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Objective: Diabetes is underdiagnosed. About one third of people with diabetes do not know they
have it, and the average lag between onset and diagnosis is 7 yr. This report reconsiders the criteria
for diagnosing diabetes and recommends screening criteria to make case finding easier for clini-
cians and patients.

Participants: R.M.B. invited experts in the area of diagnosis, monitoring, and management of diabetes
to form a panel to review the literature and develop consensus regarding the screening and diagnosis
of diabetes with particular reference to the use of hemoglobin A1c (HbA1c). Participants met in open
session and by E-mail thereafter. Metrika, Inc. sponsored the meeting.

Evidence: A literature search was performed using standard search engines.

Consensus Process: The panel heard each member’s discussion of the issues, reviewing evidence
prior to drafting conclusions. Principal conclusions were agreed on, and then specific cut points
were discussed in an iterative consensus process.

Conclusions: The main factors in support of using HbA1c as a screening and diagnostic test include:
1) HbA1c does not require patients to be fasting; 2) HbA1c reflects longer-term glycemia than does
plasma glucose; 3) HbA1c laboratory methods are now well standardized and reliable; and 4) errors
caused by nonglycemic factors affecting HbA1c such as hemoglobinopathies are infrequent and
can be minimized by confirming the diagnosis of diabetes with a plasma glucose (PG)-specific test.
Specific recommendations include: 1) screening standards should be established that prompt fur-
ther testing and closer follow-up, including fasting PG of 100 mg/dl or greater, random PG of 130
mg/dl or greater, or HbA1c greater than 6.0%; 2) HbA1c of 6.5–6.9% or greater, confirmed by a
PG-specific test (fasting plasma glucose or oral glucose tolerance test), should establish the diag-
nosis of diabetes; and 3) HbA1c of 7% or greater, confirmed by another HbA1c- or a PG-specific test
(fasting plasma glucose or oral glucose tolerance test) should establish the diagnosis of diabetes.
The recommendations are offered for consideration of the clinical community and interested
associations and societies. (J Clin Endocrinol Metab 93: 2447–2453, 2008)

Approximately 30% of people with diabetes in the United
States, or 6.2 million people, are undiagnosed (http://www.

cdc.gov/diabetes/pubs/estimates05.htm#prev). As many as 25%

of people with a new diagnosis of diabetes already have estab-
lished diabetic retinopathy or microalbuminuria, which has been
interpreted to mean that there is on average a 7-yr gap between
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the actual onset and the diagnosis of type 2 diabetes (1–3). It is
also now established that microvascular and macrovascular
complications are sometimes present, even in prediabetes ([im-
paired fasting glucose (IFG) or impaired glucose tolerance] (4–
13). Early detection of diabetes, in addition to its potential for
identifying retinopathy (5), could also find peripheral neuropa-
thy (6) and microalbuminuria (7) as well as the markedly in-
creased risk of macrovascular disease (8–13).

These realities support the critical need to identify diabetes
and its precursors more efficiently and earlier.

Several barriers impede the effort to diagnose diabetes in
timely fashion. First, screening for diabetes in asymptomatic peo-
ple is now recommended only by questionnaires to evaluate risk
or by fasting plasma glucose (FPG) or oral glucose tolerance test
(OGTT), both of which require that the patient be fasting. Cri-
teria defining a positive screen do not differ from those used to
diagnose diabetes (14). The World Health Organization in 2002,
however, recommended trials of screening approaches (http://
www.who.int/diabetes/publications/en/screening_mnc03.pdf).

Current recommendations of the American Diabetes Associ-
ation were made a decade ago (15, 16). They reject the use of
hemoglobin A1c (HbA1c) as a diagnostic tool, largely because it
was considered at the time to be inadequately standardized and
insensitive. The issue has been discussed before and since that
1997 expert committee report (17–28), but the recommenda-
tions were not substantively changed in the 2003 update (16).

Given more recent evidence and the increasingly recognized
need to make the diagnosis of diabetes efficiently, a panel con-
sidered the data related to current diabetes screening and diag-
nostic approaches, and in particular, the possible utility of
HbA1c. The panel was made up of people with varying back-
grounds, including an academic clinical pathologist (D.B.S.), a
general internist (D.E.), an expert in diabetes cost-effectiveness
analysis (W.H.H.), and three academic diabetologists (C.D.S.,
R.M.B., M.B.D.). In this report, we describe the issues reviewed
and the result of our deliberations.

The following specific questions were addressed: what prac-
tical issues surround the use of HbA1c in the screening and di-
agnosis of diabetes? What are the accuracy, sensitivity and spec-
ificity of HbA1c in screening for and diagnosing diabetes? How
would confounders and effect modifiers of HbA1c affect results?
Will changes in the reference anchor for HbA1c affect its use in
screening for and diagnosing diabetes? Should HbA1c be ac-
cepted as a diagnostic criterion for diabetes? What evidence sup-
ports the specific HbA1c diagnostic recommendation? Should
criteria be established for screening for diabetes, and if so, should
they include HbA1c? Finally, should a random, or casual, plasma
glucose be used in screening for diabetes?

What practical issues surround the use of HbA1c in the
screening and diagnosis of diabetes?

A series of practical considerations favor the use of HbA1c in
screening for and diagnosing diabetes. First, both the OGTT and
FPG require that the patient fast for at least 8 h, but the mea-
surement of HbA1c does not. Unless the patient is severely hy-
perglycemic and overtly symptomatic, the diagnosis cannot be
made in most patients coming for afternoon appointments or if

they ate before a morning appointment. This need for a fasting
sample cuts into the opportunity to diagnose diabetes. The
American Diabetes Association Expert Committee report dis-
cussed extensively the challenges of performing the OGTT and
specifically recommended FPG in routine clinical settings (15,
16). They did not, however, emphasize that HbA1c is even sim-
pler to obtain than FPG, requiring only venous blood or, with
point of care testing, a capillary sample without regard to time
since last meal (29).

