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4. Rationale:  Prior research on incidence and clinical predictors of type 2 diabetes has 

largely been focused on the middle-aged population (1,2).  Some well-recognized clinical 

predictors in this group include obesity, hypertension, low HDL levels, elevated 

triglyceride levels, impaired fasting glucose, and parental diabetes (2).  In comparison, 

research on incident type 2 diabetes and its clinical predictors in younger adults is 

relatively limited and often restricted by its design – either cross-sectional (3), restricted 

to a single ethnic group (4), or relied on self-reported data (4,5).  To our knowledge, no 

study has directly compared the incidence or clinical predictors of diabetes between 

younger vs. middle-aged populations.  It is still unclear whether the clinical factors 

identified in the middle aged similarly predict incident type 2 diabetes in those 

approaching middle age; and if so, to what extent the predictors’ relative impact differs 

between these groups. Furthermore, the association between the burden of being 

overweight or obese during follow-up (i.e., BMI years above overweight/obesity defined 

as the area above the overweight or obesity threshold during the follow-up period) and 

the risk of developing type 2 diabetes, after adjustment for baseline BMI and other 

cardiometabolic risk factors, has not been well quantified in either of these age groups, 

particularly comparing African Americans to whites (5-7). 

 

Together, CARDIA, ARIC, and the Framingham Offspring Study provide a richly 

combined dataset to compare the incidence and clinical predictors of type 2 diabetes in 

younger vs. middle-aged adults, and to further determine whether differences exist 

between African Americans and whites.  Carefully measured longitudinal data on major 

“baseline” clinical predictors, as well as prospective obesity burden and diabetes status, 

are available for both African Americans and whites.  The combined age range 

represented by the three cohorts also encompasses a sufficiently broad spectrum that is 

required for such comparisons.   

 

5. Main Hypothesis/Study Questions: 

 

1.  To compare the risk of incident diabetes among younger (age >30 and <45 years at 

baseline) and middle-aged (>45 and <60 years at baseline) African American and White 

adults. 

 

2a. To determine whether the risk between baseline cardiometabolic risk factors and 

incident diabetes differs between younger and middle-aged adults. 

     

Hypothesis: Most risk factors, including obesity, will have a greater effect on risk of 

developing diabetes in the younger group (v. the middle-aged group). 

 

2b.  To determine the degree to which BMI years above overweight/obesity during follow-

up  is associated with increased risk of diabetes, above and beyond baseline BMI and other 

cardiometabolic risk factors, and to determine whether this association differs between 

younger and middle-aged adults. 

 

Hypothesis: Greater prospective cumulative burden of obesity will also have a greater 

effect on risk of developing diabetes in the younger group (v. middle-aged group). 



 

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). 

 

ARIC participant inclusion/exclusion: Inclusion: < 60 years old at the ARIC Cohort 

Exam 1 (1987-89). Exclusion: free of diabetes at baseline and returned for at least one 

follow-up exam.  

 

Definitions of Diabetes: Diabetes will be defined similarly across the cohorts in the 

following way: fasting blood glucose ≥126 mg/dL, casual blood glucose ≥200 mg/dL, or 

using insulin or oral hypoglycemic medication. Time-to-diabetes will be estimated using 

a previously described method by Duncan et al. (13). That is, for cases ascertained based 

on blood glucose value, the incident date will be estimated by linear interpolation using 

the glucose values at the ascertaining and previous examinations. For cases ascertained 

based on the use of diabetic medications, the time-to-diabetes will be estimated by using 

their fasting glucose at the earlier visit and a slope estimated using information from all 

diabetic subjects who had been unaware of their status (because the fasting glucose at 

ascertainment for those who were on diabetic medication may have been affected by their 

knowledge of their diabetes status). 

 

Analytic Plan: We will conduct pooled analyses using individual participant-level data 

from CARDIA, ARIC, and Framingham Offspring Study. Furthermore, we will add a 

meta-analysis approach that pools study-level summary data and compare it with our 

main results (i.e., one that pools individual participant-level data). Diabetes incidence 

will be described using person-years of observation.  Baseline characteristics of those 

developing diabetes will be compared to those not developing diabetes using race 

specific, standard linear models after adjustment for age and sex.  Cox proportional 

hazards models will be used for the principal multivariate analysis.  The association of 

prospective BMI with incident diabetes will utilize baseline covariates along with a 

‘BMI-years-above overweight or obesity’, time-dependent covariate.  In brief, the time 

dependent covariate will be calculated as the area above the BMI based overweight or 

obesity threshold (>=25, >=30) at each event point for participants at risk for incident 

diabetes.  Two approaches will be used to study how the association of the baseline 

covariates and the time-dependent covariate may differ in younger versus middle-aged 

participants.  In the first approach, an age cohort indicator variable will be used to 

classify participants into the two age groups (younger: 30-44 years of age at baseline, 

middle-aged: 45-59 years of age at baseline; note that the age span of both groups will be 

similar at 15 years).  Interaction terms between the indicator variable and the covariates 

will be used to test for differences in associations by baseline age.  In the second 

approach, time dependent interaction terms will be used to test the association of risk 

factors with incident diabetes before age 45 with incident diabetes on or after age 45.  In 

both approaches, models will be race specific and time will be measured using age (entry 

age and exit age).  An overall model will be used to examine potential race differences.  
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