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Abstract

Objectives—To describe the interrelationships of glycemic control measures: HbAlc, glycated
albumin, fructosamine, 1,5-anhydroglucitrol (1,5-AG), and continuous glucose monitoring (CGM)
in children and adolescents with type 1 diabetes (T1D).

Study Desigh—26 subjects 4-17 years old had HbAlc measurement followed within 14 days
by 3 laboratory measures of glycemia and the collection of CGM glucose data (N=21).

Results—Glycated albumin and fructosamine levels had a higher correlation with each other
than with HbAlc. The correlation of 1,5-AG with HbAlc was lower (absolute r value = 0.25). All
four measures had a similar degree of correlation with CGM-measured mean glucose (absolute r
value=0.50 to 0.56), and with hyperglycemic area under the curve (AUC) at 180 mg/dL (0.50 to
0.60).

Conclusion—Each of the four measures (i.e., HbAlc, glycated albumin, fructosamine and 1,5-
AG) had a similar correlation with mean glucose and hyperglycemic AUC-180. 1,5 AG did not
correlate with hyperglycemic AUC-180 better than did HbAlc.
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Introduction

Methods

HbA1c has been the mainstay of the determination of glycemic control in the management
of diabetes since the 1980s. Other measures have been purported to also provide contrasting
measures of glycemic control: glycated albumin, fructosamine, and 1,5-anhydroglucitrol
(1,5-AG). HbAlc yields an estimate of glycemia for the previous 2-3 months (1-4) whereas
glycated albumin and fructosamine represent glycemia for 2—-3 weeks (4-6) and 1,5-AG
summarizes the glycemic excursions occurring over a few days (1, 5, 7-11). The relevance
of 1,5-A,G to diabetes stems from the fact that normally almost all filtered 1,5-AG is
reabsorbed by the renal tubules. When glucose levels exceed approximately 180 mg/dL,
reabsorption of 1,5-AG declines, and as a consequence plasma levels of 1,5-AG decrease.
As a result, the greater the extent and duration of the blood glucose above 180 mg/dL, the
lower will be the 1,5-AG level. Among nondiabetic individuals, females tend to have lower
1,5-AG levels than males (1, 12). Some studies have suggested that 1,5-AG reflects
hyperglycemia better than HbAlc and may be useful in conjunction with HbA1c to assess
glycemic control in patients with moderate or good control (1, 7).

As part of a study conducted by the Diabetes Research in Children Network (DirecNet) to
evaluate the counter-regulatory response to hypoglycemia, blood samples were collected and
continuous glucose monitoring (CGM) data were obtained that provided an opportunity to
determine the correlation of these measures with each other and their relationship to glucose
data collected with CGM.

A parent or guardian and each subject >7 years of age signed informed consent and assent
forms, respectively, approved by an Institutional Review Boards and in accordance with the
Declaration of Helsinki at the 5 DirecNet centers. The cohort included 26 children and
adolescents with T1D who had a HbAlc value measured within 14 days (median 8 days,
range 6 to 13 days) prior to the collection of blood samples that were used to measure 1,5-
AG, glycated albumin, and fructosamine. Study eligibility criteria have been reported (13).
HbA1c was measured using the DCA2000+ analyzer (Siemens Healthcare Diagnostics,
Indianapolis). Blood samples were collected in CAPIJECT™ SST tubes and allowed to clot
for 30 minutes prior to centrifugation. The serum was promptly transferred to transport tubes
and stored frozen before shipping to the DirecNet Central Laboratory at the University of
Minnesota where they remained frozen until the time of analysis.

Between the time of HbAlc measurement and the collection of the blood samples, each
subject wore a Guardian® RT (Medtronic MiniMed, Northridge, CA) CGM device. Only
the 21 subjects with at least 96 hours of CGM glucose data were included in the analysis
involving CGM data (median amount of glucose data = 121 hours, interquartile range 114 to
134 hours, range 96 to 150 hours; 24% of data between 12 midnight and 6 a.m. and 76%
between 6 a.m. and 12 midnight).

Laboratory Procedures

Laboratory procedures were as follows:
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Glycated albumin—The glycated albumin assay included separate measurements of total
albumin (bromocresol purple) and glycated albumin (enzymatic method utilizing ketoamine
oxidase and an albumin-specific protease) with the glycated albumin result expressed as a
percentage of total albumin (Method by Asahi Kasei Pharma (Tokyo Japan) adapted to the
Roche Modular P Chemistry Analyzer (Roche Diagnostics Corporation)). For glycated
albumin (as %), interassay CVs were 1.8% (at a mean of 56.0%) and 2.1% (at a mean of
22.7%). All materials needed for the glycated albumin assay were supplied by Asahi Kasei.

