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OBJECTIVE—The glycation gap (the difference between measured A1C and the value pre-
dicted by regression on fructosamine) is stable and is associated with microvascular complica-
tions of diabetes but has not hitherto been estimated within a clinically useful time frame. We
investigated whether two determinations 30 days apart suffice for a reasonably reliable estimate if
both A1C and fructosamine exhibit stability.

RESEARCH DESIGN AND METHODS — e studied 311 patients with type 1 or type 2
diabetes for whom simultaneous measurements of A1C and serum fructosamine had been made
onat least two occasions separated by 1 month (o and t1). Glycemia was deemed stable if A1C(t;) —
A1C(to) and fructosamine(t;) — fructosamine(ty) were both less than their reference change
values (RCVs). Instantaneous glycation gaps [gg(to) and gg(t)] and their mean (GG), were cal-
culated using the data from all stable patients for the required regression.

RESULTS—Stable glycemia was shown by 144 patients. In 90% of unstable case subjects, a
change in medication was identified as the cause of instability. Among 129 stable patients with an
average of eight gg determinations prior to ¢y, GG correlated closely with the mean of these prior
determinations (r> = 0.902, slope 1.025, intercept —0.038).

CONCLUSIONS —The glycation gap can be calculated reliably from pairs of A1C and fruc-
tosamine measurements taken 1 month apart if these measurements satisfy the RCV criteria for
glycemic control.
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t is now well established that among
patients with type 1 diabetes (1-4), pa-
tients with type 2 diabetes (5), and
nondiabetic patients (6-9), there are con-
siderable interindividual differences in

glycators.” McCarter et al. (1) quantified
these tendencies as the hemoglobin gly-
cation index, the difference between mea-
sured A1C and the value predicted by
regression of A1C on mean blood glucose

A1C that are not accounted for by corre-
sponding differences in glycemia but
instead seem to reflect the different gly-
cabilities of hemoglobin in different indi-
viduals. Yudkin et al. (6) referred to
persons with A1C levels higher than
was expected from their serum glucose
levels as “high glycators” and to those
with lower-than-expected A1C as “low

in the study sample, and found that the
hemoglobin glycation index was a statis-
tically significant predictor of retinopathy
and nephropathy in the Diabetes Control
and Complications Trial (DCCT).

More recently, two studies have used
fructosamine instead of mean blood glucose
as the predictor of A1C in quantifying
glycability. In both (2,5), A1C and

From the 'Department of Biochemistry and Molecular Biology, University of Santiago de Compostela, Santiago
de Compostela, A Coruria, Spain; the *Department of Biochemistry, University Hospital Clinical Bio-
chemistry Laboratory, University of Santiago de Compostela, Santiago de Compostela, A Coruiia, Spain; the
*Division of Endocrinology, Department of Medicine, University of Santiago de Compostela, Santiago de
Compostela, A Corufia, Spain; and the *Physiopathology of Obesity and Nutrition Biomedical Research
Network Consortium, Santiago de Compostela, A Coruria, Spain.

Corresponding author: Santiago Rodriguez-Segade, ssegade@telefonica.net.

Received 16 December 2011 and accepted 2 June 2012.

DOI: 10.2337/dc11-2450

© 2012 by the American Diabetes Association. Readers may use this article as long as the work is properly
cited, the use is educational and not for profit, and the work is not altered. See http://creativecommons.org/

licenses/by-nc-nd/3.0/ for details.

See accompanying articles, pp. 2415, 2421, 2429, and 2674.

fructosamine were both measured at one
or more visits to the clinic; A1C was re-
gressed on fructosamine using all valid
measurements from all patients in the sam-
ple; an instantaneous “glycation gap” (gg)
was calculated for each visit as the difference
between the measured A1C and the value
predicted from the fructosamine measure-
ment using the regression equation; in one
of these studies (5), a characteristic glycation
gap was calculated for each patient as the
mean of that patient’s gg values (GG). Cohen
et al. (2) reported that in type 1 diabetic
patients, gg partly explained the excess
between-patient variance in A1C. In our ret-
rospective analysis of 2,314 type 2 diabetic
patients followed up for amean of 6.5 years,
GG predicted the progression of nephropa-
thy independently of fructosamine even af-
ter adjustment for A1C (5).

