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4. Rationale:  
 
In the United States, approximately 795,000 people experience a stroke every year.1 Although 
stroke incidence has been declining over the last several decades,2,3 crude stroke prevalence 
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among Americans is projected to increase approximately 11% between 2020 and 2030 (from 
3.48% to 3.88%).4 This is because older Americans who are at greater risk for stroke will make 
up a greater proportion of the population. Consequently, the direct medical costs associated with 
stroke in the United States is projected to increase from $108 billion in 2020 to $184 billion in 
2030—not including the indirect costs of lost productivity among those who have a stroke.4 
Finding effective ways to sustain and enhance stroke rate reductions in the United States is 
essential to improving population health outcomes and reducing health care costs as the 
population continues to age. 
 
Encouragingly, previous research has suggested that a large fraction of stroke cases worldwide 
are attributable to modifiable risk factors. Using data from the INTERSTROKE study that 
examined risk factors for stroke using a case-control approach in 32 countries, researchers 
estimated that 90.7% of strokes were attributable to hypertension, physical inactivity, 
apolipoprotein ratio, poor diet, waist-to-hip ratio, psychosocial factors, smoking, cardiac causes 
(including atrial fibrillation), excessive alcohol consumption, and diabetes mellitus.5 This 
suggests that reducing the prevalence of these risk factors could have a substantial impact on 
rates of stroke. However, evidence specific to the United States population has not yet been 
published. 
 
There are racial and ethnic disparities in stroke rates among Americans. Data from population 
based cohort studies has shown that Black and Hispanic Americans have between 1.5 and 2 
times higher risk of incident stroke than non-Hispanic White Americans.6–8 To design 
interventions that have an equitable health impact, it is important to investigate whether the risk 
factors producing the largest attributable fraction of strokes differ across racial and ethnic 
groups. 
 
The goal of this study is to estimate the percentage of total strokes (both ischemic and 
hemorrhagic) among non-Hispanic White, non-Hispanic Black, Hispanic, and Asian Americans 
attributable to well-established and potentially modifiable risk factors for stroke. The risk factors 
we will consider include atrial fibrillation plus the American Heart Association’s Life’s Simple 
7: blood pressure, glucose, cholesterol, body mass index, physical activity, smoking, and diet. 
We will also calculate the proportion of stroke cases for each race that could be prevented from a 
10% proportional reduction in the prevalence of each risk factor. Additionally, we will calculate 
the preventable number of stroke cases per 100,000 person years with a 10% proportional 
reduction in the risk factor. 
 
To calculate PAFs, we will use risk ratios from the most recent meta-analyses along with race-
specific prevalence estimates from nationally representative data (e.g., NHANES). Because 
many of the risk factors co-occur within individuals, we will adjust PAF estimates for 
communality to calculate the proportion of stroke cases attributable to all risk factors combined. 
To do this, we will conduct factor analyses using ARIC data, in which all risk factors have been 
measured. Methods for doing this have previously been described.9 
 
5. Main Hypothesis/Study Questions: 
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Study questions: What are the PAFs for risk of stroke among Black, White, Hispanic, and Asian 
Americans overall, and attributable to atrial fibrillation and LS7 factors? 
 
 
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 design: To calculate PAFs, we will use risk ratios from most recent meta-analyses 
combined with race-specific prevalence estimates of each risk factor based on nationally 
representative data (e.g., NHANES). Using this information, we will calculate PAFs for each risk 
factor. We will also weight each risk factor’s PAF based on communality (derived using ARIC 
data) to calculate the fraction of stroke cases attributable to all risk factors combined. Note that 
ARIC is only used as inputs calculation the background communality data and no actual ARIC 
data will be presented in the published manuscript.  
 
ARIC “background” Communality Weight Calculation 
 

Inclusion/Exclusion: To calculate communality weights, we will exclude ARIC 
participants with missing data on the relevant risk factors (see below). 

 
Risk Factors Measured in ARIC Visit 1: 

• Hypertension (SBP ≥ 140 mm Hg or DBP ≥ 90 mm Hg or antihypertensive 
medication use) 

• High cholesterol (total cholesterol ≥ 240) 
• Obesity (BMI ≥30 kg/m2) 
• Smoking 
• Physical inactivity (not meeting guidelines of 75 min/week of vigorous or 150 

min/week of moderate activity) 
• Diabetes (defined by fasting glucose, A1c, and/or medication) 
• Diet (meeting ≤ 1 of the AHA LS7 healthy diet components)10 
• Atrial fibrillation 

 
Statistical analysis:  
 
First, to calculate the unweighted PAFs for each risk factor, we will use the standard formula 
Pe,r(RRe-1)/(1+Pe,r[RRe-1]) in which Pe,r is the prevalence of exposure e for race group r and RRe 
is the relative risk of stroke associated with that exposure. This does not involve use of ARIC 
data. 
 
Next, using ARIC data, we will calculate the communality weights for each risk factor. To do 
this, we will conduct a principal component analysis of ARIC data to identify latent variables 
that explain the variance in the observed risk factors. Weights for each risk factor will be 
calculated as one minus the sum of the square of all factor loadings (i.e., how much each 
unobserved component explained each measured variable). Then, we will use these weights to 
calculate the adjusted proportion of stroke cases for each race group attributable to all risk 
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factors combined. We will use the formula PAFcombined = 1-[(1-w*PAF1)(1-w*PAF2)(1-
w*PAF3)…] where PAF1 is the unweighted PAF for the first risk factor, and so on. This method 
is adopted from a recent Lancet Commission report examining the PAF of dementia.9 
 
Next, to evaluate the impact of a proportional 10% reduction in risk factor prevalence, we will 
calculate potential impact factors (PIFs) using the formula PIF = ∑ 𝑝𝑝𝑖𝑖 𝑅𝑅𝑅𝑅𝑖𝑖− ∑ 𝑝𝑝′𝑖𝑖 𝑅𝑅𝑅𝑅𝑖𝑖𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1

∑ 𝑝𝑝′𝑖𝑖 𝑅𝑅𝑅𝑅𝑖𝑖𝑛𝑛
𝑖𝑖=1

 where pi is 

the observed proportion of cases at the ith exposure level and p’i is the counterfactual proportion 
of cases at that level given a 10% reduction. We will use the results of the PIF calculation to 
estimate how many cases of stroke per 100,000 could be prevented with a 10% reduction in risk 
factor prevalence for each race group. 
 
Limitations: 
 
This analysis has several limitations. First, the risk ratios used in our PAF calculations are drawn 
from meta-analyses in which the exposure variable was not operationalized and measured in a 
uniform way. There will also likely be some differences in how the exposure was operationalized 
and measured for estimating the RR and how it was operationalized and measured in NHANES 
(especially for diet and physical activity). Additionally, absent reliable evidence to the contrary, 
we will assume that the relative risk of stroke associated with each risk factor does not vary 
across racial and ethnic groups. For some risk factors (e.g., atrial fibrillation), it may be difficult 
to get race-specific prevalence estimates. In this case, we will either drop these risk factors from 
our analysis or include them only for groups with available data. Our interpretation of the 
measures of impact will be cautious, acknowledging the general assumptions of measures of 
impact (e.g., the exposure is causal).11  
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