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OBJECTIVE—We evaluated whether cardiometabolic risk profiles differ for subjects identi-
fied as having prediabetes by A1C, fasting glucose (FPG), or 2-h postchallenge glucose (2-PG)

criteria.

RESEARCH DESIGN AND METHODS A herosclerosis risk factors, oral glucose tol-
erance test, and ultrasound measurement of carotid intima—media thickness (IMT) were analyzed
in 780 nondiabetic individuals.

RESULTS —Poor agreement existed for A1C and FPG criteria for identification of subjects with
prediabetes (k coefficient = 0.332). No differences in cardiometabolic risk profiles were observed
among the three groups of individuals with prediabetes by A1C only, FPG only, and both A1C
and FPG. Poor agreement also existed for A1C and 2-PG criteria for identification of individuals
with prediabetes (k coefficient = 0.299). No significant differences in cardiometabolic risk factors
were observed between IGT-only and individuals with prediabetes by A1C and 2-PG. Compared
with subjects with prediabetes identified by A1C only, IGT-only individuals exhibited a worse
cardiometabolic risk profile, with significantly higher systolic blood pressure, pulse pressure, 2-h
postchallenge insulin, triglycerides, high-sensitivity C-reactive protein, and carotid IMT, and
lower HDL cholesterol levels and insulin sensitivity.

CONCLUSIONS —These results suggest that considerable discordance between A1C, FPG,
and 2-PG exists for the identification of individuals with prediabetes and that the cardiometabolic
risk profile of these individuals varies by metabolic parameter, with 2-PG showing the stronger
association with cardiometabolic risk factors and subclinical atherosclerosis than FPG or A1C.
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emoglobin A;. (A1C) is an inte-
grated measure of average blood
glucose concentrations over the
preceding 2-3 months and is widely used
for monitoring metabolic control in indi-
viduals with diabetes (1). Recently, the
American Diabetes Association (ADA)
has revised criteria for the diagnosis of

type 2 diabetes and the categories at in-
creased risk for diabetes already including
impaired fasting glucose (IFG) and im-
paired glucose tolerance (IGT) on the ba-
sis of an ample analysis performed by an
international expert committee (2,3) rec-
ommending the use of A1C measure-
ments as another diagnostic test option

00 00 0000000000000 00000000000000000000000000000000

From the 'Department of Internal Medicine, University of Rome-Tor Vergata, Rome, Italy; and the *Department
of Medical and Surgical Sciences, University “Magna Graecia” of Catanzaro, Catanzaro, Italy.

Corresponding author: Giorgio Sesti, sesti@unicz.it.

Received 18 October 2011 and accepted 19 January 2012.

DOI: 10.2337/dc11-2032

This article contains Supplementary Data online at http://care.diabetesjournals.org/lookup/suppl/doi: 10

.2337/dc11-2032/-/DC1.

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

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

in addition to glucose values. Specifically
for the categories of increased risk for type
2 diabetes, the new ADA recommenda-
tions state that an A1C from 5.7 to 6.4%
identifies individuals at high risk for di-
abetes to whom the term prediabetes may
be applied (2).

A1C measurements offer some prac-
tical advantages over assessments of fast-
ing plasma glucose (FPG) or glucose
levels during an oral glucose tolerance
test (OGTT), including lower day-to-day
variability, less perturbations during pe-
riods of stress or illness, and requirement
of a nonfasting sample (3). However, the
A1C measure may identify distinct sub-
jects at increased risk for type 2 diabetes
compared with IFG and IGT, and if ex-
tensively implemented, may to some ex-
tent change the present epidemiologic
setting of these dysglycemic conditions.
Although it would be desirable for fasting
glucose, 2-h postchallenge glucose, and
AlC values to be equivalent in identifying
at-risk subjects, a poor concordance
among the three prediabetes categories
has been reported in different ethnic
groups (4-10).

