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Context: Prediabetes is associated with atherosclerotic vascular damage.

Objective: We investigated the correlation of endogenous secretory receptor for advanced gly-
cation end-products (esRAGE), total soluble RAGE (sRAGE) and markers of inflammation, with early
cardiovascular disease in subjects with prediabetes. We particularly focused on individuals with
prediabetes identified only by glycated hemoglobin A1c (HbA1c) (5.7–6.4%) who had normal fast-
ing glucose and were normotolerant after oral glucose tolerance test.

Design: This was a cross-sectional study.

Setting: The study was conducted in the Department of Clinical and Molecular Medicine, University
of Catania, Italy.

Main Outcome Measure: sRAGE, esRAGE, carboxymethyl-lysine, S100A12, HbA1c, fasting glycemia,
oral glucose tolerance test, pulse wave velocity, and intima-media thickness were evaluated in
subjects with prediabetes.

Patients: Three hundred eighty subjects without previous history of diabetes were stratified into
three groups: controls (n � 99), prediabetes (n � 220), and new-onset type 2 diabetes (n � 61).

Results: Subjects with prediabetes exhibited the following: lower esRAGE (0.29 � 0.18 vs 0.45 � 0.26
ng/mL; P � .05) and higher S100A12 levels than controls. RT-PCR analysis in mononuclear cells revealed
that the mRNA expression level of the esRAGE splice variant progressively decreased in patients with
prediabetes and type 2 diabetes with respect to controls. No difference was observed in sRAGE and
carboxymethyl-lysine plasma levels between the groups. After multiple regression analyses, only age,
HbA1c, and hs-CRP were independently associated with esRAGE levels. Age, HbA1c, and esRAGE were
the major determinants of intima-media thickness, whereas S100A12 and systolic blood pressure were
themajordeterminantsofpulsewavevelocity.WhenweanalyzedthesubjectswithHbA1c prediabetes
(normal fasting glucose/normotolerant and HbA1c 5.7–6.4%), esRAGE and inflammatory markers
plasma levels still remained significantly different in respect to controls.

Conclusions: Subjects with HbA1c prediabetes exhibited significantly reduced esRAGE levels and
increased levels of markers of inflammation. These alterations are associated with early markers
of cardiovascular disease. (J Clin Endocrinol Metab 101: 1701–1709, 2016)
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Abbreviations: ADA, American Diabetes Association; AGE, advanced glycation end-prod-
ucts; BMI, body mass index; BP, blood pressure; CHD, coronary heart disease; CML, car-
boxymethyl-lysine; CRP, C-reactive protein; esRAGE, endogenous secretory receptor for
advanced glycation end-product; HbA1c, glycated hemoglobin A1cHDL, high-density li-
poprotein; HOMA-IR, homeostasis model assessment-insulin resistance; hs-CRP, high-sen-
sitivity C-reactive protein; IFG, impaired fasting glucose; IGT, impaired glucose tolerance;
IMT, intima-media thickness; LDL, low-density lipoprotein; MNC, mononuclear cell; NFG,
normal fasting glucose; NT, normotolerant; OGTT, oral glucose tolerance test; PWV, pulse
wave velocity; RAGE, receptor for advanced glycation end-product; sRAGE, soluble RAGE;
T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; WBC, white blood cell.
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Prediabetes is a high-risk state for diabetes and cardio-
vascular disease development (1). In 2011, the Amer-

ican Diabetes Association (ADA) revised its criteria for the
diagnosis of type 2 diabetes mellitus (T2DM) and the cat-
egories at increased risk for diabetes, which already in-
cluded impaired fasting glucose (IFG) and impaired glu-
cose tolerance (IGT). On the basis of a thorough analysis
performed by an international expert committee, the use
of glycated hemoglobin A1c (HbA1c) measurement was
recommended as another diagnostic test option in addi-
tion to glucose values. Specifically for the categories of
increased risk for T2DM, the new ADA recommendations
state that an HbA1c from 5.7–6.4% identifies individuals
at high risk for diabetes to whom the term prediabetes may
be applied (2).

Previous studies have confirmed that events portend-
ing accelerated atherosclerosis are under way prior to
the formal diagnosis of diabetes. According to these
reports, prediabetes is associated with more advanced
vascular damage compared with normoglycemia (3, 4).
In a recent study, we analyzed the cardiovascular risk
profile in subjects with prediabetes identified according
to HbA1c (5.7– 6.4%) and reported an alteration of
early markers of cardiovascular damage in subjects with
higher HbA1c (5).

