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3. Timeline: Data analysis will begin immediately with expected completion within 12
months.

4. Rationale:

The overall goal of this proposal is to understand the relationship between testosterone
level and risk of ischemic stroke and cerebrovascular disease associated changes on brain
MRI. Cross-sectional observational studies in men have demonstrated that low
testosterone is associated with increased all-cause mortality and cardiovascular mortality
(Malkin et al. Heart 2010). We also know that low testosterone level is prevalent in up to
30% of the male population over the age of 60 and that levels decline with age(Harman et
al. JCEM 2001). Low testosterone may cause elevated vascular risk mechanistically since
it is associated with lipid abnormalities, insulin resistance, obesity and pro-atherogenic
changes on the vasculature. A prospective case cohort study from France of ~500 men
over the age of 65 suggested a J-shaped association between serum testosterone and risk
of ischemic cardiovascular events including ischemic stroke (Soisson et al. Maturitas
2013). While another longitudinal cohort study of ~3700 community dwelling elderly
men in Australia found a significant U-shaped association between serum total
testosterone and all-cause mortality and a similar but nonsignificant association between
testosterone and clinical cardiovascular events (Yeap BB et al. JCEM Jan 2014).

We will use frozen samples from men in the ARIC cohort to look at the distribution
of serum testosterone in males and to document the association with ischemic
cerebrovascular events and associated brain MRI changes. Given the recent growth in
therapeutic testosterone options the timing is ideal to consider the role of testosterone
levels in ischemic stroke and cerebrovascular disease.

5. Main Hypothesis/Study Questions: Low serum testosterone is associated
independently with ischemic stroke risk and ischemic changes on brain MRI

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: Prospective cohort study, using ARIC visit 4 as baseline

Inclusion criteria: male> or equal to age 55 at visit 4, no prior history of coronary heart
disease or ischemic stroke at baseline (ARIC Visit 4), no prior exposure to exogenous
testosterone or exposure during the course of the study based on review of medications
performed at baseline and follow up visits.

Exclusion criteria: females, males <age 55, known prior history of coronary disease or
ischemic stroke at baseline (ARIC Visit 4), exposure to exogenous testosterone prior to or
during the course of the study as assessed by review of medications performed at baseline
and follow up visits.



Data to be collected: Plasma samples were requested from frozen samples taken from
participants during visit 4(1996-1999). We have limited our analysis to those samples
taken from males before 1030 AM with sufficient volume for laboratory analysis(>0.5
cc). Plasma total testosterone using liquid chromatography mass spectrophotometry was
performed in 2012 by Dr. Shallender Bhasin (Boston University, Boston, MA).

Primary outcome: Incidence of ischemic stroke (adjudicated as definite or probable) with
annual surveillance through at least 2010. Our other outcome is evidence on brain MRI
of white matter hyperintensities, lacunar or other ischemic infarcts at visit 5.

Other covariates: Age, race/center, smoking status, adiposity (waist circumference, body-
mass index), fasting LDL, triglycerides, HDL, diabetes status, fasting glucose, use of
anti-lipid medications, hypertension status.

Analysis:
-Correlation analyses and chi-square tests will be used to determine the
association between morning plasma testosterone and the following measures:
age, race/center, smoking status, adiposity (waist circumference, body-mass
index), fasting LDL, triglycerides, HDL, diabetes status, fasting glucose, use of
anti-lipid medications, hypertension status.
-Survival analyses will be used to assess the relationship between morning plasma
testosterone and incidence of ischemic stroke. Multivariable regression analysis
will be adjusted for all covariates listed above.
-Linear and logistic regression models will be used to determine the association
between morning plasma testosterone and white matter hyperintensities, lacunar
or other ischemic infarcts on brain MR at visit 5.
-When methods are finalized to analyze change/incidence of lacunar or other
infarcts and progression of white matter hyperintensities between visit 3 and visit
5, we will consider evaluating this in a separate analysis.

Data analysis will be conducted using SAS version 9.3 (SAS Institute, Inc., Cary, NC)
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