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This is the first of a series of articles
based on presentations at the Amer-
ican Diabetes Association Scientific

Sessions held 5–9 June 2009 in New
Orleans, Louisiana.

A series of elegant investigations some
4 decades ago led to the realization that
elevated levels of certain hemoglobin
components are found in individuals with
diabetes (1). The useful measurement of
A1C became standard in assessment of
glycemia (2). A1C, rather than direct
measures of glycemia, is now used as the
“goal” for diabetes treatment (3,4).

Should A1C be used for diabetes
diagnosis?
At the 69th Scientific Sessions of the
American Diabetes Association (ADA),
David Nathan (Boston, MA) discussed the
role of A1C in the diagnosis of diabetes in
nonpregnant subjects and explained the
position advocated by an expert commit-
tee of ADA and the European Association
for the Study of Diabetes (EASD) that the
diagnosis of diabetes may be conveniently
based on A1C �6.5%, without the need
to measure a plasma glucose concentra-
tion (5). All methods previously used for
the diagnosis of diabetes, he noted, have
relied on measuring blood glucose,
whether in the fasting state or after a
stress, as in the oral glucose tolerance test.
He asserted that early attempts to estab-
lish the diagnosis of diabetes were ham-
pered by absence of standardization, for
example, with different times for blood
determination or with different oral glu-
cose loads. Type 1 diabetes usually has
characteristic presentation and thus is
easily diagnosed, but Nathan observed
that type 2 diabetes can be subtle in its
onset; analyses of fasting and 2-h postload
glucose levels in Korea, Nauru, Egypt,
and Taiwan showed unimodal glucose
distributions (6), although this may be an
artifact of the relative infrequency of dia-

betes in the population, as studies in pop-
ulations such as the Pima Indians with
very high prevalence of diabetes do show
evidence of bimodal glucose distributions
(7).

A 1979 working group suggested that
the level of glycemia used for definition of
diabetes be based on risk for progression
to symptomatic diabetes, but this ap-
proach was supplanted in by a 1997 ex-
pert committee report (8) and a 1999
World Health Organization consultation
(9), which recommended that diagnostic
criteria be based on the associations of
fasting and 2-h glucose with retinopathy,
with such an association noted for A1C as
well in the 1997 report. Fasting blood
glucose �110 mg/dl (6.1 mmol/l) was
considered to represent impaired fasting
glucose (IFG), and levels �126 mg/dl (7
mmol/l) were considered to represent di-
abetes. In a 2003 panel recommendation,
the diagnostic level of fasting was lowered
from 110 to 100 mg/dl (6.1 to 5.6
mmol/l) for IFG and use of A1C was not
recommended for diagnosis. “What has
changed,” Nathan stated, is “continued
and further standardization of the [A1C]
assay.” Analyses of the College of Ameri-
can Pathologists (CAP) surveys from
1993 to 2007 show much improvement
in results, he said, predicting that this will
be better still with plans for lowering of
acceptable limits for error to �6% over
the next 2 years. Furthermore, the Inter-
national Federation of Clinical Chemistry
and Laboratory Medicine (IFCC) has pre-
pared new A1C standards to improve
standardization (10). Nathan suggested
several advantages of A1C over glucose
measurements. Without inhibition of
erythrocyte glycolysis or rapid serum/
plasma separation, there is a drop in glu-
cose levels from the time a sample is
obtained to the time of processing, lead-
ing to inaccuracy. Furthermore, weekly
determination of fasting glucose shows

that this measure has higher variability
than does A1C (11). The biological vari-
ability of A1C within an individual is
somewhat smaller than that of fasting glu-
cose (coefficient of variation [CV] 3.6 vs.
5.7%) and considerably less than that of
2-h glucose (CV 16.6%) (12), suggesting
that repeated measurements would be
more consistent using A1C. Fasting glu-
cose varies with the time of day, with
acute stress and with many other factors;
according to Nathan, “A1C being an inte-
grated measurement of average glucose is
relatively resilient.”

