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4. Rationale:

Current clinical guidelines recommend the use of fasting glucose, glycated hemoglobin (HbAlc),
or the oral glucose tolerance test for diagnosis of diabetes.! Of the three traditionally used
measures, the oral glucose tolerance test (OGTT) has long been viewed as the “gold standard”
for diabetes diagnosis, although it has fallen out of favor in clinical practice, largely due to its
inconvenience. The OGTT is burdensome for both the patient and the healthcare system, as it
requires at least a 10-hour fast, ingestion of 75-g of glucose, and timed blood draws over two
hours. In addition to these challenges, it also has well-documented high within-person
variability.” Nonetheless, the OGTT was the long-standing basis for diabetes diagnosis and has
been shown to be associated with a number of outcomes, including retinopathy, cardiovascular
mortality, and all-cause mortality.>~

1,5-anhydroglucitol (1,5-AG) is an emerging biomarker of hyperglycemia that could serve a
similar purpose as OGTT. 1,5-AG is a 6-carbon monosaccharide that competes for reabsorption
with glucose in the renal tubules and is thus excreted in the urine when glucose levels exceed the
renal threshold, causing plasma 1,5-AG concentrations to drop. Consequently, low plasma 1,5-
AG reflects periods of hyperglycemia. Specifically, 1,5-AG is highly correlated with glucose
excursions (i.e., plasma glucose values greater than ~140-160 mg/dL) occurring over the prior ~2
weeks. In prior studies, 1,5-AG has been shown to be associated with incident diabetes,
retinopathy, chronic kidney disease, cardiovascular disease, and all-cause mortality, particularly
among those with diagnosed diabetes.”® Unlike OGTT, 1,5-AG does not require patient
preparation or a carbohydrate challenge, however data directly comparing 1,5-AG to OGTT are
sparse.

Given that both 1,5-AG and OGTT are measures of glycemic excursions, it is reasonable to posit
that 1,5-AG may identify cases of undiagnosed diabetes defined by the OGTT, and may be
similarly associated with incident diabetes and future diabetes-related microvascular and
macrovascular complications. To our knowledge, however, no previous study has compared 1,5-
AG and OGTT in the setting of a large epidemiologic cohort. The concurrent measurement of
OGTT and 1,5-AG at visit 4 and the over two decades of follow-up of ARIC participants for
multiple complications presents the opportunity to formally compare these biomarkers not only
for the identification of persons with prevalent diabetes in the community but also for their
prognostic value with respect to major clinical complications.

5. Main Hypothesis/Study Questions:

The overall goal of these analyses is two-fold:

Aim 1: To cross-sectionally determine whether 1,5-AG identifies cases of undiagnosed diabetes
defined by OGTT (or fasting glucose) in the community.

Aim 2: To compare the prospective associations and prognostic value of 1,5-anhdyroglucitol and
OGTT (and fasting glucose) for future diagnosed diabetes, chronic kidney disease,
cardiovascular disease, and all-cause mortality.



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 /Exclusions

Aim 1: We will conduct a cross-sectional analysis at Visit 4 (1996-98). 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) or chronic kidney disease at
baseline, are missing glucose or 1,5-AG measurements, information on covariates, or did not fast
for 10 or more hours.

Aim 2: We will conduct a prospective analysis, with Visit 4 (1996-98) as baseline. In addition to
the exclusions outlined for Aim 1, participants will also be excluded if they have prevalent
cardiovascular disease or stroke at baseline.

Variables

Aim 1: We will assess 1,5-AG continuously in comparison to OGTT and fasting glucose to
identify persons with undiagnosed diabetes. We will compare 1,5-AG to OGTT 2-hour glucose >
200 mg/dL and fasting glucose >126 mg/dL. Potential cutpoints for 1,5-AG will be identified by
the methods described below:

Category Definitions
ROC curve e  We will generate cutpoints using the Youden’s Index
o  We will calculate the percentile identified by OGTT and FG cutpoints
Percentiles and apply the same threshold for 1,5-AG (on the lower end of the
distribution)
Previous
retinopathy e We will consider those with 1,5-AG < 10 pg/mL to have diabetes by this
results/values from definition’
literature

Aim 2: We will compare the associations of 1,5-AG, OGTT, and fasting glucose with long-term

clinical outcomes. Several outcomes will be assessed prospectively, per the definitions below:
Category Definition

e Self-report of a physician diagnosis of diabetes or use of anti-diabetic

Incident diabetes medication at an ARIC visit or during an annual follow-up telephone call
through 2015

e An estimated glomerular filtration rate-creatinine (eGFR-Cr) < 60
mL/min/1.73 m? at a subsequent study visit and an eGFR-Cr decline from

Chronic Kidney baseline visit of at least 25%; or

Disease e Hospitalization or death related to chronic kidney disease; or

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

Cardiovascular e Adjudicated coronary heart disease hospitalization events or death

disease e Adjudicated ischemic stroke hospitalization events or death

All-cause mortality | ¢  Ascertained from hospital and National Death Index records

Model 1 will be unadjusted.



Model 2 covariates will be measured at baseline and will be limited to age, sex, and race-center.
Model 3 covariates will include Model 2 covariates + body mass index, total cholesterol, HDL,
triglycerides, eGFR, hypertension, smoking status, drinking status, and family history of
diabetes.

Statistical Analyses

Aim 1: We will generate scatterplots overall and by age, sex, and race between 1,5-AG and
OGTT and fasting glucose to assess their relationships. We will construct ROC curves of 1,5-AG
vs. OGTT and 1,5-AG vs. fasting glucose to evaluate concordance and identify potential
cutpoints using the various methods described previously. We will assess the sensitivity and
specificity of 1,5-AG for detecting OGTT- and fasting glucose-defined diabetes.

We will then assess whether the 1,5-AG definitions identify individuals with different risk factor
profiles than those identified by OGTT or fasting glucose. Means, standard deviations and
frequencies will be compared stratified by the various categorical definitions. Baseline
characteristics that will be considered include age, sex, race-center, body mass index, percent
obese, waist-to-hip ratio, education level, fasting glucose, 1-5, AG, 2-hour glucose, hypertension,
hypercholesterolemia, smoking status, drinking status, eGFR, and family history of diabetes.

Aim 2: We will use Cox models with restricted cubic splines to flexibly model the association of
each biomarker with the different outcomes. We anticipate, in particular, the relationship of 1,5-
AG with outcomes to be non-linear. We will generate both unadjusted and adjusted models
(Model 1, Model 2, and Model 3).

We will calculate Harrell’s c-statistic to compare risk discrimination of the models. We will
compare a base model comprised of age, sex, and race-center (Model 2), to models that add each
biomarker separately to the base model, and to models that add combinations of the biomarkers
to the base model. In particular, we are interested in whether 1,5-AG provides more prognostic
value than OGTT, and whether 1,5-AG provides additional information to FG in this setting
more than OGTT and/or beyond OGTT. We will also calculate the continuous Net
Reclassification Index to quantify whether there is any improvement in classification using 1,5-
AG as opposed to OGTT or fasting glucose.

Limitations

HbA\c is not available at Visit 4. We will conduct sensitivity analyses comparing 1,5-AG to
HbA c from Visit 2 to help address this limitation.
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