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1. Proposal Title: Prediabetes Phenotyping and Prediction of Type 2 Diabetes and Cardiovascular 

Disease 
 

2. Lead Author:  Michael E. Bowen MD, MPH 
 

3. Overview 
Provide a brief overview of the proposal including the nature of the problem to be addressed, scientific 
relevance, objectives/aims, research question/hypotheses, and methods/analytical plan (<250 words): 

 
Prediabetes affects one-third of US adults and increases the risk of type 2 diabetes (T2D) and 

cardiovascular disease.  Our ability to target evidence-based interventions to prevent/delay T2D is limited by 

our poor understanding of disease progression.  Characterization of prediabetes phenotypes and development of 

risk models predicting T2D transition using clinical data may improve care.  Similarly, cardiovascular risk 

models designed for patients with prediabetes that include glycemic markers may improve cardiovascular risk 

prediction and impact statin eligibility.  In this proposal, we will combine data from JHS, HCHS/SOL, 

CARDIA, and MESA to: 

Aim 1: Characterize prediabetes phenotypes by T2D progression using risk factors and glycemic markers 

(A1C/Fasting glucose) commonly available in clinical practice.   

We will use TwoStep clustering analysis to identify prediabetes phenotypes and Accelerated Failure 

Time Models to assess progression to T2D.   
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Aim 2: Derive and validate a clinically relevant Prediabetes Progression Risk Score predicting progression from 

prediabetes to T2D using clinical risk factors and A1c. 

We will derive and validate a multivariable Cox Proportional Hazard prediction model and risk score 

predicting prediabetes to T2D progression using clinical factors commonly available in the EHR.  Model 

performance and net reclassification index will be assessed.  

Aim 3: Determine the reclassification of cardiovascular risk when glycemic measures (A1c and Fasting Blood 

Glucose) are added to the Pooled Cohort Equations (PCE) in individuals with prediabetes. 

We will calculate the c-statistic for the PCE in the prediabetes cohort and assess change in model 

performance (c-statistic) and calculate the net-reclassification index after adding glycemic measures. 

 
 

4. Background/Rationale 
Please include discussion on relevance of African Americans to the proposed topic (<1000 words). 

 

Prediabetes affects one out of every three US adults and increases the risk of developing type 2 diabetes 

and cardiovascular disease.  Up to 70% of individuals with prediabetes may progress to T2D during their 

lifetime.  Although awareness of prediabetes is increasing and evidence-based interventions are available to 

delay or prevent the development of type 2 diabetes, our ability to target interventions is limited by our poor 

understanding of disease progression and our inability to predict and stratify prediabetes patients by their risk of 

progression.P

1
P   

The characterization (or phenotyping) of distinct groups of patients with prediabetes based on risk of 

progression to type 2 diabetes is critical for prediabetes surveillance and targeting of interventions to prevent 

type 2 diabetes in clinical practice.  ‘Physiologic’ phenotyping, which utilizes measures of insulin resistance, 

insulin sensitivity, and direct measurement of liver adiposity, centers on understanding differences among 
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prediabetes patients with impaired fasting glucose, impaired glucose tolerance, and combined impaired fasting 

glucose + impaired glucose tolerance.2  Although critically important, the clinical impact of this approach is 

limited because data required for phenotyping are rarely available in clinical practice.  New approaches to 

‘Clinical Phenotyping’ that utilize data routinely available in clinical practice are needed to improve the risk 

stratification, surveillance, and targeting of preventive interventions.   

While it is well recognized that individuals with prediabetes are at increased risk of developing type 2 

diabetes, risk models predicting incident T2D in individuals with prediabetes are lacking.  Existing diabetes 

prediction models were derived in cohorts of patients without diabetes (i.e. a combination of normal and 

prediabetes glycemic states), and the applicability and performance of these models in patients with prediabetes 

is unknown.3,4  Additionally, their use in clinical practice is limited because they require fasting glucose, which 

is often not accurately captured/identified in EHR data, and OGTT, which is rarely ordered in clinical practice.5  

New risk models predicting the progression of prediabetes to type 2 diabetes using A1c (the most common 

screening test in clinical practice) and other risk factors routinely available in clinical practice are urgently 

needed to improve risk stratification and intervention targeting in clinical practice.     

