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3. Timeline: 

Data analysis will start immediately.  A manuscript is expected to be prepared within 6 

months.   

 

4. Rationale:  

Hemoglobin A1c (HbA1c) is one of the most widely used values to determine glycemic control 

in patients with diabetes.  HbA1c reflects previous 2-3 months of glycemic control as the value is 

dependent on the process of glucose binding to hemoglobin during the ~120 day life span of a 

red blood cell. However, there are questions concerning the validity of hemoglobin A1c for 

diagnosing and managing diabetes in the setting of chronic kidney disease (CKD). In CKD, red 

blood cell survival has been reported to decrease by 20-70%, which could affect the validity of 



the HbA1c test.
1
  Most studies have indicated that HbA1c is falsely lowered

2,3
 and may not 

directly correlate
4
 to ambient blood glucoses in patients with CKD.    

 

Markers such as glycated proteins (specifically glycated albumin and fructosamine) as well as 

1,5-anhydroglucitol (AG) have been proposed as alternative measures of glycemic control in 

patients in which the HbA1c test is inaccurate.
5
  However, there are limited data on the 

performance of these markers, particularly in older patients with milder forms of CKD, a 

subgroup particularly prevalent among persons with diabetes.  Hypoalbuminemia is often very is 

very common among the elderly with CKD secondary to malnutrition. The performance of 

glycated proteins and HbA1c in older adults with and without CKD is also unknown.   

 

We propose to assess the association of traditional (HbA1c, fasting glucose) and nontraditional 

glycemic markers (fructosamine, glycated albumin, and 1,5-AG) at different stages of chronic 

kidney disease (defined by estimated glomerular filtration rate and albuminuria) in the ARIC 

Study population at visit 5 (2011-2013) with careful attention to possible confounding by 

albumin level.  We will also stratify by anemia and age to determine performance in particular 

population subgroups. 

 

5. Main Hypothesis/Study Questions: 

 

1. Do the correlations between glycemic markers (HbA1c; 1,5 anhydroglucitol; 

fructosamine; glycated albumin)  and fasting glucose differ by CKD stage in an older 

population?  

2. Do the correlations between glycemic markers and fasting glucose differ by level of 

hemoglobin in an older population? Is this independent of CKD status? 

 

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 design:  Cross sectional study design of visit 5. If enough events occur after visit 5, we 

will also evaluate the prospective associations of glycemic markers, vascular events, and 

mortality.  

 

Inclusion/exclusion:  ARIC participants at visit 5 NOT on dialysis.    Visit 5 was used as the 

baseline visit because the population is older and this was the first visit with all of the following 
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values: A1c, ACR, 1,5 anhydroglucitol, fructosamine and glycated albumin.  Participants on 

missing data on any of the markers and/or the covariates listed will be  excluded.   

 

Exposures: A1c, 1,5 anhydroglucitol, fructosamine and glycated albumin 

 

Covariates:  Age, sex, race, hemoglobin, serum albumin, urine albumin-to-creatinine ratio 

 

Outcome:  association with fasting glucose and if available, vascular events and mortality 

 

Data analysis:   

We will assess distribution of hyperglycemic indices by CKD stages (GFR and albuminuria) in 

subgroups of persons with and without diabetes. We will assess the continuous cross-sectional 

relationship between eGFR and each glycemic marker using piece-wise linear splines. Similarly, 

we will examine the relationship between continuous ACR and each glycemic marker. We will 

use linear regression to assess whether the association of different measures of hyperglycemia 

with fasting glucose varies by CKD stage by testing an interaction term.  If available, we then 

will assess the relationship of each marker by CKD staging to vascular events and mortality 

using Cox proportional hazards regression.    

 

 

Limitations:   

1. We only have single measurements of each glycemic marker and single fasting glucose values.  

Single fasting glucose values may be highly variable based on study subject and may not reflect 

ambient hyperglycemia.   

 

2. Because the cross sectional visit is done at visit 5, we have limited data on how each marker 

will predict health outcomes of our study population.  If available, we will assess subsequent 

vascular events and mortality as it relates to glycemic marker indices by CKD staging (no CKD, 

CKD Stages G1-G5, and CKD Stages A1-A3).   
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