Second, HbA1c level is not affected by short-term lifestyle
changes. Whereas a few days or weeks of dieting or increased
exercise in preparation for a doctor visit can significantly affect
FPG and OGTT, HbA1c accurately reflects longer-term glyce-
mia (30).

Third, established diagnostic criteria for diabetes are not fol-
lowed in the community. Ealovega et al. (31) found that 95% of
opportunistic screening was done by random plasma glucose
alone, the least sensitive test. In their survey, only 3% of screen-
ings used FPG, 2% used HbA1c, and less than 1% used OGTT.
Furthermore, a survey of a convenience sample of 258 physician
respondents was conducted by an independent survey company
at the 2005 annual meeting of the American College of Physi-
cians. Of physicians surveyed, 93.4% reported that they rou-
tinely screen for diabetes, and 49% reported using HbA1c for
screening and 58% for diagnosis of diabetes. Forty-nine percent
also thought HbA1c was an approved test for screening. Anec-
dotally, HbA1c is frequently assessed in patients not known to
have diabetes, further suggesting its widespread use in the com-
munity as a screening tool.

Fourth, whereas HbA1c is only a surrogate measure for av-
erage blood glucose, the major trials that relate glycemic control
to diabetic microvascular complications uniformly use HbA1c as
the measure of glycemia (32–34). It is therefore the measurement
best proven to correlate with at least diabetic retinopathy, ne-
phropathy and neuropathy.

Finally, HbA1c is familiar to clinicians, widely used as the
basis of assessing glycemic control in established diabetes (35).

The lack of availability of HbA1c in more remote or under-
served areas of the world, and the cost of the test are legitimate
concerns. Point-of-care testing could be used in settings without
easy laboratory access (29). No doubt, blood glucose measure-
ment is the most widely available test, but including HbA1c
among accepted diagnostic criteria would not adversely affect
centers that cannot perform the test. They would simply main-
tain current practice.

What are the accuracy, sensitivity, and specificity of
HbA1c in screening for and diagnosing diabetes?

Under the leadership of the National Glycohemoglobin Stan-
dardization Program (NGSP), remarkable strides have been
taken in standardizing HbA1c assays in many nations worldwide
(36, 37). Presently more than 99% of laboratories measuring
HbA1c in the United States use NGSP-certified methods (http://
www.ngsp.org/). The NGSP is in the process of tightening cer-
tification criteria. Effective in September 2007, to obtain NGSP
certification, manufacturers have to meet a bias criterion in
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which 95% confidence intervals of the differences are within �

0.85%.
FPG itself is neither perfectly stable nor free of laboratory

variability. Petersen et al. (38) found FPG variance from day to
day to be 12–15%, whereas the variance of HbA1c was only
1.9%. Ollerton et al. (39) reported that the biological variability
(2 SD) of FPG was 14%. By contrast, Sacks et al. (40) reported
that the day-to-day variance of HbA1c is less than 2%, whereas
laboratory variability of FPG was 4%. This, in addition to the
estimated 13.7% biological variability, yielded 95% confidence
interval for FPG measured at 126 to be 103–149 mg/dl (40).

Bennett et al. (41) recently published a systematic review of
reports describing the accuracy of HbA1c for the detection of
type 2 diabetes, with the OGTT as the reference standard. Of 63
papers identified from a search, nine primary cross-sectional
studies, published between 1998 and 2004, met criteria for in-
clusion. Receiver operating characteristic (ROC) analysis was
used in seven of these primary studies to identify a useful cut
point for diabetes. The review found no evidence to suggest that
FPG is superior to HbA1c in screening for diabetes, with OGTT
as the gold standard. HbA1c had a slightly higher specificity and
slightly lower sensitivity, than FPG for the detection of diabetes.
The HbA1c cut points in the analyses by Bennett et al. (6.1–
6.2%) are similar to those proposed by other investigators
(42, 43).

Rohlfing et al. (42) in 2002 analyzed the Third National
Health and Nutrition Examination Survey (NHANES III) for the
sensitivity and specificity of HbA1c in the diagnosis of diabetes
based on FPG. They concluded that HbA1c provided a specific
and convenient approach to screening for diabetes and suggested
a value of 6.1% or greater, 2 SD above the mean in the normal
NHANES III population.

Buell et al. (43) recently completed a similar analysis based on
the 1999–2004 NHANES data. The diagnosis of diabetes was
considered established if FPG was 126 mg/dl or greater. Using a
ROC analysis, they found that HbA1c of 5.8% or greater is the
point that yielded the highest sum of sensitivity (86%) and spec-
ificity (92%). They concluded that HbA1c of 5.8% would be an
appropriate cut point above which to proceed to further evalu-
ation (43).

Nakagami et al. (44) also recently assessed HbA1c vs. FPG in
the diagnosis of diabetes. In a cross-sectional study of 1904 Jap-
anese people in one town, aged 35–89 yr, they found that the
area of the ROC for HbA1c was almost the same as that for FPG
(0.856 vs. 0.902, respectively), suggesting that each is a good
diagnostic test.

Perry et al. (45), doing OGTTs on people with FPG 100–125
mg/dl, found that FPG was insensitive in the detection of OGTT-
defined diabetes. The addition of HbA1c greater than 6.1% to
FPG greater than 100 mg/dl improved the sensitivity of screening
substantially, from 45% to 61%.