Authors finding fault with the notion
of the glycation gap have asserted that it is
itself nothing but the residual of the
regression of A1C on fructosamine and
that therefore “no difference between
high-, medium-, and low-GG groups
would be expected after statistical adjust-
ment for A1C and fructosamine” (10).
They have accordingly questioned the
findings of Rodriguez-Segade et al. (5).
This argument ignores the distinction be-
tween the regression residual, gg, and the
intrinsic glycation gap of the individual
(GG*) (estimated by Rodriguez-Segade
et al. [5] as an average over gg) and as-
sumes the validity of a statistical model
in which measured A1C deviates ran-
domly, both between and within individ-
uals, from the value predicted from
fructosamine (A1C*). Yet, this statistical
model is precisely what is called into
question by the glycation gap hypothesis,
which replaces it by a model in which,
for a given patient, measured A1C is the
result of random deviation from A1C* +
GG* and not A1C*. The fact that GG* is
not directly measurable is inconvenient
but should not cause confusion about
the model that is being investigated.

GG, calculated as an average over sev-
eral years’ measurements (5), is evidently
not usable clinically. A single gg also can-
not be used with confidence because
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although gg appears to be fairly stable in
general (2,5,11), it is liable to alter if there
is a sudden change in average glycemia
due to, for example, a change in medica-
tion. This is so because of the different
turnover times of A1C and fructosamine
(8-12 weeks [12,13] and 1-3 weeks
[14,15], respectively), which make the re-
sponse of A1C to such a change lag be-
hind the response of fructosamine.

In this study, we investigated whether
two determinations 30 days apart suffice
for areliable estimate of the GG* if both A1C
and fructosamine show sufficient stability.

RESEARCH DESIGN AND
METHODS — e studied 311 diabetic
patients for whom data were available for
simultaneous measurements of A1C and
fructosamine on dates 30 = 2 days apart
within the past 5 years, none of whom
had any known hemoglobinopathy or
erythrocyte disorder. Of the 311, 50
(the “volunteer group”) were recruited
specifically for the study; i.e., they were
requested, and agreed, to provide a sec-
ond blood sample for research purposes 1
month after the first was taken; the albu-
min excretion rates of these 50 at entry
were all in the range of 4-14 mg/24 h.
The other 261 were patients for whom
suitable data were already available in
our database; at entry in the current
study, these 261 all had albumin excre-
tion rates <100 mg/24 h. Age, sex, dura-
tion of diabetes, and type of treatment
were recorded, as were the corresponding
A1C and fructosamine levels. In conso-
nance with the racial make-up of our
area, all participants were Caucasian.

Biochemical analyses

A1C was determined by high-performance
liquid chromatography in a Menarini
Diagnostics HA-8140 analyzer. All A1C
values were converted from Japanese Dia-
betes Society (JDS)/Japanese Society for
Clinical Chemistry (JSCC)-referenced
values to DCCT-aligned units using the
following equation: A1Cygsp = 0.985
AlCJDS/JSCC + 046%, where NGSP is Na-
tional Glycohemoglobin Standardization
Program (16). Fructosamine was assayed
using Genzyme GlyPro kits, which imple-
ment an enzymatic method adapted to the
Roche Diagnostics Cobas Mira analyzer.

Samples

Whole blood was collected in EDTA-
containing tubes for determination of A1C.
Al1C and serum fructosamine were both
determined on the day of collection in the

Clinical Biochemistry Laboratory of the
University Hospital Complex, Santiago de
Compostela. Control materials were ana-
lyzed to estimate between-run analytical
coefficients of variation (CV,) for both
fructosamine (at 189 and 560 wmol/L)
and A1C (at 5.4 and 9.3%); for each analyte
and level, the control material was run in
duplicate twice a day for 10 days.

Statistical analyses

Reference change values (RCVs) were
calculated as RCV = 22 X 1.96 X
[(CV)? + (CVD?Y2, where CVy is the
within-subject biological CV (17); pairs
of A1C and fructosamine values taken 1
month apart were considered to indi-
cate glycemic stability during this pe-
riod if their differences, AA1C and
Afructosamine (AFA), were both less
than the corresponding RCV. That A1C
and fructosamine values were normally
distributed was verified by skewness and
kurtosis tests. gg were calculated as de-
scribed above, with the preliminary re-
gression of A1C on fructosamine being
performed with the pooled data from all
patients satisfying the glycemic stability
criteria; GG were calculated as the mean
of each patient’s two gg values. Agreement
between GG and GG,y (an alternative
characteristic glycation gap [see RESULTS])
as regards classification of patients as
high, medium, or low glycators was as-
sessed as Cohen k (18). All statistical ana-
lyses were performed using SPSS 17
software (SPSS, Chicago, IL).