Early detection of individuals at high
risk for type 2 diabetes is essential not
only for prevention of diabetes itself but
also of the associated cardiovascular com-
plications. Indeed, the risk of cardiovas-
cular disease is already increased before
glucose levels reach the diagnostic thresh-
old of diabetes, and 2-h postchallenge
glucose has been reported to be a better
predictor of cardiovascular disease than
FPG (11,12). However, A1C was shown to
be a better predictor of cardiovascular dis-
ease than FPG (13). Head-to-head compatr-
isons between 2-h postchallenge glucose
and A1C as predictors of cardiovascular dis-
ease have been focused on mortality, and
results are controversial (14-16).

In consideration of the expected aug-
mented use of A1C as a screening tool to
identify individuals with dysglycemic con-
ditions, it would be important to evaluate
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the effect of the new ADA recommenda-
tions for prediabetes definition on the
ability to identify individuals who are at
increased risk for a number of adverse
clinical outcomes. In the current study, we
examined the concordance of A1C, FPG,
or 2-h postchallenge glucose tests for the
identification of prediabetes in a cohort
of Italian Caucasians. We also evaluated
whether metabolic and cardiovascular risk
factors, including carotid preclinical ath-
erosclerosis, differ for subjects identified as
having prediabetes by each of these criteria.

RESEARCH DESIGN AND
METHODS—A total of 780 nondia-
betic Caucasian subjects, consecutively
recruited in the University of Rome and
the University of Catanzaro areas, partic-
ipated in this cross-sectional study for
assessment of cardiometabolic risk factors
according to a previously described pro-
tocol (17,18). The inclusion criteria were
age =20 years, absence of diabetes melli-
tus, defined as A1C =6.5%, FPG =126
mg/dL, or 2-h postchallenge plasma glu-
cose =200 mg/dL, and presence of one or
more cardiometabolic risk factors, in-
cluding elevated blood pressure (BP),
dyslipidemia, overweight/obesity, and
family history of diabetes. Subjects were
excluded if they had gastrointestinal dis-
eases associated with bleeding or malab-
sorption, chronic pancreatitis, history of
any malignant disease, history of drug
abuse, positivity for antibodies to hepati-
tis C virus or hepatitis B surface antigen,
and anemia, defined according to the
World Health Organization criteria as a
hemoglobin concentration <13 g/dL in
men and <12 g/dL in women.

After a 12-h fast, all subjects under-
went an anthropometric evaluation, in-
cluding assessment of BMI and waist
circumference. Readings of clinic BP were
obtained in the left arm of supine patients,
after 5 minutes of quiet rest, with a mer-
cury sphygmomanometer. Pulse pressure
was calculated as the difference between
systolic and diastolic BP. An OGTT was
performed with sampling of plasma glu-
cose at 0, 30, 60, 90, and 120 min for
insulin determination.

Intima-media thickness (IMT) of the
common carotid artery was measured by
an ATL HDI 3000 ultrasound system (Ad-
vanced Technology Laboratories, Bothell,
WA) equipped with a 5-MHz linear array
transducer, as previously described (19).
Manual measurements were conducted in
plaque-free portions of the 10-mm linear
segment proximal to the carotid bulb.

Two measurements were performed bilat-
erally for each patient, and the values were
averaged, which presented the mean of
IMT of the common carotid artery. The
ultrasound study was performed by an
experienced examiner who was unaware
of the subjects’ clinical and laboratory
findings.

The individual 10-year risk of coro-
nary heart disease (CHD) was estimated
using the Framingham Heart Study pre-
diction score sheet for 659 subjects in
aged 30-74 years (20).

The protocol was approved by the in-
stitutional ethics committees and informed
written consent was obtained from each
participant in accordance with principles
of the Declaration of Helsinki.

Analytic determinations

A1C was measured with high-performance
liquid chromatography using a National
Glycohemoglobin Standardization Pro-
gram (NGSP) certified automated analyzer
(Adams HA-8160 HbA1C analyzer, Me-
narini, Italy; normal reference range, 4.3—
5.9%). Plasma insulin concentration was
determined by a chemiluminescence-based
assay (Immulite, Siemens, Italy). All others
metabolites were measured by standard
methods.

