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4. Rationale:
The prevalence of prediabetes and diabetes increases with age.! In the United States, an

estimated 25% of adults aged >65 years old have diabetes while over 50% meet the criteria for
prediabetes, depending on the definition used.? Despite the high prevalence of both diabetes and



prediabetes among older adults, the epidemiology of these conditions in older adults is not
sufficiently characterized.

The American Diabetes Association highlighted prognostic implications of
hyperglycemia among older adults as a critical knowledge gap.®* While glucose increases with
age, the risk factors and likelihood of progression of hyperglycemia—including the transition
from prediabetes to diabetes in older adults are inadequately understood. Additionally,
hyperglycemia among older adults is heterogeneous with regard to presentation, outcomes, and
treatment considerations.*>

Previously, a population-based Swedish study examined the natural progression of
prediabetes (defined as HbAlc 5.7-<6.5%) among adults aged >60 years during 12 years of
follow-up.® Among 3,363 participants with pre-diabetes they reported that the majority
maintained prediabetes status (~42%), while 13% progressed to overt diabetes, 22% reverted to
normoglycemia, and 23% died by year 12. The investigators also reported that baseline BMI,
systolic blood pressure and prevalent heart disease were the major predictors for progression to
diabetes.® Few other data exist on this topic.

We aim to characterize rates and correlates of progression from normal to pre-diabetes, pre-
diabetes to diabetes, normoglycemia, or mortality using ARIC visit 5 as baseline, when
participants were aged 71-90 years with follow-up through visits 6 (2016-2017) and 7 (2018-
2019).

5.  Main Hypothesis/Study Questions:

We hypothesize that the majority of participants with pre-diabetes will remain prediabetic, while
the minority will progress to diabetes between visits 5 and 7.

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 include all participants who attended visit 5 and had relevant measures of hyperglycemia
and no history of diagnosed diabetes. We will exclude participants who are neither black nor
white or blacks at the MN and MD study centers.

Variables

Exposure
HbA1c was measured in whole blood using a Tosoh G7 automated high-performance liquid

chromatography analyzer (Tosoh Bioscience), which was standardized to the Diabetes Control
and Complications Trial assay. Glucose was measured in serum using the hexokinase method on
the Beckman Coulter Olympus AU400e analyzer.

Outcomes



1) Progression to diabetes: HbAlc >6.5%, self-report physician diagnosis, or diabetes
medication at visits 6 or 7

2) Reversion to normoglycemia: HbAlc <5.7%

3) All-cause mortality

Other variables:

Visit 5 = age, sex, race, study center, body mass index, family history of diabetes, smoking
status, alcohol use, systolic blood pressure, blood pressure-lowering medication use, total
cholesterol, HDL cholesterol, lipid-lowering medication use, eGFR, prevalent cardiovascular
disease (CHD, HF, stroke), prevalent dementia or mild cognitive impairment

Data Analysis

We will report characteristics of participants at visit 5 using means and proportions. We will
also report the proportion of participants who maintain their status in the prediabetes category,
progress to diabetes, or die by the end of visit 7. Additionally, we will report unadjusted and age-
adjusted incidence rates of 1) progression from no diabetes/prediabetes to prediabetes, 2)
progression from pre-diabetes to diabetes, 3) reversion to normoglycemia, or 4) mortality.
Person-years will be calculated based on time to whichever event comes first. We will present
these rates stratified by age (split at median), sex, and race group.

Mixed models will be used to examine HbA1c and fasting glucose continuously among
participants. Multinomial logistic regression models will be used to calculate odds ratios and
95% confidence intervals for correlates of the outcomes: progression to diabetes, reversion to
normoglycemia, or mortality. We will test whether there are differences in the association by
age, sex, and race.

e Model 1 = age, sex, race-center

e Model 2 = Model 1 + current smoking, systolic blood pressure, blood pressure-lowering
medication use, total cholesterol, HDL cholesterol, lipid-lowering medication use, eGFR,
prevalent cardiovascular disease

Limitations

This analysis has visit-based outcomes among older adults. As such, non-random attrition is
of potential concern, particularly because inclusion in the proposed analysis is conditional upon
the ARIC participant both surviving and agreeing to attend later ARIC visits. To attempt to
account for this informative missingness, we plan to conduct a sensitivity analysis incorporating
inverse probability of attrition weighting (IPAW),”® and multiple imputation by chained
equations (MICE).*° These attrition weights will be derived using the variables listed above
under “other variables” to estimate the probability of non-participation, and the probability of
death at subsequent ARIC visits. We will use multiple imputation prediction models regressing
variables with missing data on all other variables, including prior imputations.
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