To explain the association between hyperglycemia
and vascular complications in diabetes, several studies
have emphasized the role of advanced glycation end-
products (AGE) and their receptors (RAGE). The inter-
action between RAGE and its ligands (AGEs and other
molecules, such as S100A12) effectively modulates sev-
eral steps of atherogenesis, triggering an inflammatory-
proliferative process and critically contributing to the
propagation of vascular perturbation, mainly in diabe-
tes (6). RAGE has a secretory isoform, which is termed
soluble RAGE (sRAGE). sRAGE is primarily formed by
the proteolytic cleavage of membrane-bound RAGE
and, secondarily, by a secreted, nonmembrane-bound
form of the receptor resulting from alternative splicing
of the RAGE gene, which is known as endogenously
secreted RAGE (esRAGE). esRAGE may contribute to
the removal/neutralization of circulating ligands, thus
functioning as a decoy by competing with cell-surface
RAGE for ligand binding (7).

sRAGE has been recently associated with a greater
risk of cardiovascular complications. Several studies
have demonstrated an inverse cross-sectional associa-
tion between sRAGE plasma levels and coronary heart
disease (CHD) or atherosclerosis in nondiabetic men
(8). Prospective studies have shown that low levels of
sRAGE predict cardiovascular mortality in diabetic and
nondiabetic subjects (9). Moreover, common oral

agents such as thiazolidinediones and statins are known
to modulate the AGE-RAGE system, even if long-term
prospective studies are needed to evaluate whether the
modulation of sRAGE can be helpful in preventing ma-
crovascular disease (10 –12).

Although numerous data have been reported in sub-
jects with both type 1 diabetes mellitus (T1DM) and
T2DM, to date, very little information is available re-
garding circulating sRAGE levels in subjects with pre-
diabetes and their possible link with vascular damage in
this population.

In this study, we measured sRAGE and esRAGE lev-
els and examined their associations with other proin-
flammatory factors and early markers of atherosclerosis
in subjects with prediabetes.

Although different criteria for the diagnosis of pre-
diabetes have good predictive values for the develop-
ment of T2DM (13), there are scarce and conflicting
data as to which best predicts cardiovascular disease (8,
14, 15). Therefore, we studied the AGE/RAGE axis and
proinflammatory profile, focusing on individuals with
prediabetes identified only by HbA1c (5.7– 6.4%) who
had normal fasting glucose (NFG) and were normotol-
erant (NT) after oral glucose tolerance test (OGTT).

Materials and Methods

Study subjects
Three-hundred eighty subjects with no previous diagnosis of

diabetes who attended our university hospital for diabetes and
cardiovascular risk evaluation were consecutively recruited for
the study. The inclusion criteria were ages ranging from 18 to 65
years. All patients were Caucasian and underwent a physical
examination and review of their clinical history, smoking status
and alcohol consumption. The exclusion criteria were: a previ-
ous history of diabetes, a previous history of overt cardiovascular
events (stroke, ischemic heart disease, chronic obstructive pe-
ripheral arteriopathy, or heart failure), anemia, or hemoglobi-
nopathies, the use of medications known to affect glucose me-
tabolism, clinical evidence of liver or renal disease, chronic
diseases, and/or recent history of acute illness, malignant disease,
and drug or alcohol abuse.

After an overnight fasting venous blood samples were ob-
tained for the measurement of biochemical parameters. Low-
density lipoprotein (LDL) cholesterol concentrations were esti-
mated using the Friedewald formula. All subjects underwent a
75-g OGTT with sampling for glucose and insulin, as previously
described (16). Glucose tolerance status was defined on the basis
of OGTT according to ADA recommendations (2).

Biochemical analyses
Plasma glucose, total cholesterol, triglycerides, high-density

lipoprotein (HDL) cholesterol, and high-sensitivity C-reactive
protein (CRP) (hs-CRP) were measured using available enzy-
matic methods, as previously described (17).
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To quantify the plasma concentration of sRAGE (Human
sRAGE ELISA; Biovendor), esRAGE (B-Bridge esRAGE
ELISA Kit), carboxymethyl-lysine (CML), [CircuLex, ELISA
Kit for CML-Nε_(Carboxymethyl)lysine], and S100A12
(Cloud-Clone Corp., ELISA Kit for S1000A12), fasting blood
samples were centrifuged and stored at �80°C. The interassay
and intra-assay coefficients of variation were respectively 5.5–
8.8% and 2.6 –5.3% for sRAGE, 5.9 –7.5% and 0.7–1.5% for
esRAGE, 4.7–15.2% and 5.2–7.4% for CML, and �10 and
12% for S100A12.