Statistical analysis

The Matsuda index of insulin sensitivity
was calculated as reported (21). Variables
with skewed distribution, including tri-
glyceride, high-sensitive C-reactive pro-
tein (hs-CRP), and fasting and 2-h
insulin, were log transformed for analy-
ses. Continuous data are expressed as
means * SD. Categoric variables were
compared by the x” test. Phenotypic dif-
ferences between groups were tested after
adjusting for age and sex using a general
linear model with post hoc Bonferroni
correction for multiple comparisons.
The k statistic was calculated as a measure
of agreement between A1C and FPG or
2-h postchallenge diagnoses for individ-
uals at high risk of type 2 diabetes. Partial
correlation coefficients adjusted for age
and sex were calculated between varia-
bles. Relationships between variables
were sought by multivariate linear regres-
sion analysis to assess their independent
contribution to IMT. All analyses were
performed using SPSS 16.0 software
(SPSS Inc, Chicago, IL).

RESULTS —The mean age of the whole
study sample was 45 £ 13 years, 326
(41.8%) were men, and the mean BMI
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was 29.8 * 6.8 kg/m”. According to
ADA criteria (A1C 5.7-6.4%, IFG, or
IGT), 421 of 780 subjects (53.9%) were
at high risk for diabetes (prediabetes). The
proportion of these subjects identified by
A1C5.7-6.4%, IFG, and IGT, was 31.5%
(n =245), 28.1% (n = 219), and 31.7%
(n = 247), respectively.

Fasting plasma glucose and A1C
Poor agreement existed for A1C and FPG
criteria for identification of subjects with
prediabetes (k coefficient = 0.332), with
56.3% of individuals without prediabetes
by both A1C and FPG criteria, and 15.8%
classified as prediabetic by both A1C and
FPG criteria (Table 1). Discordant classi-
fications occurred for 12.3% of individu-
als who had an A1C <5.7% and IFG, and
for 15.6% who had A1C 5.7-6.4% and
FPG <100 mg/dL. Table 1 reports the
clinical characteristics and laboratory
findings of the four groups identified by
FPG only, by A1C only, or by both crite-
ria. The only differences in cardiometa-
bolic risk profile observed among the
three groups with prediabetes identified
by A1C only, FPG only, and both A1C
and FPG were waist circumference, which
was higher in individuals with predia-
betes identified by both A1C only and
by FPG and A1C; FPG, which, by design,
was lower in individuals with prediabetes
identified by A1C only; A1C, which, by
design, was lower in individuals with pre-
diabetes identified by FPG only and both
A1C and FPG; and 2-h postchallenge glu-
cose, which was increased in individuals
with prediabetes identified by both A1C
and FPG.

Agreement for 2-h postchallenge
glucose and A1C

Poor agreement existed for A1C and 2-h
postchallenge glucose criteria for identi-
fication of individuals with prediabetes
(k coefficient = 0.299), with 53.3% of in-
dividuals not having prediabetes by both
A1C and 2-h postchallenge glucose crite-
ria and 16.4% classified as having predi-
abetes by both A1C and 2-h postchallenge
glucose criteria (Table 2). Discordant clas-
sifications occurred for 15.3% of individ-
ualswho had an A1C <5.7% and IGT and
for 15.0% who had an A1C 5.7-6.4% and
2-h postchallenge glucose <140 mg/dL
(Table 2).