Nathan reviewed further data on the
relationship between different measures
of glycemia and long-term complications,
proposing that A1C, like glucose, gives in-
formation about risk of retinopathy (Data
from an Epidemiological Study on the Insu-
lin Resistance Syndrome [DESIR]), with
A1C having a stronger association (13).
He stated that the Evaluation of Screening
and Early Detection Strategies for Type 2
Diabetes and Impaired Glucose Tolerance
(DETECT-2) analysis of databases from
13 studies of 48,416 subjects aged 20–79
years having fundus photography showed
increase in prevalence of retinal abnor-
malities around an A1C level of 6.5% and
fasting glucose level of 126 mg/dl.

Nathan concluded that A1C is a bet-
ter index of glycemic exposure than blood
glucose, is at least as good at predicting
risk of long-term complications, has sim-
ilar if not better standardization, is better
in its lack of variability, and is useful in
chronic management. “There are clearly
limitations,” he acknowledged. A1C is not
readily available around the world, inter-
fering factors such as hemoglobinopathy
make the interpretation of the assay more
difficult, and conditions that affect eryth-
rocyte turnover may cause spurious re-
sults, so that clinicians using A1C in
diagnosing diabetes would need to be
aware of these limitations. “We do not
mean to supplant glucose,” Nathan said.
He did offer the option that glucose test-
ing be used when A1C measurement is
not readily available.

Nathan reviewed the potential use of
A1C in diagnosis of pre-diabetic states
and noted that the risk of diabetes based
on fasting and 2-h glucose appears to in-
crease in a continuous fashion with in-
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creasing levels (14). Risk of diabetes
similarly gradually increases at increasing
levels of A1C (15,16). Nathan made the
interesting comment that “as glucose test-
ing is supplanted by A1C testing, IFG and
impaired glucose tolerance (IGT) will no
longer be diagnosable” and should be re-
placed by the notion of a continuum of
risk with increasing A1C levels. The A1C
level at which intervention is begun
should, he said, be individualized by
country or area. The question was raised
regarding what levels of A1C might be
considered indicative of high risk of dia-
betes. Nathan responded that data from
the Centers for Disease Control and Pre-
vention suggest that A1C levels of 5–5.9%
correspond to IFG and IGT; he suggested
that a policy decision might therefore be
made to “pay particular attention” to sub-
jects with A1C �5.5%, although he con-
sidered that levels of 6–6.5% would be
“clearly . . . [the] highest risk.”

In a panel discussion after Nathan’s
presentation, Harold Lebovitz (Staten Is-
land, NY) asked whether this approach
would negatively impact patients’ under-
standing of their condition when there
were discrepancies between A1C and glu-
cose levels. I have raised this issue in rec-
ommending that the relationship
between A1C and mean glycemia is insuf-
ficiently precise to allow the use of A1C in
defining estimated average glucose (eAG)
(17). The argument that A1C correlates
with the complications of diabetes on a
population basis does not strongly favor
its use in diagnosis because any measure
linked to glycemia will show such a rela-
tionship. A1C represents glycation of he-
moglobin, localized to a specific biologic
compartment, the erythrocyte cytoplasm,
which is potentially rather different from
the entire glucose distribution volume.
Erythrocyte turnover, cell membrane per-
meability to glucose, hemoglobin glyca-
tion and deglycation, and a myriad of
other processes will change glycated he-
moglobin levels (18). Twin studies show
heritable components contributing to
A1C: when twins are concordant for dia-
betes, their A1C levels are, unsurpris-
ingly, rather similar, but, interestingly,
twins discordant for diabetes also show
correlation of A1C levels, leading to sug-
gestion of a strong nonglycemic heredita-
ble component to A1C (19).

A large number of medical conditions
are associated with alterations in the rela-
tionship between mean glycemia and
A1C: hematological conditions, such as
persistent fetal hemoglobin, hemoglobin

S, C, or D, and the presence of carbamy-
lated hemoglobin in uremia; illnesses
characterized by hemolysis or other states
with shortened erythrocyte life span; a va-
riety of systemic conditions including cer-
tain forms of dyslipidemia, malignancies,
and cirrhosis. The common condition of
iron deficiency anemia can, for unex-
plained reasons, lead to an increase in
A1C by 1–1.5% that subsequently falls
following iron treatment (20–23). Given
the frequency with which subjects with
diabetes have other medical illnesses, the
likelihood that such factors may alter A1C
is widely underestimated. Interestingly,
hyperglycemia may itself shorten erythro-
cyte life span (24), suggesting a mecha-
nism by which glycemia need not to
exhibit a direct linear relationship to the
A1C level. Pregnancy is well recognized
to be associated with a substantial reduc-
tion in A1C levels, perhaps as a function
of hemodilution or increased erythrocyte
turnover, although it has not been fully
explained by either mechanism; during
late pregnancy, A1C levels decrease by
�0.5% at every level of mean plasma glu-
cose (25).

