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OBJECTIVEdTo ascertain to which extent the use of HbA1c and oral glucose tolerance test
(OGTT) for diagnosis of glucose tolerance could identify individuals with different pathogenetic
mechanisms and cardiovascular risk profile.

RESEARCHDESIGNANDMETHODSdA total of 844 subjects (44%men; age 49.56 11
years; BMI 296 5 kg/m2) participated in this study. Parameters ofb-cell functionwere derived from
deconvolution of the plasma C-peptide concentration after a 75-g OGTT and insulin sensitivity
assessed by homeostasis model assessment of insulin resistance (IR). Cardiovascular risk profile was
based on determination of plasma lipids and measurements of body weight, waist circumference,
and blood pressure. Glucose regulation categories byOGTT andHbA1cwere comparedwith respect
to insulin action, insulin secretion, and cardiovascular risk profile.

RESULTSdOGTT results showed 42% of the subjects had prediabetes and 15% had type 2
diabetes mellitus (T2DM), whereas the corresponding figures based on HbA1c were 38 and 11%,
with a respective concordance rate of 54 and 44%. Subjects meeting both diagnostic criteria for
prediabetes presented greater IR and impairment of insulin secretion and had aworse cardiovascular
risk profile than those with normal glucose tolerance at both diagnostic methods. In a logistic
regression analyses adjusted for age, sex, and BMI, prediabetic subjects, and even more T2DM
subjects by OGTT, had greater chance to have IR and impaired insulin secretion.

CONCLUSIONSdHbA1c identifies a smaller proportion of prediabetic individuals and
even a smaller proportion of T2DM individuals than OGTT, with no difference in IR, insulin
secretion, and cardiovascular risk profile. Subjects fulfilling both diagnostic methods for pre-
diabetes or T2DM are characterized by a worse metabolic profile.
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The early identification of subjects at
high risk for type 2 diabetes mellitus
(T2DM) or with unknown DM is

crucial to implement measures that may
prevent or delay progression from predia-
betes to T2DM and reduce the incidence of
chronic complications. Diagnostic criteria
for these categories of impaired glucose
tolerance (IGT) have been classically based
on glucosemeasurements, in particular after
a glucose loading during an oral glucose
tolerance test (OGTT). The OGTT, how-
ever, can be cumbersome, time consuming,
and expensive, so that alternative diagnostic
tools have been sought. The use of HbA1c
has been repeatedly considered for such a
purpose, but the American Diabetes Associ-
ation (ADA) has only recently proposed
adoption of cutoff values of 5.7–6.4% and
$6.5% for identification of individuals with
prediabetes and overt diabetes, respectively
(1). The World Health Organization has
advocated a similar HbA1c cutoff for the
diabetes diagnosis, although no high-risk
category has been identified (2).

The performance of these criteria
have been compared with determination
of fasting plasma glucose levels and/or
OGTT in various populations (3–9), but
few data have explored whether the two
criteria identify in the same individuals
the prevalent pathogenetic mechanisms
(i.e., insulin secretion and insulin action)
and cardiovascular (CV) risk profile. Pre-
vious studies have shown that impaired
b-cell function can be recognized in peo-
ple at risk for diabetes even at the time
they still have normal glucose tolerance
(NGT) (10–13). A recent study, however,
has reported that the relationship be-
tween b-cell function and HbA1c can be
quite different between those with im-
paired fasting glucose and those with al-
tered 2-h postload glucose concentrations
(14). This raises the possibility that indi-
viduals with impaired glucose regulation,
as identified by HbA1c or OGTT, also may
differ in their pathogenetic mechanisms
and, therefore, their CV risk profile. There-
fore, the aim of the current study was to
assess insulin secretion, insulin action,
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and CV risk profile based on different
diagnostic criteria for abnormal glucose
tolerance.

RESEARCH DESIGN AND
METHODSdThe participants in this
study included 844 subjects of the
GENFIEV (GENetics, pathoPHYsiology
and EVolution of type 2 diabetes) study, a
multicenter, nationwide, Italian study de-
signed to recruit individuals at risk for deve-
loping type 2 diabetes mellitus (T2DM) in
the attempt to define phenotypic and geno-
typic features that may allow more accurate
identification of high-risk subjects (http://
clinicaltrials.gov/ct2/show/NCT00879801?
term=GENFIEV&rank=1). Opportunistic
recruitment was adopted by screening indi-
viduals referred to diabetes clinics because
of their potential risk of T2DM.Nine centers
across Italy participated in the study. The
study protocol was approved by local insti-
tutional review boards, and all subjects gave
written informed consent before entering
the study.