The worst cardiometabolic risk profile
was observed in the two groups identified
by 2-h postchallenge glucose criterion
(Table 2). No significant differences in car-
diometabolic risk factors were observed
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Table 1—Cardiometabolic characteristics of subjects with prediabetes defined by FPG only, by A1C only, and by both FPG and A1C

AlIC <5.7% A1C5.7-6.4%
FPG FPG FPG FPG

Variables <100 mg/dL 100-125 mg/dL <100 mg/dL 100-125 mg/dL P
n (%) 439 (56.3) 96 (12.3) 122 (15.6) 123 (15.8)
Male/female (n) 138/301 60/36 52/70 76/47 <0.0001
Age (year) 41 * 12445%**§58 50 * 11 48 = 118§ 53+ 11 <0.0001#
BMI (kg/mz) 293 £ 6.8%%88 204 *£55 31275 31072 0.001
Waist circumference (cm) 044 £ 14.6%**8§ 96.9 * 14.5%§ 102.1 = 15.6 102.3 = 144 <0.0001
BP (mmHg)

Systolic 122 *= 1688 131 = 16 128 = 15 132 = 15 0.18

Diastolic 78 = 10 81 = 10 80 = 10 81 = 10 0.28
Pulse pressure (mmHg) 44 = 11 50 £ 11 47 = 11 50 £ 13 0.52
Fasting glucose (mg/dL) 86 = THEii**868 108 = 8*#* 89 * 788% 110 = 8 <0.0001
2-h glucose (mg/dL) 112 = 3155555 #858 133 + 378§ 134 + 36§58 155 + 39 <0.0001
ALC (%) 5.16 = 0.39%**§§8 5.24 = 0.31%**§§§ 5.85 = 0.18§ 508 + 0.22 <0.0001
Fasting insulin (uwU/mL) 11 & 74i5*8868 15+8 14+£9 15+8 <0.0001
2-h insulin (LU/mL) 70 * 63%**§§8 87 = 71 107 =+ 100 106 * 87 <0.0001
Total cholesterol (mg/dL) 199 *+ 38 206 = 33 203 + 36 204 += 42 0.74
HDL (mg/dL) 53 £ 15 47 = 13 49 £ 15 47 = 12 0.11
Triglycerides (mg/dL) 113 £ 61*§ 138 = 66 132 £ 60 143 = 69 0.006
hs-CRP (mg/L) 27*x29 28*34 3.8 34 3.7*34 0.09
Insulin sensitivity index 5.08 * 3.00f£i**§88 330+ 1.86 391 £2.17 295+ 194 <0.0001
IMT (mm) 0.71 £0.18 0.76 £ 0.18 0.77 £0.17 0.79 £0.23 0.77
Framingham risk score 2.2+ 2. 1§§%*588 45*40 44*£43 55+ 47 <0.0001
RR for 10-year CHD (%) 5.5 = 4.551*%688 7.8 49 7965 99 *+6.5 <0.0001

Continuous data are expressed as means = SD, categoric data as indicated. Comparisons between the four groups were performed using a general linear model with
post hoc Bonferroni correction for multiple comparisons. P values refer to results after analyses with adjustment for age and sex. RR, relative risk. #P values refer
to results after analyses with adjustment for sex. Categoric variables were compared by Xz test. 1P < 0.01; £#1$P < 0.0001 compared with subjects with A1C <5.7%
and FPG 100-125 mg/dL after adjustment for age and sex. *P < 0.05; **P < 0.01; ***P < 0.0001 compared with subjects with A1C 5.7-6.4% and FPG <100 mg/dL
after adjustment for age and sex. §P < 0.05; §§P < 0.001; §§§P < 0.0001 compared with subjects with A1C 5.7-6.4% and FPG 100-125 mg/dL after adjustment for

age and sex.

between IGT-only subjects and individu-
als with prediabetes by both A1C and 2-h
postchallenge glucose, with the exception
of waist circumference, and FPG, which
were increased in the latter individuals.

Compared with subjects with predi-
abetes identified by A1C only, IGT-only
individuals exhibited significantly higher
systolic BP, pulse pressure, 2-h postchal-
lenge insulin, triglycerides, hs-CRP, and
carotid IMT, and lower HDL cholesterol
levels and insulin sensitivity. These differ-
ences remained significant after adjusting
for age and sex using a general linear
model with post hoc Bonferroni correction
for multiple comparisons. IGT-only indi-
viduals also exhibited a significantly higher
Framingham risk score compared with
subjects with prediabetes identified by
Al1C only.