HbA1c was measured via HPLC using a National Glycohe-
moglobin Standardization Program and was standardized to the
Diabetes Control and Complications Trial (10) assay reference.
Chromatography was performed using a certified automated an-
alyzer (HLC-723G7 hemoglobin HPLC analyzer; Tosoh Corp.)
(normal range, 4.25–5.9%); intra- and interassay coefficients of
variation were 1.7 and 2.6%, respectively.

Carotid ultrasound examination
Ultrasound scans were performed using a high-resolution B-

mode ultrasound system (MyLab 50 Xvision; Esaote Biomedica
SpA) equipped with a 7.5-MHz linear array transducer. Scans
were performed by a single physician, as previously described
(18). The obtained values were averaged and are presented as the
mean of the intima-media thickness (IMT) of the common ca-
rotid artery.

Arterial stiffness evaluation
The SphygmoCor CvMS (AtCor Medical) system was used

for the determination of the pulse wave velocity (PWV), as al-
ready described (5). The PWV was calculated on the mean basis
of 10 consecutive pressure waveforms to cover a complete re-
spiratory cycle.

Mononuclear cell isolation
Mononuclear cells (MNCs) were isolated from blood samples

(10–12 mL) using lympholyte medium (LymphoprepTM, Stem-
cells Technologies) according to the manufacturer’s instructions.

Total RNA isolation and RT-PCR
Total RNA was extracted with TRIzol reagent (Invitrogen)

according to the manufacturer’s instructions, and quantified by
spectrophotometry. First-strand cDNA was produced from 1 �g
of total RNA using Superscript II and OligodT primers (Invit-
rogen, Life Technologies) according to the manufacturer’s
instructions.

The transcripts of human advanced glycosylation end product-
specific receptor (RAGE gene, NM_001136) and its splice variant
(esRAGE, NM_001206940) were obtained by PCR using the
primers 5�-CAGCATCATCGAACCAGGC-3� and 5�-TG-
GATGGGATCTGTCTGTGG-3�. The forward 5�-CTCTTC-
CAGCCTTCCTTCCT-3� and reverse 5�-AGCACTGTGTTG-
GCGTACAG-3� primers specific to the human actin beta sequence
(NM_001101.3) were used as housekeeping gene. With these
primer pairs, the expected bands were 282 bp for the RAGE gene
and 214 bp for the esRAGE gene; the expected band for the actin
beta gene was 116 base pairs.

Statistical analyses
We based the power calculation on previous studies exam-

ining sRAGE differences among patients with altered glycemic
homeostasis and control subjects to compare the means of three
groups using ANOVA; the level of significance (�) was set to 5%
and power (1-�) to 80%. The � value selected was 0.25.

Statistical comparisons of parameters were performed us-
ing Stat View 6.0 for Windows. The data are presented as the
mean � SD or median and interquartile range. Each variable’s
distributional characteristics were assessed by the Kolmogo-
rov-Smirnov test. Statistical evaluation among groups con-
sisted of ANOVA followed by Bonferroni post-hoc test. The
�2 test was used for categorical variables. P � .05 was con-
sidered significant. When necessary, numerical variables were
logarithmically transformed to reduce skewedness.

Simple regression analysis was performed to relate esRAGE,
IMT, and PWV to clinical and biochemical variables. To identify
variables independently associated with variations of esRAGE,
IMT, and PWV, we performed two multivariate regression mod-
els. The first model included several cardiovascular risk factors
(age, sex, body mass index [BMI], smoking status, systolic and
diastolic blood pressure [BP], HDL cholesterol, triglycerides,
LDL cholesterol, non-HDL cholesterol, statin therapy, HbA1c,
fasting glycemia, and fasting insulin). Subsequently, variables
reaching significance were inserted in a second multiple regres-
sion model that included glycation and inflammatory markers
(sRAGE, esRAGE, CML, hs-CRP, S100A12). The variance in-
flation factor was used to check for the problem of multicol-
linearity in multiple regression analysis (19).

The study was approved by the local ethic committee. In-
formed consent was obtained from each participant.

Results

The study population (380 subjects) was divided into three
groups based on fasting glucose, OGTT, and HbA1c levels:
99 control subjects (NFG and NT and HbA1c � 5.7%),
220 patients with prediabetes (IFG and/or impaired glu-
cose tolerance [IGT] and/or HbA1c, 5.7–6.4%) and 61
patients with new-onset T2DM (fasting glucose � 126
mg/dL and/or 2-hour glucose post-OGTT � 200 mg/dL
and/or HbA1c � 6.5%).

