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4. Rationale:  
HbA1c is the gold-standard measure for assessment of long-term (2-3 month) glycemic 
control. Nonetheless, measurement of HbA1c requires whole blood and relatively labor-
intensive assay methodologies. Serum glycemic markers such as fructosamine, glycated 
albumin, and 1,5-anhydroglucitol (1,5-AG) have been proposed to have clinical utility for 
use in conjunction with fasting glucose and HbA1c for diagnosis and management of 
diabetes. Glycated albumin, fructosamine, and 1,5-AG are short-term markers of 
glycemia and 1,5-AG reflects glycemic excursions. The assay for 1,5-AG is approved 
and marketed for clinical use in the U.S. and is covered by Medicare. The glycated 
albumin assay under investigation here is widely used in Japan to monitor short-term 
glycemic control but is not yet approved for clinical use in the U.S. (poised to receive 
FDA approval soon). The relationship between fasting glucose and HbA1c and 
retinopathy is well established (1-3) and previous epidemiologic studies have shown 
moderate cross-sectional and prospective associations between fasting glucose and 
HbA1c and measures of cardiovascular disease (4-8). However, the epidemiology of 
serum glycemic markers is largely uncharacterized and few head-to-head comparisons 
have been conducted. Physicians typically use multiple measures to assess metabolic 
status of their patients and because these markers represent different aspects of glycemia, 
there is potential for them to add to our understanding of the role of glycemia in the 
development of disease. The aim of this study is to assess the relationship of non-
traditional and standard glycemic markers to common microvascular and macrovascular 
complications in a general population.  To accomplish this aim, we will conduct a 
comprehensive assessment of the epidemiologic associations of fasting glucose, HbA1c, 
fructosamine, glycated albumin, and 1,5-AG with measures of clinical and subclinical 
microvascular and macrovascular disease available from participants who attended the 
ARIC CARMRI visit.  
 
5. Main Hypothesis/Study Questions: 
 
Aim 1: To characterize the cross-sectional associations of non-traditional glycemic 
markers—fructosamine, glycated albumin, and 1,5-AG—with measures of microvascular 
and macrovascular disease and compare these associations to those observed for standard 
glycemic measures (fasting glucose, HbA1c). 

Hypothesis 1: Standard (glucose and HbA1c) and non-traditional markers 
(glycated albumin, fructosamine) will be similarly and positively associated with 
a history of clinical CVD and subclinical measures of CVD in persons with and 
without a history of diabetes. 1,5-anhydroglucitol may be inversely associated 
with measures of CVD in persons with and without a history of diabetes. 
Hypothesis 2: 1,5-AG will be independently and inversely associated with 
measures of kidney function and kidney damage in persons with and without 
diabetes. The other glycemic markers will only be independently associated with 
measures of kidney disease and function in persons with a history of diabetes or at 
high (“diabetic”/undiagnosed diabetes) levels of the respective markers (threshold 
effect). 
Hypothesis 3: HbA1c, glucose, fructosamine, and 1,5-AG will be positively 
associated with retinopathy, but only at high (“diabetic”) levels of these markers. 
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1,5-AG will be negatively associated with retinopathy at very low levels 
(threshold effect). 

 
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). 
 
Design & Methods 
 
Study population: The study population will be limited to the subsample of ARIC 
participants for whom a blood sample was obtained at the CARMRI visit (2005-06), the 
only visit for which data are currently available on serum glycemic markers. 
 
Study design: We will conduct a cross-sectional study of the association of glycemic 
markers (fasting glucose, HbA1c, fructosamine, glycated albumin, and 1,5-AG) with 
measures of microvascular and macrovascular disease in CARMRI participants, stratified 
by diabetes diagnosis. 
 
Exposures: fasting glucose, HbA1c, fructosamine, glycated albumin, and 1,5-
anhydroglucitol. Exposures will be categorized into quartiles. We will consider 
expressing all measures to 1-SD change for comparability and possibly converting 
fructosamine and glycated albumin into “HbA1c-equivalent” units for comparative 
purposes. We will also examine clinically relevant categories of HbA1c (<5, 5-<5.5, 5.5-
<6, 6-<6.5, >=6.5%) and glucose (<100, 100-<126, >=126 mg/dl). 
 
Outcomes: 
• Subclinical cardiovascular disease: Average internal carotid intima-media wall 

thickness (IMT), carotid artery volume, and plaque presence via MRI.   
• Clinical cardiovascular disease: self-reported cardiovascular disease  (CHD or 

stroke) history at CARMRI, any prior visit or an adjudicated (non-fatal) clinical event 
or silent MI prior to the date of the CARMRI visit, or silent MI detected at the 
CARMRI visit. 