Selvin et al. (46) evaluated NHANES III data with repeated
measurements of FPG, 2-h plasma glucose (PG), and HbA1c in
685 fasting participants without the diagnosis of diabetes. They
found that 2-h PG had the greatest within-person variability
(coefficient of variation 16.7%), and FPG and HbA1c had co-
efficient of variation 5.7 and 3.6%, respectively. Their conclu-

sion was that both the 2-h and FPG measurements had high
variability relative to HbA1c (46). They noted that their results
confirm prior reports of HbA1c being more stable over time than
FPG (47–49).

Finally, three studies tested the use of HbA1c in predicting
new onset rather than only prevalent diabetes. Edelman et al.
(50) followed up 1253 patients in the Department of Veterans
Affairs Medical Center for over 3 yr and found that using a
multivariate logistic regression model, baseline HbA1c was
strongest predictor of new clinically defined diabetes. Droum-
aguet et al. (51) in the Data Epidemiological Study on the Insulin
Resistance Syndrome, a French cohort study of 2820 people,
found that FPG-defined diabetes risk increased exponentially
with baseline HbA1c, with a sensitivity of 64% and specificity of
77% using a cut point of 5.9%. Analysis of the data of Inoue et
al. (52), also studying type 2 diabetes in Japan, found that base-
line HbA1c of 5.8% or greater (the upper limit of normal for their
assay), regardless of FPG, imposed a 10-fold increase in diag-
nosed diabetes over 7 yr.

How would confounders and effect modifiers of HbA1c
affect results?

There are certain well-known confounders and effect modi-
fiers that influence the clinical use of HbA1c (35), including
relatively common hemoglobinopathies. Hemoglobin S trait in-
terferes with some assay methods (53–55), but only 14% of labs
currently use methods with clinically significant hemoglobin S
interference, and this is expected to come down to 5% by mid-
2008 with the modification of a widely used method. About 11%
of laboratories currently have interference from hemoglobin C,
but this will also drop to about 5% by mid-2008. No data are
available at present for interference by hemoglobin E.

Racial disparities in HbA1c may exist that are independent of
blood glucose. The Diabetes Prevention Program and the
ADOPT Study Group found that African-Americans had an
HbA1c 0.4–0.7% greater than Caucasians, (56, 57). The extent
of these disparities clearly needs further research.

Uncommonly, high-dose salicylates, vitamins C and E, and
severe iron deficiency have been reported to be interfering sub-
stances (35). A case report suggests that dapsone lowers HbA1c
(58).

Considering effect modifiers, any condition that shortens
erythrocyte survival, such as hemolytic anemia, will proportion-
ally decrease HbA1c because the hemoglobin in younger red cells
has less exposure to the ambient glycemia. Active bleeding, with
increased reticulocyte production, will reduce the age of the av-
erage erythrocyte and thereby lower HbA1c. Conversely, any
condition that increases average circulating erythrocyte age,
such as splenectomy (which slows red cell clearance) or aplastic
anemia (in which reticulocyte production is impaired), will in-
crease the concentration of HbA1c independent of glycemia.

Thus, confounders and effect modifiers can significantly af-
fect the accuracy of HbA1c when used to screen for or diagnose
diabetes. Three approaches could minimize the impact of these
factors. First, the use of HbA1c could be considered invalid in the
setting of anemia. (By analogy, glycemic criteria are now con-
sidered invalid in the unstable clinical state.) Second, if a diag-
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nostic threshold for diabetes based on HbA1c is equivocal, this
could require validation (see below). (By analogy, any PG de-
pendent diagnosis must now be confirmed by a second FPG un-
less there is symptomatic hyperglycemia.) Third, the specific
methodology used to test HbA1c could be made appropriate for
the population being screened (for example, methods that are not
affected by abnormal hemoglobins should be used in areas with
high rates of hemoglobinopathies).

Will changes in the reference anchor for HbA1c affect
its use in screening for and diagnosing diabetes?

The analytic method that serves as anchor for HbA1c assess-
ment worldwide is in the process of changing to a mass spec-
troscopy-based assay (59–61). A consensus panel recommended
reporting the HbA1c-derived estimated average glucose together
with both the NGSP-standardized HbA1c result and millimoles
of glycated hemoglobin (62). However results are reported, the
new anchor will have no practical impact on the clinical use of
HbA1c. Laboratory methods currently approved to measure
HbA1c will continue to be used. If anything, the diabetic public
will have a more meaningful translation of the HbA1c result into
its corresponding average glucose. HbA1c will continue to be a
pivotal test in the management of diabetes, and the confusion
that could have been caused by changing HbA1c reference range
(63) will be avoided. Most importantly for this discussion, there
will be no effect on the utility of HbA1c in screening for or
diagnosing diabetes.

Should HbA1c be accepted as a diagnostic criterion for
diabetes?

After careful discussion of the above issues and others, the
panel determined that the HbA1c 6.5% or greater should be
accepted as a criterion for diagnosing diabetes (Table 1). The
rationale for this cutoff is presented below, although it is recog-
nized that precise cut points are a matter of judgment and are
inevitably arbitrary. A single elevated HbA1c would not suffice
to establish the diagnosis, but would require a second test. If the
first test HbA1c is unequivocally elevated (�7.0%), this could be
confirmed with a second HbA1c because interference with the
assay is unlikely; if the first A1c is 6.5–6.9, it should be confirmed

with a plasma glucose-specific test (FPG or 2 h OGTT). This
should provide adequate protection against misinterpreting a
HbA1c that is slightly elevated due to nonglycemic factors.
HbA1c would not be considered valid in the setting of anemia or
known confounders. These caveats are no more burdensome
than the current requirement that PG criteria be repeated on
another day and be done with the person in a stable clinical state.
Indeed, HbA1c and a PG could be done on the same day, estab-
lishing the diagnosis without repeat testing.

