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

The overall goal of this proposal is to understand the relationship between serum 

testosterone and preclinical and clinical coronary heart disease. 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 (Harman et al. JCEM 2001). Low testosterone may cause elevated 

coronary heart disease risk mechanistically since it is associated with lipid abnormalities, 

insulin resistance,obesity and proatherogenic changes on the vasculature.  Carotid intima 

media thickness (IMT) is now considered a marker of preclinical coronary heart disease 

which can help predict future coronary heart disease risk. A small cross-sectional study 

has previously shown an inverse relationship between serum testosterone and maximal 

common carotid IMT in 239 middle aged men from Finland (Makinen et al. JACC 2005). 

However there are few prospective studies to date which have looked at the effect of 

serum testosterone level on the development of both pre-clinical and clinical coronary 

heart disease.  A recent 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 

cardiovascular event or ischemic stroke, with limited follow up over four years (Soisson 

et al. Maturitas 2013). 

      Measuring serum samples in a large sample of men using the ARIC cohort will allow 

us to look at the distribution of serum testosterone in males and to document the 

association with preclinical atherosclerosis defined by IMT and clinical atherosclerosis 

defined by incidence of coronary heart disease and cardiovascular events. Since 

testosterone therapy has grown to near $2 billion annually (IMS Health 2011) the timing 

is ideal to consider the role of testosterone levels in the early stages of atherosclerosis and 

coronary heart disease.  

 

 

5. Main Hypothesis/Study Questions: 

Low serum testosterone is associated independently with the presence of preclinical 

atherosclerosis as defined by carotid IMT and clinical atherosclerosis as defined by 

incidence of coronary heart disease and cardiovascular events.  

 

 

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 

Inclusion criteria: male>age 55, 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: Serum samples have been requested from frozen samples taken 

from participants during visit 4(1996-1999). We have requested samples taken from 

males before 1000 AM with sufficient volume for laboratory analysis(>0.5 cc). Serum 

total testosterone and sex hormone binding globulins (SHBG) using liquid 

chromatography mass spectrophotometry were performed in 2012 by Dr. Shallender 

Bhasin (Boston University, Boston, MA).  

 

Primary outcome:  Carotid IMT obtained at visit 4(1996-1999) using high resolution B-

mode ultrasound. The variable for analysis is the average IMT of the far wall across the 

left and right common carotid, carotid bifurcation and internal carotid artery 

respectively(six sites total).  Missing values were imputed from from sex- and race-

specific multivariate linear models of mean IMT. Our other outcome is incidence of 

coronary heart disease and incidence of cardiovascular events with annual surveillance 

through 2010. 

 

Other covariates: Age, race/ethnicity, gender, ARIC site, dietary intake, smoking status, 

physical activity status, medications (cholesterol lowering, anti-hypertensive therapy), 

adiposity (waist circumference, body-mass index), fasting glucose, fasting insulin, fasting 

lipids, blood pressure, diabetes status, hypertension status. 

 

Analysis: 

(1) Correlation analyses and linear regression models will be used to determine the 

correlation between morning serum testosterone and the following measures: 

adiposity (waist circumference, body-mass index), fasting glucose, fasting insulin, 

lipid parameters (total cholesterol, triglycerides, HDL-cholesterol, LDL 

cholesterol), blood pressure. 

(2) Correlation analyses and linear regression will be used to determine the 

relationship between morning serum testosterone and the following measures: 

average IMT of the far wall on ultrasound obtained at visit 4(1996-1999).  

(3) Survival analyses will be used to assess the relationship between morning serum 

testosterone and incidence of coronary heart disease and cardiovascular events. 

Participants will be divided by gonadal status (normal versus hypogonadal total 

testosterone <300 ng/dL versus elevated total testosterone>900 ng/dL.) 

Multivariate analysis will be used to adjust for potential confounders using data 

already collected in the study including demographics, diet, physical activity 

status, smoking status and medication use.  

 

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