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4. Rationale: There is growing interest in non-traditional biomarkers of hyperglycemia 

such as fructosamine, glycated albumin and 1,5-anhydroglucitol (1,5-AG), particularly 

for use in settings where traditional measures (glucose and HbA1c) are problematic or 

where intermediate (2-4 week) glycemic control is of interest. A barrier to the use of 
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nontraditional tests of hyperglycemia is that their reference ranges and ‘normal’ values 

are not well established. 

 

 

5. Main Hypothesis/Study Questions: The objective of this study is to determine 

reference intervals and evaluate demographic differences in the normal values of 1,5-AG, 

fructosamine, and glycated albumin using data from the community-based 

Atherosclerosis Risk in Communities (ARIC) Study. 

 

Previous studies examining the reference ranges and potential clinical cut-points for 

fructosamine or glycated albumin have been small (N<200) and the study populations 

have typically not been well characterized 
1, 2

. Furthermore, the literature on glycated 

albumin has largely focused on persons in Japan, Korea, and other Asian populations, 

where the assay is in wider clinical use 
3-7

.  

 

We will define a healthy population within the ARIC study to establish reference 

intervals for 1,5-AG, fructosamine and GA overall and in demographic subgroups. We 

will also identify fructosamine and glycated albumin cut-points corresponding to values 

of HbA1c used for diagnosis and screening of diabetes (i.e., 5.7%, 6.5%). The 

information gained from this study will inform the clinical use of the Glycomark 1,5-AG 

and Roche fructosamine assays, which are already FDA cleared for clinical use in the US, 

and the Lucia GA-L glycated albumin assay, which is being submitted to FDA for 

approval.  

 

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 population: Participants without diagnosed diabetes, obesity, or a history of 

cardiovascular disease at ARIC Visit 2 (1990-1992). Sensitivity analyses will be 

conducted after sequential exclusion of other “non healthy” persons who are overweight 

or have hypertension, dyslipidemia (elevated total- or LDL-cholesterol, high 

triglycerides, low HDL), reduced kidney function, fasting glucose >=100 mg/dL, or 

HbA1c >=5.7%. 

 

Laboratory Measurements: Measurements of fructosamine, glycated albumin, and 1,5-

anhydroglucitol were conducted in 2012-2013 in serum samples originally obtained from 

participants at Visit 2 and stored since then at  –80°C. The three assays were 

implemented on the Roche Modular P800 analyzer at the University of Minnesota.   

 

1,5-anhydroglucitol (1,5-AG) was measured in serum using GlycoMark 1,5-AG reagent 

on a Roche Modular P800 Chemistry Analyzer (Roche Diagnostics Corporation). First 

the sample is pretreated by glucokinase (GK) to convert glucose to glucose 6-phosphate 

in the presence of adenosine triphosphate (ATP), pyruvate kinase (PK) and phosphoenol 

pyruvate (PEP). The purpose of this reaction is to alter glucose so it cannot react in the 



primary assay for 1,5-AG. Then pyranose oxidase oxidizes the second hydroxyl of 1,5-

anhydroglucitol. The amount of hydrogen peroxide generated in this reaction is directly 

related to serum 1,5-AG concentrations and is detected by colorimetry using peroxidase. 

The lower and upper limits of detection are: (0.0 µg/mL, 330.0 µg/mL).  CVs were 3.8% 

at a mean concentration of 4.63 µg/mL and 1.28% at a mean concentration of 14.67 

µg/mL. 

 

Fructosamine was measured in serum on the Roche Modular P800 Chemistry Analyzer 

(Roche Diagnostics Corporation) using a colorimetric assay based on the ability of 

ketoamines to reduce nitrotetrazolium-blue (NBT) to formazan in an alkaline solution.  

The rate of formation of formazan is directly proportional to the concentration of 

fructosamine. Uricase serves to eliminate uric acid interference and detergent eliminates 

matrix effects. The rate of reaction is measured photometrically at 546 nm. The lower and 

upper limits of detection are: (10 µmol/L, 2000 µmol/L).  CVs were 3.2% at a 

concentration of 212.6 umol/L and 2.5% at a concentration of 856.7 umol/L%. 

 

Glycated Albumin (and albumin) were measured in serum. This is a complex method 

by Asahi Kasei Pharma adapted to the Roche Modular P800 Chemistry Analyzer (Roche 

Diagnostics Corporation).  The assay requires separate measurements of total albumin 

(bromcresol purple) and glycated albumin (enzymatic method utilizing ketoamine 

oxidase and an albumin-specific protease) measured in serum or plasma.  The glycated 

albumin result is expressed as a percentage of total albumin (Formula: [(glycated albumin 

concentration in g/dL / serum albumin concentration in g/dL)*100/1.14] + 2.9). For 

albumin, the lower and upper limits of detection are: (1 g/dL, 16 g/dL). For glycated 

albumin, the lower and upper limits of detection are: (1 g/dL, 12 g/dL). For albumin: CVs 

were 1.9% at a concentration of 4.48 g/dL and 4.0% at a concentration of 2.5 g/dL. 

For glycated albumin: CVs were 2.3% at a concentration of 1.579 g/dL and 2.8% at a 

concentration of 0.426 g/dL. 

 

Statistical analyses: We will examine distributions and summary statistics (mean, SD, 

min, max, median, p25, p50, p75, p95, p99) of each biomarker in the overall healthy 

subgroup before and after exclusions and in groups stratified by age, sex, and race. We 

will visually display and compare the distributions before and after exclusions and across 

subgroups using histograms and forest plots. We will examine correlations with HbA1c 

and fasting glucose and evaluate percentiles of each biomarker corresponding to clinical 

cut-points for HbA1c (5.7 and 6.5%) and fasting glucose (100 and 126 mg/dL). 
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