The clinical and biochemical characteristics of the
study subjects are presented in Table 1. The prediabetic
patients were older than the controls but were similar with
regard to BMI, plasma levels of total cholesterol, HDL
cholesterol, and systolic and diastolic BP. There were no
differences between subjects with prediabetes and T2DM
with respect to anthropometric and metabolic character-
istics except for the lower systolic BP, lower fasting gly-
cemia, higher HDL cholesterol, and lower homeostasis
model assessment–insulin resistance. (HOMA-IR).

The circulating plasma levels of S100A12, hs-CRP,
and white blood cells (WBCs) were higher in the sub-
jects with prediabetes and T2DM compared with the
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controls. CML plasma levels were similar among the
three groups (Table 2).

Circulating plasma levels and MNC RNA expression
of esRAGE in subjects with prediabetes

The plasma levels of esRAGE were significantly
lower in the subjects with prediabetes than in the con-
trols (0.32 � 0.18 vs 0.52 � 0.26 ng/mL; P � .05) but
were similar to those with T2DM. As shown in Table 2,
no differences were observed in the sRAGE levels
among the three groups.

In the simple regression analysis, esRAGE was in-
versely associated with age (r � �0.19; P � .05), BMI
(r � �0.15; P � .04), HbA1c (r � �0.18; P � .01),
hs-CRP (r � �0.17; P � .05) and S100A12 (r � �0.28;
P � .01). To estimate the independent contributions of
cardiovascular risk factors, glycation and inflammation
markers to esRAGE levels, we performed multiple re-
gression analysis using two models (see Statistical Anal-
ysis). The first model exhibited a significant correlation
between esRAGE and age (P � .001), BMI (P � .04) and
HbA1c (P � .02). In the second model, the variables that

Table 2. Circulating Levels of sRAGE, esRAGE, Inflammatory Makers, CML, Intima-media Thickness (IMT) and Pulse
Wave Velocity (PWV) According to Glucose Tolerance

Control
(n � 99)

Prediabetes
(n � 220)

T2DM
(n � 61) Pc

sRAGE, ng/mL 1.464 � 596.1 1.328 � 580.1 1.437 � 532.3 .56
esRAGE, ng/mL 0.52 � 0.26 0.32 � 0.18a 0.3 � 0.19a �.0001
S100A12, ng/mL 5.35 � 3.38 7.13 � 5.4a 8.41 � 4.44a,b .04
hs-CRP, mg/dL 0.14 (0.08–0.27) 0.34 (0.11–0.47)a 0.45 (0.18–0.72) a,b .001
WBC, 103/�L 6.4 � 1.6 7.1 � 1.8a 7.2 � 1.8a .03
CML, �g/mL 2.64 � 1.18 2.45 � 1.26 2.46 � 1.44 .51
IMT, mm 0.67 (0.6–0.73) 0.75 (0.65–0.78)a 0.78 (0.7–0.92)a �.0001
PWV, m/sec 7.1 � 1.7 7.6 � 1.6a 8.6 � 1.7a,b �.0001

The data are presented as the mean � SD or median (interquartile range).
a P � .05 vs controls.
b P � .05 vs prediabetes.
c By ANOVA.

Table 1. Clinical and Metabolic Characteristics of the Study Population According to Glucose Tolerance

Controls
(n � 99)

Prediabetes
(n � 220)

T2DM
(n � 61) Pc

Age, y 46 � 11.2 49.1 � 9.8a 50.9 � 8a �.0001
BMI, kg/m2 28.8 � 4.5 29.4 � 3.9 30 � 4.9 .12
Fasting glucose, mg/dL 86.4 � 8.6 93.4 � 11a 120.2 � 19a,b �.0001
Fasting insulin, microu/mL 7 (4.9–9.3) 7.6 (5.6–11.7) 8.2 (6.6–11.3) .53
2-h glucose post-OGTT, mg/dL 117 � 28.7 150.5 � 42.6a 222.2 � 39.7a,b �.0001
HbA1c, % 5.3 � 0.2 6 � 0.3a 7.1 � 0.5a,b �.0001
Total cholesterol, mg/dL 188.9 � 36.6 195.5 � 39.3 189.3 � 41.5 .1
HDL cholesterol, mg/dL 47.8 � 12.4 46 � 11.5 39.1 � 8.3a,b �.01
Triglycerides, mg/dL 86 (66–122) 109.5 (78–151)a 117 (83–146)a .004
LDL cholesterol, mg/dL 120.2 � 32.8 129.2 � 35.5a 126.2 � 36 .01
Non-HDL cholesterol, mg/dL 140.4 � 35.4 154 � 38.6 150.1 � 40.7 .09
Systolic BP, mm Hg 119 � 15.4 122.6 � 14.2 126.7 � 15.4a,b .02
Diastolic BP, mm Hg 71.8 � 10.2 73 � 10.6 76.2 � 12.8a .02
HOMA-IR 1.5 (1–2) 1.5 (1.6–3.3) 2.6 (1.9–0.72)a,b �.0001
Hypertension, % 18 24 26 .24d