What evidence supports the specific HbA1c diagnostic
recommendation?

The existing glycemic criteria for diagnosing diabetes, FPG
126 mg/dl or greater, random or 2-h post-OGTT PG 200 mg/dl
or greater (64), were not reconsidered by this panel. They were
originally established based on an expert committee’s evaluation
of levels of glycemia that associate with diabetic retinopathy
(15). This report presented data (their Fig. 2), suggesting that the
relationship between glycemia and retinopathy is just as strong
for HbA1c as for FPG and 2-h PG (25).

In choosing a HbA1c cut point to recommend for the diag-
nosis of diabetes, we started with the population average and SD

for HbA1c from NHANES III, which was 5.17%, SD 0.45% (27).
HbA1c of 6.5% is just under 3 SD above the mean. Measured
against accepted glycemic criteria that define diabetes, this
HbA1c would yield a specificity of 99.6% and sensitivity of
43–44%, based on NHANES III and 1999–2004 NHANES
data, respectively (27, 43). Table 2 compares diagnostic sensi-
tivity/specificity data for these two analyses over a range of po-
tential HbA1c cut points. The panel thus chose a level of HbA1c
on a statistical basis (3 SD above the mean). This value is highly
specific for, and reasonably sensitive for, the diagnosis of dia-
betes based on FPG or OGTT. We thus do not reassess the va-
lidity of glycemic criteria for diagnosis or for treatment.

Should specific criteria be established to screen for
diabetes, and if so, should they include HbA1c?

Engelgau et al. (65) discussed the theory of screening as dis-
tinguished from diagnostic testing, and Zhang et al. (66) studied
the efficiency of screening for diabetes. Screening tests are gen-

TABLE 1. Proposed criteria for screening and diagnosis of diabetes

Screening* Diagnosis

FPG � 100 mg/dl FPG � 126 mg/dl
A1c � 6.0% A1c � 6.5%*
RPG � 130 mg/dl RPG � 200 mg/dl
If screening result is negative, screen again in 3 yr. 2-h OGTT � 200 mg/dl
If screening result is positive but below the diagnostic threshold, do

another test for diagnosis, using a different method.
Diagnosis requires confirmation unless unequivocal symptoms of

hyperglycemia are present.
If screening result is above the diagnostic threshold but a second test

does not reach the threshold, test again in 1 yr.
Diagnosis based on HbA1c requires confirmation using a glucose-

dependent test (FPG or OGTT) or, if first HbA1c is �7.0%, by a
second HbA1c � 6.5%.*

In asymptomatic persons with HbA1c � 6.5%, if FPG � 126 mg/dl or
RPG � 200 mg/dl, diagnosis is confirmed.*

If screening is positive but less than the diagnostic threshold, two tests
are required to reach the diagnostic threshold.*

*, Denotes criteria that are proposed additions to currently accepted criteria.
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erally distinct from diagnostic tests, favoring sensitivity over
specificity. But current glycemic criteria used to screen for dia-
betes are identical with those used in making the diagnosis. Di-
abetes screening recommendations simply address the condi-
tions (age, risk, frequency) under which diagnostic tests should
be done (and, implicitly, reimbursed) (16).

The purpose of screening is to identify people who, on further
testing, have the disease or are at high risk for developing it.
Screening focuses the attention of these people, their caregivers,
and payers on preventive action and closer follow-up. IFG and
impaired glucose tolerance (so-called prediabetes) have been de-
fined on the basis of increased risk for diabetes, and their treat-
ment is directed toward reducing that risk (67). A person with
formally defined IGT by the gold standard OGTT should be
followed at a later date. But IFG is therefore a reasonable gly-
cemic criterion to consider as a positive screen for diabetes, given
especially the considerable day-to-day variability of IFG. In most
cases, a FPG, not a full OGTT, would be done to screen for
diabetes. If pursued with further diagnostic testing, many of
those with IFG would in fact meet criteria for diabetes when
retested either by FPG, OGTT, or HbA1c, and those who do not
should be followed up closely for conversion to diabetes.

The panel therefore agreed that it would be a net health ben-
efit to establish specific criteria as screening tests for diabetes,
distinct from those used to establish the diagnosis, and that
HbA1c would be a useful in screening test. HbA1c greater than
6.0%, which is 2 SD above the population mean, is suggested as
a positive screen (Table 1). Based on the two NHANES data sets,
HbA1c greater than 6.0% alone would yield reasonable (63–
67%) sensitivity, with specificity adequately high (97–98%) to
avoid an undue burden of false-positive tests (Table 2). This is in
accordance with the recent Health Technology Assessment re-
port by Waugh et al. (http://www.hta.ac.uk/fullmono/
mon1117pdf, p.12), which concludes that “glycated hemoglo-
bin does not require fasting and may be the best compromise (to
screen for IGT).”

Should random, or casual, plasma glucose be used in
screening for diabetes?

A casual plasma glucose [more commonly called random
plasma glucose (RPG)] 200 mg/dl or greater, together with symp-
toms, is an established diagnostic criterion for diabetes (15), but
it is very insensitive, requiring diabetes to be in poor glycemic
control. There is a range of RPG extending well less than 200
mg/dl that does not cause symptoms but if further pursued would
establish the diagnosis of diabetes. The above-mentioned prac-

tical issues suggest that including a RPG screening value well less
than 200 mg/dl might be useful in screening for diabetes.

