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Abstract

Objective—To determine whether the alternate glycemic markers, fructosamine (FA), glycated 

albumin (GA), and 1,5-anhydroglucitol (1,5AG), predict glycemic variability captured by 

continuous glucose monitoring (CGM) in obese youth with prediabetes and type 2 diabetes (T2D).

Study Design—Youth with BMI ≥85th%ile, 10-18 years, had collection of fasting plasma 

glucose (FPG), hemoglobin A1c (HbA1c), FA, GA, and 1,5AG and 72 hours of CGM. Participants 

with HbA1c ≥5.7% were included. Relationships between glycemic markers and CGM variables 

were determined with Spearman correlation coefficients. Linear models were used to examine the 

association between alternate markers and CGM measures of glycemic variability – standard 

deviation (SD) and mean amplitude of glycemic excursions (MAGE) – after controlling for 

HbA1c.

Results—Total n=56; Median (25th%ile,75th%ile) age=14.3 yrs (12.5, 15.9), 32% male, 64% 

Hispanic, 20% black, 13% white, HbA1c=5.9% (5.8, 6.3), FA=211mmol/L (200, 226), GA=12% 

(11%, 12%), and 1,5AG=22mcg/ml (19,26). HbA1c correlated with average sensor glucose, AUC, 

SD, MAGE, and %time>140mg/dl. FA and GA correlated with average and peak sensor glucose, 

%time>140mg/dl and >200mg/dl, and MAGE. GA also correlated with SD and AUC180. 1,5AG 
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correlated with peak glucose, AUC180, SD, and MAGE. After adjusting for HbA1c, all 3 markers 

independently predicted MAGE; FA and GA independently predicted SD.

Conclusions—Alternate glycemic markers predict glycemic variability as measured by CGM in 

youth with prediabetes and T2D. After adjusting for HbA1c, these alternate markers continued to 

predict components of glycemic variability detected by CGM.
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Introduction

Hemoglobin A1c (HbA1c) is the traditional test for monitoring glycemic control in patients 

with diabetes and, since 2010, has become a standard test for diagnosing and monitoring 

prediabetes and type 2 diabetes in youth (1, 2). Debate remains, however, over the optimal 

tools for prediabetes and diabetes screening and monitoring in obese youth (3-5). Alternate 

markers of glycemia, specifically fructosamine (FA), glycated albumin (GA), and 1,5-

anhydroglucitol (1,5AG), have been proposed as better measures of glycemic control and 

glucose variability than HbA1c in certain scenarios (6-11). There is also increasing evidence 

to suggest that glucose fluctuations, above and beyond average glycemia, play an important 

role in the increased risk for microvascular and macrovascular complications in diabetes (12, 

13). Although the availability of data on the relevance of these alternate markers in adults is 

growing, there are limited data on their utility in obese, dysglycemic youth, a high-risk 

group who may have a more aggressive disease than adults (14, 15).

1,5 anhydroglucitol is a naturally occurring monosaccharide obtained primarily from the diet 

and a steady body pool is maintained via renal excretion and reabsorption. Renal 

reabsorption of 1,5AG is competitively inhibited by glycosuria and serum 1,5AG decreases 

as serum glucose rises above 180 mg/dl; serum levels reflect glycemia over the preceding 

2-14 days (16, 17). Several studies support the utility of 1,5AG as a more sensitive measure 

of short-term glucose changes and post-prandial glucose excursions than HbA1c in adults 

with type 1 and type 2 diabetes (10, 18, 19). However, other studies have not confirmed 

these findings (20, 21) and some have found that 1,5AG may only be useful in persons with 

moderate to well-controlled diabetes with HbA1c <8% (16, 20, 22).

Fructosamine and glycated albumin are glycated ketoamines that reflect short-term blood 

glucose changes over the preceding 2-3 weeks. GA in particular has been proposed to be a 

better predictor of glucose variability and excursions than HbA1c (7, 23, 24). In large adult 

studies, both of the alternate markers have also been found to correlate with microvascular 

(25, 26) and macrovascular complications (27).

Data on the significance of these alternate glycemic markers in youth are lacking. A few 

studies have evaluated alternate markers as screening tools for prediabetes and type 2 

diabetes in obese youth (28, 29). However, the relationships between these alternate markers 

and measures of free-living glycemia in this population have not previously been explored. 
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This study aimed to determine the relationships among FA, GA, and 1,5AG and glycemia, 

with a focus on glycemic variability, as measured by continuous glucose monitoring (CGM).

