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As of 2010, there were approximately 21 million adults in the U.S. with diabetes, a disease 

associated with numerous microvascular and macrovascular complications.
1
 Clinically, diabetes 

is characterized by hyperglycemia, defined by a fasting glucose > 126 mg/dL, a 2-hour glucose 

following a 75-g oral glucose tolerance test > 200 mg/dL, or a glycated hemoglobin (HbA1C) > 

6.5%, confirmed by a follow-up test.
2
 In addition to diabetes, “prediabetes”, or persons at 

increased risk for diabetes, is a pressing clinical and public health problem, which affects 

approximately 12 to 30% of U.S. adults age 18 years and older, depending on the definition 

used.
1
 The American Diabetes Association recommends identifying persons with prediabetes 

using the following definitions: a fasting glucose between 100 mg/dL and 125 mg/dL (“impaired 

fasting glucose”), a 2-hour glucose following a 75-g oral glucose tolerance test between 140 

mg/dL and 199 mg/dL (“impaired glucose tolerance”), or a HbA1C between 5.7% and 6.4% 

(“impaired glycated hemoglobin”).
2
 International diabetes and health organizations largely agree 

on the clinical definitions of diabetes and have universally adopted an HbA1C 6.5% as the 

appropriate diagnostic threshold in addition to fasting glucose and 2-hour glucose criteria.
3–5

 By 

contrast, the category of prediabetes does not have a uniform agreed-upon definition. In fact, 

some researchers in the field believe that the category of prediabetes should not exist by any 

definition and that the construct unnecessarily labels patients, causes harm, and is not directly 

indicative of adverse outcomes.
6
 

Further, a source of controversy and concern with the various categories for prediabetes is that 

there is discordance among them, meaning they identify different individuals. The lack of 

alignment of prediabetes categories has important implications for their use for screening and 

population burden estimation. For example, Selvin et al found that utilizing fasting glucose to 

quantify the prevalence of prediabetes (30%) resulted in an estimation that was more than double 

the prevalence identified by HbA1C (12%) in the same population.
1
 This is because, as described 

by an International Expert Committee and confirmed by Knowler et al, the HbA1C cut-point for 

diabetes diagnosis was chosen to favor specificity over sensitivity, and therefore identifies fewer 

individuals than fasting glucose or 2-hour glucose.
7,8

 In a recent pooled analysis of 96 

population-based studies conducted by the NCD Risk Factor Collaboration, HbA1C of > 6.5% for 

diagnosis of diabetes was found to have an overall sensitivity of 30.5%, but an overall specificity 

of 99.69% when compared to fasting plasma glucose or a 2-hour oral glucose tolerance test.
9
 

Complicating this debate is the ambiguity regarding which definition(s) of prediabetes best 

identify those individuals who are at risk of hard clinical outcomes.
6–8

 For example, the 

DECODE trial suggested that 2-hour glucose definitions of prediabetes and diabetes are more 

closely associated with outcomes than fasting glucose.
13

 However, Selvin et al found that the 

HbA1C was more strongly associated with risks of cardiovascular disease and death compared to 

fasting glucose.
12

 Different conclusions were put forth by the Emerging Risk Factors 

Collaboration, who resolved that adding information on HbA1C in order to predict cardiovascular 

disease was at least equal to the improvement gained when including information on fasting 

glucose and 2-hour glucose. Further, Pankow et al found in the ARIC study that prediabetes 

defined by fasting glucose and 2-hour glucose identified groups that had similar rates of death 

from incident coronary heart disease, although their median follow-up time was 6.3 years.
11,14

  

Combinations of definitions for diabetes have also been explored. Selvin et al 2011 identified 

that those with diabetes diagnosed by both an elevated fasting glucose and HbA1C are at the 



highest risk.
12

 Many investigators have recommended the routine use of both fasting glucose and 

HbA1C in combination for diabetes diagnosis to best indicate future outcomes, an approach that 

could also be considered for prediabetes. 
15–17

  

Nonetheless, there remains uncertainty regarding which definition or combination of definitions 

of prediabetes are most informative for identifying those at risk for adverse clinical outcomes. 

The over two decades of follow-up of ARIC participants, the availability of fasting glucose, 2-

hour glucose, and HbA1c data, and the large numbers of events presents the opportunity to 

formally compare definitions of prediabetes, singly and in combination, in their associations with 

future outcomes.  

