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3. Timeline: 
A draft manuscript will be ready to submit for Publications Committee Review in spring 
2017. 
 
4. Rationale:  
Atrial fibrillation (AF) is a commonly observed chronic arrhythmia and its prevalence has 
increased significantly over time8. The prevalence tends to increase with age and is 
higher in men than in women. Evidence exists that the risks of stroke, congestive heart 
failure (CHF), and cognitive dysfunction are higher in patients with AF, indicating the 
importance of AF as a public health concern5,8,9. 
 
Endogenous sex hormones, like testosterone, have many different effects on the body, 
including: sexual stimulation, metabolism, and development of various cardiovascular 
diseases and cancers. The mechanisms of aging-induced AF have not been fully 
elucidated3.  However, data from the Framingham Heart Study identified a significant 
interaction between age and testosterone. They concluded testosterone and estradiol are 
associated with incident AF in a cohort of older men4. A case control study found that 
men with lone AF had significantly lower testosterone levels than those without lone AF 
(38 ng/dl, p = 0.005)2. Research on testosterone in humans mainly focuses on men6. 
There often isn’t comparable research on women. 
 
Men have a 1.5-fold higher risk of developing AF compared with women after 
adjustment for age and other confounding factors5. However, among those in the 
Framingham Heart Study, women with new-onset of AF were found to have a higher 
relative risk of morality 1.9 (95% CI, 1.5-2.2) than men with new-onset of AF 1.5 (95% 
CI, 1.2-1.8)7. Few data are available on the risk of adverse events associated with incident 
AF among large populations, particularly among middle-aged women10. Thus, analyzing 
the association of atrial fibrillation and testosterone in women is warranted.   
 
There are early studies to suggest that testosterone replacement therapy in men with low 
testosterone levels may improve metabolic status by lowering blood sugar and HbA1C in 
men with type-2 diabetes, reducing abdominal girth, ameliorating features of the 
metabolic syndrome, all of which protect the cardiovascular system1. Although 
testosterone replacement is a different issue, further investigation on the potential 
association between endogenous testosterone and AF may be relevant to the ongoing 
debate about whether testosterone replacement therapy is an appropriate cardiovascular 
disease preventive strategy for those with low testosterone levels.  
 
With this sample size and number of expected events for the men in this sample, we 
anticipate being able to detect a hazard ratio of 1.2 or higher when comparing the 75th 
percentile vs. the 25th percentile of the male testosterone range. With this sample size and 
number of expected events for the women in this sample, we anticipate being able to 
detect a hazard ratio of 1.1 or higher when comparing the 75th percentile vs. the 25th 



percentile of the female testosterone range. Both of these calculations use an alpha of 
0.05 and power of 0.8. 
 
ARIC also measured sex hormone binding globulin (SHBG) and dehydroepiandrosterone 
sulphate (DHEAS).  Although we have no specific hypotheses about these being 
associated with atrial fibrillation, we will also examine their association with AF in 
passing.  
 
5. Main Hypothesis/Study Questions: 
Question: Is there an independent inverse association between endogenous testosterone 
and incident atrial fibrillation for men and women?  
 
Hypothesis: Low testosterone levels are associated with higher risk of incident atrial 
fibrillation.  
 
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: Prospective study beginning at ARIC visit 4. 
 
Exclusion criteria: Prevalent atrial fibrillation, missing testosterone levels. 
 
Exposures: Endogenous testosterone measured at visit 4 - modeled as a continuous 
variable and/or in quintiles (if not normally distributed). Secondary: SHBG and DHEAS.  
 
Outcome: Time to incident atrial fibrillation after visit 4, determined from hospital 
records, ARIC visit 5 ECGs, and death certificates. 
 
Covariates: Main AF risk factors as published by ARIC (age, sex, race/ethnicity, BMI, 
SBP and medications, diabetes, smoking status, eGFR, prevalent CHD, and prevalent 
heart failure). Additionally, women will be stratified by HRT use and separate analyses 
will be conducted for each group.  
 
Analysis: Examine sex-specific associations of AF and testosterone with covariates (with 
women stratified by HRT use). The main analysis will be to use sex-specific Cox 
proportional hazards models to calculate hazard ratios and adjust for the main AF risk 
factors, as noted above.  
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