A recent study shows little rationale
for the proposed threshold of 6.5% based
on total retinopathy, albuminuria, or neu-
ropathy. Interestingly, in that study, non-
fasting (“random”) glucose was as suitable
as A1C for identifying subjects with dia-
betes (26). Analysis of U.S. National
Health and Nutrition Examination Survey
(NHANES) data revealed that 50–60% of
patients with fasting plasma glucose �7
mmol/l had A1C �6.5%, suggesting that
A1C might reduce the number of people
diagnosed as having diabetes from that
using current glycemic criteria (27). If be-
cause of anemia, renal disease, infection,
ethnicity, age, or other patient medical
characteristics or for economic reasons
one uses glucose rather than A1C mea-
surements, the likelihood of diabetes
would presumably be greater, which is
certainly not desirable.

Measuring fasting and 2-h glucose
values to diagnose diabetes, then, has lim-
itations, but there may be less risk that
these measurements could lead to an in-
dividual being misdiagnosed as could oc-
cur with A1C based on age, ethnicity,
renal disease, anemia, or hemoglobinop-
athy. These issues and the possible list of
tests required in addition to the “simple”
A1C make the idea of just fasting over-
night for a glucose test an attractive option.

Indeed, as discussed above, it is rea-
sonable to conclude that the use of A1C

will lead to overdiagnosis among the el-
derly, blacks, subjects with iron defi-
ciency, and individuals genetically
predisposed to greater levels of hemoglo-
bin glycation, whereas those with anemia,
renal insufficiency, and many hemoglobi-
nopathies, as well as those with other ge-
netic variations, will be incorrectly told
that they do not have diabetes. If A1C is
used as the sole means of diagnosis (and
of assessing glycemia) and if there is en-
couragement to limit glucose self-
monitoring until a patient is treated with
insulin, one must wonder how without
concurrent hemoglobinopathy screening,
testing for anemia and testing for renal
impairment we will identify the incor-
rectly diagnosed and incorrectly treated
patients. A further entirely distinct argu-
ment against the use of A1C for diagnosis
is the lack of access to this test in many of
the countries where diabetes is likely to
increase most in prevalence over coming
decades.

Should A1C be reported as eAG?
The closely related topic of routine re-
porting of eAG with A1C was debated at
the ADA Scientific Sessions (and again in
July at the American Association for Clin-
ical Chemistry [AACC] Annual Meeting).
First, the positive and negative positions
were addressed from a clinical standpoint
by Nathan and me, and then these sides
were taken from the clinical chemistry
perspective by David Sacks (Boston, MA)
and Eric Kilpatrick (Hull, U.K.).

Randie Little (Columbia, MO), mod-
erating the debate, discussed the change
in methodology of A1C standardization
adopted in 2001 by the IFCC, with syn-
thesis of an NH2-terminal valine- glycated
HbAl B-chain. This “truer” A1C comprises
only approximately three quarters of what
has previously been considered A1C with
biologically derived standards. There is
potential for confusion if the resulting
lower A1C levels are expressed as per-
centages, although the intent of the IFCC
is to express A1C in mmol/mol, with nor-
mal levels up to �45. In 2004, an ADA/
EASD/International Diabetes Federation
(IDF) workshop suggested a compromise
approach between the “true” lower A1C
and the now considered inaccurate older
A1C standard, which includes other he-
moglobin-derived compounds. The
workshop recommended that A1C be re-
ported with eAG.

