to movement of patients from one 

class to another based on changes to assignment to risk categories. 

Reclassification improvement will be quantified using the net 

reclassification improvement (NRI) statistic. 
24

 To evaluate the effect of 

definition of risk categories on reclassification, we will calculate NRI 

using an alternative method that does not require categories (continuous 

NRI). 

 

Limitations: 

The number of participants with CKD in ARIC may be a concern. However, ARIC 

investigators developed risk prediction tool of coronary heart disease for persons with 



diabetes (n=~1,500).
25

 We will have similar number of participants with CKD at visit 4. 

Also, we will have more events since our primary outcome is composite CVD. As with 

any observational study, we will not be able to rule out the possibility of residual 

confounding. Identification of HF cases relied entirely on ICD codes abstracted from 

hospital records and death certificates.
26

 Reliance on hospital discharge codes may 

underestimate HF incidence.
27
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