Research Design and Methods

Study Population and Design

The study population was recruited from weight management and endocrine clinics at 

Children's Hospital Colorado, as well as primary care, school-based, and community health 

clinics in Denver, Colorado. Eligible participants included youth 10-18 years of age with a 

BMI ≥85th%ile. Participants with HbA1c ≥5.7%, from a larger study (n=48) of CGM in 

obese adolescents were included in this secondary analysis, as were participants with type 2 

diabetes who had CGM data available (n=8).

Exclusion criteria included anemia, hemoglobinopathy, chronic illness likely to affect red 

cell life span, pregnancy or breast feeding, positive islet-cell antibodies, medications 

affecting glycemia such as systemic steroids and atypical antipsychotics, and use of diabetes 

medications other than metformin and insulin. The study was approved by the Colorado 

Multiple Institutional Review Board (Aurora, CO).

Study visit

Participants arrived to the Clinical Translational Research Center (CTRC) the morning after 

a minimum 8 hour fast. Consent was obtained from all participants. Standing height (cm), 

weight (kg), blood pressure and waist and hip circumference measurements were obtained 

by trained research staff. Race/ethnicity was self-reported.

A blinded iPro™ Continuous Glucose Monitor (Medtronic MiniMed, Inc Northridge, CA) 

was inserted. Participants were instructed to wear the CGM device for 72 hours and 

instructed not to change any of their dietary or activity habits for the period of CGM wear. 

They were trained to use a OneTouch© (LifeScan, Inc, Milpitas, CA) glucometer and collect 

capillary blood glucose values at least four times daily: prior to meals and at bedtime. 

Baseline labs were collected for fasting plasma glucose, fasting lipids, HbA1c, 1,5-

anhydroglucitol, fructosamine, and glycated albumin.

Laboratory procedures

HbA1c was measured in the Children's Hospital Colorado central lab on a DCA Vantage 

Analyzer (Siemens, Deerfield, IL), a DCCT aligned instrument, with an inter-day CV of 

2.8%.

FA was measured on the Roche Modular P Chemistry Analyzer (Roche Diagnostics 

Corporation) using a colorimetric assay with inter-assay CV of 3%.

GA was measured with the Lucica GA-L assay (Asahi Kasei Pharma, Tokyo, Japan), and 

enzymatic method adapted to the Roche Analyzer and calculated as the percentage of GA 

relative to total albumin, with an inter-assay CV of 2.1% (mean 22.7%). Both FA and GA 

were run in Dr. Michael Steffes' lab at the University of Minnesota.
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1,5AG was measured with GlycoMark™ (GlycoMark, Tomen America, New York, NY), a 

commercially available colorimetric assay with an interassay CV of 4.1% at 4.67 mcg/ml.

CGM data

Only participants with a minimum of 48 hours of continuous CGM data (ie 576 continuous 

glucose data points) were analyzed. The following CGM variables were calculated: average 

sensor glucose, peak sensor glucose, area under the curve (AUC), area under the curve above 

180 mg/dl (AUC180), standard deviation (SD), % time spent ≥140 mg/dl, % time spent 

≥200 mg/dl, and mean amplitude of glycemic excursion (MAGE)(30).

Statistical Analysis

The distribution of all variables was examined prior to analysis. Descriptive statistics 

reported include median, minimum, and maximum for continuous variables, and frequency 

and percent for categorical variables. To examine the association of the various markers of 

glycemia with CGM variables, Spearman correlation coefficients were calculated. Linear 

models were then used to examine the association of the alternative markers with measures 

of glycemic variability (MAGE, SD, AUC 180) after controlling for HbA1c. In these 

models, the semi-partial ω-square, which represents the proportion of variability in the 

outcome accounted for by the predictor after the other variables have been taken into 

account, was used as a measure of effect size. Analyses are considered hypothesis-

generating, so no adjustment was made for multiple testing. All analyses were conducted 

using SAS software version 9.4 (Cary, NC, USA).

Results

A total of 56 participants with CGM data and HbA1c ≥5.7 were included in this analysis. 

Descriptive statistics are presented in Table 1. Participants had a median age of 14.3 years 

(range 10-18 years), were predominantly Hispanic and female with a median BMI at the 

99%ile. Forty-eight individuals had an HbA1c of 5.7-6.4% and 8 had an HbA1c ≥6.5%. 