• Retinopathy: Retinal photographic data are available for all participants at the 
CARMRI visit. Trained graders evaluated retinal photographic slides for focal 
lesions, including signs typical of diabetic retinopathy, including both background 
and proliferative retinopathy (e.g., microaneurysms, retinal hemorrhages, hard 
exudates and/or cotton wool spots) according to a standardized protocol. The main 
retinal outcome of interest will be any retinopathy at the CARMRI visit in the 
absence of other retinal vascular causes, e.g., retinal vein occlusion.  Secondary 
analyses will be conducted to examine the associations of glycemic markers with 
specific retinal findings and disease severity. Because retinal data were also collected 
at Visit 3 (1993-95) we may incorporate these data to distinguish cases of longer 
duration from those newly detected at the CARMRI visit. 

• Kidney disease: We will define incident kidney disease based on an glomerular 
filtration rate (GFR) less than 60 mL/min/1.73 m2 estimated from serum creatinine 
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measured at the CARMRI visit, an incident hospitalization (discharge) coded for 
chronic renal disease (ICD-9 codes 581-583 or 585-588), hypertensive renal disease 
(ICD-9 code 403), hypertensive heart and renal disease (ICD-9 code 404), 
unspecified disorder of kidney and ureter (ICD-9 code 593.9), diabetes with renal 
manifestations (ICD-9 code 250.4), kidney transplantation, renal dialysis, or 
adjustment/fitting of catheter (ICD-9 codes V42.0, V45.1, or V56), hemodialysis 
(ICD-9 code 39.95) or peritoneal dialysis (ICD-9 code 54.98), without acute renal 
failure (ICD-9 codes 584, 586, 788.9, or 958.5) as the primary or secondary 
hospitalization code prior to the CARMRI visit. We will define albuminuria as an 
albumin to creatinine ratio of 30 mg/g or greater (which includes both the categories 
of microalbuminuria and macroalbuminuria).  We will also separately estimate GFR 
based on serum cysatin C from the CARMRI visit. 

 
Covariates: Age, sex, waist circumference, BMI, total, LDL- and HDL-cholesterol, 
systolic and diastolic blood pressures, blood pressure medication use, triglycerides, 
smoking, alcohol consumption, family history of diabetes, physical activity level, 
education level, and dietary intake (FFQ). 
 
Potential effect modifiers: we will test for effect modification by age, categories of body 
mass index, and race/ethnicity 
 
Exclusions: Persons who are non-white or non-black or missing variables of interest. 
 
Statistical Analysis: We will use multivariable (linear and logistic) regression models to 
assess the independent association of each glycemic marker with the above-listed 
outcomes after adjustment for relevant covariates among persons with and without a 
history of diagnosed diabetes. We will test for interactions by age, race/ethnicity, and 
body mass index categories. All analyses will be weighted by the inverse of the sample 
fractions in the eight sampling strata (four field centers by two IMT groups) using 
methods for the analysis of complex sample survey design. 
 
Threshold effects: We will implement linear and restricted cubic splines in our logistic 
and linear models to characterize possible non-linear relationships or threshold effects. 
 
History of diagnosed diabetes: We will initially conduct analyses stratified by diagnosed 
diabetes status (incorporating information on self-reported physical diagnosis of diabetes 
and diabetes medication use from the previous visits), but we will consider conducting 
additional analyses modeling each glycemic marker according to diabetes-specific 
categories to show any associations across the entire spectrum of glucose homeostasis. 
 
Incorporating data from the prior visits: We will adjust for standard risk factors measured 
at the CARMRI visit (cross-sectional design) and also adjustment for cumulative 
exposure and/or rate of change of exposure using risk factor assessment during the 
original ARIC Visits, i.e. incorporating repeated measurements occurring prior to the 
CARMRI visit, beginning in 1987-89. 
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Limitations:  The limited sample size and cross-sectional design are major limitations of 
this study. We have only single measurements of each glycemic marker at a single point 
in time in CARMRI participants, a small subset of the total ARIC population. Pending 
funding, we plan to conduct addition measurements of these markers in the entire cohort 
and examine prospective associations with clinical outcomes. Thus, in future studies, we 
will be able to rigorously characterize any prospective associations between non-
traditional glycemic markers and clinical outcomes.  
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