No significant differences in cardio-
metabolic risk factors were observed be-
tween normal individuals and subjects
with prediabetes identified by A1C only,
with the exception of age, BMI, waist cir-
cumference, and FPG, which were signifi-
cantly increased in the latter individuals.

In univariate analyses adjusted for sex
and age, carotid IMT was significantly
correlated with waist circumference, sys-
tolic and diastolic BP, and 2-h postchal-
lenge glucose (Supplementary Table 1).
Of the three glycemic parameters, 2-h
postchallenge glucose only was signifi-
cantly correlated with carotid IMT.

To estimate the independent contri-
bution of A1C, FPG, or 2-h postchal-
lenge plasma glucose to carotid IMT, we
conducted a multivariate regression anal-
ysis in a model also including age, sex, and
components of the metabolic syndrome
(i.e., waist circumference, systolic and
diastolic blood pressure, triglycerides,
and HDL cholesterol). The two variables
that remained significantly associated with
carotid IMT were age (B = 0.223; P <
0.0001), and 2-h postchallenge plasma
glucose (8 =0.199; P < 0.0001), account-
ing for 18.1% of its variation.

CONCLUSIONS —Increasing evidence
suggests a low agreement between a pre-
diabetes diagnosis made by A1C and one
obtained using FPG and 2-h postchallenge

criteria (4-10). As pointed out by the
ADA, the characterization of subjects dis-
cordantly categorized by the three tests is
now pending (2). In the current study, we
show that different subjects are identified
as having prediabetes using the three glu-
cose tests, demonstrating for the first time
that individuals with prediabetes identi-
fied by the 2-h postchallenge glucose cri-
terion have a worse cardiovascular risk
profile that is not explained by the other
features of the metabolic syndrome con-
currently observed in these subjects.

In our cohort of adult Italian Cauca-
sians, there was low agreement between
the diagnosis of high risk for type 2
diabetes (prediabetes) made by A1C and
FPG or 2-h postchallenge ADA criteria.
We observed that 55.1% of the individu-
als with A1C 5.7-6.4% were not classified
as being at high risk by FPG criterion and
that 46.4% of the individuals at high risk
by FPG criterion would be classified as
not being at high risk by A1C criterion.
Using 2-h postchallenge glucose as the
criterion, 49.7% of the individuals with
A1C 5.7-6.4% were not classified as
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Table 2—Cardiometabolic characteristics of subjects with prediabetes defined by 2-h postchallenge glucose (2-hPG) only, by

AIC only, and by both 2-hPG and A1C

A1C <5.7% A1C 5.7-6.4%
2-hPG 2-hPG 2-hPG 2-hPG

Variables <140 mg/dL 140-199 mg/dL <140 mg/dL 140-199 mg/dL P
n (%) 416 (53.3) 119 (15.3) 117 (15.0) 128 (16.4)
Male/female (n) 1417275 57/62 55/62 73/55 0.0001
Age (year) 40 + 125555 *558 50 + 11 48 + 11§ 53+ 11 <0.0001#
BMI (kg/m?) 29.1 * 6.7 $%§5§ 30.1 * 5.9 30.5 * 8.1 31.7 % 6.5 <0.0001
Waist circumference (cm) 03.7 = 14.81*88% 08.5 = 13.28% 98.6 = 16.08§ 1055+ 133 <0.0001
BP (mmHg)