Observational data found that RPG is the most frequently
performed measure of glycemia (13). Ealovega et al. (13) ana-
lyzed data from a large health system, noting that nearly 70% of
nondiabetic patients 45 yr of age or older had measures of gly-
cemia performed at least once over a 3-yr period. As noted above,
95% of all tests were RPG, with only 3% tested using FPG, and
fewer than 1% with OGTT. It is likely, therefore, that in a large
proportion of these tests, RPG was used as part of routine chem-
istry profiles and that the results could be used to screen for
diabetes.

RPG has in fact been validated as a screening test for diabetes
(68). Table 3 shows the performance of various RPG cut points,
using OGTT as the gold standard for diagnosis of diabetes (68).
A RPG of 130 mg/dl or greater provides reasonable sensitivity
and specificity as a screening test for diabetes, at 63 and 87%
respectively (Table 3). Johnson et al. (69) also ran simulations to
estimate the number of false-positive and false-negative tests that
would be found using various levels of RPG and various screen-
ing intervals. The RPG of 130 mg/dl or greater provides good
yield and minimizes false positives when used at 3-yr intervals.

The interpretation of RPG as a screening test for diabetes is
improved by a knowledge of the number of hours since the last
food or caloric drink (70), although this may be difficult to ob-
tain accurately on a routine basis. Analysis of data from a pop-
ulation sample of persons having RPG tests and, on a separate
day, OGTTs demonstrated that only 5% of random glucose tests
were fasting (postprandial time � 8 h) and most (65%) were
within 3 h of eating (68). In general, as expected, RPG levels are
highest 1–3 h postprandially and decrease thereafter.

For these reasons, the panel recommends that RPG 130–199

TABLE 2. Comparison of sensitivity and specificity achieved for the diagnosis of diabetes based on FPG, at various levels of
HbA1c, from NHANES III (27) and 1999–2004 NHANES (43)

HbA1c

Sensitivity, % Specificity, %

NHANES III NHANES, 1999–2004 NHANES III NHANES, 1999–2004

5.6% 83.4 88.6 84.4 80.3
6.1%a 63.2 66.6 97.4 98.0
6.5% 42.8 44.3 99.6 99.6
7.0% 28.3 25.3 99.9 99.9

a Data presented for 6.1% because in NHANES III, data were only given at those cut points, based on SDs above the mean.

TABLE 3. Sensitivity and specificity of achieved in screening
for diabetes based on random plasma glucose of various levels
(70)

Random plasma glucose
(mg/dl)

Sensitivity
(%)

Specificity
(%)

�110 84 65
�120 76 77
�130 63 87
�140 55 92
�150 50 95
�160 44 96
�170 42 97
�180 39 98
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mg/dl be considered a positive screening test for diabetes (Table
1). Although not meeting criteria to diagnose diabetes, this range
of RPG would be worthy of further diagnostic testing.

Conclusions
There are serious deficiencies in the current criteria for

diagnosing diabetes, including the requirement that the pa-
tient be fasting, and the lack of agreed-on screening criteria.
These deficiencies make it unnecessarily inconvenient for cli-
nicians to diagnose diabetes, thereby delaying the diagnosis
and contributing to avoidable morbidity and mortality. The
panel conclusions can be summarized by the following three
recommendations:

• Incorporate the long-established and universally accepted
measure of chronic glycemia, HbA1c, into criteria for screen-
ing and diagnosing diabetes. HbA1c of 6.5% or greater would
be diagnostic if confirmed by another test as described above.
This cut point provides acceptable specificity and sensitivity.

• Establish specific criteria for screening, including HbA1c
greater than 6.0% as well as glycemic levels now defined as
IFG. Positive screening tests would lead to further diagnostic
evaluation and closer follow-up.

• Incorporate RPG values of 130–199 mg/dl as a positive screen
for diabetes, also leading to further diagnostic evaluation and
closer follow-up.

• We suggest that these recommendations be considered by the
various interested societies and associations.

Acknowledgments

Address all correspondence and requests for reprints to: Dr. Saudek,
Osler Building, Room 575, Johns Hopkins University School of Medi-
cine, Baltimore, Maryland 21287. E-mail: csaudek@jhu.edu.

The A1c Screening Review Panel meeting was sponsored by a grant
from Metrika, Inc.

Disclosure Statement: The panel deliberations and manuscript prep-
aration were independent of the sponsor.

References

1. Harris MI 1993 Undiagnosed NIDDM: clinical and public health issues. Di-
abetes Care 16:642–652

2. Harris MI, Klein R, Welborn TA, Knuiman MW 1992 Onset of NIDDM
occurs at least 4–7 yr before clinical diagnosis. Diabetes Care 15:815–819

3. Thompson TJ, Engelgau MM, Hegazy M, Ali MA, Sous ES, Badran A, Her-
man WH 1996 The onset of NIDDM and its relationship to clinical diagnosis
in Egyptian adults. Diabet Med 13:337–340

4. Nguyen TT, Wang JJ, Wong TY 2007 Retinal vascular changes in pre-diabetes
and prehypertension: new findings and their research and clinical implications.
Diabetes Care 30:2708–2715

5. Diabetes Prevention Program Research Group 2007 The prevalence of reti-
nopathy in impaired glucose tolerance and recent-onset diabetes in the diabetes
prevention program. Diabet Med 24:137–144

