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4. Rationale: 
 
 Diabetes is a health problem of increasing concern. The World Health Organization 
estimates that 2.9 million deaths per year are attributable to diabetes, and this number is 
likely to increase by more than 50% in the next decade (1). Much of this burden may be 
explained by the dramatic rise in obesity rates (2). It is well established that obesity is 
one of the strongest risk factors for diabetes, but causal mechanisms are not fully 
established (3).  
 Hotasmiligil proposed in 1994 that inflammation is a key component of the 
obesity – diabetes link (4). In ARIC data, we demonstrated in 1999 that a mild state of 
inflammation precedes and predicts type 2 diabetes, independently of obesity and other 
risk factors (5). The last decade has witnessed considerable number of investigations in 
humans and animals to support the role of inflammation and adipocytokines in the 
development of diabetes (6). However, to our knowledge, to what degree markers of 
potential causal mechanisms for diabetes such as inflammation and adipocytokines, 
together with insulin resistance, contribute to the association of obesity (or central 
obesity) and diabetes has not been evaluated in an epidemiologic context.    

ARIC offers a unique opportunity to examine this through a case-cohort study 
rich in measurements of inflammatory markers and adipocytokines. Thus, we propose to 
investigate the role of these potential mediators and/or confounders in the association of 
obesity/central obesity with diabetes.  The focus of the discussion will be on the size of 
the reductions in hazard ratio seen with the addition of adiponectin and inflammation 
markers to the models and, within the context of the literature, on potential explanations 
for these decreases.  
 
5. Main Hypothesis/Study Questions: 
  
 To what extent adipocytokines and systemic inflammation contribute to the 
association of obesity/central obesity with diabetes. 
 
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). 

6.a. Design 
The case-cohort design, which was previously used to investigate the role 

biomarkers in the development of diabetes in ARIC (7;8), will be used in this study.  
From eligible members of the baseline cohort, we selected and measured analytes 

on ethnicity-stratified (50% white, 50% African American) random samples of both 
cases of incident diabetes and members of the full cohort (1,198 individuals in total). A 
few of the incident cases of diabetes overlapped with the cohort random sample, and a 
few were selected only via the cohort sample. Of those sampled, we excluded 
participants for incomplete fasting (<8 h), for not having values for all covariates, and 
those identified as non-cases but having 2-h glycemia ≥11.1 mmol/l during the OGTT 
performed at the last follow-up visit, resulting in 1100 subjects. 

Cases were defined on the basis of 1) a reported physician diagnosis, 2) use of 
antidiabetic medications, 3) a fasting ( 8 h) glucose value 7.0 mmol/l, or 4) a non-
fasting glucose value of 11.1 mmol/l. The date of diabetes incidence was estimated by 
linear interpolation using glucose values at the ascertaining visit and the previous one, 
as previously described. 
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6.b. Exposure Variables 
The primary independent variables will be baseline obesity (BMI) and central 

obesity (waist circumference). Covariates to be used as either confounders or mediators 
will include baseline measurements of age, gender, center, ethnicity and parental history 
of diabetes (minimal adjustment), adiponectin, inflammation markers,  leptin (sex 
specific quartiles), non-esterified fatty acids, hypertension, triglycerides, HDL-
cholesterol, WHR (in the obesity model),  and insulin levels. Given previous 
heterogeneity in the associations of inflammation markers with incident diabetes across 
ethnicity and smoking status strata, we will look for heterogeneity in reductions seen in 
the obesity/central obesity – incident diabetes associations across strata of these factors.  

6.c. Analyses 
Statistical analyses will be performed using the SAS (SAS Institute Inc., Cary, NC) 

and SUDAAN statistical software packages. Weighted Spearman correlations will be 
calculated in the cohort random sample to describe unadjusted associations between 
BMI and inflammation markers inferring for the entire cohort. Considering case-cohort 
sampling design, weighted Cox proportional hazards regression will be used to analyze 
the relationship between obesity and time to onset of type 2 diabetes, to permit 
inference to the entire cohort. The association between obesity and incident diabetes 
will be described in minimally adjusted models and in a series of subsequent models 
estimating the proportional reduction in the HR and excess relative risk observed. In the 
initial model, adjustment will be made for factors not being considered as potential 
mediators – age, gender, center, ethnicity, and a parental history of diabetes. 
Subsequently, the following factors will be added to the models:  

1. adiponectin 
2. inflammation markers 
3. additional metabolic factors (e.g. triglycerides, HDL-C) and hypertension 
4. insulin. 
 
6.d. Final comment 
The ability of standard modeling approaches to estimate mediation has been 

criticized (9). Additionally, the fact that variables that could be considered potential 
mediators in this analysis (e.g., adipocytokines and inflammation markers) were 
measured at the same moment as the main exposure (obesity) limits our ability to test 
hypotheses regarding mediation with more sophisticated techniques. Nonetheless, we 
believe that demonstration of changes in effect measures using a traditional regression 
approach, in a manner similar to that already undertaken in ARIC with respect to 
questions of potential mediation (10;11), can advance current knowledge at a population 
level, and will stimulate investigations in datasets that permit a greater scope of 
investigation. 
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