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4. Rationale: 
Chronic kidney disease (CKD) is a known independent risk factor for cardiovascular 
morbidity and mortality.1 Studies on cardiovascular morbidity and mortality in CKD 
subjects generally report a composite cardiovascular endpoint without consideration of 
any potential risk differences among the subtypes of cardiovascular disease (i.e., coronary 
heart disease, stroke and cardiovascular mortality). Especially, the association of CKD 
with different subtypes of stroke (i.e. hemorrhagic versus ischemic) may vary that also 
seems plausible form pathophysiological point of view.2 Thus far, however, only few 
studies addressed the association of CKD with subtypes of stroke.3-5 Major drawbacks of 
these studies are the limited number of hemorrhagic strokes and the use of the MDRD3 or 
Cockcroft-Gault4 equations for estimating glomerular filtration rate (eGFR) that are 
considered inferior to the newly available eGFR estimation equations.6,7 Moreover, while 
urinary albumin excretion is a requisite for defining stage 1 and stage 2 CKD,8 the study 
by Bos et al4 had no data on albuminuria, the study by Di Angelantonio et al5 had only 
dipstick measured albuminuria and the study by Aguilar et al3 was limited to subjects 
above 65 years of age. 
 
Since, in epidemiological research in CKD subjects, ischemic and hemorrhagic strokes 
are usually pooled as one outcome measure, further research is warranted to assess 
whether these two potentially different phenotypes of stroke are equally associated with 
the two markers of CKD (i.e., eGFR and albuminuria). In this context it is relevant to 
evaluate various creatinine and cystatin C based eGFR equations,6,7 as well as 
albuminuria on continuous scale instead of semi-quantitative dipstick measurements. To 
overcome the problem of low numbers of hemorrhagic stroke, the ARIC study will be 
pooled with a comparable population-based prospective Dutch cohort (PREVEND study) 
on individual participant level. Approval for pooling form the PREVEND study PI (Dr 
Gansevoort) has already been obtained. 
 
Several ARIC manuscript proposals (list manuscript proposal #) and published articles 
have investigated the association of eGFR and albuminuria with other types of 
atherosclerotic cardiovascular diseases such as coronary heart disease, heart failure, or 
peripheral artery disease.9-12 This would allow us to compare the strength of the 
association of eGFR and albuminuria with stroke and other types of cardiovascular 
disease.   
 
 
5. Main Hypothesis/Study Questions: 
Different components defining CKD may be differently related to hemorrhagic versus 
ischemic stroke. 
 
 
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: 
The analysis will be prospective with coronary heart disease, ischemic stroke and 
hemorrhagic stroke serving as the outcome of interest. It is likely that the number of 
hemorrhagic strokes will be insufficient for appropriate analysis. Therefore, the ARIC 
study will be pooled on individual subject level data with a comparable population-based 
prospective Dutch cohort (PREVEND study). Approval for pooling has already been 
provided by the PREVEND primary investigator (Dr. RT Gansevoort). 
 
Exclusion Criteria: 
Participants with end-stage renal disease at baseline will be excluded. 
 
Exposure Variables: 
- Albuminuria (urinary albumin–to-creatinine ratio).  
Albuminuria will be expressed as urinary albumin-to-creatinine ratio (ACR). 
- eGFR (serum creatinine, serum cystatin C).  
eGFR will be assessed by various estimation equations (i.e., creatinine based [MDRD, 
CKD-EPI] and cystatin C based).6,7 Since albuminuria was only measured during the 4th 
visit of ARIC, the 4th visit measurement of ARIC and baseline measurements of 
PREVEND will serve as the overall baseline. 
  
 
Confounding/Interacting Variables: 
- Age, sex, race 
- Established CV risk factors: cholesterol, diabetes mellitus, glucose (in combination with 
fasting status), smoking, BMI, cardiovascular disease history, systolic blood pressure, 
- Interfering medication (blood pressure, cholesterol, glucose lowering medication, as 
well as antiplatelet / antithrombotic agents). 
- Study (ARIC versus PREVEND being entered as categorical variables) 
 
Outcome Variables: 
Incident ischemic and hemorrhagic stroke. 
 
Data Analysis: 
Distributions of pertinent variables will be reported, stratified by cohort (ARIC and 
PREVEND). The primary analysis will use Cox proportional hazards models. Both 
continuous and categorical representations of eGFR and albuminuria will be explored.  
 
A. First, we will use categorical analysis, with CKD being defined 
according to the K/DOQI guidelines: 
• No chronic kidney disease (CKD) and eGFR ≥90 (reference category) 
• No CKD and eGFR 60-89 
• CKD stage 1 (i.e., albuminuria ≥30mg/d and eGFR ≥90) 
• CKD stage 2 (i.e., albuminuria ≥30mg/d and eGFR 60-89) 
• CKD stage 3 without albuminuria (i.e., eGFR 30-59 and albuminuria <30mg/d) 
• CKD stage 3 with albuminuria (i.e., eGFR 30-59 and albuminuria >30mg/d) 



For stage 4 there are probably very few subjects for separate analysis (e.g. in PREVEND 
only 8 subjects have CKD stage 4) 
 
B. Second, in another Cox regression analysis eGFR and albuminuria will be expressed 
as continuous variables. The risk on continues scale of eGFR and albuminuria will be 
visually represented by linear spline models using the same cut-off values for knots as 
presented in the paper by Matsushita et al.1 
• We will check whether there is an interaction between albuminuria and eGFR in 
predicting different subtypes of stroke. 
• In case there is an interaction, the risk of GFR for that particular subtype of 
cardiovascular disease will be assessed in various albuminuria strata. 
• In case there is no interaction, both variables will be implemented in the same 
model. 
 
Adjustment: 
For analyses A and B the following models will be run: 
• Crude 
• Adjustment for age, race and gender 
• Adjustment for age, race, gender, established CV risk factors and interfering 
medication. 
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