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4. Rationale:  

Fasting glucose and hemoglobin A1c are the standard measures used for diagnosis and 

management of diabetes in clinical practice (American Diabetes Association 2013). Recently, 

nontraditional markers of glycemia, including 1,5-anhydroglucitol (1,5-AG), fructosamine, and 

glycated albumin, have shown promise in predicting diabetes risk (Juraschek, et al. 2012) and 

clinical outcomes (Selvin, Francis, et al. 2011). There is growing interest in the use of these 

alternative markers of hyperglycemia in settings where short-term glycemic control is of interest 

and/or where traditional measures might not perform optimally (Rubinow and Hirsch 2011). 

However, before these markers can be adopted in widespread practice, additional information is 

needed to understand how diabetes risk factors may affect these nontraditional markers and 

whether any associations are similar to or different from standard markers of hyperglycemia.  

 

Our analysis will be a comparative study of the differential associations of traditional and 

nontraditional glycemic markers with diabetes risk factors.  

 

5. Main Hypothesis/Study Questions: 

Hypothesis: Nontraditional glycemic markers may be associated with diabetes through a 

pathway different from traditional glycemic markers. The comparative association of 

nontraditional and traditional markers with diabetes risk factors may therefore not be consistent. 

Associations with diabetes risk factors are expected to differ in terms of magnitude and 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). 

 

Study population. The study population will include all participants from the 2005-2006 ARIC 

CARMRI substudy (Wagenknectht, et al. 2009). Glycated albumin, fructosamine, and 1,5-AG 

were measured from stored serum samples in all CARMRI participants in 2009 as a part of 

Ancillary Study 2009.16.  

 

Exclusions. Participants missing measurements for serum glycemic markers and other variables 

of interest will be excluded from this analysis.  

 

Study design. The study design is cross-sectional. Participants are a weighted probability sample 

of ARIC visit 4 participants. All variables considered in this study were measured at the 

CARMRI visit. 

 

Exposure variables. Diabetes risk factors to be examined will include age, race, gender, family 

history of diabetes, C-reactive protein (CRP), and measures of adiposity defined by body mass 

index (BMI), waist-hip ratio (WHR), and waist circumference (WC). CRP concentrations were 

measured using an immunoturbidimetric assay implemented on a Roche Hitachi 717 Analyzer 

(ARIC Carotid MRI Study Investigators 2005). Height, weight, and waist and hip circumference 

were measured during the study visit (ARIC Carotid MRI Study Investigators, 2005) 

 

Outcome variables. Outcome variables include glycated albumin, fructosamine, 1,5-AG, 

hemoglobin A1c, and fasting glucose. Hemoglobin A1c was measured using a Tina-quant II 



immunoassay method (Roche Diagnostics, Basel, Switzerland) and calibrated to the Diabetes 

Control and Complications Trial assay. Glucose was measured in serum using the hexokinase 

method (Roche Diagnostics). Both hemoglobin A1c and fasting glucose were measured in 2005-

2006 using a Roche Hitachi 911 Analyzer. Fructosamine (Roche Diagnostics), glycated albumin 

(Lucica GA-L; Asahi Kasei Pharma Corporation, Tokyo Japan), and 1,5-AG (GlycoMark, 

Winston-Salem, NC) were measured in 2009 using a Roche Module P800 system (Roche 

Diagnostics).  

 

Covariates. Covariates will include hypertension (SBP/DBP > 140/90mmHg), smoking status 

(current, former, never; pack years), low HDL (<40 mg/dL for men and <50 mg/dL for women), 

high triglycerides (>150 mg/dL), albuminuria (urine albumin-creatinine ratio > 30mg/g), reduced 

kidney function (eGFR<60 mL/min/1.73m
2
, using CKD-EPI equation), and serum albumin 

(g/dL). We will also consider the impact of statin use on the associations of diabetes risk factors, 

particularly CRP, with each of the glycemic markers. 

 

Statistical analysis 
Exploratory analyses. Summary statistics, histograms, and box-and-whisker plots will be used 

to describe the distributions of traditional and nontraditional glycemic markers overall.   

 

Baseline characteristics. Baseline covariates will be summarized by quartiles of each glycemic 

marker (table 1a). Associations between baseline covariates with glycemic marker levels will be 

evaluated using ANOVA for continuous variables and chi-squared test for categorical variables. 

In a sensitivity analysis, characteristics for excluded participants will be summarized to confirm 

that they are missing completely at random (table 1b).  

 

Modeling. Simple regression will be used to evaluate the continuous association of glycemic 

markers with diabetes risk factors. Models will be nested to examine unadjusted and adjusted 

relationships. Models will include minimal adjustment for demographics characteristics, and full 

adjustment for clinical characteristics (table 2). Logistic regression will be used to evaluate the 

association of hyperglycemia with diabetes risk factors (table 3). Hyperglycemia will be defined 

using two cutoffs. For fasting glucose, hemoglobin A1c, glycated albumin, and fructosamine, 

hyperglycemia will be evaluated separately for persons at or above the 75
th

 and 90
th

 percentile. 

For 1,5-AG, hyperglycemia will be evaluated separately for persons at or below the 10
th

 and 25
th

 

percentiles due to its inverse association with glycemia. Models will be fully adjusted for 

demographic and clinical characteristics. Fructosamine models will be additionally adjusted for 

serum albumin because levels of this serum protein may affect fructosamine assays. Associations 

of glycemic markers with diabetes risk factors will be compared by percentiles. Analyses will be 

repeated adjusting separately for reduced kidney function, albuminuria, BMI, WHR, and WC. 

All of the above analyses will be weighted to accommodate the complex sample survey design 

and for variance estimation.  

 

Limitations. The analytic sample is limited because the CARMRI participants are a small 

subsample of the larger ARIC cohort. Repeated measurements for serum biomarkers are not 

available.  
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