Nathan took the position that such
eAG reporting with A1C will serve a use-
ful purpose. He began by commenting
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that “diabetes has always been sugar-
centric” and noted that what was subse-
quently found to be glycated hemoglobin
was first described as a minor hemoglobin
fraction in 1958 (28); Rahbar found an
increase in levels with diabetes a decade
later (29). The 1997 ADA Expert Com-
mittee on the Diagnosis and Classification
of Diabetes Mellitus, the Diabetes Control
and Complications Trial (DCCT), and the
UK Prospective Diabetes Study (UKPDS)
intervention trials, he said, “cement A1C
as the means by which we measure our
targets.” The goal of treatment is, he con-
tinued, an A1C �7%, observing that
“we’re guiding people based on A1C.”
This led him to question the use of both
glucose and A1C, two different measures,
in treating diabetes, suggesting that this
might be confusing for patients, and he
suggested that the use of eAG would allow
all values discussed with patients to be
expressed in the same units, which he
considered desirable. Such conversions
have been proposed by a number of in-
vestigators, beginning with a European
study (30) and one he carried out (31)
more than 25 years ago, with robust cor-
relation of A1C with mean self-monitored
blood glucose (SMBG). These consider-
ations led to the A1C-derived average glu-
cose (ADAG) study of more than 500 type
1 and type 2 diabetic and nondiabetic
subjects, 83% of whom were Caucasian,
8% black, and 8% Hispanic, who per-
formed continuous glucose monitoring
(CGM) 2–3 days monthly as well as pre-
and postprandial SMBG for 4 months,
giving �2,500 CGM and 230 SMBG val-
ues per patient. Both forms of monitoring
gave similar findings, with CGM leading
to the following formula: [average glu-
cose] � 2.87 � A1C � 46.7, with r2 0.84
(32). Nathan suggested that the correla-
tion might have been even higher, but
that there are always measurement errors
and incomplete glucose monitoring, and
he acknowledged that there may be vari-
ability among individuals in rates of
erythrocyte formation and hemoglobin
glycation. He commented that the study
was carried out in a fashion designed to
minimize variability and noted that “we
had screened . . . to try to strip the popu-
lation of these errors.” He agreed that the
study was therefore somewhat limited be-
cause there were few people of non-
Caucasian ethnicity and no data in
children, pregnancy, or renal disease and
that “we also had people who were gener-
ally more stable.” He concluded that the
use of eAG would be greatly advantageous

in helping more people to understand
their level of glycemia and noted that only
a quarter of diabetic individuals think that
they know what their A1C is, and few of
these are correct (33).

I argued the contrary position that
eAG has certain conceptual weaknesses
that make its use not desirable (9). This is
not, then, an argument that A1C does not
vary with different levels of glycemia but,
rather, that there are weaknesses of A1C
in predicting eAG. A1C is affected by a
variety of hematological and general med-
ical illnesses, as discussed above, with
A1C underestimating glycemia in sub-
jects with HIV infection (34) and on he-
modialysis (35).

I mentioned that Nathan is the senior
author of an important analysis of two
large epidemiological studies showing
that, controlling for glycemia, A1C in-
creases with increasing age, with a 0.4%
rise between 40 and 70 years of age (36).
In a study by Kilpatrick et al. (37) of both
A1C and fructosamine, a measure of gly-
cated albumin, in subjects ranging in age
from 20 to 80 years, A1C increased by
�30%, but fructosamine levels failed to
change with age, further suggesting that
increasing glycemia is not the explanation
for the age-related increase in A1C. An-
other factor is ethnicity. In multivariate
analysis of the 15,934 nondiabetic partic-
ipants in the 1999–2006 NHANES, cor-
recting for age, sex, BMI, cigarette use,
alcohol use, hypercholesterolemia, hy-
pertension, education, cardiovascular
disease, and C-reactive protein, non-
Hispanic blacks had 2.4-fold increase in
likelihood of A1C �6% among subjects
with fasting glucose �100 mg/dl (38).
Among subjects with IGT in the Diabetes
Prevention Program, which Nathan
chaired, mean A1C was 5.78% for whites
and 6.18% for blacks, adjusted for age,
sex, systolic blood pressure, diastolic
blood pressure, BMI, fasting and postload
glucose, corrected insulin response, and
insulin resistance (39).