Eight individuals with known T2D were included in the study and of these, three had HbA1c 

<6.5%. Of the 8 with known T2D, 5 were on metformin, 1 on insulin alone, 1 on metformin 

and insulin, and 1 was not on medication treatment for diabetes. Those without a known 

history of diabetes also underwent OGTT and 20 had normal glucose tolerance, 23 had 

impaired glucose tolerance, and 2 had diabetes by OGTT. Overall median (25th%ile, 

75th%ile) values for measures of glycemia are presented in Table 1.

The correlations between glycemic markers (FA, GA, 1,5AG, and HbA1c) and CGM 

variables are presented in Table 2. FA correlated significantly with mean sensor glucose, 

peak sensor glucose, AUC, MAGE, and % time spent >120 mg/dl, >140 mg/dl, and >200 

mg/dl. GA correlated significantly with the same CGM variables as FA and, additionally, 

with CGM SD and AUC180. 1,5AG correlated significantly with peak sensor glucose, SD, 

MAGE, and AUC-180. HbA1c correlated with average sensor glucose, AUC, SD, MAGE, 

and % time spent >120 mg/dl and >140 mg/dl, but not with peak sensor glucose, AUC180, 

nor % time spent >200 mg/dl. Figure 1 shows scatterplots of the relationships between 

glycemic markers HbA1c, FA, GA, 1,5AG and glucose variability (SD and MAGE). In this 
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figure, we identified participants with T2D separately from those with prediabetes. The 

correlations were significant in the T2D cohort for all glycemic markers and glucose 

variability, and in participants with prediabetes, significant only between GA and MAGE 

(p<0.05).

We then used linear models to examine the association of FA, GA, and 1,5 AG with 

glycemic variability while controlling for HbA1c, to determine if alternate markers predicted 

variability beyond that explained by HbA1c alone (Table 3). After controlling for HbA1c, 

FA independently predicted MAGE and SD; GA independently predicted MAGE and SD; 

1,5AG independently predicted MAGE. In these models, the measure of effect size (ω-

square) was largest for GA when predicting MAGE and SD.

Discussion

This is the first study to examine the relationships among alternate glycemic markers and 

CGM in obese youth with prediabetes and type 2 diabetes. FA, GA, and 1,5AG correlated 

with multiple CGM measures, including measures of glycemic variability – SD and MAGE. 

Importantly, all three alternate markers significantly predicted components of glycemic 

variability detected by CGM above and beyond what was predicted by HbA1c. These 

findings imply that markers of glycemia other than HbA1c may be useful for detecting and 

monitoring glycemic control and, in particular, glucose fluctuations in youth with abnormal 

glycemia. Notably, youth with prediabetes had less glycemic variability on CGM, and the 

correlations appear to be driven primarily by glycemic variability in youth with T2D.

In adults, FPG, OGTT, and HbA1c are the recommended screening and diagnostic tests for 

diabetes, and HbA1c, in addition to capillary self-monitoring of blood glucoses (SMBG), is 

recommended for monitoring of glycemic control, given the known association of these 

measures with microvascular complications demonstrated by the Diabetes Control and 

Complications Trial (DCCT) (31). Yet interest is growing in the utility of alternate glycemic 

markers for monitoring diabetes control (32-34) and a number of large cross-sectional and 

prospective studies, many conducted in Asia where GA has been used more widely than in 

the US, have found FA and GA to be potentially useful tools with good sensitivity and 

specificity for diagnosing and monitoring diabetes when compared to HbA1c, FPG, and/or 

2-hour OGTT (35-38). Evidence is also increasing that these markers can predict 

microvascular and macrovascular complications and may add to the predictive power of 

HbA1c; both FA and GA have been linked to retinopathy, nephropathy (25, 26, 39-41), and 

cardiovascular disease in adults with type 2 diabetes (27, 42-45). In addition, recent studies 

indicate that greater oxidative stress is associated with higher MAGE measured by CGM 

(46) and induced glycemic fluctuations, both hyperglycemic and hypoglycemic spikes, 

trigger production of reactive oxygen species, proinflammatory cytokines, and epigenetic 

changes damaging to endothelial cells (46-50). One small study in youth with T2D (n=12) 

found an association between MAGE and oxidative stress markers, supporting the proposed 

contributions of glycemic variability and risk for future cardiovascular disease (51). It has 

been argued that, because GA and 1,5AG can identify glycemic fluctuations before 

noticeable changes in HbA1c occur (7, 24, 52, 53), they may be better than HbA1c for 

Chan et al. Page 5

Pediatr Diabetes. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



identifying patients who could benefit from more aggressive treatment to reduce glycemic 

variability.

