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4. Rationale:    The metabolic syndrome is associated with the development of heart 
disease.  Better definitions of this syndrome and identification of novel components of the 
syndrome will lead to earlier diagnosis, improved treatment, and a better understanding of the 
potential mechanisms.  Mild hyperadrogenism is often found in women with obesity and 
cardiovascular disease.  In the Rancho-Bernardo Study, Barrett-Connor found no association 
between total or bioavailable testosterone and cardiovascular disease or ischemic heart disease 
death in post-menopausal women (1). Other studies have found associations of testosterone 
levels with increased levels of cardiovascular risk factors and risk of disease.  Phillips 
demonstrated a significant relationship between free testosterone and angiographically 
determined coronary artery disease in one study (2), and between free testosterone and 
hypertension in postmenopausal women in another study (3). SHBG has been consistently found 
to be inversely related to many of these cardiovascular risk factors, including serum insulin 
levels (4), obesity (5-9), glucose tolerance (5), diastolic blood pressure (8), and triglycerides (9), 
and positively related to HDL-cholesterol (4;7;8). 
 
5. Main Hypothesis/Study Questions: 
We hypothesize that sex hormones abnormalities are associated with the metabolic syndrome. 
We have the following questions:  

(1) Do women with the metabolic syndrome have elevated serum testosterone levels? 
(2) What factors mediate the relationship between the metabolic syndrome and testosterone 

levels? 
 



6. Data (variables, time window, source, inclusions/exclusions): 
 
Our analysis will be based on a subset of post-menopausal women in ARIC who were a part of a 
case-control study designed to look at the relationship between endogenous post-menopausal 
hormone levels and carotid atherosclerosis.  In the original case-control study, cases were 182 
post-menopausal women not taking hormone replacement therapy whose mean carotid IMT was 
>95th percentile for the six sites visualized.  Controls were 182 post-menopausal women not 
taking hormone replacement therapy whose mean carotid IMT was <75th percentile for the six 
sites visualized.  Cases and controls were frequency matched on age (in 5-year intervals) and 
ARIC field center (as a proxy for race). 
 
Hormone variables from Visit 2 measured in the case-control study that are available for the 
present analysis include total testosterone and SHBG.  The free androgen index can be calculated 
as the ratio of total testosterone/SHBG. 
 
Data from visit 2 will be used in a cross-sectional analysis.  The metabolic syndrome will be 
defined using the recently published 2001 NCEP-ATP III criteria: 
 Waist circumference > 35 inches  
 HDL ≤ 40 mg/dL 
 Triglycerides ≥ 150 mg/dL 
 Fasting glucose ≥ 110 mg/dL 
 Presence of previously diagnosed hypertension or blood pressure > 130/85 
In addition, we will also include hyperinsulinemia, defined as a fasting insulin level ≥100 pmol/L 
(~14 mIU/L).  Other ARIC studies have included hyperinsulinemia as a part of the metabolic 
syndrome and we believe this is an important component (10;11). 
 
Other covariates:  total testosterone, age, ARIC center/race, gender, body-mass index, systolic 
blood pressure, diastolic blood pressure, HDL-cholesterol, triglycerides, insulin, glucose, 
hormone replacement therapy use, smoking. 
 
Analysis 
Univariate:  Student’s t-test will be used to compare mean testosterone levels in women with and 
without the metabolic syndrome. 
 
Multivariate:  Multiple linear regression will be used to identify variables mediating the 
relationship between the metabolic syndrome and testosterone levels. 
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