A standardized medical history and ac-
curate physical examination was obtained
in all subjects before a basal blood speci-
men was obtained and a 75-g OGTT was
administered. Height, weight, and waist
circumference (at the umbilicus with the
subject standing) were recorded, and BMI
was calculated by dividing the body weight
(in kilograms) by the height (in meters
squared). Two blood pressure measure-
ments were taken with a standard mercury
sphygmomanometer with subjects recum-
bent, and the mean value was calculated.
A 12-lead standard electrocardiogram was
also recorded.

All OGTTs were performed after an
overnight fast, with all subjects refraining
from smoking for no less than 12 h before
the test. An antecubital vein was cannu-
lated for blood sampling. Plasma glucose,
insulin, and C-peptide levels, lipid profile,
and HbA1c were determined in the fasting
state. Subjects then ingested a 75-g glucose
load over 5 min, and samples were drawn
at 15, 30, 60, 90, and 120 min for plasma
glucose and C-peptide measurement.

All biochemical parameters were de-
termined by standardmethods on a Roche-
Modular Autoanalyzer (Milan, Italy).
HbA1c was measured by high-performance
liquid chromatography with coefficients
of variations ,2% at low (5%) and high
(10%) HbA1c values. HbA1c was standard-
ized against theDiabetes Control andCom-
plications Trial (DCCT) standard. Insulin
and C-peptide were determined by immu-
noassay (Immulite; DPC, Los Angeles, CA).

LDL cholesterol (LDL-C) levels were calcu-
lated according to the Friedewald formula.
The OGTT results were used to divide sub-
jects into four categories: NGT, impaired
fasting glucose (IFG), IGT, and T2DM ac-
cording to the ADA 2003 criteria (15). Glu-
cose tolerance was also determined based
onHbA1c levels according to the 2010ADA
clinical practice recommendation ($6.5%,
T2DM; 5.7–6.4%, high-risk individuals;
,5.7% normal glucose homeostasis) (1).
Insulin sensitivity was determined by the
homeostasis model assessment of insulin
resistance (HOMA-IR) index [fasting insu-
lin (mU/L) 3 fasting plasma glucose
(mmol/L)/22.5] as described by Matthews
et al. (16). The insulinogenic index was
calculated as

ðCP30 2CP0Þ=18 * ðG30 2G0Þ

where CP0 and G0 are the baseline fasting
plasma levels of plasma C-peptide and
glucose, respectively, and CP30 and G30

are their levels at 30 min.
b-Cell function was also estimated by

minimal model analysis of plasma glucose
and C-peptide response to a 2-h 75 g
OGTT (17). This analysis allows quantifi-
cation of basal (prehepatic) insulin secre-
tion rate (BSR2 body surface area [BSA]),
b-cell sensitivity at glucose (i.e., derivative
control [S-DC: pmol/m2 BSA per mmol/L/
min]) and the stimulus-response curve of
the insulin secretion rate at incremental glu-
cose (i.e., proportional control [S-PC:
pmol/m2 BSA per mmol/L/min] at 4.0,
5.5, 8.0, and 11.0 mmol/L of glucose).
The insulin secretion-to-IR ratio (disposi-
tion index) was calculated as the insulino-
genic index–HOMA-IR ratio. The presence
of metabolic syndrome was ascertained ac-
cording to the Adult Treatment Panel III
(ATPIII) criteria (18).

Data are expressed as mean 6 SD. The
nonparametric statistic was used to compare
categoric variables among groups, and
ANOVA was used to test mean differences
among groups. Logistic regression analyses
were applied to study the association of
OGTT categories or HbA1c with insulin sen-
sitivity or b-cell function. Odds ratios and
95% CIs were presented for adjusted mod-
els. StatView software (SAS Institute; Cary,
NC) onPowerMacG5 (AppleCorp., Cuper-
tino,CA)wasused for statistical analysis. The
discriminative effectiveness ofHbA1c to iden-
tify diabetes was evaluated by the area under
receiver operating characteristic (AUROC)
curves using SPSS 16.0 software (SPSS, Chi-
cago, IL). P values ,0.05 were considered
statistically significant for all calculations.