Active smokers, % 30 33 36 .63d

Statin therapy, % 20 24 23 .23d

Sex, M/F 37/62 97/93 27/34 .34d

The data are presented as the mean � SD or median (interquartile range).

Smoking was quantified, and smoking status was classified as active smokers or nonsmokers.

Hypertension was defined as systolic BP � 135 mm Hg or diastolic BP � 85 mm Hg or as the prescription of any hypertension medications.
a P � .05 vs controls.
b P � .05 vs prediabetes.
c By ANOVA.
d By �2.
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remained significantly associated with esRAGE were
HbA1c (P � .007), hs-CRP (P � .01), and age (P � .001)
(Table 3).

When the patients with prediabetes were analyzed sep-
arately from controls and T2DM, age (P � .03), hs-CRP
(P � .01) remained significantly associated with esRAGE
plasma levels (Table 4).

esRAGE is produced from the alternative splicing of
the RAGE gene and is formed from the inclusion of part
of intron 9 and the removal of exon 10, which changes
the reading frame sequence of the protein and leads to
the loss of both the transmembrane and cytosolic do-
mains (20). To determine whether esRAGE gene ex-
pression was changed in our population, we performed
an RT-PCR analysis of MNC from prediabetic and
T2DM patients compared with control subjects (n � 10
for each group). The mRNA expression level of the
esRAGE splice variant progressively decreased in pa-
tients with prediabetes and T2DM with respect to the
controls (Figure 1).

IMT and PWV in subjects with prediabetes
IMT was higher in the patients with prediabetes than in

the control group [0.75 (0.65–0.78) vs 0.67 (0.6–0.73)

mm, P � .05]. Furthermore, subjects with new-onset
T2DM exhibited no significant difference in IMT with
respect to the prediabetic patients (Table 2).

IMT was associated with age (r � 0.55; P � .0001),
HbA1c (r � 0.4; P � .001), fasting glycemia (r � 0.34; P �
.001), and esRAGE (r � �0.2; P � .02) in the simple
regression analysis.

Next, we performed multiple regression analysis using
two models (see Statistical Analysis). The first model ex-
hibited a significant correlation among IMT, age (P �
.001) and HbA1c (P � .01). In the second model, the vari-
ables that remained significantly associated with IMT
were HbA1c (P � .03), age (P � .001), and esRAGE (P �
.001) (Table 3).

In the subgroup analysis including only subjects with
prediabetes the variables that were significantly associated
with IMT were age (P � .003), esRAGE (P � .04), and
hs-CRP (P � .004) (Table 4).

The PWV was significantly higher (7.6 � 1.6 vs 7.1 �
1.7 m/sec, P � .05) in the patients with prediabetes than
in the control subjects (Table 2). Furthermore, these sub-
jects exhibited lower PWV with respect to new-onset
T2DM patients.

PWV was associated with age (r � 0.29; P � .0001),
HbA1c (r � 0.25; P � .001), fasting glycemia (r � 0.18;

Table 3. Multiple Regression Analysis Evaluating
esRAGE, IMT and PWV as Dependent Variables

Coefficient
� P

esRAGE
Multiple regression—model 1a

Age, y �0.07 �.001
HbA1c, % �0.05 .02
BMI, kg/m2 �0.007 .04

Multiple regression—model 2b

Age, y �0.005 �.001
HbA1c, % �0.09 .007
hs-CRP, mg/dL �0.21 .01

IMT
Multiple regression—model 1a

Age, y 0.002 �.001
HbA1c, % 0.03 .01

Multiple regression—model 2b

Age, y 0.003 �.001
HbA1c, % 0.04 .03
esRAGE, ng/mL �0.06 .001

PWV
Multiple regression—model 1a

Age, y 0.025 �.001
Systolic BP, mm Hg 0.015 .01

Multiple regression—model 2b

Systolic BP, mm Hg 0.02 .001
S100A12, ng/mL 1.1 .02

a Model 1 was adjusted for age, sex, smoking status, BMI, systolic BP,
diastolic BP, HDL cholesterol, LDL cholesterol, non-HDL cholesterol,
triglycerides, statin therapy, HbA1c, fasting glycemia, and insulin.
b Model 2 was adjusted for sRAGE, esRAGE, WBC, S100A12, hs-CRP,
and CML.