Fructosamine—This colorimetric assay from Roche on the Roche Mod P was based on
the ability of ketoamines to reduce nitrotetrazolium-blue (NBT) to formazan in an alkaline
solution. The rate of formation of formazan (measured photometrically at 546 nm) is
directly proportional to the concentration of fructosamine. Uricase served to eliminate uric
acid interference, and detergent eliminated matrix effects. The interassay CV was <3%.

1,5-anhydroglucitol—The 1,5-AG monosaccharide was measured using an enzymatic
colorimetric method implemented on the Roche ModP with materials from GlycoMark, Inc.
Reagents were provided by GlycoMark Inc., the distributor of the only FDA-approved assay
of 1,5-anhydroglucitol. The interassay CV was <5%.

Statistical Methods

Results

The associations of the measures with each other were evaluated with Spearman rank
correlation coefficients (The absolute values of correlation coefficient were presented in
Results section for consistency of interpretation. The directions of correlation were noted in
Table 1). Separate multivariate least squares regression models were used to assess the
additive effect of the various laboratory measures for predicting HbAlc, CGM mean glucose
and hyperglycemic area under the curve for glucose above 180 mg/dL (AUC-180). The
regression model for hyperglycemic AUC-180 was based on the van der Waerden normal
scores due to the skewness of data.

The 26 subjects had a mean + SD age of 10.6 £ 5.1 years (range 4.6 to 17.7 years), with 8
(31%) female and 24 (92%) white. Median duration of T1D was 4.5 years (interquartile
range 2.6 to 6.6 years) and median BMI percentile was 81 (interquartile range 67 to 89). For
the four measures of glycemic control, mean (SD) was 7.7 (0.7) % for HbAlc, 4.7 (2.2) ug/
mL for 1,5-AG, 22% (4) for glycated albumin, and 318 (42) umol/L for fructosamine (Table
1). With CGM, the median of the subjects” mean glucose levels was 170 mg/dL, with the
median percentage of values in the range of 71 to 180 mg/dL being 56%, median <70 mg/dL
being 1.8%, and median >180 mg/dL being 40% (see Table 1 for additional indices and see
supplemental website table 1 for the full distribution of each measure).

The intercorrelations of HbAlc, 1,5-AG, glycated albumin, and fructosamine are shown in
Table 2. Glycated albumin and fructosamine levels had a higher correlation with each other
(absolute r value = 0.86) than with HbAlc (absolute r value =0.57 and 0.56, respectively).
The correlation of 1,5-AG with HbAlc was lower (absolute r value =0.25, Figure 1). All
four measures had a similar degree of correlation with CGM-measured mean glucose
(absolute r value =0.50 to 0.56), with hyperglycemic AUC-180 (0.50 to 0.60) and with CV
(0.10 to 0.22). Limiting the analyses to subjects with HbAlc levels <8.0% did not improve
the correlation of 1,5-AG with mean glucose and hyperglycemic AUC-180.

In multivariate analyses, fructosamine was the laboratory measure most strongly associated
with HbAlc (r-squared = 0.44), while glycated albumin provided a similar result (r-squared
= 0.38). Because fructosamine and glycated albumin were highly correlated, a model with
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both of these as covariates did not improve the r-square meaningfully compared with either
factor by itself. Adding 1,5-AG to the model also did not increase the r-squared
meaningfully. In the multivariate models for CGM indices, HbAlc was most strongly
associated with mean glucose (r-squared = 0.37) and 1,5-AG was most strongly associated
with hyperglycemic AUC-180 (r-squared=0.50, Figure 2); in both models, no additional
factors increased the r-squared a meaningful amount.

Discussion

We had hoped in performing these analyses to define a set of laboratory measures that
would provide a better indicator of a T1D patient’s glycemic control than any one measure
alone. Using CGM-measured mean glucose to define an individual’s level of glycemic
control, we found that each of the laboratory measures (HbAlc, 1,5-AG, glycated albumin,
and fructosamine) had a similar correlation with mean glucose which was not enhanced
when other measures were included in the model. Similar results were found for predicting
CGM-measured hyperglycemic AUC-180, which is not surprising since mean glucose and
hyperglycemic AUC-180 are highly correlated.

