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4. Rationale:  

 

The association of systolic and diastolic blood pressure (BP) with cardiovascular events is well 

documented.  Most studies examining those associations have assessed blood pressure as single 

point measurements or as change in blood pressure over a specified time interval. Few studies 

have examined patterns of blood pressure change over time and attempted to evaluate the impact 

of distinct blood pressure patterns with cardiovascular outcomes.  Although elevated blood 

pressure will be adversely associated with cardiovascular events, it is the elevated blood pressure 

sustained over time which will have a greater negative impact on cardiovascular health. 

 

A prior study has demonstrated that in midlife, most people have a slow rise in BP, but there is 

also a group of people who exhibit a more marked increase [1]. This latter group was shown to 

be at increased risk for angina. BP trajectory is influenced by antihypertensive medication, with 

those whose BP rises more steeply more likely to be prescribed BP-lowering medication . 

However, there is also likely a group whose BP rises slowly because of BP-lowering medication. 

One study demonstrated that treatment intensification, but not necessarily adherence, among 



patients with coronary artery disease affects BP trajectories, and better BP trajectories are 

associated with lower rates of myocardial infarction and revascularization [2]. 

 

In this study we propose to take advantage of the longitudinal aspect of the ARIC cohort to 

describe distinct trajectories of blood pressure change over the four ARIC examinations (Visit 1 

to Visit 4) and to evaluate the association of identified categories of blood pressure trajectories 

with incident coronary heart disease, heart failure and stroke occurring in follow-up through 

2010. 

 

 

5. Main Hypothesis/Study Questions: 

 

Study Aim 1: To identify and characterize distinct systolic blood pressure (SBP) and diastolic 

blood pressure (DBP) trajectories over the four ARIC visits.   

Study Aim 2: To evaluate the association of distinct SBP (DBP) trajectories with the incidence 

of heart failure, coronary heart disease and stroke in follow-up from the date of the Visit 4 

examination through December 31, 2010. 

Study Aim 3: To evaluate the association of distinct SBP (DBP) trajectories with mortality in 

follow-up from the date of the Visit 4 examination through December 31, 2010. 

 

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: All ARIC cohort participants free of coronary heart disease, heart failure and 

history of stroke at baseline (visit 1) and through visit 4.  We will exclude from analyses ARIC 

cohort participants with missing blood pressure measurements at any of the four ARIC Visits. 

We will also exclude participants who are missing covariates included in our model, participants 

who self identify as non-white or non-black race, participants who self-identify as black at the 

Washington County, MD or Minneapolis, MN field centers.   

 



We recognize that this proposed study design will constitute a limitation as a proportion of CVD 

events will have occurred prior to visit 4.  As part of sensitivity analyses, aimed at estimating this 

potential bias, we will limit trajectories of SBP to the initial two and three ARIC visits, 

recognizing that  two- and three-point trajectories constitute a limitation in their own way.  

 

Analytical approach: 

We will use the PROC TRAJ SAS program to identify distinct trajectories of change in systolic 

and diastolic blood pressure levels across the four ARIC cohort examinations.  Although blood 

pressure measurements may reflect the effect of blood pressure medication, we are interested in 

the effective levels of blood pressure and will therefore not consider medication use in the main 

analyses of the effect of the identified trajectories on clinical outcomes. We will consider 

secondary analyses stratified by antihypertensive treatment status. 

We will use Cox proportional hazard models to evaluate the association of the identified blood 

pressure trajectories with incident coronary heart disease, incident heart failure, incident stroke, 

mortality.   We will evaluate the use of the following covariates in the proposed models: age, 

sex, field center, race, smoking, education, BMI and diabetes status.  All covariates will be 

defined at baseline (visit 1). 

We will evaluate effect measure modification of the observed associations by race/study center 

and sex.  If present, we will stratify analyses by the variable (race/study center or sex) for which 

the interaction term will be statistically significant (p<0.10). 

Missing information on systolic and diastolic blood pressure at ARIC visits 1-4 may introduce 

bias into the estimation of blood pressure trajectories.  However, the estimated number of study 

participants missing information on systolic and diastolic blood pressure at any of the visits is 

small (less than 15), therefore we do not anticipate that data missingness will significantly 

impact trajectory assessment.  Nevertheless,  in an effort to detect potential bias, we will 

compare salient characteristics of study participants with and without blood pressure data at 

individual visits.  If significant differences are found, we will impute missing data. 
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