Table 4. Multiple Regression Analysis Evaluating
esRAGE, IMT, and PWV as Dependent Variables for
Prediabetic Group

Coefficient
� P

esRAGE
Multiple regression—model 1a

Age, y �0.07 �.001
BMI, kg/m2 �0.04 .03

Multiple regression—model 2b

Age, y �0.006 .03
hs-CRP, mg/dL �0.16 .01

IMT
Multiple regression—model 1a

Age, y 0.003 �.001
Systolic BP, mm Hg 0.01 .01

Multiple regression—model 2b

Age, y 0.003 �.001
esRAGE, ng/mL �0.04 .04
hs-CRP, mg/dL 0.07 .004

PWV
Multiple regression—model 1a

Age, y 0.025 �.0001
Systolic BP, mm Hg 0.031 .001

Multiple regression—model 2b

S100A12, ng/mL 0.9 .02
a Model 1 was adjusted for age, sex, smoking status, BMI, systolic BP,
diastolic BP, HDL cholesterol, LDL cholesterol, non-HDL cholesterol,
triglycerides, statin therapy, HbA1c, fasting glycemia, and insulin.
b Model 2 was adjusted for sRAGE, esRAGE, WBC, S100A12, hs-CRP,
and CML.
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P � .01), systolic BP (r � 0.27; P � .0001), diastolic BP
(r � 0.22; P � .0001), triglycerides (r � 0.16; P � .01),
HDL cholesterol (r � 0.16; P � .01), CML (r � 0.17; P �
.05), and S100A12 (r � 0.14; P � .01) in the simple re-
gression analysis.

Subsequently, we performed multiple regression anal-
ysis using two models (see Statistical Analysis). The first
model exhibited a significant correlation between PWV
and age (P � .001) and systolic BP (P � .01). In the second
model, the variables that remained significantly associated

with PWV were S100A12 (P � .02) and systolic BP (P �

.001) (Table 3). In the subgroup analysis including only
subjects with prediabetes the variables that were signifi-
cantly associated with PWV was S100A12 (P � .02)
(Table 4).

Circulating levels of sRAGE, esRAGE splice variant,
and inflammatory profile in subjects with
prediabetes according only to HbA1c with normal
fasting glycemia and normal glucose tolerance
after OGTT

As a new approach for prediabetes diagnosis, it is un-
clear whether HbA1c could provide additional informa-
tion regarding cardiovascular risk compared with fasting
glycemia and glucose tolerance. In line with this question,
we focused on individuals with prediabetes identified only
by HbA1c (5.7–6.4%) who had NFG and were NT after
OGTT. Thus, we re-examined the prediabetic population
separating the patients with prediabetes identified only by
HbA1c from all those with IFG and/or IGT after the
OGTT. As shown in Figure 2, the subgroup with predia-
betes identified only by HbA1c (n � 127) showed signif-
icantly lower plasma esRAGE levels compared with con-
trols (0.29 � 0.18 vs 0.45 � 0.26 ng/mL; P � .05) but
similar to those of patients with IFG and/or IGT (n � 93)
and T2DM (n � 61). Circulating plasma levels of
S100A12 were higher in subjects with prediabetes than in
controls according only to HbA1c and IFG and/or IGT.
sRAGE and CML plasma levels were similar among the
four groups (Figure 2). The mRNA expression level of the
esRAGE splice variant progressively decreased in patients
with prediabetes with respect to controls according only to
HbA1c, IFG/IGT, and T2DM (Figure 1).

Discussion

In this study we measured sRAGE and esRAGE and ex-
amined their association with other proinflammatory fac-
tors and early markers of atherosclerosis in subjects with
prediabetes.

We found that prediabetic patients exhibited lower es-
RAGE plasma levels than controls and that the levels were
similar to those of patients with T2DM. Furthermore, we
demonstrated an inverse association between low plasma
esRAGE and carotid atherosclerosis in prediabetic pa-
tients. In addition, S100A12, a proinflammatory molecule
strongly linked with RAGE signaling, was increased in
prediabetic and diabetic patients with respect to controls.

