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3. Timeline: 

 

Obtain data set: Summer 2018 

Complete statistical analysis: Fall 2018 

Complete manuscript: Spring 2019 

 

4. Rationale:  

 

 Higher levels of physical activity (PA) and physical fitness are associated with better overall 

health and lower mortality rates.1, 2 Those who are physically active are less likely to have 

coronary heart disease (CHD)3 and its risk factors including hypertension4, diabetes5, and 

depression.6 In addition to the beneficial effects on CHD and cardiovascular risk factors, PA is 

also associated with a lower risk of other cardiovascular events, including ischemic stroke.7, 8 PA 

has a graded inverse relationship with incident ischemic stroke with individuals with the highest 

levels of PA having the lowest ischemic stroke risk.9  

 Despite the cardiovascular benefits of PA, <50% of the US population meets recommended 

levels of exercise.10 Given the low levels of PA, national organizations emphasize the 

cardiovascular benefits of increasing activity in the general population.11 Meeting the guidelines 

for PA is one of the American Heart Association’s (AHA) 7 components of ideal cardiovascular 

health for both children and adults.11 

 Previous observational studies have identified an association between physical activity level 

and stroke risk. Increases in PA over time are associated with lower risks of coronary heart 

disease (CHD) and total mortality.12-14 Clinical trials documenting the impact of changes in 

physical activity on the primary prevention of stroke have not been conducted.15 If changes in 

PA over time have a significant association with stroke risk, this finding could have important 

implications for stroke prevention.  Hence, we will use data from the Atherosclerosis Risk in 

Communities Study to assess the association between changes in PA and incident ischemic 

stroke risk.  

 

5. Main Hypothesis/Study Questions: 

How do changes in physical activity impact future incident ischemic stroke 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 ARIC study is a multi-center population-based prospective cohort study designed to 

investigate the etiology and natural history of atherosclerosis in middle-aged Americans.16 At 

baseline in 1987-1989 (visit 1), 15,792 mostly white and black men and women were selected 

from 4 US communities: Forsyth County, North Carolina; Jackson, Mississippi; suburbs of 

Minneapolis, Minnesota; and Washington County, Maryland.16 Subsequent exams took place 

during 1990 to 1992 (visit 2), 1993 to 1995 (visit 3), 1996 to 1998 (visit 4), 2011 to 2013 (visit 

5), and 2016-2017 (visit 6).  

All participants who attended visit 3 will be included in the analysis (n=11,351). We will 

exclude those with baseline CHD or ischemic stroke at visit 3 and those with missing physical 

activity data at visits 1 or 3.   



 

Exposure 

Physical activity was assessed at visits 1 and 3 using the Baecke questionnaire. Frequency and 

duration of leisure time physical activities were converted to METs based on the intensity of 

activity using the Compendium of Physical Activities.17 We will use the American Heart 

Association’s definition for recommended (≥75 minutes/week of vigorous intensity or ≥150 

minutes/week of any combination of moderate and vigorous intensity exercise), intermediate (1–

74 minutes/week of vigorous intensity or 1–149 minutes/week of any combination of moderate 

and vigorous intensity exercise), or poor (0 minutes/week of moderate or vigorous exercise) to 

classify physical activity level at both visit 1 and visit 3.18 We will create cross-categories of 

physical activity at visit 1 and visit 3 using methodology developed by Florido et al.19   

 

Outcome 

The primary outcome of interest is ischemic stroke classified as thrombotic or cardioembolic 

stroke based on discharge codes, signs, symptoms, neuroimaging (computerized 

tomography/magnetic resonance imaging), and other diagnostic reports.20 We will look at all 

ischemic strokes together as well as each ischemic stroke sub-type (lacunar, cardioembolic, 

nonlacunar thrombotic) separately.21 All events between visit 3 and end of year 2014 will be 

included in the analysis. 

 

Analysis 

We will performed bivariate comparisons of participant characteristics at visit 3 across the 

categories of physical activity: poor, intermediate, and recommended.  Chi-squared test will be 

used for categorical variables and ANOVA for continuous variables.  

 

Kaplan–Meier (KM) curves will be used with the log-rank test to assess differences in the stroke-

free survival between those who increased their PA category from visits 1 to 3 versus those with 

stable low activity (stable PA category and below the median average activity across visits 1 and 

3) and between those who decreased their PA category from visit 1 to 3 versus those with stable 

high activity (stable PA category and greater than or equal to the median average activity across 

visits 1 and 3). 

 

Cox-proportional hazards regression models will be used to estimate hazard ratios (HR) and 95% 

confidence intervals (CI) for ischemic stroke comparing those who increased their PA category 

from visits 1 to 3 versus those with stable low activity (stable PA category and below the median 

average activity across visits 1 and 3) and between those who decreased their PA category from 

visit 1 to 3 versus those with stable high activity (stable PA category and greater than or equal to 

the median average activity across visits 1 and 3). Additionally cox models will be used to 

estimate HRs and 95% CIs for cross-categories of physical activity at visits 1 and 3 using those 

with poor physical activity at both visits as the referent group. Crude models and those adjusting 

for potential confounders will be constructed. Adjusted models will include possible confounders 

such as age, sex, race, smoking status, and alcohol intake measured at baseline (visit 3). 

 

Follow- up time begins at visit 3 and extends to the first outcome, dropping out of the study, 

death, or else, December 31, 2014. 
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