Systolic 121 + 16446§ 133 = 16%* 125 * 136§ 135 + 15 <0.0001

Diastolic 77 = 104§ 82 + 10 79 =11 83*9 0.004
Pulse pressure (mmHg) 44 + 104§ 51 & 12%* 45 + 108§ 52 *+ 13 0.001
Fasting glucose (mg/dL) 88 = 10ff***588 97 *= 12688 95 + 11§88 103 = 12 <0.0001
2-h glucose (mg/dL) 102 * 19411888 162 = 17#%* 110 = 19888 172 = 17 <0.0001
ALC (%) 5.16 + 0.38%**§5§ 5.23 + 0.37***§§§ 5.89 + 0.20 594 + 021 <0.0001
Fasting insulin (uU/mL) 11 *= 744888 14*9 12 = 788 16 =9 <0.0001
2-h insulin (WU/mL) 60 * 48114868 118 = 92##* 69 * 48888 141 = 117 <0.0001
Total cholesterol (mg/dL) 199 * 38 202 * 37 202 = 40 204 *= 37 0.67
HDL (mg/dL) 53 = 153%888 47 £ 15% 51 = 13§ 45 £ 14 <0.0001
Triglycerides (mg/dL) 110 = 58441588 140 = 52°* 122 *= 558 152 = 71 <0.0001
hs-CRP (mg/L) 2.4 * 25511688 41 = 4.0%% 2.9 + 2.958% 45+36 <0.0001
Insulin sensitivity index 5.20 * 3.03%%£1%888 323 +1.75% 420 = 2.27888 272 £ 1.67 <0.0001
IMT (mm) 0.69 = 0.17%%8§ 0.83 = 0.19* 0.73 = 0.15§ 0.84 = 0.23 0.001
Framingham risk score 2.3 £ 2. 1544888 5.8 + 3.8% 3.9 = 3.6888 6.7 43 <0.0001
RR risk for 10-year CHD (%) 5.7 £ 45541888 8.5 = 5.8*% 6.3 = 4.4868 10.1 £ 6.7 <0.0001

Continuous data are expressed as means * SD, categoric data as indicated. Comparisons between the four groups were performed using a general linear model with
post hoc Bonferroni correction for multiple comparisons. P values refer to results after analyses with adjustment for age and sex. RR, relative risk. #P values refer to
results after analyses with adjustment for sex. Categoric variables were compared by xz test. £P < 0.05; ££P < 0.01; £££P < 0.0001 compared with subjects with
A1C <5.7% and 2-hPG 140-199 mg/dL after adjustment for age and sex. *P < 0.05; **P < 0.01; ***P < 0.0001 compared with subjects with A1C 5.7-6.4% and
2-hPG <140 mg/dL after adjustment for age and sex. §P < 0.01; §§P < 0.001; §§§P < 0.0001 compared with subjects with A1C 5.7-6.4% and 2-hPG 140-199 mg/dL

after adjustment for age and sex.

being at high risk by 2-h postchallenge
glucose, and 52.3% of the individuals at
high risk by 2-h postchallenge glucose
would be classified as not being at high
risk by the A1C criterion.

The present results are in agreement
with those recently reported in studies of
adults from the U.S. National Health and
Nutrition Examination Survey (NHANES)
(4,6,7), from the Screening for Impaired
glucose tolerance (SIGT) study (6), from
the Insulin Resistance Atherosclerosis
Study (IRAS) (8), from a cohort of Asian
Indians (5), and from a cohort of Arab an-
cestry (10). Higher A1C levels at any given
level of FPG have been reported in Hispan-
ics, American Indians, Blacks, and Asian
Americans compared with their Caucasian
counterparts, even after adjustment for
confounding factors affecting glycemia
(22). These disparities are likely due to dif-
ferences in hemoglobin glycation or eryth-
rocyte turnover among ethnic groups.
Because previous studies have included co-
horts of different ethnicities, the current re-
sults, which are based only on a cohort of

Caucasian individuals, provides important
information to help clinicians and patients
of European ancestry understand the ad-
vantages and shortcomings of each test
used alone or in combination. Notably,
multiple nonglucose factors, such as hemo-
globinopathies and anemia, can influence
the accuracy of A1C measurement. Al-
though individuals with undiagnosed ane-
mia might possibly have been included in
previous studies comparing the concor-
dance of A1C, FPG, or 2-h postchallenge
glucose tests for the identification of predi-
abetes, in the current study, we excluded
individuals with conditions that affect red
cell turnover, such as anemia and major
blood loss, thus increasing the accuracy in
the A1C measurement of the present results.