Although diabetes imparts a 2- to 3-fold increase in the
risk of developing macroangiopathy, the magnitude of the
risk for cardiovascular disease associated with prediabetes

Figure 1. Differential expression of full-length RAGE and esRAGE in
peripheral blood mononuclear cells (PBMC) by RT-PCR. A,
Representative agarose gel image for RT-PCR analysis of full-length
RAGE (282 bp) and esRAGE (216 bp) splicing variants in PBMC from
controls; HbA1c, 5.7–6.4% with NFG/NT, IFG/IGT, and T2DM subjects.
Statistical data showing the mRNA ratio of full-length RAGE/�-actin (B)
and esRAGE/�-actin (C). The data are expressed as the mean � SD
from ten different experiments; *, P � .05.
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remains unclear and is dependent on diagnostic criteria. In
consideration of the expected increased use of HbA1c as a
screening tool to identify individuals with alteration of
glycemic homeostasis, it is important to evaluate the abil-
ity of HbA1c to identify patients who are at increased risk
for cardiovascular disease. With this aim, we specifically
focused on individuals with prediabetes identified only by
HbA1c (5.7–6.4%) who had NFG and were NT after
OGTT. As previously reported (5), we found that these
subjects exhibited an alteration of early markers of car-
diovascular injury. In addition, we found that NFG/NT

subjects with high HbA1c (�5.7%) showed low esRAGE
levels and high S100A12 concentration. These data may
suggest that HbA1c can identify subjects with NFG and
NT with alteration of early markers of cardiovascular
damage. Accordingly, in a recent prospective study, Eu-
ropean subjects with prediabetes identified by HbA1c ex-
perienced a significant increase in coronary heart and car-
diovascular disease with respect to normoglycemic
subjects (21). All of these observations suggest that HbA1c

may be a relevant marker of cardiovascular risk.
In our study, carotid IMT, a good predictor of cardio-

vascular disease, was independently associated with low
esRAGE plasma levels, HbA1c, and age. Recent clinical
reports have focused on the potential significance of cir-
culating esRAGE and sRAGE in a variety of pathophys-
iological conditions. Studies that used a detection system
to specifically measure human esRAGE cross sectionally
reported its significant and inverse association with ath-
erosclerosis in metabolic syndrome and T1DM and
T2DM (22). In agreement with our data, these findings
suggest that esRAGE may represent a potential protective
factor for carotid atherosclerosis and suggest that the in-
verse correlation between esRAGE and cardiovascular
risk is not confined to diabetes but is extended to nondi-
abetic populations as well.

esRAGE plasma levels were tightly and inversely cor-
related with HbA1c and hs-CRP in multiple regression
analysis after adjusting for other risk factors. The inverse
association between esRAGE and glycemic control is un-
surprising. Katakami et al (23) have reported an inverse
and significant association between esRAGE and HbA1c

in patients with T1DM. Furthermore, Koyama et al (24)
found that esRAGE is significantly and inversely corre-
lated with HbA1c and components of metabolic syndrome
in T2DM and nondiabetic subjects. Because a number of
factors, such as glycemic control, inflammation, underly-
ing disease, renal function, and drugs seem to affect
plasma esRAGE levels, we evaluated esRAGE mRNA ex-
pression inMNCs isolated fromperipheralblood samples.
We observed decreased mRNA expression of full-length
RAGE and esRAGE in patients with prediabetes and
T2DM with respect to controls. The regulatory mecha-
nism for alternative splicing to generate esRAGE remains
unclear, and environmental or genetic factors may be in-
volved. Other studies have reported the ability of some
oral agents such as statins to modulate AGE/RAGE axis
increasing circulating esRAGE levels in patients with
T2DB (12). In this study we did not exclude patients who
were on lipid lowering therapy; however, we found no
difference in the percentage of patients on statin therapy in
each group and further statistical analysis evidenced that
our results are not affected by statin therapy. Another

A

B

C

D

Figure 2. Circulating levels of sRAGE (A), esRAGE (B), S100A12 (C),
CML (mean � SD) (D), according to glucose tolerance and HbA1c

levels.
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possibility is that esRAGE production may be down-reg-
ulated via hyperglycemia-induced oxidative stress directly
or via increased cytokines.

Shemitani et al (25), in a recent molecular study on
K562 cells, supported this hypothesis and revealed a sig-
nificant decrease in sRAGE levels following treatments
with high glucose. In Chinese patients with T2DM, an
association between RAGE gene polymorphisms and cir-
culating levels of esRAGE has been reported (26). Other
studies are needed to explain the precise mechanism un-
derlying the decrease in sRAGE in diabetic and nondia-
betic humans.

