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4. Rationale: In 2010 the prevalence of self-reported stroke was 6% among
American Indians, higher than for all other racial and ethnic groups, including Blacks
(4%) and Whites (2%)." American Indians also have lower mean age at stroke onset
than Whites, younger age at death from stroke,® and increasing burdens of many stroke
risk factors including hypertension, smoking, obesity, and type 2 diabetes.*” The Strong
Heart Study (SHS), a population-based cohort study of 4,549 American Indians aged 45-
74 at baseline, documented higher stroke incidence for men and women (707 and 653
per 100,000 person years) than observed for Blacks and Whites in other large cohorts.?
However, no prospective studies exist that allow direct comparison of stroke incidence
or post-stroke survival in American Indians vs. other racial groups, and the inferential
value of cross-study comparisons erodes as data are parsed into multiple categories
defined by age or sex.

The SHS used similar methods and was conducted on a similar timeline as the
Atherosclerosis Risk in Communities Study (ARIC) and the Cardiovascular Health
Study (CHS).”™ The ARIC and CHS enrolled Black and White participants aged 45-64
(ARIC) and > 65 years old (CHS) at baseline, and have generated extensive public
health literature on stroke. Accordingly, we propose to combine SHS, ARIC, and CHS
data to allow direct comparison of stroke incidence and post-stroke survival in American
Indians vs. Blacks and Whites. Although the chronology of enrollment and data
collection differs slightly across studies, the similarities in timing, design, and
implementation warrant pooling for a combined analysis and there is precedent for
pooling ARIC and CHS data for stroke outcomes.***® We will evaluate any stroke as the
primary outcome, with secondary analyses separately for ischemic and hemorrhagic
stroke risk.

5.  Main Hypothesis/Study Questions:

1) Compare stroke incidence in American Indians vs. Blacks and Whites across
categories defined by sex and baseline age (45-54, 55-64, 65-69, and 70-74 years old)
using Cox regression. We expect that American Indians will have higher stroke
incidence than Blacks or Whites, though these differences may attenuate for older
baseline age categories.

2) Compare stroke incidence in American Indians vs. Blacks and Whites by sex and
attained age up to death or censoring using adjusted survival curves. We expect that
American Indians will have higher stroke incidence than Blacks or Whites, with less
attenuation for older ages than in the Cox regression analysis of Aim 1.

3) Among people with incident stroke, compare post-stroke survival for American
Indians vs. Blacks and Whites. We expect that American Indians will exhibit higher
fatality rates than Blacks or Whites.

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).



Design: This will be a cohort analysis, primarily using data collected at baseline and from
event surveillance through December 31, 2011. We will pool the SHS, ARIC, and CHS
cohorts to allow time-to-event analyses comparing stroke incidence among all
participants who were free of stroke at baseline, and post-event survival among the subset
of participants who experienced stroke during follow-up.

Inclusion/Exclusion: Analysis for Aims 1 and 2 will include all participants from the
three cohorts who did not have prevalent stroke at baseline. We will include prevalent
transient ischemic attack as a potential confounder in the adjusted analysis. For Aim 1,
CHS participants will be restricted to people who were < 74 years old at baseline, the
maximum baseline age represented in the SHS. Analysis of Aim 3 will be restricted to the
subset of participants who were free of stroke at baseline and who had an adjudicated
primary stroke event on or before December 31, 2011.

Qutcome: The primary outcome for Aims 1 and 2 is any adjudicated incident stroke.
Secondary analyses will separately evaluate stroke incidence by type (ischemic,
hemorrhagic) and severity (fatal, nonfatal). Time to stroke (Aims 1 and 2) or
administrative censoring will be measured in years to 2 significant digits. The primary
outcome for Aim 3 is post-stroke mortality, measured as binary indicators of 30-day and
1-year survival. The secondary outcome is time in years to 2 significant digits until post-
stroke death or administrative censoring.

Other Baseline Variables: The exposure of interest is race (American Indian, Black,
White). Cohort (SHS, ARIC, CHS) will also be used to account for potential study-
specific differences between the ARIC and CHS (see Data Analysis plan, below). Other
baseline variables will include demographics (age, sex, education, study site), lifestyle
(smoking and alcohol use), clinical exam (blood pressure, prevalent hypertension, fasting
glucose, 2-hour glucose challenge, prevalent diabetes, blood lipids, albuminuria, body
mass index, and waist:hip ratio), cardiovascular disease (coronary heart disease,
myocardial infarction, congestive heart failure, and atrial fibrillation), and medication
(antihypertensive drugs, aspirin).