We found a correlation of -0.60 between 1,5-AG and hyperglycemic AUC-180 measured by
CGM in our study compared with -0.48 in the study of Dungan et al (7). However, in
contrast to their study, we did not find that 1,5-AG levels had a substantially higher
correlation with hyperglycemia than did HbAlc, glycated albumin, or fructosamine. In
contrast with other studies, we found a lower correlation between 1,5-AG and HbA1c than
reported by McGill et al and Moses et al (—0.25 versus approximately —0.60) (5, 14). This
might be explained by small sample size and the narrow range of HbAlc in our study. In
addition, our study was limited to patients with type 1 diabetes while other studies included
either patients with both type 1 and type 2 diabetes (5) or solely type 2 diabetes (14).
Another limitation of our study is the fact that HbAlc was measured before CGM data were
obtained whereas the other laboratory measures were obtained following collection of CGM
data. However, it is not likely that this was a meaningful cause of bias.

As far as we are aware, the current study is the first study on the association of 1,5-AG,
HbA1c and CGM measured glucose in patients with diabetes less than 18 years old.
Although we did not find enough evidence to support the use of 1,5-AG as a better marker
of long-term glycemic control than HbA1c in this population, there may be an important role
for 1,5-AG measurements in assessing short-term control. McGill et al reported in adults
principally with type 2 diabetes that after a therapeutic change, 1,5-A,G levels showed a
significant increase within 14 days (5, 14). In type 1 diabetes, monitoring of 1,5-A,G levels
could be quite useful to quickly assess the effect of insulin dosing adjustments. Larger
studies addressing this role for 1,5-AG in children with type 1 diabetes are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 1,5 AG versus HbAlc (N=26)
Below is the scatterplot of 1,5-AG versus HbAlc. The analysis included 26 subjects who

had both 1,5-AG and HbA1c measures.
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Figure 2. Hyperglycemic AUC-180 versus 1,5 AG (N=21)

Below is the scatterplot of Hyperglycemic AUC —180 for glucose above 180 mg/dL versus
1,5-AG with different symbols for subjects with HbAlc <8.0% and >8.0%. The analysis
included 21 subjects who had both lab measures and CGM data.
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Distribution of HbAlc, Glycated Albumin, Fructosamine, 1,5-AG and CGM-measured Glucose Indices

Mean+SD Median (interquartile range) Range
N=26
HbAlc (%) 1 7.7+07 7.8(7.4,8.2) 6.1t09.4
Glycated albumin (%) 1 22+4 23(20, 25) 16 to 30
Fructosamine (umol/L) 1 318+ 42 313 (293, 344) 241 to 427
1,5-AG (ug/mL) 1,2 47+22 4.2(34,6.1) 1.2t011.6
N=21
Mean glucose (mg/dL) 168 + 26 170 (143, 185) 126 to 218
% in range (71 to 180 mg/dL) 58% + 13% 56% (48%, 70%) 38% to 81%

% below 70 mg/dL

% below 60 mg/dL

% below 50 mg/dL

Area under curve 70 mg/dL 3

Low blood glucose index (LBGI) 4
% above 180 mg/dL

% above 200 mg/dL

% above 250 mg/dL

Avrea under curve 180 mg/dL 5

High blood glucose index (HBGI) 6
Coefficient variation (%) 7

Mean amplitude glucose excursion (MAGE) (mg/dL) 8
Absolute rate of change (mg/dL/min)

3.7+4.9%

1.3% + 2.5%

0.2% * 0.4%
0.3+0.5

09+0.9

38% + 15%
30% + 14%
13% + 9%
23.9+138

9.0+4.1
0.39 £0.07
131+28

0.77+£0.15

1.8% (0.6%, 5.0%)
0.4% (0.0%, 1.4%)
0.0% (0.0%, 0.1%)
0.1(0.0,0.3)
06(0.2,1.1)
40% (24%, 51%)
32% (17%, 41%)
10% (6%, 18%)
20.6 (13.3, 30.8)
9.1 (5.6, 11.0)
0.37 (0.35, 0.42)
132 (112, 153)

0.75 (0.70, 0.85)

0.0% to 19%

0.0% to 11%

0.0% to 1.3%
0.0t0 2.0

0.1t0 3.6

10% to 62%
4% to 55%
0% to 34%
1910 54.0

24t017.4
0.30 to 0.60
79 to 185

0.46 to 1.03

1 . .
Abnormal values are as follows: HbAlc >6.0%, glycated albumin >16%, fructosamine >285 umol/L, and 1,5-AG <10.7 ug/dL for males and <6.8

ug/dL for females. Data were provided by the DirecNet Central Laboratory.

2 L
Meanz SD = 4.7+2.4 for males and for 4.8+1.7 females in this study

3 . . .
Total area below 70 mg/dL; reflects both percentage and severity of glucose values in the hypoglycemic range

4Low blood glucose index (15)

5Total area above 180 mg/dL.

6High blood glucose index (15)

7Standard deviation divided by mean glucose

8 . .
Mean amplitude glucose excursion (16)
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