RESULTSdThe 844 participants (44%
men, 56%women) in the GENFIEV study
were an average age of 49.5 6 11 years
(range 22–79) and had a BMI of 29 6 5
kg/m2 (range 16.5–51). According to the
2003 ADA criteria, 43% of the study pop-
ulation had NGT, 42% had impaired glu-
cose regulation (IGR: IFG and/or IGT),
and 15% had newly diagnosed T2DM.
When HBA1c was used to stratify the
study population, 38% were at risk for
T2DM (HbA1c 5.7–6.4%) and only 11%
met the criterion for T2DM (HbA1c $
6.5%), with a concordance rate of 54%
and 44%, respectively. HbA1c specificity
was 74% for IGR and 95% for T2DM.
ROC curve analyses were used to deter-
mine whether screening categorization
by HbA1c versus OGTT was independent
of cutoff values. The AUROC curve was
lowest for prediabetes and higher for di-
abetes. The AUROC curve was 0.80 (95%
CI 0.725–0.849) for diabetes and 0.726
(0.688–0.764) for prediabetes.

Among subjects withHbA1c in the nor-
mal range (,5.7%), 33% showed IGR and
5%were T2DM.ComparedwithNGT sub-
jects, IGR and T2DM subjects both pre-
sented a higher HOMA-IR (1.37 6 0.84
and 1.59 6 0.25 vs. 1.13 6 0.71, P ,
0.01), and a lower insulinogenic index
(0.059 6 0.043 and 0.007 6 0.095 vs.
0.0826 0.159, P, 0.05).Moreover, basal
prehepatic insulin secretion, b-cell glucose
sensitivity of derivative control, and insulin
secretion rate at 4.0, 5.5, 8.0, and 11.0
mmol/L glucose were significantly im-
paired in the same groups of subjects.
Among CV risk factors, only HDL-C and
triglycerides were significantly worse (data
not shown).

To explore whether the OGTT and
HbA1c captured subjects with different
pathogenetic mechanisms (i.e., insulin re-
sistance vs. insulin secretion) and/or dif-
ferent CV risk profiles, the population
was subdivided by those concordant for
both diagnostic (HbA1c

+/OGTT+) or non-
diagnostic (HbA1c

2/OGTT2) criteria, as
well as those who were discordant for
one (HbA1c

+/OGTT2) or the other diag-
nostic (HbA1c2/OGTT+) criterion. Sub-
jects fulfilling one or more diagnostic
criteria for IGR had higher IR and worse
insulin secretion than subjects with NGT
(Table 1; Fig. 1B and C), as well increased
basal prehepatic insulin secretion (Fig.
1A). No significant differences in these
parameters were observed between sub-
jects with prediabetes based on HbA1c or
OGTT. Similarly, no significant difference
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was detected between subjects meeting
only one or both diagnostic criteria.

The same analysis was performed in
T2DM subjects concordant as well as dis-
cordant for the HbA1c and OGTT criteria.
The former had greater IR and a more se-
vere impairment of insulin secretion than
those who fulfilled only one diagnostic cri-
terion (data not shown).

Individuals classified as NGT by both
diagnostic criteria had the most favorable
CV profile. In contrast, those whomet the
HbA1c or the OGTT criterion for prediabe-
tes had greater BMIs and waist circumfer-
ences, lower values of HDL-C, and higher
values of LDL-C, triglyceride, and systolic
and diastolic blood pressure (Table 1). No
significant difference in CV risk profile was
observed between subjects with prediabe-
tes based on HbA1c or OGTT criteria, with
the exception of systolic blood pressure
(P, 0.05). Similarly, no significant differ-
ence was detected between subjects meet-
ing one or both diagnostic criteria for IGR,
with the exception of waist measurement
(P , 0.01).

No major difference was found in
pathogenetic mechanisms and CV risk
profile among individuals identified with
the OGTT or by HbA1c. However, a logis-
tic regression analysis adjusted for age,
sex, and BMI, showed that individuals
with prediabetes, and even more those
with T2DM by OGTT, had a greater
chance to have IR and impaired insulin
secretion and only a marginally increased
chance to be associated with the meta-
bolic syndrome than those with prediabe-
tes and T2DM when diagnosed on the
basis of HbA1c (Fig. 2).

CONCLUSIONSdIn a high-risk Ital-
ian population, HbA1c and OGTT criteria
for prediabetes both identify subjects
with higher IR and worse insulin secre-
tion compared with NGT subjects. Simi-
larly, T2DM patients, irrespective of
diagnostic criteria, manifest the highest
degree of IR and b-cell dysfunction. Fi-
nally, there was no difference in insulin
action and secretion according to the di-
agnostic criterion, although by multiple
logistic analysis, subjects with T2DM by
OGTT were at greater risk of more severe
IR and impaired insulin secretion.