6. Sumner CJ, Sheth S, Griffin JW, Cornblath DR, Polydefkis M 2003 The spec-
trum of neuropathy in diabetes and impaired glucose tolerance. Neurology
60:108–111

7. Herman WH 2007 Diabetes epidemiology: guiding clinical and public health
practice: the Kelly West Award lecture, 2006. Diabetes Care 30:1912–1919

8. Barrett-Connor E, Ferrara A 1998 Isolated postchallenge hyperglycemia and
the risk of fatal cardiovascular disease in older women and men. the Rancho
Bernardo study. Diabetes Care 21:1236–1239

9. Haffner SM, Lehto S, Ronnemaa T, Pyorala K, Laakso M 1998 Mortality from

coronary heart disease in subjects with type 2 diabetes and in nondiabetic
subjects with and without prior myocardial infarction. N Engl J Med 339:
229–234

10. Adler AI, Neil HA, Manley SE, Holman RR, Turner RC 1999 Hyperglycemia
and hyperinsulinemia at diagnosis of diabetes and their association with sub-
sequent cardiovascular disease in the united kingdom prospective diabetes
study (UKPDS 47). Am Heart J 138(5 Pt 1):S353–S359

11. 1999 Glucose tolerance and mortality: comparison of WHO and American
Diabetes Association diagnostic criteria. The DECODE Study Group. Euro-
pean Diabetes Epidemiology Group. Diabetes epidemiology: collaborative
analysis of diagnostic criteria in Europe. Lancet 354:617–621

12. Nathan DM, Cleary PA, Backlund JY, Genuth SM, Lachin JM, Orchard TJ,
Raskin P, Zinman B, Diabetes Control and Complications Trial/Epidemiol-
ogy of Diabetes Interventions and Complications (DCCT/EDIC) Study Re-
search Group 2005 Intensive diabetes treatment and cardiovascular disease in
patients with type 1 diabetes. N Engl J Med 353:2643–2653

13. Barr ELM, Zimmet PZ, Welborn TA, Jolley D, Magliano DJ, Dunstan DW,
Cameron AJ, Dwyer T, Taylor HR, Tonkin AM, Wong TY, McNeil J, Shaw
JE 2007 Risk of cardiovascular and all-cause mortality in individuals with
diabetes mellitus, impaired fasting glucose and impaired glucose tolerance. The
Australian Diabetes, Obesity and Lifestyle Study (AusDiab). Circulation 116:
1–7

14. American Diabetes Association 2007 Standards of medical care in diabetes—
2007. Diabetes Care 30(Suppl 1):S4–S41

15. Expert Committee on the Diagnosis and Classification of Diabetes Mellitus
1997 Report of the Expert Committee on the Diagnosis and Classification of
Diabetes Mellitus. Diabetes Care 20:1183–1197

16. Expert Committee on the Diagnosis and Classification of Diabetes Mellitus
2003 Report of the Expert Committee on the Diagnosis and Classification of
Diabetes Mellitus. Diabetes Care 26(Suppl 1):S5–S20

17. Modan M, Halkin H, Karasik A, Lusky A 1984 Effectiveness of glycosylated
hemoglobin, fasting plasma glucose, and a single post load plasma glucose level
in population screening for glucose intolerance. Am J Epidemiol 119:431–444

18. Forrest RD, Jackson CA, Yudkin JS 1987 The glycohaemoglobin assay as a
screening test for diabetes mellitus: the Islington Diabetes Survey. Diabet Med
4:254–259

19. Little RR, England JD, Wiedmeyer HM, McKenzie EM, Pettitt DJ, Knowler
WC, Goldstein DE 1988 Relationship of glycosylated hemoglobin to oral
glucose tolerance. Implications for diabetes screening. Diabetes 37:60–64

20. Liu QZ, Pettitt DJ, Hanson RL, Charles MA, Klein R, Bennett PH, Knowler
WC 1993 Glycated haemoglobin, plasma glucose and diabetic retinopathy:
cross-sectional and prospective analyses. Diabetologia 36:428–432

21. McCance DR, Hanson RL, Charles MA, Jacobsson LT, Pettitt DJ, Bennett PH,
Knowler WC 1994 Comparison of tests for glycated haemoglobin and fasting
and two hour plasma glucose concentrations as diagnostic methods for dia-
betes. BMJ 308:1323–1328

22. Knowler WC 1994 Screening for NIDDM. Opportunities for detection, treat-
ment, and prevention. Diabetes Care 17:445–450

23. Davidson MB, Peters AL, Schriger DL 1995 An alternative approach to the
diagnosis of diabetes with a review of the literature. Diabetes Care 18:1065–
1071

24. Peters AL, Davidson MB, Schriger DL, Hasselblad V 1996 A clinical approach
for the diagnosis of diabetes mellitus: an analysis using glycosylated hemo-
globin levels. Meta-Analysis Research Group on the Diagnosis of Diabetes
Using Glycated Hemoglobin Levels. JAMA 276:1246–1252

25. Davidson MB, Schriger DL, Peters AL, Lorber B 1999 Relationship between
fasting plasma glucose and glycosylated hemoglobin: potential for false-pos-
itive diagnoses of type 2 diabetes using new diagnostic criteria. JAMA 281:
1203–1210

26. Davidson MB, Schriger DL, Peters AL, Lorber B 2000 Revisiting the oral
glucose tolerance test criterion for the diagnosis of diabetes. J Gen Intern Med
15:551–555