Individuals with prediabetes have elevated cardiovascular risk relative to those with normal glucose 

metabolism.6  However, current cardiovascular risk models do not include glycemic markers.  Although the 

addition of A1c has not been shown to improve cardiovascular risk prediction in all patients without diabetes 

(i.e. prediabetes and normal glycemic status), it is unknown if adding glycemic markers such as A1c to 

cardiovascular risk equations can improve the prediction of incident cardiovascular events in patients with 

prediabetes.7   

URelevance to African Americans 

Type 2 diabetes (T2D) is a significant cause of morbidity and mortality in African Americans.  In the US, 

African Americans have a higher age-standardized prevalence of T2D compared with whites (21.8% vs. 

11.3%).8  Importantly, the prevalence of diagnosed T2D among African Americans and Hispanics continues to 



Jackson Heart Study Manuscript Proposal 
 
increase even though it has leveled off among non-Hispanic whites.9  African-Americans are less likely to meet 

diabetes treatment goals.10
36T  Compared with non-Hispanic white counterparts, African Americans have higher 

rates of diabetes related mortality (2-fold increase), end stage renal disease (4-fold increase), and lower 

extremity amputation rates (2-fold increase).11 

36TAfrican Americans also have a higher prevalence of prediabetes that is increasing over time.12  Although 

there are well described racial differences in test performance and resulting disease classification between A1c, 

fasting glucose, and 2-hour post prandial glucose values, the higher prevalence and trends in prediabetes in 

African Americans persist when using a clinically-relevant definition (fasting glucose + A1c).12    36TIn the 

Coronary Artery Risk Development In Young Adults (CARDIA) study, it was recently shown that although 

African Americans are 2.9 time more likely to develop T2D, the disparity is attenuated after adjustment for 

biological, neighborhood, psychosocial, economic, and behavioral factors.13  Many of these factors are 

potentially modifiable and responsive to interventions.  Therefore, identification of patients with prediabetes 

who are at high risk for progressing to T2D is critical to improving targeting of interventions to prevent or delay 

type 2 diabetes and cardiovascular disease.  In particular, models that incorporate race/ethnicity into prediction 

are needed 

In this proposal, we aim to characterize phenotypes of prediabetes using clinically available data and 

derive and validate a risk equation (Prediabetes Progression Risk Score) to estimate the risk of progression from 

prediabetes to type 2 diabetes over a 5-7-year follow-up period using A1c as the gold-standard glycemic 

marker.  We will design the risk score for use in clinical practice by prioritizing risk factors and predictors 

commonly available in the EHR.  Additionally, we will examine whether adding glycemic markers (A1c and 

fasting glucose) to current cardiovascular risk models will improve prediction of incident cardiovascular disease 

and impact statin eligibility in individuals with prediabetes.  To accomplish this, we will combine data from 

JHS with data from other longitudinal, cardiovascular cohort studies (CARDIA, MESA, HCHS/SOL) to create 
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a multi-ethnic analytic cohort for the proposed studies.  The JHS data will provide important data from African 

Americans, who are at increased risk for developing diabetes. 

 

5. Research Hypothesis 

Aim 1: Characterize prediabetes phenotypes by risk of progression to type 2 diabetes using risk factors 

and glycemic markers (A1c and fasting glucose) commonly available in clinical practice.   

H1:  Clinical risk factors and common glycemic markers can differentiate distinct prediabetes 

phenotypes that differ in progression risk.   

Aim 2: Derive and validate a clinically relevant Prediabetes Progression Risk Score predicting 

progression from prediabetes to type 2 diabetes using clinical risk factors and A1c as the glycemic 

marker. 

H2: A combination of glycemic and clinical risk factors will perform better than hemoglobin 

A1c alone. 

Aim 3: Determine the net reclassification of cardiovascular risk and impact on statin eligibility when 

glycemic measures (A1c and Fasting Blood Glucose) are added to the Pooled Cohort Equations in 

individuals with prediabetes. 

H3: Adding glycemic measures will improve model discrimination, the net reclassification index 

for CV events, and identify additional individuals who may benefit from statin treatment.   

6. Inclusions/Exclusions 

Data from JHS will be used to assemble an analytic cohort of participants without diagnosed diabetes at 

visit JHS EXAM 1, which will serve as the baseline in all analyses. Participants with diagnosed diabetes will be 

excluded at baseline using a combination of self-reported diabetes state and diabetes prescription medications.  

Additionally, individuals with undiagnosed diabetes will be excluded using A1c (≥6.5%) and fasting glucose 

(≥126 mg/dL) criteria at baseline.    Requirements for inclusion in the analytic cohort will include completion of 
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the EXAM 2 and available results for hemoglobin A1c (A1c) and fasting blood glucose (FBG) at both time 

points.  Participants completing EXAM 3 will also be included provided that they also completed EXAMS 1 

and 2 and have FBG and A1C available at all time points.  Women who are pregnant during the follow-up 

period will be excluded.  