Given these caveats, I asked whether
it is possible to predict true mean or aver-
age glucose with a high degree of accuracy
in a given person based on the A1C mea-
surement. I reviewed Nathan’s original
study from 1984 (5). Twenty-one dia-
betic subjects measured capillary glucose
at least four times daily, both pre- and
postprandially, for 2 months prior to A1C
determination; the regression equation
generated was used to show that 24% of
practitioners’ estimates of mean glucose
differed by �75 mg/dl from the estimate

derived from A1C. However, the study
was not able to answer the question
whether a substantial number of subjects
differ in average glucose from those A1C-
derived estimates. In the analysis of 623
insulin-treated type 2 diabetic subjects
who measured capillary glucose before
and after breakfast, lunch, and dinner and
at bedtime on 3 days during the 2 weeks
prior to measurement of A1C, there was
the expected excellent correlation of the
two measures, but frequency analysis of
glucose group versus A1C showed impor-
tant differences between the measures.
For example, of 224 patients with mean
plasma glucose 110–140 mg/dl, 10% had
A1C �6.0% and 10% had A1C �8.1%.
Conversely, comparing A1C grouping
with mean glucose, of 260 patients with
A1C 6.5–7.5%, 10% had mean glucose
�115 mg/dl and 10% had mean glucose
�171 mg/dl (D. Shrom, E. Choi, L. Ilag,
Z.T.B., unpublished data). Approxi-
mately 20% of eAG values, then, differed
rather substantially from measured mean
glucose values in the patients.

The dilemma is the high interpatient
variability of hemoglobin glycation,
which is quite different from the high de-
gree of tracking of mean blood glucose
with A1C for each individual studied at
multiple levels of glycemia (40). A related
phenomenon of greater variability in
groups of diabetic patients, but much
stronger correlation within individuals,
has been shown in the relationship be-
tween A1C and fructosamine (41). This
phenomenon of variable degrees of he-
moglobin glycation is well demonstrated
in the DCCT 1-day, seven-sample capil-
lary glucose versus A1C database of some
250,000 blood glucose and 72,000 A1C
values, where participants could be di-
vided into high, medium, and low glyca-
tors (42). Although studies of CGM might
be expected to be more accurate, analysis
of a pediatric population showed that
while there was a strong correlation of
A1C with mean glucose in the group, the
use of A1C to estimate mean glucose in
individuals would lead to error (43). Al-
though the ADAG study group, as Nathan
discussed, did find strong correlation be-
tween A1C and average glucose based ei-
ther on self-monitored capillary glucose
or CGM analysis and although this study
was hailed editorially as “a key reference
regarding the relationship between A1C
and average glucose” (44), I explained
some important features of the study de-
sign that could bias it to overly support
the relationship. Subjects with hemoglo-
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binopathy, anemia, reticulocytosis, blood
loss, and chronic renal or liver disease or
those receiving high-dose vitamin C,
transfusion, or erythropoietin treatment
were excluded. Furthermore, of those en-
tering the study, 23% subsequently were
deleted from analysis for conditions that
might increase the discordance between
A1C and glycemia. Representation of a
variety of ethnic groups was limited. Pre-
cisely those subjects most important for
clinicians to identify, then, were not in-
cluded. Furthermore, there were limited
data for subjects with average glucose
�10 mmol/l. I speculated that the dis-
crepancy between A1C and mean glucose
might be clinically detrimental, poten-
tially explaining the treatment effect on
mortality in the Action to Control Cardio-
vascular Risk in Diabetes (ACCORD)
study (45), because “high glycators”
might, if assigned to a treatment protocol
dictating additional medication for A1C
regardless of glycemia, develop hypogly-
cemia with consequent adverse outcome.
In a recent case report, a “low glycator”
was allowed to have substantially poorer
actual glycemic control than would be de-
sirable because of misleadingly “good”
levels of A1C (46).

I concluded that A1C certainly re-
flects the phenomenon of hemoglobin
glycation being proportional to mean gly-
cemia and that the measurement is, of
course, useful in understanding the glyce-
mic exposure of subjects with diabetes,
but that one should not expect all subjects
to glycate hemoglobin to the same degree
for a given level of glycemia, suggesting
that it will be important to develop and
validate new approaches to understand-
ing glycemic exposure of subjects with di-
abetes. Any highly homogeneous
population will be likely to show higher
correlation between A1C and average
glucose than is seen in the overall pop-
ulation of diabetic patients treated in
clinical practice. Alternative A1C-
derived indexes that include age, eth-
nicity, anemia, and renal function
might, in fact, make A1C more useful
and more clinically relevant. I further
commented that these considerations
call into question our current reliance
on A1C as a “goal” and certainly lead
one to be circumspect in recommending
that it be used alone in diagnosis of di-
abetes in divergent populations, of
varying age and ethnicity, and with un-
derlying medical conditions affecting
erythrocytes. Furthermore, these argu-
ments suggest that glycemic self-

monitoring of diabetic subjects not
requiring insulin treatment would be
likely to add considerably to A1C mea-
surement in endeavoring to optimize
the control of their diabetes.

