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4. Rationale:  
Although the overall prevalence and incidence of stroke is decreasing,1 temporal trends show that 
individuals at older ages have a higher incidence of stroke compared to those at younger ages.2 
Approximately 75% of stroke occurs in individuals aged 65 and older and the risk of stroke 
doubles every decade after age 55.3 Even though this is the case, most studies related to stroke 
etiology focus on those aged 65 or younger,1 which makes those with incident stroke at older age 
less represented. 
 
Prior work has suggested that stroke subtypes can be age-dependent,4 so the increased incidence 
of stroke at older ages may be due to a difference in a particular stroke subtype. For instance, it 
has been suggested that risk of cardioembolic stroke increases with age, and older adults are 
more likely to have cardioembolism compared to those at younger ages or those who are middle-
aged.4,5 Data has suggested that large-artery atherosclerosis and small-vessel occlusion are more 
likely to occur in middle-aged individuals compared to those at younger or older ages, and stroke 
of other determined causes appears to be more common in younger individuals.4  
 
It is likely that risk factors for incident stroke differ between those who have their first stroke at a 
younger age versus those who have their first stroke, or incident stroke in older age. For 
example, diabetes increased stroke risk in those at 45-64 years old but this risk increase was not 
as high among those with incident stroke at older ages.6 In work by Dr. Egle et al., (MP #4267: 
The association between midlife and late life risk factor and chronic disease clustering and 
stroke incidence and stroke severity conducted in ARIC that is currently under review), he 
demonstrated that different risk factor clusters in midlife were only found to be significantly 
associated with incident stroke among those ≤70 years old. Specifically, there was only one 
cluster (obesity, hypertension, diabetes and hypertriglyceridemia) that was associated with 
incident stroke at both younger and older ages. In other work, modifiable risk factors like 
smoking, sedentary lifestyle, alcohol intake, and obesity appear to increase the risk of acute 
cerebrovascular events more for those younger than 75 years old, whereas high blood pressure 
appears more strongly associated with the risk of having an acute cerebrovascular event at 75 
and older.7  
 
Cardiac disease states are certainly important risk factors for incident stroke at both older and 
younger ages, but it may be that these cardiac conditions are more important for incident stroke 
in older age. Atrial fibrillation and left ventricular hypertrophy were found to be significantly 
associated with stroke risk across age, but appeared more important for incident stroke in the 
elderly,6 suggesting that age should be taken into account when assessing the degree of 
importance of cardiac risk factors in contributing to stroke. 
 
The purpose of understanding these associations would be to tailor stroke prevention efforts for 
the older adult, and do a better job predicting if a person is at particular high risk for stroke. 
Regarding the first, it has been shown that older adults do not respond the same to medications as 
their younger counterparts for reasons that are still being understood. A prime example is the 
“Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial” (ALLHAT) ) 
which randomized high-risk hypertensive patients to receive hypertension medications to 
determine whether receiving an angiotensin-converting enzyme inhibitor, a calcium channel 
blocker, or an alpha-blocker in comparison to diuretics would result in a lower incidence of heart 
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disease (heart attack) and stroke. It found a significant differential effect by age between 
combined CHD (defined as coronary revascularization and hospitalized angina) and lisinopril vs. 
chlorthalidone with those greater than 65 having a higher rate of combined CHD when taking 
chlorthalidone and those less than 65 having a higher rate of combined CHD when taking 
lisinopril.8 This age difference in medication response suggests that specific stroke risk factors 
might not represent the same disease when studied in the younger versus older adult. Therefore, 
understanding the association between risk factors and age among individuals with incident 
stroke is important and further research is needed.  
 
Another important consideration regarding stroke in older age is that males have a higher risk for 
stroke than females at younger or middle age, but the risk of stroke in females becomes 
approximately equal to or even higher than in males as they age.1 This may be due to the fact that 
females have a longer life expectancy and potentially estrogen loss occurring post-menopause 
being linked to increased inflammation.9 Additionally, cardiac risk factors are more common to 
occur in females at older ages than at younger ages.10 Prior work highlights that females tend to 
have a higher risk of having hypertension and atrial fibrillation compared to males as they age, 
suggesting that there are different risk factors for stroke in females, especially as they age.11,12 
Therefore, determining differences between embolic risk factors and age among those with 
incident stroke by sex is also critical.  
 
Finally, early identification of individuals at high risk for stroke allows for timely intervention, 
which can significantly reduce the likelihood of stroke occurrence and its associated morbidity. 
Given the potential importance of embolic risk factors, the lack of inclusion of those embolic risk 
factors among existing stroke risk prediction tools such as the CHA2DS2-VASc score13, and the 
PREVENT equation14,15 and the aforementioned data that suggests that risk factors differ across 
age, we propose to determine how these tools might be best used to predict stroke in older adults.  
 