Though HbA1c may represent an
attractive test for T2DM screening and di-
agnosis, data from several studies (3–9)
highlight how its use results in an NGT
excess, with fewer high-risk and T2DM
diagnoses. Our findings are in agreement
with those observed in other Caucasian
populations (4–7) and confirm that
HbA1c is a specific but insensitive method
for diagnosis of T2DM or prediabetes. In
our hands, the concordance rate was
,54%, confirming data obtained in an-
other Italian cohort (19). Moreover, ROC
curve analyses confirm that screening cat-
egorization by HbA1c versus OGTT was
independent of cutoff values (20). The
low concordance may be due to measure-
ment variability or to the different physi-
ologic processes probed by HbA1c and
OGTT. IFG is mainly associated with he-
patic IR, whereas muscle IR characterizes
IGT (11). Impaired b-cell function is
common to both conditions, but this is
mainly due to loss of first-phase insulin
secretion in IFG, whereas the second-
phase is altered in IGT (11). In contrast,

HbA1c reflects long-term exposure to
basal and postprandial hyperglycemia
and results from the combination of
these alterations (21). Despite this, we
did not detect any difference in insulin
action, insulin secretion, or in other met-
abolic parameters between individuals
meeting HbA1c or OGTT criteria for
prediabetes.

With respect to pathogenesis, our re-
sults are at variance with those obtained in
other populations. In the Insulin Resistance
Atherosclerosis Study (6), including three
different ethnic groups, HbA1c had a
weaker correlation with IR and insulin se-
cretion than single determinations of fast-
ing and 2-h plasma glucose. Moreover, in
MexicanAmericans, diagnosis based on the
OGTTprovided a better tool thanHbA1c to
identify subjects with b-cell impairment
(14), implying that the glucose load allows
more accurate identification of subtle im-
pairment in b-cell functions compared
with fasting plasma glucose or HbA1c.
As a partial reconciliation with these data
and besides the potential influence of eth-
nicity, we found that individuals with pre-
diabetes and T2DM identified by OGTT
had a greater chance to have impaired in-
sulin action (odds ratio 8.02 vs. 3.95) and
insulin secretion (14.24 vs. 8.56) com-
pared with those diagnosed by HbA1c

(Fig. 2).
In a recent analysis of another Italian

cohort, Marini et al. (19) reported that sub-
jects diagnosed by HbA1c had higher BMIs
and lower insulin sensitivity. However, re-
cruitment in that study was based one or
more cardiometabolic factors, whereas we
used an opportunistic approach that might

Table 1dInsulin secretion and action and CV profile in subjects meeting both HbA1c and OGTT criteria (HbA1c
+/OGTT+) for

prediabetes and individuals meeting only HbA1c (HbA1c
+/OGTT2) or OGTT (HbA1c

2/OGTT+) criteria, compared with NGT subjects
meeting both criteria (HbA1c

2/OGTT2)

HbA1c
2/OGTT2 HbA1c

+/OGTT2 HbA1c
2/OGTT+ HbA1c

+/OGTT+ 1 vs. 4
(n = 287) (n = 128) (n = 162) (n = 189) (P)

BMI (kg/m2) 28.4 6 5.4 28.8 6 5.3 29.0 6 4.9 29.6 6 5.1 ,0.02
Waist (cm) 99 6 13 101 6 16 100 6 12 104 6 13 ,0.002
Blood pressure (mmHg)
Systolic 124 6 14 129 6 17 133 6 15 133 6 16 ,0.0001
Diastolic 78 6 11 81 6 12 83 6 11 83 6 12 ,0.0001

Fasting plasma glucose (mmol/L) 4.74 6 0.42 5.57 6 0.84 5.65 6 0.63 5.73 6 0.59 ,0.0001
Fasting plasma insulin (mU/mL) 10.6 6 6.69 12.97 6 8.77 12.25 6 7.78 13.2 6 7.26 ,0.001
Total cholesterol (mmol/L) 5.28 6 1.04 5.46 6 0.96 5.44 6 0.91 5.44 6 1.06 NS
LDL-C (mmol/L) 3.26 6 0.96 3.55 6 0.93 3.44 6 0.88 3.55 6 1.04 ,0.01
HDL-C (mmol/L) 1.45 6 0.41 1.30 6 0.36 1.32 6 0.34 1.32 6 0.41 ,0.0001
Triglycerides (mmol/L) 1.32 6 1.03 1.80 6 1.33 1.72 6 1.03 1.80 6 1.20 ,0.0001
HOMA-IR 1.16 6 0.71 1.48 6 0.98 1.40 6 0.87 1.51 6 0.81 ,0.0001
Insulinogenic index 0.08 6 0.17 0.05 6 0.04 0.05 6 0.03 0.05 6 0.05 ,0.01
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have resulted in the selection of people at
greater risk for diabetes.