27. Rohlfing CL, Little RR, Wiedmeyer HM, England JD, Madsen R, Harris MI,
Flegal KM, Eberhardt MS, Goldstein DE 2000 Use of GHb (HbA1c) in screen-
ing for undiagnosed diabetes in the U.S. population. Diabetes Care 23:187–
191

28. Barr RG, Nathan DM, Meigs JB, Singer DE 2002 Tests of glycemia for the
diagnosis of type 2 diabetes mellitus. Ann Intern Med 137:263–272

29. Tamborlane WV, Kollman C, Steffes MW, Ruedy KJ, Dongyuan X, Beck RW,
Chase P, Fox LA, Wilson DM, Tsalikian E, the Diabetes Research in Children
Network (DirecNet) Study Group 2005 Comparison of fingerstick hemoglo-
bin A1c levels assayed by DCA 2000 with the DCCT/EDIC central laboratory
assay: results of a diabetes research in children network (DirecNet) study.
Pediatr Diabetes 6:13–16

2452 Saudek et al. Screening and Diagnosing Diabetes Mellitus J Clin Endocrinol Metab, July 2008, 93(7):2447–2453

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/93/7/2447/2598264 by guest on 20 M
arch 2024



30. Tahara Y, Shima K 1993 The response of GHb to stepwise plasma glucose
change over time in diabetic patients. Diabetes Care 16:1313–1314

31. Ealovega MW, Tabaei BP, Brandle M, Burke R, Herman WH 2004 Oppor-
tunistic screening for diabetes in routine clinical practice. Diabetes Care 27:
9–12

32. Manley S 2003 Haemoglobin A1c—a marker for complications of type 2
diabetes: the experience from the UK prospective diabetes study (UKPDS). Clin
Chem Lab Med 41:1182–1190

33. Barr CC 2000 Retinopathy and nephropathy in patients with type 1 diabetes
four years after a trial of intensive therapy, the Diabetes Control and Com-
plications Trial/Epidemiology of Diabetes Interventions and Complications
Research Group. N Engl J Med 342:381–389

34. 1995 The relationship of glycemic exposure (HbA1c) to the risk of develop-
ment and progression of retinopathy in the diabetes control and complications
trial. Diabetes 44:968–983

35. Saudek CD, Derr RL, Kalyani RR 2006 Assessing glycemia in diabetes using
self-monitoring blood glucose and hemoglobin A1c. JAMA 295:1688–1697

36. Little RR, Rohlfing CL, Wiedmeyer HM, Myers GL, Sacks DB, Goldstein DE
2001 The national glycohemoglobin standardization program: a five-year
progress report. Clin Chem 47:1985–1992

37. Little RR 2003 Glycated hemoglobin standardization—national glycohemo-
globin standardization program (NGSP) perspective. Clin Chem Lab Med
41:1191–1198

38. Petersen PH, Jorgensen LG, Brandslund I, De Fine Olivarius N, Stahl M 2005
Consequences of bias and imprecision in measurements of glucose and HbA1c
for the diagnosis and prognosis of diabetes mellitus. Scand J Clin Lab Invest
Suppl 240:51–60

39. Ollerton RL, Playle R, Ahmed K, Dunstan FD, Luzio SD, Owens DR 1999
Day-to-day variability of fasting plasma glucose in newly diagnosed type 2
diabetic subjects. Diabetes Care 22:394–398

40. Sacks DB, Bruns DE, Goldstein DE, Maclaren NK, McDonald JM, Parrott M
2002 Guidelines and recommendations for laboratory analysis in the diagnosis
and management of diabetes mellitus. Clin Chem 48:436–472

41. Bennett CM, Guo M, Dharmage SC 2007 HbA(1c) as a screening tool for
detection of type 2 diabetes: a systematic review. Diabet Med 24:333–343

42. Rohlfing CL, Wiedmeyer HM, Little RR, England JD, Tennill A, Goldstein DE
2002 Defining the relationship between plasma glucose and HbA(1c): Analysis
of glucose profiles and HbA(1c) in the diabetes control and complications trial.
Diabetes Care 25:275–278

43. Buell C, Kermah D, Davidson MB 2007 Utility of A1C for diabetes screening
in the 1999 2004 NHANES population. Diabetes Care 30:2233–2235

44. Nakagami T, Tominaga M, Nishimura R, Yoshiike N, Daimon M, Oizumi T,
Tajima N 2007 Is the measurement of glycated hemoglobin A1c alone an
efficient screening test for undiagnosed diabetes? Japan national diabetes sur-
vey. Diabetes Res Clin Pract 76:251–256

45. Perry RC, Shankar RR, Fineberg N, McGill J, Baron AD, Early Diabetes
Intervention Program (EDIP) 2001 HbA1c measurement improves the detec-
tion of type 2 diabetes in high-risk individuals with nondiagnostic levels of
fasting plasma glucose: The early diabetes intervention program (EDIP). Di-
abetes Care 24:465–471

46. Selvin E, Crainiceanu CM, Brancati FL, Coresh J 2007 Short-term variability
in measures of glycemia and implications for the classification of diabetes. Arch
Intern Med 167:1545–1551

47. Meigs JB, Nathan DM, Cupples LA, Wilson PW, Singer DE 1996 Tracking of
glycated hemoglobin in the original cohort of the Framingham Heart Study.
J Clin Epidemiol 49:411–417

48. Lacher DA, Hughes JP, Carroll MD 2005 Estimate of biological variation of
laboratory analytes based on the third national health and nutrition exami-
nation survey. Clin Chem 51:450–452

49. Rohlfing C, Wiedmeyer HM, Little R, Grotz VL, Tennill A, England J, Madsen
R, Goldstein D 2002 Biological variation of glycohemoglobin. Clin Chem
48:1116–1118

