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4. Rationale:

Previous studies have investigated the relation between fasting glucose and incident
diabetes (1-3), including a recent study which showed that higher fasting plasma glucose
levels in the normal range constitute an independent risk factor for type 2 diabetes among
young men (4). The relation of hemoglobin Alc (HbAlc)—a measure of chronic
hyperglycemia—and diabetes risk is less well characterized. There is ongoing debate
regarding the adoption of HbA1c alone or in combination with fasting glucose for the
screening and/or diagnosis of diabetes. Previous studies of the accuracy of HbAlc for
the detection of diabetes have largely focused on the ability of HbAlc to identify fasting
glucose-defined prevalent diabetes cases (5-7). Data regarding the utility of non-diabetic
HbAlc—alone or in combination with fasting glucose—for the prediction of incident
diabetes is sparse.

The relationships between glycemia and diabetic complications, like most risk factor-
disease relations, exist along a continuum, but there is a need to establish cut-points in
clinical practice for decision-making (i.e., when to diagnose or treat). Using data from
the ARIC Study, we propose to characterize and compare the continuous dose-response
relationships between HbA;. and glucose concentrations and incident diabetes. We will
also formally assess the possible presence of threshold effects in this association.

5. Main Hypothesis/Study Questions:

Aim: To determine the association between HbA1c and glucose concentrations at
baseline and progression to diabetes mellitus, as determined by fasting glucose, 2-hour
glucose, reported physician diagnosis, and medication use. Aim 1 will employ statistical
techniques to evaluate thresholds for screening of diabetes using HbA1c and fasting
glucose alone and in combination.

The goal of these analyses will be to assess possible categories of HbAlc (alone and in
combination with glucose) in the normal range relevant for identifying persons at high
risk for clinical outcomes.

Hypothesis: it will be possible to use fasting glucose and HbALc to identify
thresholds (cut-points) that will identify persons at high risk for clinical outcomes
and that will be relevant for clinical practice.

Design & Methods

Study design: We will examine the prospective association between baseline (Visit 2)
HbA. and fasting glucose levels—separately and in combination—and incident diabetes.
We will directly compare the associations of HbAlc and glucose levels for the prediction
of incident diabetes. Visit 2 which took place from 1990-1992 and is the only visit for
which stored whole blood samples are available for measurement for Hb A4 will be the
baseline for all analyses. Glucose measurements are available on all participants at each
ARIC examination.



Exposures: HbAlc, glucose

Covariates: Age, sex, race/center, waist circumference, BMI, total, LDL- and HDL-
cholesterol, systolic and diastolic blood pressures, blood pressure medication use,
triglycerides, smoking, family history of diabetes, Baeke physical activity score (Visit 1),
education level (Visit 1)

Outcome: incident diabetes occurring after Visit 2. We will compare definitions based on
glucose alone, self-reported diabetes/medication use alone, and glucose and report in
combination. We will also assess the association with diabetes defined by an OGTT
(available only at visit 4). The ARIC Coordinating Center has developed a time-to-
diabetes variable based on glucose values obtained at each ARIC clinical examination
(8). The date of onset of diabetes is estimated by linear interpolation using fasting
glucose values at the ascertaining visit and the previous one. The glucose level at
ascertainment for subjects who had been told they had diabetes or who were on diabetes
medication(s) may have been affected by their knowledge of their diabetes status (and in
some cases is <126 mg/dl). For these subjects, the time to reach 126 mg/dl was estimated
using their fasting glucose level at the earlier visit and a slope estimated using
information from all diabetic subjects who had been unaware of their diabetes status. We
will conduct additional analyses utilizing self-reported diabetes from annual follow-up
phone calls with data available through 2004 (or most recent data available).

Exclusions: participants with diagnosed diabetes at baseline defined by a self-reported
physician diagnosis or diabetes medication use, participants with undiagnosed diabetes
based on glucose alone, and participants missing HbA1c or covariates of interest.

Statistical Analysis: Adjusted hazard ratios and their 95% Cls for the time to
development of diabetes will be computed using Cox proportional hazards models, where
time of diabetes is imputed using the derived incident diabetes variable described above.
These models will be compared with logistic models using data on diabetes from Visit 3
and 4 without linear extrapolation of glucose levels (time-to-diabetes unknown). We will
use penalized smoothing splines (P-splines) (9;10) to characterize and compare the shape
of the functions of HbA, and glucose concentrations and diabetes risk. We will also use
parametric and semi-parametric techniques, including recursive cubic spline models (11)
to examine possible thresholds or inflection points in the relationship between HbA.,
glucose and incident diabetes.

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).
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