Sacks reviewed the correlation of A1C
with average glucose and suggested that
laboratory information systems can be
used to perform a variety of calculations,
such as the estimated glomerular filtration
rate. In a CAP survey of �3,000 laborato-
ries in April 2009, 16.7% reported eAG,
with 28.8% using the equation derived
from the ADAG study, 22.6% using an
equation derived from the DCCT A1C
versus glucose dataset, and the remainder
using other equations. He noted that the
AACC recommendations in January 2009
“call on all labs in the U.S. to report eAG
along with A1C” and suggested this to be
reasonable for three reasons: first, be-
cause “healthcare providers find it use-
ful,” second, because the “ADA believes
eAG facilitates communication,” and,
third, because its use is strongly sup-
ported by diabetes educators. He did not
show information in support of these
views.

Kilpatrick suggested that eAG is no
more than “a consensus compromise” of
multiple groups endeavoring to commu-
nicate the new methodology of A1C mea-
surement. He reviewed the acceptance
criteria used in the ADAG study that 90%
of patients should have mean glucose
within 15% of the eAG based on A1C,
pointing out that these limits are “too
wide.” If we accept that 90% of patients
said to have an eAG of 200 have actual
mean glucose as low as 170 mg/dl or as
high as 230 mg/dl (this in itself allows
variability exceeding 25%), the mathe-
matics of normal distributions (which are
somewhat inaccurate for glycemia) would
lead the 99% confidence limits to be
within 24%, allowing a range from 152 to
248 mg/dl. Kilpatrick reviewed his analy-
sis of variability of glycated hemoglobin in
nondiabetic individuals, occurring in a
fashion unrelated to mean glycemia (47).
While individuals are quite consistent,
the interindividual variability of the A1C
in subjects not having diabetes suggested
that A1C in diabetic subjects with similar
mean glycemia would likely vary by
1–2%. Furthermore, he showed evidence
of imprecision of A1C measurement be-
tween laboratories both in the U.K. and in
the U.S., based on a CAP report from May
2009, so that the 99% confidence limits of
an eAG of 200 might in actuality be from
135 to 265 mg/dl.

Kilpatrick contrasted the use of calcu-
lated LDL cholesterol and estimated glo-
merular filtration rate, both of which add
to the measures in question, with that of
eAG, which, he stated, “adds nothing . . .
it is simply a play on numbers.” Further-
more, he suggested that many patients
will not understand eAG and noted that in
the U.K. only 20% of patients self-
monitor and that the vast majority of
these test only before meals, leading to
measurements �10% lower. This is im-
portant because the eAG of 154 for a per-
son with A1C 7% is similar to the
preprandial mean glucose for a person
with A1C 8%. Diabetic patients, he pre-
dicted, will ask, “Should I trust the lab or
my meter?” He pointed out that the ADAG
study excluded 23% of patients, included
few nondiabetic subjects, and lacked suf-
ficient numbers of subjects of differing
ethnicity and urged that before its equa-
tion is used a sturdy confirmation dataset
be assembled. “We are all aware that A1C
is not perfect,” he concluded, but he
urged the audience that it appears incor-
rect and is certainly premature to intro-
duce eAG into clinical discourse.
Following an audience comment after the
debate, Robert Cohen (Cincinnati, OH)
noted that there is substantial variability
in erythrocyte life span among individuals
without hematological illness (48), as well
as in erythrocyte glucose permeability
(49), factors which are likely to underlie
the variable relationship between A1C
and mean glucose (50).

