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4. Rationale:  
Historically, the stroke literature has focused primarily on the differences in the distribution of 
the burden of stroke risk among four demographic categories: age, sex/gender, socioeconomic 
factors, and racial/ethnic groups.1 Major stroke types are classified based on their underlying 
pathological disease pathways and mechanisms. The three major stroke types are ischemic stroke 
(IS), intracerebral hemorrhage (ICH), and subarachnoid hemorrhage (SAH). Each type has 



different management strategies, risks, and outcomes.2 Stroke incidence has been associated with 
higher baseline values of systolic blood pressure (SBP) before the stroke event among different 
racial/ethnic groups.3,4 Previous research has shown cumulative mean SBP measures (e.g. means 
of SBP levels measured from consecutive examinations) can have additional predictive value and 
improve model performance compared with single SBP measures.5 In earlier research, diastolic 
blood pressure (DBP) was considered the primary driver of adverse cardiac outcomes in adults 
with hypertension.6 A paradigm shift occurred when observational cohorts, including The 
Framingham Heart Study, demonstrated the importance of systolic blood pressure (SBP), leading 
to SBP becoming the focus of modern risk assessment and treatment.6 SBP has been recognized 
as a stronger predictor of blood pressure (BP) related outcomes than diastolic BP.7 Both SBP and 
DBP are considered inextricably linked and should be included when exploring the relationship 
between adults with hypertension and vascular health outcomes. The emphasis on stroke 
incidence by major stroke type has been concentrated in examining age and sex-dependent 
differences in modifiable risk factors, management, and prognosis.8 
  
Some studies have also explored the relationships between race/ethnicity, BP, and stroke type. 
Howard et al. found racial differences in the impact of elevated SBP on stroke risk among Black 
and White participants in the REasons for Geographic and Racial Differences in Stroke 
(REGARDS) study.9 However, the Howard study pooled ischemic and hemorrhagic strokes 
together. Similarly, Sacco and colleagues found an association between key stroke risk factors, 
including elevated BP on stroke risks between Blacks, Caribbean Hispanics, and Whites in the 
Northern Manhattan Study (NOMAS) for first-time ischemic stroke.10 It is still unknown whether 
the relationship between cumulative mean systolic BP and stroke types differs by racial/ethnic 
group. The objective of our study is to fill the gap in the current literature by clarifying the 
relationship between cumulative mean SBP and first incident stroke among three major stroke 
types (IS, ICH and SAH), and explore how race/ethnicity affects these relationships. Our study 
will improve upon Howard and colleagues’ previous analysis by examining time-varying 
cumulative mean SBP, including broader age ranges, and including Hispanics.  
 
Our study will include data collected across the United States to widen the generalizability of our 
findings by using data from a pooled cohort.7 Two advantages of a pooled cohort analysis 
include the increased study power and the ability to examine risks across large samples of 
individuals with heterogeneous exposures.11 This analysis further permits a full examination of 
effect modification within the data.11 An existing pooled cohort of six population cohort studies 
including Black, Hispanic and White individuals (ages 5-95 at cohort baseline) with repeated 
objective measures of BP will be leveraged and used to examine the association between 
cumulative mean SBP, race/ethnicity, and incidence of major stroke types. 
 
5. Main Hypothesis/Study Questions: 
Main Study Questions:  

1. What is the association between cumulative mean SBP and incident stroke type [IS, ICH, 
SAH]? 
 

2. Does race/ethnicity modify the association between cumulative mean SBP on incident 
stroke type [IS, ICH, SAH]? 
 



Hypothesis: 
1. Race/ethnicity modifies the association between cumulative mean SBP and incident stroke 

type.  
2. The magnitude of the association between cumulative mean SBP and stroke incidence (total 

and for each stroke type) is greater in Blacks than in Hispanics.  
 
Relevance to cohort-approved ancillary study:  
Aims 2 and 3 of the approved study proposal for NIH/NINDS-funded BP COG R01 involve 
simulation modeling of the association between BP and incident dementia and CVD events by 
race/ethnicity. We will examine inclusion of estimates of the association between BP and risk of 
CVD events from both RCTs and also the BP COG pooled cohort study. The simulation model 
will be used to inform the design of RCTs including pragmatic trials of less selected patients. 
The knowledge gap is that it is not known whether the incidence of different stroke types is 
differentially affected by elevated SBP and how these associations vary by race/ethnicity. The 
proposed paper will address these knowledge gaps, enable the BP COG simulation model and its 
results to be improved, and also provide useful information for researchers and policymakers 
who work with simulation models. The simulation model in BP COG R01 Aims 2 and 3 will be 
used to inform trials and policies.  
 