The effect of different methods used
for measurement of insulin secretion and
action in these studies should be consid-
ered as well. In our study, only C-peptide
was measured during OGTT, allowing
state-of-the-art assessment of b-cell func-
tion by mathematic modeling (17) but
limiting assessment of insulin action to
the HOMA model (16). Therefore, addi-
tional studies using the gold standard
measurement of insulin action (i.e., eu-
glycemic insulin clamp) are desirable to
provide further insights.

Recent data demonstrated that in-
creased CV risk in nondiabetic subjects
was associated not only with fasting and
postload glucose but also with HbA1c

(22). Subjects in our study who met
HbA1c and OGTT criteria for the diagnosis
of prediabetes had a worse CV risk pro-
file than NGT individuals. No significant

difference was found between prediabetes
diagnosed by HbA1c or OGTT criteria,
with the exception of systolic blood pres-
sure (P , 0.05). Subjects with diabetes,
irrespective of diagnostic criteria, had
greater prevalence of the metabolic syn-
drome, with a marginal increase in the
odds ratio (4.31 vs. 3.36) for those diag-
nosed by OGTT. In contrast, in the Danish
Inter99 study (23), HbA1c was a better, al-
though not statistically significant, tool at
discriminating individuals at low- versus
high-risk for ischemic heart disease. Again,
differences in study populations may ac-
count for the discrepancy, because the
Danish Inter99 study is a population-based
primary CV prevention study (24).

Other discrepancies are present in the
literature. In the Telde Study (25), among
individuals with discordant T2DM status
by HbA1c and OGTT, those who met the
HbA1c criterion had greater measures of
BMI and waist circumference and lower

values for HDL-C than those with diabetic
OGTT but HbA1c ,6.5%. On the con-
trary, subjects in the Rancho Bernardo co-
hort (26) who met the OGTT criteria had
the least favorable CV risk profile com-
pared with those who met only the
HbA1c criterion. In the only published
prospective population-based study (27),
HbA1c at a range of 5.7 to 6.4% was not
predictive of CV disease. Therefore, further
prospective population-based studies us-
ing common methodologic approaches
are needed to evaluate the effect of the pro-
posed HbA1c diagnostic criterion on CV
morbidity and mortality.

Our study has several limitations.
First, each test (HbA1c and OGTT) was
performed only once, but such an ap-
proach reflects clinical practice, in partic-
ular with respect to the OGTT. Second,
our study population was not assessed
for factors that can affect HbA1c levels
such as anemia or hemoglobinopathies

Figure 1dInsulin secretion by minimal model in NGT subjects by HbA1c and OGTT criteria (HbA1c
2/OGTT2) compared with subjects meeting

both criteria (HbA1c
+/OGTT+) for prediabetes and individuals meeting only HbA1c (HbA1c

+/OGTT2) or OGTT (HbA1c
2/OGTT+) criteria. All

measures are age-adjusted. A: Basal, prehepatic insulin secretion. B: b-Cell glucose sensitivity of derivative control (cognate of first-phase insulin
secretion). C: Insulin secretion rate at 4.0, 5.5, 8.0, and 11.0 mmol/L glucose, by the stimulus-response curve, which defines glucose sensitivity of
proportional control, cognate of second-phase insulin secretion. *P , 0.001 OGTT+/HbA1c

+ vs. OGTT2/HbA1c
2.
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(28). Third, our cohort is not representa-
tive of the general population because par-
ticipants were deemed at risk for T2DM to
be recruited.

In conclusion, HbA1c identifies a
smaller proportion of individuals with
prediabetes and an even smaller propor-
tion with T2DM thanOGTT; however, no
significant difference in IR, insulin secre-
tion, and CV risk profile was detected in
subjects identified as prediabetic with
HbA1c or OGTT criteria. Subjects who
fulfill both diagnostic methods for predi-
abetes or T2DM are characterized by a
worse metabolic profile.
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