Other A1C topics at the ADA
Scientific Sessions
At a National Glycohemoglobin Stan-
dardization Program review at the ADA
Scientific Sessions, Little discussed inter-
esting observations based on CAP surveys
of A1C assay performance. Average CV
decreased from 6 to 7% in 2003 to current
mean levels around 4%. An important sta-
tistical notion is that of critical differ-
ence—the difference for a given patient
between two test results that should be
considered significant. For A1C, at an av-
erage method CV of 4%, the critical dif-
ference is 0.8%, suggesting that the
typical approach of clinicians in consider-
ing relatively small changes to be of con-
sequence may not be statistically
accurate. In fact, even if an A1C method
had a 1% CV, the critical difference would
still be an A1C change of at least 0.3%. In
grading of the CAP A1C survey, the ac-
ceptable limit in 2009 is � 10%, although
the plan is to reduce this to � 6% over
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coming years. Other characteristics of
A1C assays were discussed at the session.
Many methods do not show assay inter-
ference with hemoglobin variants, but
6.5% of labs use methods for which A1C
of samples with hemoglobin S or C is in-
correct by �10%, 20% of labs use meth-
ods in which hemoglobin E causes
interference, and 6% of labs use methods
in which hemoglobin D causes interfer-
ence. It should be noted that the CAP sur-
veys do not include information on “point
of care” A1C methods, as this is a “waived”
test for quality standardization; the use of
such methods may, if accuracy is limited,
further limit the value of A1C.

Several studies presented at the ADA
Scientific Sessions added further relevant
information. Kim et al. (abstract 991) re-
ported confirmatory information from
analysis of the 1999–2006 NHANES data
for 10,296 women, 14.4% with iron defi-
ciency and 4.1% with iron deficiency ane-
mia; iron deficiency reduced the
prevalence of A1C �5.5%, and the inves-
tigators suggested that it may affect the
structure of the hemoglobin molecule,
making it easier to glycate and hence ele-
vating A1C in a glucose-independent
fashion. Davidson and Schriger (abstract
965) studied the effects of age and race/
ethnicity on A1C levels in 2,712 white,
Mexican American, and black subjects
from the NHANES III population.
Among those who did not meet fasting
and 2-h glucose criteria for diabetes,
22% of non-Hispanic white and 22% of
Hispanic subjects, but 68% of non-
Hispanic black subjects, had A1C of
6.5– 6.9% with 5, 0, and 10%, respec-
tively, having A1C �7%. A1C increased
by 7 and 10% per decade of age in sub-
jects with normal glucose tolerance and
IGT/IFG, respectively.

Gong et al. (abstract 981) presented
data from a longitudinal study of 1,838
adult Pima Indians who did not have di-
abetes at baseline. Diabetes, as defined by
fasting glucose �126 mg/dl, 2-h glucose
�200 mg/dl, A1C �6.5%, or drug treat-
ment for diabetes, developed in 454 sub-
jects over a mean of 7.3 years; the
researchers reported no difference among
A1C, fasting glucose, and 2-h glucose in
predicting subsequent diabetes develop-
ment, although none had high areas un-
der the receiver operating characteristic
curve at 0.68 for A1C, 0.68 for fasting
plasma glucose, and 0.71 for 2-h plasma
glucose. Thus, in a homogeneous popu-
lation and one in which A1C is included
in the criteria for diabetes, A1C may be as

useful as indexes of glycemia in assess-
ment of subsequent diabetes risk.
Whether such information can be extrap-
olated to populations of varying ethnicity
and other clinical characteristics is, of
course, an important concern.

Summary
A1C does reflect the phenomenon of
greater hemoglobin glycation at higher
mean glycemia and is certainly useful as
an objective measure of long-term glyce-
mia in subjects with diabetes. The related
concepts that A1C can be used rather than
the results of actual patient glucose mea-
surements in accurately ascertaining
mean glycemia and that A1C might be
useful in the diagnosis of diabetes are
therefore highly appealing. One should
not, however, expect all subjects to gly-
cate hemoglobin to the same degree for a
given level of glycemia, given that a num-
ber of lines of evidence indicate that in
clinical populations there is heterogeneity
in the degree to which this occurs. A1C
may not, then, be sufficiently accurate to
allow its clinical use in the diagnosis of
diabetes in populations of varying age and
ethnic background and with illnesses af-
fecting erythrocyte turnover. Moreover,
caution appears reasonable before adop-
tion of terminology such as eAG. We need
to develop and validate new approaches
to understanding glycemic exposure of
subjects with diabetes and to develop bet-
ter approaches to assessment of glycemia
among subjects at risk of diabetes. As an
example, individuals with increasing fast-
ing glucose when monitored over time
appear to be at particularly high risk of
developing diabetes (51), and this may be
a promising approach to diagnosis.
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