 

 

5. Main Hypothesis/Study Questions: 

 

The overarching objective of these analyses is to examine the different definitions of prediabetes 

and determine which identifies the individuals most at risk for future outcomes: 

 

Aim 1: To conduct cross-sectional analyses to compare risk factor profiles among the different 

definitions of prediabetes 

 

Hypothesis 1: HbA1C, with its cut off that emphasizes specificity, is the definition of 

prediabetes that will identify participants with the most adverse risk profiles 

 

Aim 2: To conduct prospective analyses to compare the magnitude of associations of different 

prediabetes definitions (based on HbA1c, fasting glucose, or 2-hour glucose) and future 

outcomes (i.e., incident diabetes, cardiovascular disease [coronary heart disease and/or ischemic 

stroke], heart failure, chronic kidney disease, end stage renal disease, and all-cause mortality) 

 

Hypothesis 2.a: The combination of the HbA1C and fasting glucose definitions of 

prediabetes will be more associated with future outcomes over other definition combinations 

or a single definition alone 

 

Hypothesis 2.b: The single definition of prediabetes by HbA1C will be more associated with 

future outcomes than any other single definition 

 

Hypothesis 2.c: The associations between the definitions and outcomes will be similar by 

race 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): 

 

Study Design  

We will prospectively assess the relationship of the different prediabetes definitions and incident 

outcomes using fasting glucose and HbA1C measured at visit 2 (1990-1992) attended by 14,348 

participants and 2-hour glucose and fasting glucose at visit 4 (1996-1998) attended by 11,656 



participants. Since HbA1C is only available at visit 2 and 2-hour glucose is only available at visit 

4, head-to-head comparisons of HbA1C and 2-hour glucose on the same visit will not be feasible. 

To address this, two different sets of analyses will be conducted. 

 

For the primary analysis, the definitions of the measures assessed at the same visit will be 

directly compared. For fasting glucose and HbA1C baseline will be visit 2 (visit 2 analyses), and 

for fasting glucose and 2-hour glucose visit 4 will serve as baseline (visit 4 analyses). In addition, 

utilizing age as the time scale in the cox proportional hazards model will also be explored to 

address this issue, as described further in the analysis section below. 

 

Exclusions  

Participants will be excluded from the analyses if they had prevalent diabetes (i.e., self-report of 

a physician diagnosis of diabetes or self-report of medications for diabetes), cardiovascular 

disease [coronary heart disease and/or ischemic stroke], heart failure, chronic kidney disease, or 

end stage renal disease at the relevant baseline visit, are missing information on covariates, or 

did not fast for 8 or more hours. The prevalent disease(s) that will be excluded will depend on 

the outcome being assessed. Participants will also be excluded from visit 2 analyses if they are 

missing fasting glucose or HbA1C data and will be excluded from visit 4 analyses if they are 

missing 2-hour glucose or fasting glucose data.  

 

Variables  

 

Exposure. As mentioned above, those with diagnosed diabetes at baseline will be excluded from 

analyses. For those without prevalent diagnosed diabetes, three categories will be utilized to 

characterize diabetes status (i.e., no prediabetes/diabetes, prediabetes, and undiagnosed diabetes 

at baseline):  

 
Category Definitions 

Diagnosed 

diabetes 

 Self-report of a physician diagnosis of diabetes at an ARIC visit 

 Self-report use of an anti-diabetic medication at an ARIC visit 

No 

prediabetes/ 

diabetes 

 Fasting glucose level  < 100 mg/dL; 

 HbA1C < 5.7%; or 
 2-hour glucose < 140 mg/dL following a 75-g oral glucose tolerance test  

Prediabetes 

 Fasting glucose level > 100 mg/dL & < 126 mg/dL; 

 HbA1C > 5.7% and < 6.4%; or 
 2-hour glucose > 140 mg/dL and < 199 mg/dL following a 75-g oral glucose 

tolerance test 

Undiagnosed 

diabetes 

 Fasting glucose level > 126 mg/dL; 

 HbA1C > 6.5%; or 

 2-hour glucose > 200 mg/dL following a 75-g oral glucose tolerance test
2
 

 

 

Outcomes. Several outcomes will be assessed prospectively, per the definitions below: 

 
Category Definition 



Incident 

diagnosed 

diabetes 

 Self-report of a physician diagnosis of diabetes at an ARIC visit or during an 

annual follow-up telephone call through 2014; or 

 Self-report use of an anti-diabetic medication at an ARIC visit or during an annual 

follow-up telephone call through 2014 

Cardiovascular 

Disease 

 Coronary heart disease hospitalization; or 

 Coronary heart disease death; or 

 Ischemic stroke hospitalization; or 

 Ischemic stroke death 

Heart failure 
 Heart failure hospitalization; or 

 Heart failure death 

Chronic 

Kidney Disease 

 An estimated glomerular filtration rate-creatinine (eGFR-Cr) < 60 mL/min/1.73 m
2
 

at a subsequent study visit and an eGFR-Cr decline from baseline visit of at least 