Post-Baseline Variables: For people who experienced incident stroke during follow-up
(subset for analysis of Aim 3), we will also consider prevalent comorbidities
(hypertension, diabetes, alouminuria, cardiovascular disease) and medication use that
were assessed at follow-up examinations conducted before the stroke occurred.

Data Analysis: Aim 1: We will use Cox regression to estimate differences in time to
incident stroke, with American Indians as the reference category and separate coefficients
for the hazard ratios associated with Blacks and Whites. This analysis will adjust for sex
and baseline age, and will also be performed separately for sex-age categories. Because
there is no overlap between baseline age in the ARIC (45-64 years old) and CHS (> 65
years old), we will pool each study separately with the SHS for this analysis. We will also
estimate racial differences in stroke incidence adjusting for potential confounding by
baseline health factors (e.g., hypertension, diabetes, prevalent cardiovascular disease) that
were similarly measured across the three cohorts. In these models, confounding is viewed
as arising from an unmeasured sociocultural cause of race that also influences health
conditions relevant to stroke risk, rather than as the health conditions themselves directly
acting to cause a person’s race.



Aim 2: We will use survival curves to allow evaluation of stroke incidence on the
absolute scale (risk difference) in addition to the multiplicative scale (hazard ratio) that is
estimated by Cox regression. Survival curves do not rest on the assumption of
proportional hazards over follow-up time, and they allow estimation of the underlying
risk, or hazard function, that is not directly estimated in Cox regression. We will use a
method of covariate adjustment for survival curves that has been previously described.*
The time scale for this analysis will be attained age (45-49, 50-54, 55-59, etc.), and
participants from each study will contribute information to the model for each category in
which they survived stroke-free to the minimum age threshold at any point during follow-
up. In addition to the survival curves analysis, we will calculate age-specific stroke rates
for each attained age category separately by racial group.

Aim 3: This analysis will be restricted to people who experience incident stroke
during follow-up. We will use logistic regression to compare 30-day and 1-year post-
stroke survival in Blacks and Whites vs. American Indians. We will use marginal
standardization to extract predicted probabilities from the logit models, to allow reporting
of comparisons using risk differences and risk ratios. The analysis will adjust for age at
stroke onset, and potential confounding by comorbidities that were present at or before
the stroke event.

Limitations: This proposal has several limitations. First, we assume the pooled data can
be treated as if they derive from the same study, after conditioning on study in the
inferential analysis. For the Black and White participants of ARIC and the CHS, this
assumption can be partially evaluated by including terms in statistical models to account
for study and baseline age differences. Because American Indian race is completely
conflated with the SHS, however, it is impossible to disentangle study-specific
differences from racial comparisons involving American Indians. By restricting the
pooled data set to three cohorts with similar study design and timing, and by not
including data from other prospective studies (e.g., the REGARDS cohort which was not
launched until 2003%), we hope to minimize this concern. Nevertheless, the limitation
will be carefully considered when interpreting and discussing results. We will take
particular care to consider implications of differences in event surveillance and stroke
adjudication. For example, the ARIC study design captured in-hospital stroke, whereas
the SHS design also captured out-of-hospital strokes. Secondary analyses that separately
evaluate fatal and nonfatal stroke events will also help us consider potential bias in
outcome ascertainment.

Second, analyzing race as a categorical exposure assumes that any given race label
confers the same health effects on everyone to whom it is applied. We acknowledge that
this assumption is unlikely to be met. Instead, the meaning of race and its impact on
health likely varies across culture, geography, and time. We will therefore interpret racial
differences in stroke outcomes as reflecting overall associations while acknowledging the
likelihood that population-level differences may not apply equally at the individual level.

Third, evaluation of racial differences in health outcomes can be contentious from
both theoretical and methodological perspectives. Specifically, debate persists about race
as a marker for sociocultural forces vs. innate biological differences that influence health.
We will discuss these perspectives and articulate the pros and cons of each. In addition,
we will present results for racial differences estimated with and without adjustment for
covariates so that readers can reach their own conclusions depending on whether they



view other health conditions as confounding (sociocultural perspective) or mediating
(biological perspective) the race/stroke association.
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