7. Statistical Analysis Plan and Methods 

Note:  Prior to analysis, all data from JHS, HCHS/SOL, CARDIA, and MESA will be merged to form the 

analytic cohort.   

Descriptive statistics of the prevalence of prediabetes (A1c 5.7-6.4% or FBG 100-125 mg/dL) and 

prevalence rates by common risk factors including age, race, sex, BMI, family history of diabetes, comorbidities 

(hypertension, coronary artery disease, cerebrovascular disease, peripheral vascular disease, dyslipidemia, 

tobacco use, history of gestational diabetes), physical activity levels and dietary quality will be described.  Tests 

of differences will be made by standard tests (Chi-square or Fisher’s exact for proportions; t-tests for continuous 

variables).  All analyses will account for sampling weights and methodology as recommended by the 

coordinating center.   

UAnalysis 1 

Using the data elements described above, we will use data from the baseline visit to identify different 

phenotypes of patients at risk for diabetes.  We will select variables for clustering based on the availability and 

feasibility of data elements being available in clinical data collected in routine clinical practice.  Proposed 

clustering variables include age, race, sex, BMI, baseline glycemic markers, cholesterol test results, diagnosis of 

coronary heart disease and hypertension.  Although not typically available in clinical practice, we will assess the 

role of the homeostatic model assessment of insulin resistance (HOMA-IR) using fasting glucose and plasma 

insulin values.  TwoStep clustering analysis will be conducted in which the optimal number of clusters is 

automatically selected followed by hierarchical clustering using Euclidian distance and Bayesian Information 

Criteria.  Cluster stability will be assessed through bootstrapping and calculating Jaccard similarities to the 

original cluster.  Characteristics of distinct clusters will be described, and an Accelerated Failure Time Model 
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will be used to determine 1) change in glycemic status, defined by an increase/decrease in A1c or FBG, by 

cluster; 2) progression to type 2 diabetes (defined by participant report; treatment with diabetes medication; or 

laboratory diagnosis).  Progression to cardiovascular disease will a secondary endpoint given uncertain event 

rates given that the number of incident CVD cases and their distribution across clusters is unknown.  We will 

conduct sensitivity analyses with/without including patient-reported diabetes in the outcome definition to assess 

potential outcome misclassification when using self-reported data alone. 

UAnalysis 2 

A multivariable prediction model and risk score for development of T2D (defined by A1c/FBG values and 

medications) will be derived using the previously described cohort.  Common, clinically available (i.e. routinely 

available in the electronic health record in a structured data field) candidate predictors will be selected and 

univariate associations with diagnosis of T2D between baseline and Visit 2 will be assessed using a pre-

specified significance threshold of P≤0.20.  Significant univariate predictors will be entered into a multivariable 

Cox proportional hazard models predicting T2D using backwards selection with a pre-specified significance 

threshold of P≤0.20.  Discrimination will be assessed using Harrell’s c-statistic and calibration across deciles of 

risk will be examined.  Performance of the multivariable model will be compared with a ‘base’ model including 

glycemic markers (A1c or FBG) as the only predictor of progression.  We will calculate the net reclassification 

index, which is the sum of the net proportions of correctly reclassified individuals with and without T2D in the 

multivariable model compared with the base model.   The multivariable model will be used to derive a point-

based scoring system using the Framingham methodology14 in which the model coefficients are converted to 

integers to facilitate automation of risk calculation within EHRs without requiring EHR data extraction to 

cloud-based computing platforms to run regression equations for risk assessment.   

UAnalysis 3 

We will specify the Pooled Cohort Equation (PCE) for prediction of cardiovascular risk in prediabetes patients 

without a history of known cardiovascular disease.  We will examine the C-statistic and calibration of the PCE 

(age, sex, race, systolic blood pressure, hypertension treatment, total cholesterol, HDL cholesterol, smoking 
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status, and diabetes diagnosis) across deciles of risk.  We will then examine the improvement in model 

performance (c-statistic) when adding glycemic measures (A1c and fasting glucose) to the PCE.  Using the PCE 

as the reference model, we will examine the net reclassification index (NRI) and integrated discrimination 

improvement when adding glycemic measures to the model.  We will utilize category-based NRI examining the 

reclassification of individuals between 3 levels of predicted 10-year cardiovascular risk when adding glycemic 

measures to the PCE: Low (<5%), intermediate (5 - <7.5%), and high (≥ 7.5%).  We will report the proportion 

of patients with prediabetes that are reclassified across the 10-year cardiovascular risk treatment threshold 

(7.5%) when glycemic measures are added to the PCE. 
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