COMMENTS AND
RESPONSES

Response to
Rodriguez-Segade et
al. and Leslie and
Kilpatrick

odriguez-Segade et al. (1) question

the clinical usefulness of the esti-

mated average glucose (eAG) devel-
oped by the Al1C-Derived Average
Glucose (ADAG) Study (2). They note
that although the study met the a priori—
specified criterion for acceptability
(=90% of subject values within 15% of
the regression line between A1C and cal-
culated mean glucose), the variability of
the estimate makes the equation clinically
useless. Furthermore, they state, without
any supporting evidence, that the as-
sumption that “A1C depends exclu-
sively on average plasma glucose—is
not justified.”

Leslie and Kilpatrick (3) remarkably
resort to the Heisenberg uncertainty prin-
ciple of quantum physics (which states
the uncertainty of simultaneously mea-
suring the position and momentum of a
particle, owing in part to the perturbation
of the particle as part of the measurement)
to point out the variability of the ADAG
average glucose levels. They cite the con-
sensus of “18 professional organizations”
in the U.K. that decided, 6 months before
the ADAG study was published, to reject
the use of eAG (4). The U.K. consensus
group didn’t reject the “conceptual bene-
fits” of translating A1C into eAG but rec-
ommended against the use of eAG at that
time based, at least in part, on “insuffi-
cient information regarding entry criteria,
study design, and data analysis” (4). We
assume that these concerns would have
been allayed if they had read the ADAG
study when it was published. The U.K.
consensus group recommended “further
research into the individual utility of eAG
and of its use in all groups of individuals
with diabetes.”

The rationale that we used in select-

ing the acceptability criterion is worth
reviewing. The calibration of A1C by av-
erage glucose required us to consider the
variability of the measures that would go
into the comparison. Average glucose was
calculated from a combination of self-
monitoring of blood glucose (SMBG) and
continuous glucose monitoring (CGM),
each of which has variability (5,6). Al-
though the performance of SMBG and
CGM has improved over time, the accu-
racy of SMBG, which accounted for the
majority of the calculated average glu-
cose, is substantially worse than the “in-
ternationally accepted maximum error” of
10% cited by Segade et al. (5,6), because
patients, rather than technicians, perform
the monitoring . Moreover, other factors
such as temperature and humidity, which
varied widely in our multicenter study,
can influence SMBG results (although we
purposely chose an SMBG device that is
relatively stable in varying conditions)
(7). CGM is also subject to variability that
approaches 15%.

Of course, we agree with both respon-
dents that it would be naive to express any
measured biological variable, and espe-
cially a mean value, without considering
its variability (which is one reason why we
use the word “estimated” to express the
translated “estimated average glucose”).
Given the variability of the measures that
went into the calculation of eAG, not to
mention the variability of the A1C assay,
we chose the criterion that 90% of sub-
jects be within 15% because it was realis-
tic and one that we thought would be
acceptable to clinicians. Clinicians and
patients have already accepted the relative
(in)accuracy and (im)precision of SMBG
and CGM; the eAG translation of A1C re-
flects these measurements in a real-world
setting. We point out that all measured
clinical analytes have associated variabil-
ity; however, few clinical results, if any,
are expressed as a range.

The intention of the ADAG transla-
tion is to supplement the current re-
porting of A1C with an estimate of
average glycemia presented in the same
units as patients encounter in their daily
monitoring. Hopefully, this will improve
patients’ understanding of chronic glyce-
mia (8) and facilitate better diabetes
management.
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