RESULTS—The CV,s were 1.4% for
fructosamine and 1.1% for A1C. The cor-
responding CVis for nondiabetic patients,

taken from the literature, are 3.4% for
fructosamine (19) and 2.5% for A1C
(20). Thus, the RCVs used were 10.2%
for fructosamine and 7.6% for A1C.

Table 1 summarizes relevant clinical
and biochemical characteristics of the pa-
tients studied. Of the 311, 144 (46.3%)
fulfilled the glycemic stability criteria. Of
these 144, 34 were volunteers (68% of the
volunteer group) and 110 nonvolunteers
(42% of the nonvolunteer group); similar
proportions were observed in subgroups
of the volunteer and nonvolunteer groups
defined by sex or type of diabetes. Table 2
shows that, on average, both AA1C and
AFA were smaller among both type 1 and
type 2 diabetic volunteers than among
other patients with the same type of di-
abetes, although the differences only at-
tained statistical significance in the case of
AA1C (P < 0.001). Moreover, the A1C
and fructosamine levels of the 16 volun-
teers who did not fulfill the glycemic sta-
bility criteria were all lower at the second
determination than at the first.

Among the nonvolunteers, 151 failed
to fulfill the glycemic stability criteria. In
90% of these cases, the patient’s treatment
had been changed in the month before the
first measurement in a way that was plau-
sibly responsible for nonfulfillment (in 74
cases between 10 and 15 days earlier, in
55 between 15 and 20 days earlier, and in
22 between 20 and 30 days earlier). None
of the 144 patients fulfilling the stability
criteria had had their treatment changed
in the month before the first measurement.

Regression of A1C on fructosamine
using the 288 measurements from the
144 stable patients produced the follow-
ing relationship:

Table 1—Baseline characteristics of the study groups

Volunteers Others
Type 1 Type 2 Type 1 Type 2
diabetic diabetic diabetic diabetic
n 24 26 38 223
Male 54.2 57.7 39.5 54.3
Age (years) 40 = 10 64 + 11 32+ 13 61 =13
Duration of diabetes (years) 16 (8-21) 13 (5-21) 15 (6-23) 7 (3-14)
Treatment
Insulin 100 27 100 30.5
OADs 73 39.5
Insulin and OAD 5.8
Diet 242
Fructosamine (pwmol/L) 409 + 84 336 * 98 428 + 132 326 = 128
Al1C (%) 7.9+09 7.6*+1.1 89+22 78+19

Data are means * SD, percent, or median (interquartile range) unless otherwise indicated. OAD, oral anti-

diabetes drug.
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Table 2—Differences between initial and final values of fructosamine and A1C
(% of initial values) and compliance with the RCV criteria

Volunteers Others
Type 1 Type 2 Type 1 Type 2
diabetic diabetic diabetic diabetic
n 24 38 223
Fructosamine
% difference 6.0 (2.6-12.9) 5.5(2.3-14.8) 8.2 (6.0-17.9) 9.0 (4.2-19.1)
<RCV 15 (62.5) 19 (73.1) 20 (52.6) 118 (52.9)
Al1C
% difference 1.5 (1.3-3.0) 1.5(1.1-2.6) 5.6 (2.2-8.5)* 4.1 (1.8-7.9)*
<RCV 24 (100) 25(96.2) 28 (73.7) 170 (76.2)

Data are n (%) of patients complying with the RCV criterion or median (interquartile range) unless otherwise
indicated. RCV (fructosamine) = 10.2%; RCV (A1C) = 7.6%. *P < 0.001 with respect to the corresponding

volunteer group.

ALC (%) = 0.01 X fructosamine (pumol/L)
+425 (¥ =057)

The SD of the 144 differences between the
first and second gg values was 0.28% and
that of the GG values 1.1%. These patients
were classified as high, medium, or low
glycators depending on whether their GG
values were >0.5%, between —0.5 and
0.5%, or below —0.5%.

