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4. Rationale:  

 

Multiple atherosclerotic risk factors that influence stroke risk are well established 

and can be used to estimate an individual’s stroke incidence over a 5 to 10-year time 

period.
1-4

 However, these risk predictions apply to ischemic stroke only or to a 

combined endpoint of ischemic and hemorrhagic stroke. In addition, these were all 

developed using standard Cox regression modeling. Standard survival analysis will 

generally overestimate the cumulative incidence because it fails to regard those who 

die of non-stroke causes as ineligible for development of stroke events. Methods to 

adjust for competing risks are now increasingly being used for cardiovascular risk 

prediction.
5-6

  

 

Simultaneous prediction of stroke subtypes (e.g. any, hemorrhagic, ischemic stroke) 

may be valuable for several reasons. First, the predictors for the different stroke 

subtypes may vary or may have different weights.
7-9

 Consequently, the likely effects 

of modifying predictors can vary for stroke subtypes. Second, for some preventive 
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interventions, a difference in efficacy has been demonstrated across stroke subtypes. 

For example, aspirin decreases the occurrence of ischemic stroke events, whereas it 

increases the risk of an intra-cerebral bleeding.
10

 Therefore, decision-making for 

aspirin therapy can be improved by predicting these two stroke subtypes at the same 

time. Finally, a more refined communication of the risk of stroke to the individual 

and the public can be facilitated. 

 

5. Main Hypothesis/Study Questions: 

 

The aim of this project is to develop and validate separate prediction models for 

estimation of the 10-year cumulative incidences of hemorrhagic, ischemic and any 

stroke within different geographical regions. The research hypothesis that will be 

tested is the assumption that effects of predictors will differ between stroke types, 

making separate prediction models necessary. An additional hypothesis that will be 

explored is the assumption that predictor effects will not differ between the cohorts, 

and that differences in risk between cohorts can be explained by variation in baseline 

risk. 

 

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). 

 

The study design is a pooled prospective study. We will use data from three 

population-based cohort studies: the Rotterdam Study, representing a middle-aged 

and elderly European population, the Cardiovascular Health Study and the 

Atherosclerosis Risk in Communities Study, which will be combined and represent 

the middle-aged and elderly US population. Prediction models for 10-year stroke 

subtype risks will be derived from a merged dataset with stratified baseline risks for 

US and European subjects. 

 

The subjects eligible for these analyses are study participants who did not have prior 

stroke, did not use anticoagulation, and did not have atrial fibrillation at baseline. 

The outcomes of interest are defined as: time to fatal/non-fatal stroke event with 

specification for subtype (intracerebral hemorrhage, ischemic stroke, unspecified 

stroke); and time to death by other causes than the event of interest. Subarachnoid 

hemorrhages were excluded as these are not atherosclerotic of origin. The following 

cardiovascular risk factors that are measured at the baseline visit will be considered 

as the potential predictors: age; sex; current smoking; systolic blood pressure; 

diastolic blood pressure; blood pressure lowering treatment; history of 

cardiovascular disease other than stroke; diabetes mellitus (defined as: fasting 

glucose ≥126 mg/dL (7 mmol/L) or non-fasting glucose ≥ 200 mg/dL (11.1 mmol/L) 

or self-reported use of diabetes medications); total cholesterol; high-density 

lipoprotein cholesterol; body mass index; waist-to-hip ratio; race (black/white);  

estimated glomerular filtration rate using serum creatinine.   

 



We will provide descriptive statistics on participants in the analysis stratified by sex. 

We will estimate predictor effects of cardiovascular risk factors on time to 1) 

intracerebral hemorrhage, 2) ischemic stroke, and 3) any stroke by using Cox 

proportional hazard models entering all predictors in the models. We assumed that 

the majority of unspecified stroke events would be ischemic of nature. Therefore we 

used a combined endpoint of classified ischemic and unspecified stroke events as a 

proxy for the true ischemic stroke hazard in order to avoid underestimation. 

Decisions on exclusion of predictors will be made upon the Akaike Information 

Criterion. Models will be developed in all subjects (cohorts merged) assuming that 

the baseline risk of the stroke types may differ between cohorts, but that predictor 

effects are similar. Interactions of included predictors with cohorts will be therefore 

tested. Effect modification will be examined by sex, and an interaction term for 

blood pressure lowering treatment with systolic blood pressure and diastolic blood 

pressure will be included if applicable. Subsequently, predictor effects will be 

compared amongst the 3 prediction models. 

 

The standard Cox regression model, will generally overestimate the cumulative 

incidence because it fails to regard those who die of non-stroke causes as ineligible 

for development of stroke events. Because for clinical decision-making and risk 

communication, estimation of the cumulative incidence function (CIF) is required,
11

 

predictions will be adjusted for competing risk by non-stroke death. This will require 

estimation of effects of the predictors included in the 3 stroke models on 1) non-

hemorrhagic stroke mortality, 2) non-ischemic stroke mortality and 3) non-stroke 

mortality by Cox regression modeling. The CIF can be estimated by adjusting the 

hazard of the event of interest for survival of all competing events. Prediction 

models estimating CIFs for hemorrhagic, ischemic and any stroke will be developed 

for a 10-year time horizon. Validation of the 3 prediction models will be performed 

in the different cohorts (Rotterdam Study
12

 and ARIC / CHS combined)  with 

respect to discrimination (assessed by the concordance index adjusted for competing 

risks),  calibration (assessed by calibration plots, also adjusted for competing risks) 

and reclassification (assessed by the continuous net reclassification improvement, in 

the absence of established risk thresholds). In addition, models will be derived in one 

cohort (ARIC / CHS combined) and validated within the other cohort (Rotterdam 

Study) and vice versa, which is also known as cross-validation performance. We will 

also explore whether the predictions by the developed models are sensitive to race 

(white vs. black) and to age (e.g. < 65 years vs. ≥ 65 years). 
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