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Alternative Markers of Hyperglycemia

and Risk of Diabetes
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OBJECTIVE —Fructosaming, glycated albumin, and 1,5-anhydroglucitol (1,5-AG) are of in-
terest for monitoring short-term glycemic control in patients with diabetes; however, their asso-
ciations with diabetes risk are uncharacterized.

RESEARCH DESIGN AND METHODS —\\/¢ used Cox proportional hazards models to
examine the associations of [ructosamine, glycated albumin, and 1,5-AG with incident diabetes
wants, from the Atherosclerosis Risk in Communities (ARIC) Study (2005-2006),
who had no history of diagnosed diabetes at baseline. Incident diabetes was seli-reported during

annual telephone calls.

RESULTS—There were 119 new cases of diabetes during a median follow-up of 3.3 years.
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CONCLUSIONS —Fructosamine, glycated albumin, and 1,5-AG were associated with the

subsequent development of diabe

diabetes.

ontraditional serum markers of

short-term glucose control may en-

hance our ability to monitor hyper-
glycemia in persons with diabetes.
Fructosamine, glycated albumin, and
1,5-anhydroglucitol (1,5-AG) have been
of recent interest, particularly for use in
populations in which interpretation of
glycated hemoglobin (A1C) may be prob-
lematic (1-3), such as in the setting of
anemia, hemolysis, or renal disease (4—
6). Fructosamine is produced when blood
glucose forms ketoamines by covalently
binding to serum proteins (7). Similarly,
glycated albumin is formed via glycaton
of serum albumin (1). 1,5-AG is a serum
monosaccharide that is excreted in the
urine at an accelerated rate in the

wde pendently of baseline A1C and fasting glucose. Our
results suggest these alternative biomarkers may be useful in identi

ying persons at risk for
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presence of glycosuria (2). Whereas fruc-
tosamine and glycated albumin increase
in the presence of hyperglycemia, 1,5-
AG decreases in the setting of elevated
circulating glucose concentrations (1,7).
The 1,5-AG is approved by the Food
and Drug Administration for short-term
monitoring of glycemic control in persons
with diabetes and has been suggested for
use in monitoring postprandial hypergly-
cemia (8,0).

Despite growing interest in fructos-
amine, glycated albumin, and 1,5-AG for
monitoring short-term glycemic control
(3,10,11), few studies have measured
these novel serum measures in initially
nondiabetic populations. It is unknown
if they are associated with the future
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diagnosis of diaberes. It is also unknown
if these markers provide distinct informa-
tion apart from A1C or fasting glucose con-
centrations. The purpose of this study was
to examine the relationships of fructosa-
mine, glycated albumin, and 1,5-AG with
the risk of diagnosed diabetes and to de-
termine if the associations were indepen-
dent of baseline A1C or fasting glucose.

RESEARCH DESIGN AND
METHODS

Study population

The Atherosclerosis Risk in Communities
(ARIC) Study is a community-based pro-
spective cohort of 15,792 adults origi-
nally enrolled from 1987 1o 1989 from
four United States communities and
followed-up for more than two decades
(12,13). In 2005-2006, 2,045 ARIC par-
ticipants were selected via astratified sam-
pling plan for participation in the Carotid
Magnetic Resonance Imaging substudy
(CARMRI) (14). Physical examinations,
medical interviews, and laboratory tests
were conducted as part of the CARMRI
clinical visit. Our study population was
limited to the 1,299 participants who did
not have a diagnosis of diabetes at the
2005-2006 CARMRI visit (hereafter
called baseline), who were fasting =8
hours, who had valid measurements of
AlC, fasting glucose, fructosamine, glyca-
ted albumin, and 1,5-AG, who were not
missing case status information, and who
were not missing relevant covariate data at
baseline. Baseline diabetes status was de-
termined by self-reported physician
diagnosis of diabetes or use of glucose-
lowering medications.

Written informed consent was ob-
tained from all participants, and the study
protocol was approved by Institutional
Review Boards at all clinical sites.

Glycemic markers

The A1C and glucose were measured in
2005-2006 as part of the CARMRI pro-
tocol using a Roche Hitachi 911 Analyz
The A1C was measured using a Tina-
quant Il immunoassay method (Roche
Diagnostics, Basel, Switzerland) and cali-
brated to the Diabetes Control and Com-
plications Trial assay. Glucose was
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