During the past 5 years, our labora-
tory has maintained the same analytical
procedures for both fructosamine and
A1C. For 129 of the 144 stable patients
(23 volunteers and 106 nonvolunteers),
simultaneous A1C and fructosamine
measurements were made during this

time on at least three occasions before
the first measurement used in the above
regression (the average number of prior
measurements per patient was eight).
Without regard to glycemic stability, gg
values were calculated for each of these
prior measurements using the above re-
gression equation, and a “non-RCV-
limited” characteristic glycation gap
(GGpry) was calculated for each patient
as the mean of his or her prior gg values.
Regression of GG on GGg; showed good
correlation between the two (* = 0.902)
(Fig. 1), and a t test showed no significant
difference between mean GG and mean
GGygy; the SD of the 129 differences be-
tween GG and GGy was 0.34%. Some
86% of patients were placed in the same

w
1

GG (%)

GG(%) = 1.025 GG, o, (%) — 0.038, R2= 0.902

GGnRI(OA’)

Figure 1—Scatterplot of GG (%) vs. GGur; (%) with the estimated regression line and correlation.

Rodriguez-Segade and Associates

category by GGygi as by GG, and in no case
was a patient a high glycator according to
GG but a low glycator according to
GGpr—or vice versa. Cohen k was 0.79
(95% CI 0.75-0.84), indicating good
agreement between GG and GGy

CONCLUSIONS —As argued above,
estimation of a patient’'s GG* requires
more than one determination of the gg be-
cause of the different kinetics of A1C and
fructosamine: A1C reflects weighted mean
plasma glucose over the past 100 days, and
fructosamine reflects it over the past 30 days
(15,21). However, since ~50% of A1C is
produced during the 30-35 days prior to
measurement (15,21,22), both fructosamine
and A1C are affected by any significant
alteration in plasma glucose during this pe-
riod. It therefore seems reasonable to estab-
lish the stability of fructosamine and A1C
over this period as a criterion for the prob-
able validity of the associated gg values. This
was the criterion adopted in this study,
with the stability of the analytes identified
by comparison of the 30-day differ-
ences with the corresponding RCVs. The
adequacy of this criterion is reflected
partly by the small SD of the gg differences
for the 144 pairs of determinations by
which it was satisfied and partly by the close
correlation between the GG and GG,y val-
ues of the 129 patients for whom the latter
were available. Definitive validation would
consist in showing that GG, determined
from two gg values as in this study, remains
stable throughout the course of the dis-
ease (or that it varies in a well-defined man-
ner); pending long-term studies designed
to test this possibility, the procedure tested
here seems reasonably adequate.

It is striking that the proportion of
patients satisfying the glycemic stability
criterion was much larger in the volunteer
group than among the other participants.
This suggests that patients aware that the
first and second determinations will be
considered jointly may exercise better
control than others, and this notion is
supported by the finding that the volun-
teers who did not fulfill the glycemic
stability criteria all had lower A1C and
fructosamine levels at the second deter-
mination than at the first. The exercise of
better control does not in itself invalidate
measurement of the glycation gap, since
the gap is in principle independent of
glucose level; what is important is that
AlCand fructosamine both reflect the same
glucose level, and it is this that is favored by
requiring fulfillment of the RCV criterion by
both analytes over the 30-day period.
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The equation obtained in this study
for the regression of A1C on fructosamine
predicts A1C levels ~0.5% higher than
those predicted by the equation obtained
in our earlier study (5). The cause of this
discrepancy appears to be the fact that for
both A1C and fructosamine, the earlier
study included data obtained by a variety
of different methods (though standard
linear conversions were used to minimize
the influence of this heterogeneity). Anal-
ysis of 5,987 A1C/fructosamine pairs that
were included in the earlier study and had
been obtained by the methods used in the
current study produces an equation that
is very similar to the one obtained in the
current study. In short, as one might expect,
the crucial regression equation, like the an-
alyte measurements it relates, depends on
the methods used for the measurements,
and this should be taken into account by
physicians interpreting glycation gap data.

In summary, GG, the average of two
gg values determined 1 month apart,
agrees reasonably well with long-term av-
erage gg if neither A1C nor fructosamine
changes by more than their RCV during
the month in question. GG so measured
constitutes an adequate estimation of the
patient’s GG*.
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