The majority of the above studies, however, have been performed in adults and/or 

populations with a different ethnic background than the US; little has been published on the 

significance of these alternate markers in pediatric age populations. Several small studies 

attempted to validate the usefulness of these alternate markers in pediatric populations by 

comparing values in non-diabetic children to children with T1D and have demonstrated clear 

differences between the two groups (54-56). A few studies have assessed their potential for 

T2D screening in youth. In one study of 250 overweight or obese youth (39% with 

prediabetes and only 1% with T2D by OGTT definitions), FA and HbA1c both did a poor 

job at detecting dysglycemia (prediabetes and T2D combined) (57). In contrast, one study of 

obese, insulin-resistant youth found that 1,5AG at a cutpoint of <17 mcg/ml and HbA1c at a 

cutpoint of ≥6% both had excellent sensitivity and specificity when screening for T2D 

diabetes (29). We previously reported that although FA, GA, and 1,5AG did not do a good 

job discriminating those with prediabetes, they were good predictors of T2D in obese youth 

(ROC AUCs of 0.92-0.98) when compared to HbA1c and OGTT (28). Given that treatment 

beyond lifestyle intervention is only recommended in those with T2D, not prediabetes, these 

markers may be beneficial in diagnosing T2D and identifying those who would benefit from 

medication intervention, particularly in circumstances where OGTTs may be difficult to 

obtain, or HbA1c unreliable (anemia, hemoglobinopathies, chronic illness, etc).

In the current study, we compared the relationships among alternate glycemic indices with 

glycemic variability captured on CGM. Only one small study has previously examined the 

relationship between alternate glycemic markers and CGM in youth (21). In that study of 26 

youth with T1D who had collection of FA, GA, 1,5AG, HbA1c along with at least 96 hours 

of CGM data, the authors concluded that, although all markers correlated with mean CGM 

glucose and AUC180, none of the alternate measures were better indicators of glycemic 

control than HbA1c. Possible explanations for why our findings differ may be their smaller 

sample size or that glycemic profiles differ in obese youth with prediabetes and early T2D 

compared to youth with established T1D; HbA1c may not have the sensitivity of FA or GA 

to detect the intermittent glycemic excursions characteristic of early stages in the course of 

T2D.

In Figure 1, participants with T2D had greater glycemic variability that correlated with the 

distribution of glycemic markers, while participants with prediabetes had less glycemic 

variability on CGM. As a result, the significant relationships between measures of glycemic 

variability and the alternate markers are driven primarily by the T2D cohort. Also of note, 

the correlations between the alternate markers and both SD and MAGE in the two cohorts 

were very similar. This finding of a high correlation between SD and MAGE, in one study 

up to 0.9, has been previously reported (58). Ultimately, whether or not these early glycemic 

fluctuations have long-term clinical implications and necessitate intervention requires further 

study.

Limitations of this study include the single measurement of alternate markers and CGM data 

and the collection of alternate marker data on the first day of CGM wear, rather than the last. 
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However, we suspect day-to-day intra-individual variations in glycemic patterns are unlikely 

to have significantly changed alternate marker results within 72 hours. We also obtained 

only 72 hours of CGM data, limited by the maximum FDA-approved duration of sensor 

wear at the time these data were collected. Of note, no dietary restrictions nor guidelines 

were imposed as our intent was to capture free-living glycemic patterns during the period of 

study. As HbA1c reflects the preceding 2-3 months of glucose values and the alternate 

markers reflect up to 2 weeks of glucose values, it is possible that changes in dietary habits 

during the duration of CGM wear may have influenced results. To minimize this, the CGM 

was blinded and participants were encouraged to maintain their usual activities of daily 

living during the study period. The majority of patients in this cohort were Hispanic and the 

numbers of non-Hispanic Whites and Blacks were too small to determine whether or not 

racial/ethnic differences exist in alternate marker associations with CGM outcomes. Thus 

these outcomes require further study in larger populations before results can be generalizable 

to other ethnic backgrounds.

Additional challenges to greater adoption of alternate markers include the lack of established 

normative ranges and clinical cut-points, as well as lack of assay standardization (59). Our 

prior report on the use of these alternate markers to predict T2D in youth (28) found that 

those with T2D had, on average, significantly different values of FA, GA, and 1,5AG than 

those with prediabetes and normoglycemia, although overlap exists between categories and 

further studies are required to better define clinical cutpoints.