50. Edelman D, Olsen MK, Dudley TK, Harris AC, Oddone EZ 2004 Utility of
hemoglobin A1c in predicting diabetes risk. J Gen Intern Med 19:1175–1180

51. Droumaguet C, Balkau B, Simon D, Caces E, Tichet J, Charles MA, Eschwege

E, DESIR Study Group 2006 Use of HbA1c in predicting progression to dia-
betes in french men and women: data from an epidemiological study on the
insulin resistance syndrome (DESIR). Diabetes Care 29:1619–1625

52. Inoue K, Matsumoto M, Kobayashi Y 2007 The combination of fasting plasma
glucose and glycosylated hemoglobin predicts type 2 diabetes in Japanese
workers. Diabetes Res Clin Pract 77:451–458

53. Roberts WL, Safar-Pour S, De BK, Rohlfing CL, Weykamp CW, Little RR
2005 Effects of hemoglobin C and S traits on glycohemoglobin measurements
by eleven methods. Clin Chem 51:776–778

54. Bry L, Chen PC, Sacks DB 2001 Effects of hemoglobin variants and chemically
modified derivatives on assays for glycohemoglobin. Clin Chem 47:153–163

55. Roberts WL, McCraw M, Cook CB 1998 Effects of sickle cell trait and he-
moglobin C trait on determinations of HbA1c by an immunoassay method.
Diabetes Care 21:983–986

56. Herman WH, Ma Y, Uwaifo G, Haffner S, Kahn SE, Horton ES, Lachin JM,
Montez MG, Brenneman T, Barrett-Connor E 2007 Racial and ethnic differ-
ences in hemoglobin A1c among patients with impaired glucose tolerance in
the Diabetes Prevention Program. Diabetes Care 30:2756–2758

57. Viberti G, Lachin J, Holman R, Zinman B, Haffner S, Kravitz B, Heise MA,
Jones NP, O’Neill MC, Freed MI, Kahn SE, Herman WH, for the ADOPT
Study Group 2006 A diabetes outcome progression trial (ADOPT): baseline
characteristics of type 2 diabetic patients in North America and Europe. Diabet
Med 23:1289–1294

58. Albright ES, Ovalle F, Bell DS 2002 Artificially low hemoglobin A1c caused
by use of dapsone. Endocr Pract 8:370–372

59. Sacks DB, ADA/EASD/IDF Working Group of the HbA1c Assay 2005 Global
harmonization of hemoglobin A1c. Clin Chem 51:681–683

60. Jeppsson JO, Kobold U, Barr J, Finke A, Hoelzel W, Hoshino T, Miedema K,
Mosca A, Mauri P, Paroni R, Thienpont L, Umemoto M, Weykamp C, In-
ternational Federation of Clinical Chemistry and Laboratory Medicine (IFCC)
2002 Approved IFCC reference method for the measurement of HbA1c in
human blood. Clin Chem Lab Med 40:78–89

61. Hoelzel W, Weykamp C, Jeppsson JO, Miedema K, Barr JR, Goodall I,
Hoshino T, John WG, Kobold U, Little R, Mosca A, Mauri P, Paroni R,
Susanto F, Takei I, Thienpont L, Umemoto M, Wiedmeyer HM, IFCC Work-
ing Group on HbA1c Standardization 2004 IFCC reference system for mea-
surement of hemoglobin A1c in human blood and the national standardization
schemes in the United States, Japan, and Sweden: a method-comparison study.
Clin Chem 50:166–174

62. Consensus Committee 2007 Consensus statement on the worldwide standard-
ization of the hemoglobin A1C measurement: the American Diabetes Associ-
ation, European Association for the Study of Diabetes, International Federa-
tion of Clinical Chemistry and Laboratory Medicine, and the International
Diabetes Federation. Diabetes Care 30:2399–2400

63. Hanas R 2002 Psychological impact of changing the scale of reported HbA(1c)
results affects metabolic control. Diabetes Care 25:2110–2111

64. 1979 Classification and diagnosis of diabetes mellitus and other categories of
glucose intolerance. National Diabetes Data Group. Diabetes 28:1039–1057

65. Engelgau MM, Narayan KM, Herman WH 2000 Screening for type 2 diabetes.
Diabetes Care 23:1563–1580

66. Zhang P, Engelgau MM, Valdez R, Cadwell B, Benjamin SM, Narayan KM
2005 Efficient cutoff points for three screening tests for detecting undiagnosed
diabetes and pre-diabetes: an economic analysis. Diabetes Care 28:1321–1325

67. Nathan DM, Davidson MB, DeFronzo RA, Heine RJ, Henry RR, Pratley R,
Zinman B, American Diabetes Association 2007 Impaired fasting glucose and
impaired glucose tolerance: implications for care. Diabetes Care 30:753–759

68. Tabaei BP, Engelgau MM, Herman WH 2005 A multivariate logistic regres-
sion equation to screen for dysglycaemia: development and validation. Diabet
Med 22:599–605

69. Johnson SL, Tabaei BP, Herman WH 2005 The efficacy and cost of alternative
strategies for systematic screening for type 2 diabetes in the U.S. population
45–74 years of age. Diabetes Care 28:307–311

70. Tabaei BP, Herman WH 2002 A multivariate logistic regression equation to
screen for diabetes: development and validation. Diabetes Care 25:1999–2003

J Clin Endocrinol Metab, July 2008, 93(7):2447–2453 jcem.endojournals.org 2453

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/93/7/2447/2598264 by guest on 20 M
arch 2024