To accomplish this work, we propose the following three aims: 
 
5. Main Hypothesis/Study Aims:    
Aim 1: To determine the difference in risk of cardioembolic stroke by age (≥70 versus <70 
years), comparing differences by sex. 
 
We hypothesize that among participants in ARIC who have their first (incident) ischemic stroke, 
that the risk of cardioembolic stroke will be higher among those at older ages compared to those 
of younger ages. We also hypothesize that there will be a difference by sex in that females at 
older ages will have a higher risk of cardioembolic stroke compared to females at younger ages, 
while the risk of cardioembolic stroke will remain consistent in males across age. 
 
Aim 2: To determine the effect of embolic risk factors on the difference in risk of cardioembolic 
stroke by age (≥70 versus <70 years). 
 
We hypothesize that among ARIC participants who have an incident ischemic stroke that the risk 
of cardioembolic stroke will be the same among those at older ages compared to those at younger 
ages after adjusting for embolic risk factors. We also hypothesize that specific embolic risk 
factors will mediate the difference in risk of cardioembolic stroke by age.  
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(Exploratory) Aim 3: To determine if the prediction of ischemic stroke among all participants in 
ARIC presenting at visit 5 can be improved by including embolic risk factors at older ages. 
 
We hypothesize that traditional stroke risk prediction tools can be improved upon by adding 
embolic risk factors to these tools at older ages. This aim will be exploratory. 
 
6. Design and analysis: 

a) Inclusion/Exclusion criteria:  
We will include ARIC participants without prevalent stroke at visit 5 who go on to have 
incident definite/probable ischemic stroke with complete covariates for analysis for Aims 
1 and 2, and then will include all ARIC participants at visit 5 without prevalent stroke 
with complete covariates for Aim 3 (prediction).  
 

b)  Study design 
This will be a prospective study to examine participants with available relevant stroke 
characteristics and other relevant covariates from visit 5 until the time of incident stroke. 
 

c/d) Outcomes, and other variables of interest with specific reference to the time of their 
collection, and summary of data analysis  

 
Aim 1: To determine the difference in risk of cardioembolic stroke by age (≥70 versus 
<70 years), comparing differences by sex. 

 
Exposure: Age of stroke among ARIC participants who develop a stroke while on study 
and are present at visit 5 (dichotomized as older (≥70) versus younger (<70)) 
 
Outcome: Definite or probably incident ischemic stroke subtype [binned into embolic 
(cardioembolic) versus thrombotic (includes lacunar and carotid artery disease, potential 
for three-way analysis pending power)]. 
 
Other variables: We will consider all variables that could potentially serve as 
confounders or mediators in the analysis. This includes race-center (from visit 1) as well 
as stroke risk factors most proximal in time but preceding the ischemic stroke event as we 
have done in other work16. These include body mass index (BMI; kg/m2), smoking status 
(never; former; current), hypertension (defined as present if systolic blood pressure >140 
mm Hg, diastolic blood pressure >90 mm Hg, or pharmacologic treatment for 
hypertension), diabetes (self-reported physician diagnosis of diabetes, nonfasting glucose 
≥200 mg/dL, fasting glucose ≥126 mg/dL, or pharmacologic treatment for diabetes), low-
density lipoprotein cholesterol (LDL; mg/dL), alcohol consumption (never; former; 
current). Consideration of specific embolic stroke risk factors is detailed below. 
 
Statistical Analysis: Logistic regression models will be used to examine the odds of 
cardioembolic stroke comparing older ages (≥70) to younger ages (<70). Cox 
proportional hazard models were considered, but due to the fact that the date of stroke 
will be tied to participants’ age, logistic regression models were instead chosen. 
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Covariates as described above will be included in a step-wise adjustment. We will test for 
a difference in the association between cardioembolic stroke and age by sex, with p-
interaction set at ≤0.01 as evidence of possible statistical significance.  
 
Aim 2: To determine the effect of embolic risk factors on the difference in risk of 
cardioembolic stroke by age (≥70 versus <70 years). 
 
Exposure: Age of stroke among ARIC participants who develop a stroke while on study 
and are present at visit 5 (dichotomized as older (≥70) versus younger (<70)). 
 
Outcome: Definite or probably incident ischemic stroke subtype [binned into embolic 
(cardioembolic) versus thrombotic (includes lacunar and carotid artery disease)]. 
 