In summary, this is the first study examining the relationship between alternate glycemic 

markers and CGM in obese youth with prediabetes and T2 diabetes. In this population, all 

three alternate markers correlated with multiple CGM variables and give information about 

glycemic variability above and beyond that provided by HbA1c. Longitudinal studies are 

required to better understand the association between youth-onset abnormalities in these 

alternate markers as well as the impact of early glycemic variability on future development 

of microvascular and macrovascular complications.
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Figure 1. a-h. Scatterplots of relationships between alternate glycemic markers and SD or 
MAGE
PD=prediabetes; T2D=Type 2 diabetes; SD=standard deviation; MAGE=mean amplitude of 

glycemic excursions; HbA1c= hemoglobin A1c; FA=Fructosamine; GA=Glycated Albumin; 

1,5AG=1,5-anhydroglucitol
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Table 1
Descriptive Statistics for Overall Cohort

Variable Median (25th%ile, 75th%ile)
N=56

Age, years 14.3 (12.5, 15.9)

Male, n (%) 18 (32)

BMI %ile 99 (97.8, 99.6)

Weight, kg 92.9 (75.7, 110.5)

Waist Circumference, cm 106 (93, 119)

Race/ethnicity, n (%)

 Hispanic 36 (64)

 Black 11 (20)

 Non-hispanic White 7 (12.5)

 Other 2 (3.5)

Triglycerides, mg/dl 152 (95, 194)

HDL, mg/dl 38 (33, 44)

Total Cholesterol, mg/dl 163 (151, 186)

ALT, U/L 39 (24, 61)

Hemoglobin A1c, % 5.90 (5.80, 6.30)

1,5-Anhydroglucitol, mcg/ml 22.0 (17.8, 25.7)

Fructosamine, mmol/L 211 (200, 226)

Glycated Albumin, % 12.0 (11.0, 12.0)

Fasting Plasma Glucose, mg/dl 91 (83, 94)

CGM variables

Average sensor glucose, mg/dl 119 (110, 132)

Peak sensor glucose, mg/dl 172 (152, 211)

Minimum sensor glucose, mg/dl 81 (67, 93)

AUC (mg/dl*min) 34×104 (32×104, 38 ×104)

AUC>180 (mg/dl*min) 0 (0, 801)

Standard deviation (mg/dl) 17 (12, 27)

MAGE (mg/dl) 33.2 (23.22,51.50)
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Variable Median (25th%ile, 75th%ile)
N=56

% time >120 mg/dl 42 (19, 60)

% time >140 mg/dl 12 (4, 32)

% time >200 mg/dl 0 (0, 0.4)

BMI=body mass index; LDL=low density lipoprotein; HDL=high density lipoprotein; ALT=alanine aminotransferase; AUC=area under the curve; 
MAGE = mean amplitude of glycemic excursions

Data are presented as median (25th%ile, 75th%ile) unless otherwise indicated
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Table 2
Correlations of Glycemic Markers with CGM in Participants with HbA1c ≥5.7%; n=56

CGM variables HbA1c
r

p-value

Fructosamine
r

p-value

Glycated Albumin
r

p-value

1,5-Anhydroglucitol
r

p-value

Average sensor glucose 0.36 0.42 0.34 -0.25

0.006 0.002 0.01 0.07

Peak sensor glucose 0.24 0.34 0.38 -0.36

0.08 0.01 0.004 0.008

Minimum sensor glucose -0.13 0.22 0.05 0.23

0.36 0.11 0.73 0.10

AUC>180 0.24 0.23 0.33 -0.38

0.07 0.09 0.01 0.004

Standard deviation 0.32 0.25 0.41 -0.41

0.02 0.06 0.002 0.002

MAGE 0.38 0.33 0.45 -0.42

0.003 0.01 0.0006 0.001

% time >120 mg/dl 0.32 0.40 0.30 -0.16

0.02 0.002 0.02 0.23

% time >140 mg/dl 0.34 0.33 0.37 -0.32

0.01 0.01 0.005 0.02

% time >200 mg/dl 0.20 0.37 0.43 -0.35

0.14 0.006 0.001 0.009

HbA1c = hemoglobin A1c; FPG = fasting plasma glucose; 2hPG = 2hour plasma glucose; AUC=area under the curve; MAGE = mean amplitude of 
glycemic excursions
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