The discordance in the identification
of individuals at high risk for type 2 di-
abetes using different metabolic parame-
ters is not entirely unexpected given that
measurements of FPG, 2-h postchallenge
glucose, and Al1C are likely to reflect
different aspects of glucose metabolism,
and a diagnosis of prediabetes based on

IFG, IGT, and A1C highlights the differ-
ent pathophysiologic mechanisms under-
lying abnormal glucose homeostasis (23).
In fact, IFG is characterized by a combi-
nation of hepatic insulin resistance and
defective early-phase insulin secretion re-
sulting in excessive fasting hepatic glu-
cose production that accounts for fasting
hyperglycemia. By contrast, IGT is char-
acterized by nearly normal hepatic insulin
sensitivity and marked muscle insulin re-
sistance combined with defective late insu-
lin secretion thus resulting in prolonged
hyperglycemia after a glucose load (23).
In contrast to the daily glucose picture of-
fered by IFG and IGT, A1C is an indicator
of the average blood glucose concentra-
tions over the preceding 2—-3 months, ac-
counting for chronic exposure to both
basal and postprandial hyperglycemia
and, therefore, may reflect a combination
of pathophysiologic defects underlying
both IFG and IGT. Taken together, the dif-
ferent pathophysiologic mechanisms un-
derlying each glycemic marker help explain
the discordant diagnoses of prediabetes
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based on FPG, 2-h postchallenge glucose,
and A1C. However, it is likely that as overt
diabetes develops, each underlying mech-
anism is active, which may help explain
the fair concordance between FPG, 2-h
postchallenge, and A1C tests to diagnose
diabetes (24-27).

A central question is whether indi-
viduals with prediabetes diagnosed by
FPG, 2-h postchallenge glucose, and A1C
are at equivalent risk of cardiovascular
disease. Elevation in plasma glucose at
the prediabetic levels has been shown to
be associated with increased risk of sub-
sequent cardiovascular disease (28,29).
Longitudinal data on cardiovascular risk
comparing FPG, 2-h postchallenge glu-
cose, and A1C in the prediabetic range
are sparse, have been focused on mortality,
and have reached controversial results
(11-15). In this study, we observed no
differences in cardiometabolic risk profile
among the three groups with prediabetes
diagnosed by FPG only, A1C only, and
both A1C and FPG. By contrast, compared
with individuals with prediabetes by A1C
only, prediabetic individuals identified by
2-h postchallenge glucose (IGT only and
combined IGT/A1C) had a worse cardio-
vascular risk profile, resulting in a higher
Framingham score for 10-year CHD risk
and subclinical atherosclerosis as deter-
mined by IMT. The latter differences re-
mained significant after adjusting for age
and sex using a general linear model with
the conservative post hoc Bonferroni cor-
rection for multiple comparisons.

To the best of our knowledge, this is
the first study comparing the effect of the
recently proposed ADA criteria of ele-
vated A1C (5.7-6.4%) with both FPG and
2-h postchallenge glucose on subclinical
atherosclerosis, a well-validated proxy of
cardiovascular disease. Notably, we ob-
served that the 2-h postchallenge glucose
value showed a stronger correlation with
IMT than FPG or A1C, and was the only
glycemic parameter independently as-
sociated with IMT in a multivariate re-
gression analysis in a model including
components of metabolic syndrome.
The present data are in agreement with
those of a prospective population-based
study showing that the 2-h postchallenge
glucose, at variance with FPG and A1C,
was the only glycemic marker in the pre-
diabetic range significantly associated
with incident cardiovascular disease in
women (30). It is important to note that
only subjects who converted from IFG to
diabetes (31) or from A1C of 5.7-6.4% to
A1C =6.5% have an increased risk for

cardiovascular disease. By contrast, IGT
individuals are at increased risk for cardio-
vascular disease independently of the con-
version to diabetes (31).

