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4. Rationale:  

 



 An estimated 9.3% of the United States population has diabetes mellitus, primarily type 2 

diabetes, and the prevalence is expected to continue increasing.
1
  Diabetes is an established  risk 

factor for cardiovascular disease (CVD), the leading cause of morbidity and mortality among 

people with diabetes.
2
  Further, diabetes is considered a coronary heart disease risk equivalent.

3
  

While women are at reduced absolute risk of a CVD event compared to men of similar age, this 

advantage is lost among women with diabetes compared to men with diabetes.
4
   

 Sex differences in the association of diabetes with CVD outcomes have been studied 

comprehensively in whites, however, further study is needed to examine these differences among 

minority populations for whom the disease burden is particularly high.
1
   Specifically, incidence 

and prevalence of diabetes is higher among African Americans, particularly African American 

women, than whites.
5-6

  A previous study has also suggested that some of the excess risk in 

African Americans is accounted for by modifiable risk factors, especially in African American 

women compared to white women.
6
  However, little is known about the within sex differences 

on the association between diabetes and incident CVD among African Americans and whether 

these differences mirror what has been seen among whites.  And, to our knowledge there has 

been no study testing the interaction of sex with diabetes in relation to CVD outcomes in African 

Americans, as pointed out in a recent review.
4
  The Atherosclerosis Risk in Communities Study 

(ARIC) offers an opportunity to examine CVD outcomes among African American men and 

women to determine whether sex and diabetes interact to affect CVD incidence, mirroring what 

has been seen consistently in studies of sex-diabetes interactions among whites.   
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5. Main Hypothesis/Study Questions: 

 

 We hypothesize that there is an additive sex by diabetes interaction for CVD incidence 

among African Americans in the ARIC cohort.  That is, the absolute risk of CVD associated with 

diabetes will be greater in women than men, or alternatively, the joint risk of CVD for women 

with diabetes is greater than expected risk based on an additive risk model.  The CVD outcomes 

will include incident coronary heart disease (CHD), stroke, peripheral vascular disease (PVD), 

and heart failure.  For comparison, we will verify that the interaction is present for whites in 

ARIC as well. 

 

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 from visit 1 with CVD events through 2013 or most recent data available.  

 

Exclusions: all participants who are not African American or white, those missing information 

on diabetes status at baseline, and those with prevalent CHD, total stroke, PVD, or heart failure 

at baseline.  

 

Exposures: sex and diabetes (defined as non-fasting blood glucose > 200 mg/dL, fasting blood 

glucose > 126 mg/dL, self-report of diabetes, or reporting taking medication for diabetes or high 

blood sugar) 

 



Outcomes: incident CHD (events and deaths), total stroke, PVD (hospitalization for lower 

extremity revascularization during follow-up or ABI < 0.90), and heart failure (hospital ICD 

codes) 

    

Analysis:  Poisson regression will be used to calculate incidence rates of CVD outcomes in 

African Americans, stratified by sex and diabetes status from visit 1, 1987-89, through 2013.  

Sensitivity analyses will be conducted to assess the impact of including diabetes self-report, 

CHD revascularization, and stroke subtypes.  Race-specific competing risks Cox proportional 

hazards will be used with diabetes as a time dependent variable to assess hazard of CVD 

outcomes over the same time period, with special emphasis on testing the additive sex by 

diabetes interaction using relative excess risk (RERI) as well as the multiplicative interaction.  

Hazard ratios will be calculated for women with diabetes, men with diabetes, men without 

diabetes, with the reference group being women without diabetes.  Associations between 

diabetes and CVD by sex among whites will also be examined to assess whether sex differences 

examined in previous studies persist.  Models will be adjusted for age, center, systolic blood 

pressure and hypertensive medication, LDL and HDL cholesterol body mass index (BMI), 

kidney function, physical activity, alcohol use, tobacco use, and education.  
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