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 population:  
We will conduct a pooled cohort analysis using individual participant data from six well-
characterized American prospective cohort studies with repeated measures of BP and stroke 
incidence: Atherosclerosis Risk in Communities Study (ARIC), Coronary Artery Risk 
Development in Young Adults Study (CARDIA), Cardiovascular Health Study (CHS), 
Framingham Offspring Study (FOS), Multi-Ethnic Study of Atherosclerosis (MESA), and 
Northern Manhattan Study (NOMAS) for years 1971 to 2017. We will require all cohort 
participants to have ≥1 measurement of SBP before the first incidence of stroke. We will exclude 
participants reporting a baseline history of stroke or incident stroke before first BP measurement.  
 
Outcomes:  
The primary outcome will be time to first incident stroke. Secondary outcomes will be time to 
first incident IS, time to first incident ICH, and time to first incident SAH.  
 
Main independent variables:  
The primary independent variables will be cumulative mean SBP and diastolic BP (DBP). We 
will summarize SBP and DBP as the time-dependent cumulative mean (i.e. running average) of 
all BPs before outcome measurement. 
 
 
 
 
 



Covariates:  
Covariates will be measured before incident stroke. Covariates are factors that could influence 
BP, stroke incidence and stroke type. Covariates are age (continuous), race (White, Black), 
Hispanic ethnicity (CHS, MESA, NOMAS only) cohort (ARIC, CARDIA, CHS, MESA, FOS, 
NOMAS), education (eighth grade or less, grades 9-11, completed high school, some college but 
no degree, college graduate or more), current cigarette smoking, any physical activity, body mass 
index, waist circumference, history of atrial fibrillation, fasting glucose, LDL cholesterol, 
alcohol use, depressive symptoms, anticoagulant use and anti-hypertensive medication use. We 
have harmonized covariates across cohorts by choosing common response categories for 
categorical variables and converting measurements to common units for continuous variables.  
Note: We cannot include other socioeconomic factors (e.g., literacy, quality of education, 
occupation, and childhood socioeconomic status) because they are unavailable for all cohorts at 
or before the first incidence of stroke. 
 
Statistical Analysis:   
We will summarize participant characteristics of the pooled cohort study population and each 
cohort study population, including the outcomes and independent variables. A multivariable-
adjusted Cox proportional hazard model will be used to estimate the association between time-
varying cumulative mean BP and time to incident stroke (overall and by stroke type)- Research 
Question #1. To assess race/ethnic differences in associations between cumulative mean BP and 
time to incident stroke, we will add race/ethnicity *cumulative mean BP interaction terms to the 
model to test whether the association between cumulative mean BP and time to incident stroke 
(overall and by stroke type) differs by race/ethnicity- Research Question #2. Kaplan-Meier 
methods and log rank tests will also estimate the cumulative incidence of first stroke type by 
race/ethnic group.12,13 These methods support the comparison of survival distributions, leading to 
the subsequent investigation of the relationship between cumulative mean SBP and time to 
incident stroke (overall and by stroke type) using the Cox proportional hazard regression model. 
The proportional-hazards assumption for each covariate will be tested using the scaled 
Schoenfeld residuals.14 A log normal parametric model will be used as a parametric test to 
observe the model fit and assess prognostic factors that may contribute to the primary progress of 
disease.11 The models will include a time dependent covariate for cumulative mean SBP, 
race/ethnicity, as well as covariates above. All continuous variables will be centered at the 
overall median, except cumulative mean SBP, which will be centered at 120 mmHg. Glucose, 
LDL cholesterol, and SBP values will be divided by 10 so that the parameter estimates reflect a 
10-unit change in the variables. Time will be treated as a continuous measure defined as years 
since first measurement of BP. Possible interactions between cumulative mean SBP and 
race/ethnicity and other explanatory variables, such as age and gender, will be investigated by 
constructing interaction terms in the Cox model. 12 
 
The use of Cox regression (with time-dependent covariates) in this analysis is valid under the 
assumption that there are no competing risks and censored times are independent of event times. 
We will consider taking into account competing risk defined as an event that either hinders the 
observation of the event of interest or modifies the chance that this event occurs. Statistical 
significance for all analyses will be set as P <0.05 (2-sided). All analyses will be performed 
using STATA 16.  
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