25%; or 

 Hospitalization or death related to chronic kidney disease; or 

 An end stage renal disease event identified by the United States Renal Data System 

registry 

End Stage 

Renal Disease 

 An end stage renal disease event identified by the United States Renal Data System 

registry 

All-cause 

mortality 
 Death from any cause 

 

Covariates. Model 1 covariates will be measured at the relevant baseline and will be limited to 

age, sex, and race since these analyses aim to understand risk. Model 2 covariates will include 

Model 1 covariates and risk factors for diabetes and cardiovascular disease (i.e., body mass 

index, waist-to-hip ratio, LDL, HDL, triglycerides, eGFR-Cr, systolic blood pressure, smoking, 

alcohol, family history of diabetes, family history of cardiovascular disease, blood pressure-

lowering medications, and lipid-lowering medications).  

 

Statistical Analyses  

For all analyses, fasting glucose, 2-hour glucose, and HbA1C will be modeled categorically (no 

prediabetes or diabetes, prediabetes, undiagnosed diabetes). Additionally, the different 

combinations of the definitions will be assessed (i.e., 9 groups per visit based analysis). 

 

Cross-sectional analyses at baseline will be conducted to understand which definition is 

associated with the most adverse risk profile. Means, standard deviations and frequencies will be 

compared stratified by the various categorical definitions. Characteristics that will be considered 

include: age, sex, race, body mass index, waist-to-hip ratio, family history of diabetes, family 

history of cardiovascular disease, smoking status, alcohol use, systolic blood pressure, LDL-

cholesterol, HDL-cholesterol, triglycerides, eGFR, use of blood pressure-lowering medication, 

use of a lipid-lowering medication. 

 

Prospective analyses to assess which definition is most closely associated with clinical outcomes 

will involve Cox regression models to estimate hazard ratios of the categories within each 

definition for the various outcomes (i.e., incident diabetes, cardiovascular disease [coronary heart 

disease and/or ischemic stroke], heart failure, chronic kidney disease, end stage renal disease, 

and all-cause mortality). 

 



Both unadjusted and adjusted models for age, sex, and race-center (Model 1) will be generated.  

Model 2 will contain the variables in Model 1 plus risk factors for diabetes and cardiovascular 

disease (i.e., body mass index, waist-to-hip ratio, LDL, HDL, triglycerides, eGFR-Cr, systolic 

blood pressure, smoking, alcohol, family history of diabetes, family history of cardiovascular 

disease, blood pressure-lowering medications, and lipid-lowering medications). In addition to 

analyzing each definition separately, combinations (both fasting glucose and HbA1C and fasting 

glucose and 2-hour glucose) will be assessed. We will also evaluate whether there are differences 

in the associations of the various definitions with outcomes by race. We will include an 

interaction term in the models and perform likelihood ratio tests to assess the a priori hypothesis 

that these relationships will not be significantly modified by race (with p < 0.10 as significant). 

Race-stratified analyses will also be conducted. Poisson regression will be used to estimate 

incidence rates of each outcome for each definition and combination of definitions and Kaplan-

Meier graphs will be generated.  Additionally, a sensitivity analysis will be conducted using the 

previous FG threshold for diabetes of 110 mg/dL (instead of 100 mg/dL). 

 

These analyses will be performed utilizing two time scales for comparative purposes: 

(1) Time from enrollment will be used as the time scale in the cox models and visit 2 and 

visit 4 analyses will be analyzed separately 

(2) Age will be used as the time scale in the cox models, allowing for overlap between the 

timing of the visit 2 and visit 4 tests to promote comparability of the definitions 

 

Limitations 

HbA1C and 2-hour glucose are measured at different times (visit 2 and visit 4, respectively). This 

makes direct comparison more challenging, since the 2-hour glucose was measured 

approximately 6 years after HbA1C, when the participants were older, and likely to be further 

along in the disease process. Additionally, these analyses rely on a single measure of fasting 

glucose, HbA1C, and/or a 2-hour glucose, which may result in some misclassification especially 

relative to formal definitions, which require confirmation of any elevated test by a second test at 

a later time point. 
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