Taken together with the present find-
ings showing that IGT-only individuals
have signs of early atherosclerosis in-
dependently from elevated A1C, we can
suggest that additional information on
cardiovascular disease risk, that may be
clinically useful for the identification of
subjects at increased risk, is embedded in
the 2-h postchallenge glucose level. These
findings showing a link between post-
challenge hyperglycemia and cardiovas-
cular risk may have clinical implications.
Because lifestyle changes and pharmacolo-
gic interventions in individuals at high-risk
for type 2 diabetes have been consistently
demonstrated to be successful in reducing
the incidence of the disease and its associ-
ated cardiovascular complications (32,33),
it would be important to identify individuals
at increased risk for both clinical outcomes,
such as those with IGT, who could benefit
from lifestyle change interventions, and,
possibly, pharmacotherapy.

The mechanism by which elevated
2-h postchallenge glucose levels are associ-
ated with an increased risk of atheroscle-
rosis is not settled. A greater degree of
insulin resistance in IGT individuals is one
possibility accounting for development of
atherosclerosis. Accordingly, we observed
that prediabetic individuals identified by
2-h postchallenge glucose (IGT only and
combined IGT/A1C) had lower insulin
sensitivity than normal individuals and
prediabetic individuals identified by A1C
only. In addition, chronic subclinical in-
flammation could be a unifying mechanistic
factor because it predicts the development
of both type 2 diabetes (34) and cardio-
vascular disease (35). Among markers of
subclinical inflammation, the most reli-
able for clinical use is hs-CRP. We found
that IGT-only and combined IGT/A1C
subjects had increased hs-CRP levels com-
pared with normal individuals and predi-
abetic individuals identified by A1C only.
Increased levels of hs-CRP may reflect sys-
temic inflammation but may be also di-
rectly involved in the pathogenesis of
both type 2 diabetes (36) and vascular
atherosclerosis (37). Overall, these find-
ings suggest a greater contribution of post-
prandial glucose to both insulin resistance
and subclinical inflammation compared
with A1C levels, thus reinforcing the idea
that performing OGTT may be useful to
identify individuals at high-risk for type 2
diabetes and cardiovascular complications.

The current study has several strengths,
including the broad range of demographic,
clinical, and biochemical data collected
by trained staff following a standardized
protocol, the centralization of laboratory
analyses, the inclusion of well-validated
risk factors for cardiovascular disease (lip-
ids, blood pressure, insulin sensitivity, and
hs-CRP), and the use of OGTT data instead
of fasting glucose alone, as reported in other
studies. Nevertheless, the current study
needs to be interpreted in the context of
certain potential limitations. A first limita-
tion of our study is that each test (FPG,
A1C, and OGTT) was only performed once.
Although such an approach reflects clinical
practice and is a common limitation to most
large epidemiologic studies, the day-to-day
variability of FPG and 2-h postchallenge
glucose results cannot be taken into account
in the current study.

A second limitation of the current
study is the cross-sectional design, mak-
ing causal interpretations of associations
between diagnostic criteria and risk of
cardiovascular disease difficult. Indeed,
the current results reflect only an associ-
ation with early atherosclerosis and not
incident cardiovascular disease. Although
carotid IMT is a well-established index of
early atherosclerosis and is widely used as
surrogate marker of cardiovascular dis-
ease, further prospective studies with in-
cident cases of cardiovascular events are
needed to draw such conclusions.

In conclusion, the results of the
current study suggest that considerable
discordance between A1C, FPG, 2-h post-
challenge glucose exists to identify in-
dividuals with prediabetes and that the
cardiometabolic risk profile of these indi-
viduals varies by metabolic parameter, with
2-h postchallenge glucose showing stron-
ger associations with cardiometabolic risk
factors and subclinical atherosclerosis than
FPG or A1C.
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