Other variables: We will collect and consider all co-variates as described in aim 1 that 
could potentially serve as confounders in the analysis. For this aim, we have particular 
interest in cardiac history and covariates given our hypothesis that these are particularly 
relevant for stroke etiology at older ages and may actually mediate the difference in risk. 
These will include a history of coronary heart disease (defined as a myocardial infarction 
before or at the study visit or if the participant had coronary bypass surgery or an 
angioplasty of the coronary arteries), atrial fibrillation (visit based, and with ongoing 
surveillance), heart failure (visit based, and with ongoing surveillance/adjudication). We 
are also interested in looking at structural embolic risk factors including left ventricular 
hypertrophy, left ventricular ejection fraction and left atrial volume index from available 
echo data at visit 5 and p-wave terminal force in lead V1, prolonged p-wave duration, 
abnormal p-wave axis from available ECG data in ARIC. 
 
Statistical Analysis: We will again use logistic regression models to examine the odds of 
cardioembolic stroke by age (as for Aim 1), adjusting for each embolic risk factors in 
separate models to see if and how the association changes. As power allows, we will then 
perform causal mediation analyses in consideration of total, direct and indirect effect of 
each embolic risk factors. Covariates as described above will be included in a step-wise 
adjustment model. 

 
(Exploratory) Aim 3: To determine if the prediction of ischemic stroke among all 
participants in ARIC presenting at visit 5 can be improved by including embolic 
risk factors at older ages. 
 
In this aim, we will use common stroke prediction tools to predict the risk of stroke 
among all participants in ARIC presenting to visit 5. We will then add our embolic stroke 
risk factors into the prediction model to see if we can improve our prediction of stroke at 
older ages where traditional risk prediction tools traditionally fall down in accuracy.  
 
Variables for prediction model:  
We will include the variables used in the CHA2DS2-VASc score13 and the PREVENT 
equation14,15: 
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CHA2DS2-VASc score: age, sex, congestive heart failure, hypertension, diabetes, 
vascular disease (defined as having prior myocardial infarction, or peripheral artery 
disease, or aortic plaque at baseline visit 5). Prior stroke or TIA or thromboembolism 
included in the CHA2DS2-VASc score will be excluded for our prediction model as all 
ARIC participants included in our study were those without prevalent stroke at baseline 
visit 5.  
 
PREVENT equation: age, sex, total cholesterol, HDL cholesterol, systolic blood pressure, 
body mass index, estimated GFR, diabetes, smoking status (former/never; current), anti-
hypertensive medication (defined as medications prescribed for lowering blood pressure 
with ATC code C02, C03, C07, C08, C09), lipid-lowering medication (defined as statin 
use with ATC code C10AA and C10B). 
 
Embolic risk factors described in aim 2 will be included. All variables for aim 3 will be 
collected from ARIC baseline visit 5. 
 
Statistical Analysis:  
We will start by first predicting the risk of stroke using two different risk prediction tools 
that are either used in clinical care (CHA2DS2-VASc excluding prior stroke or TIA or 
thromboembolism), or a more recently updated prediction tool (PREVENT) to predict the 
risk of stroke for each eligible participant starting at visit 5. Receiver operating 
characteristic (ROC) analysis will be conducted to compare observed versus predicted 
stroke risk. The area under the ROC curve will be calculated to obtain the C-statistic to 
assess the predictive accuracy. We will also separate the dataset by age into different 
validation sets and conduct prediction accuracy on each of these sets to obtain the ROC 
curve and its associated C-statistic for comparison across ages.   
 
We will then explore the improvement of predicted stroke risk by introducing embolic 
risk factors as previously designated to see if this improves the prediction of stroke 
among those at older ages. We will include embolic stroke risk factors in a step-wise 
fashion to the model and see how well the model performs. ROC analysis and C-statistic 
will be used to determine the prediction as described above. 
 
All statistical analyses will be conducted using Stata v.18.0 (Stata Corp, College Station, 
Texas, USA).17 

 
c) Any anticipated methodologic limitations or challenges if present 

 
We anticipate that there may be some limitations to this work, and we have anticipated 
them in order to develop strategies to mitigate them prior to data collection and analysis.  
 
We are interested in using cardiac values from the echocardiography evaluation as 
important embolic risk factors for aim 2. This is one reason, in addition to the age 
distribution of the ARIC cohort, that we have set our baseline as visit 5. It may be that not 
everyone completed an echo at visit 5. We will also consider performing our analysis 
only on those participants with complete echo data.  
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Risk factors at visits may not capture the actual status at the time of the stroke event. We 
will collect risk factors most proximal in time but preceding the incident stroke event in 
order to obtain the most relevant risk factor data. We recognize that this is a limitation of 
a longitudinal cohort study rather than a clinically based cohort. 
 
We also understand that there are other prediction models that may be used to better 
predict stroke, but CHA2DS2-VASc score is commonly used clinically and the 
PREVENT equation is the one of the newest models with updated data/research included 
to improve the predicted risk of cardiovascular disease, including stroke.  
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