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Older adults are at increased vulnerability for diabetes but there is heterogeneity in the 

presentation and severity of the disease in older populations (1-3). There is limited evidence for 

screening and appropriate glycemic targets, and how best to reduce cardiovascular risk and 

mortality in this population. Among adults older than 75, the evidence gap is particularly 

evident. There is also controversy regarding prognosis in older persons with hyperglycemia 

below the threshold for a diagnosis of diabetes.  

 The objective of this study is to characterize the short-term (~3 year) risk of cardiovascular 

disease and mortality in older adults with prediabetes, undiagnosed diabetes, and diagnosed 

diabetes. We will evaluate the prognostic performance of current diabetes and prediabetes 

diagnostic criteria in older adults. In adults with a prior diagnosis of diabetes, we will examine 

potential differences in risk according to various diagnostic criteria and examine potential 

differences by diabetes duration and diabetes medication use. We will also specifically examine 

differences by age, sex, and race.  

 

5. Main Hypothesis/Study Questions: 

 

Study Aim: To compare short-term cardiovascular and mortality risk (absolute and relative risk) 

in persons with prediabetes and diabetes to those persons without diabetes at ARIC visit 5. We 

will also compare clinical cut-points for prediabetes and diabetes based on fasting glucose and 

HbA1c. In persons with diagnosed diabetes, we will examine differences in risk by duration of 

diabetes and diabetes medication use. We will formally test for interactions in associations by 

age, sex, and race.  

 

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: Prospective cohort analysis of participants from the Atherosclerosis Risk in 

Communities (ARIC) Study who attended the visit 5 examination from 2011 to 2013, which will 

serve as baseline for the present study (mean age 76, range 66 to 90).  

 

Inclusion/exclusions: We will exclude those participants missing information on diabetes status, 

HbA1c, glucose, those who fasted <8 hours (5.2% of visit 5 participants), and those who are 

missing relevant covariates of interest at visit 5. 

 

Exposures: Diabetes status defined as normoglycemic, prediabetes, undiagnosed diabetes, or 

diagnosed diabetes based on information available at or before visit 5. Persons who self-report a 

physician diagnosis of diabetes or who are currently taking glucose-lowering medications will be 

classified as having diagnosed diabetes. In persons without a prior diagnosis of diabetes, we will 

compare American Diabetes Associations definitions for undiagnosed diabetes and prediabetes 

based on fasting glucose (<100, 100-125, >=126 mg/dL) and HbA1c (<5.7, 5.7-6.4, >=6.5%). 

 

Outcomes: All-cause mortality and cardiovascular events (coronary heart disease, stroke, or 

heart failure) occurring after visit 5. ARIC participants are contacted annually by telephone 

(semi-annually after 2012) and reported hospitalizations and deaths are identified. ARIC 

investigators also survey lists of discharges from local hospitals and death certificates from state 



vital statistics offices for potential events. Hospital records are abstracted and potential coronary 

heart disease, ischemic stroke, and heart failure events are adjudicated by an end points 

committee. There is currently a median of ~2.6 years of post-visit 5 follow-up for mortality 

(maximum of 3.6 years) and median of ~2.6 years of follow-up for cardiovascular events 

(maximum of 3.6 years).  

 

Coronary heart disease: We will define incident coronary heart disease cases using the 

composite adjudicated definition incorporating definite or probable myocardial infarction, 

cardiac procedures, and deaths from coronary heart disease identified during active 

surveillance for all hospitalizations and deaths among ARIC participants. 

 

Ischemic stroke: We will define incident stroke as an adjudicated (definite or probable) 

incident ischemic stroke event identified during active surveillance.  

 

Heart failure: We will define incident heart failure as an adjudicated heart failure event 

identified during active surveillance.   

 

Mortality: Death from any cause identified during active surveillance. 

 

Covariates: age, sex, race-center, prevalent cardiovascular disease, total cholesterol, LDL-

cholesterol, treatment for high cholesterol, triglycerides, HDL-cholesterol, systolic blood 

pressure, diastolic blood pressure, hypertension medication use, education levels, family history 

of diabetes. 

 

Statistical analyses: 

We will compare baseline characteristics by diagnosed diabetes status and using definitions 

based on fasting glucose and HbA1c We will conduct survival analysis using Kaplan-Meier to 

examine the cumulative incidence of cardiovascular disease and mortality by diabetes status. We 

will calculate incidence rates (per 1,000 person years). We use Cox proportional hazards models 

to generate hazard ratios and corresponding 95% confidence intervals to characterize the 

association of diabetes status with cardiovascular risk and mortality with adjustment for relevant 

covariates. We will evaluate the proportional hazards assumption using log-(-log) plots and by 

testing risk factor-by-time interactions; if the assumption is violated the interactions term(s) will 

be kept in the model and the time-dependent nature of the risk will be interpreted accordingly. 

 

We will compare models with adjustment for the variables listed below: 

 

Model 1: age, sex, race-center 

Model 2: age, sex, race-center, prevalent cardiovascular disease, total cholesterol, LDL-

cholesterol, treatment for high cholesterol, triglycerides, HDL-cholesterol, systolic blood 

pressure, diastolic blood pressure, hypertension medication use, education levels, family history 

of diabetes.  

 

Additional model in persons with diagnosed diabetes only: 

Model 3: all variables in Model 2 + HbA1c, diabetes medication type 

 



We will test for interactions by age (<75, >=75 years), sex, and race using the likelihood ratio 

test.  

 

Limitations: 

- As with all observational studies, we will not be able to eliminate the possibility of residual 

confounding.  

- Because there is currently a maximum of 3.6 years of follow-up of ARIC participants after visit 

5, we will only be able to examine short-term cardiovascular risk and mortality. However, if 

updated data files become available, we will update our analyses with the most recent data 

available prior to submission for ARIC review. 

- Reliance on single measures of HbA1c and glucose to characterize prediabetes and diabetes 

whereas clinical practice recommendations are to repeat tests to confirm elevations in either 

fasting glucose or HbA1c. 
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