Inflammation may play a role in linking the RAGE sys-
tem with atherosclerosis because RAGE ligands include
proinflammatory proteins. In the current study, esRAGE
was initially associated with hs-CRP and S100A12 in an
unadjusted model. After adjustment for conventional risk
factors and inflammatory markers, only hs-CRP remained
significantly associated with esRAGE, and the association
with S100A12 disappeared.

In our study, we found no differences in sRAGE plasma
levels among the three groups. To date, the data regarding
circulating total sRAGE levels remain controversial (27).
Falcone et al (28) reported that low levels of sRAGE in
plasma are independently associated with CHD in non-
diabetic men. Furthermore, Basta et al (27) reported that
plasma sRAGE levels were lower in diabetic patients than
in controls. Low levels of sRAGE have been indicated as
being associated with the risk of diabetes, CHD, and mor-
tality in humans, and the administration of sRAGE sup-
pressed accelerated diabetic atherosclerosis in animal
models (29). In subjects with T1DM, higher sRAGE levels
are reportedly associated with cardiovascular events and
all-cause mortality (10). Accordingly, Nakamura et al (22)
demonstrated that serum sRAGE levels are significantly
higher in T2DM patients than in nondiabetic subjects and
are positively associated with the presence of coronary
artery disease. The disagreement among these studies may
be the result of the use of a detection system that was
unable to discriminate between specific sRAGE variants.

We also found high levels of S100A12 in subjects with
prediabetes and a tight correlation between S100A12 and
PWV, an early marker of cardiovascular disease. Many
studies have reported that elevated concentrations of acute
phase reactants, such as S100A12, IL-6, and TNF-�, are
found in patients with atherosclerosis-related complica-
tions. However, to date, little is known regarding the mod-
ulation of S100A12 in patients with alterations of glucose
homeostasis and its potential association with cardiovas-
cular disease. Basta et al (27) observed higher plasma
S100A12 levels in a group of diabetic patients than in
age-matched controls and a strong association with in-

creased cardiovascular risk. Other studies have reported
that S100A12 was independently associated with major
cardiovascular events in patients with chronic heart fail-
ure, highlighting the potential role of S100A12 as a bio-
marker for cardiovascular disease.

There were several limitations of this study. First, this
was a cross-sectional study, and a longitudinal causal re-
lationship cannot be established between changes in
plasma esRAGE and the IMT. Furthermore, sRAGE gene
expression should be better characterized using quantita-
tive analyses on larger groups of patients. Finally, al-
though we did not perform an opportunistic procedure
during recruitment, the group with high HbA1c and
NFG/NT represents, in this study, approximately 30% of
the entire population and is, therefore, not a rare subset.
In line with these finding, Rosella et al (30) have recently
reported that the prevalence of undiagnosed prediabetes
in a representative sample of Canadians was significantly
greater when using screening strategies that used HbA1c

measures compared with plasma glucose diagnostic
criteria.

In conclusion, subjects with prediabetes exhibit low
esRAGE plasma levels and increased levels of markers of
inflammation. These findings suggest that esRAGE may
play an important role in activation and progression of
atherosclerotic disease in this population.

The further examination of the molecular mechanism
underlying esRAGE regulation will provide potential tar-
gets for the prevention or treatment of cardiovascular
disease.
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tania. There are no current external funding sources for this
study.

Disclosure Summary: The authors have nothing to disclose.

1708 Di Pino et al Role of AGE/RAGE Axis in Prediabetes J Clin Endocrinol Metab, April 2016, 101(4):1701–1709

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/101/4/1701/2804553 by guest on 21 August 2022

mailto:fpurrell@unict.it


References

1. Unwin N, Shaw J, Zimmet P, Alberti KG. Impaired glucose tolerance
and impaired fasting glycaemia: The current status on definition and
intervention. Diabet Med. 2002;19:708–723.

2. American Diabetes Association. Diagnosis and classification of di-
abetes mellitus. Diabetes Care. 2010;33 Suppl 1:S62–S69.

3. Lee WL, Cheung AM, Cape D, Zinman B. Impact of diabetes on
coronary artery disease in women and men: A meta-analysis of pro-
spective studies. Diabetes Care. 2000;23:962–968.

4. Brunner EJ, Shipley MJ, Witte DR, Fuller JH, Marmot MG. Relation
between blood glucose and coronary mortality over 33 years in the
Whitehall Study. Diabetes Care. 2006;29:26–31.

5. Di Pino A, Scicali R, Calanna S, et al. Cardiovascular risk profile in
subjects with prediabetes and new-onset type 2 diabetes identified by
HbA(1c) according to American Diabetes Association criteria. Di-
abetes Care. 2014;37:1447–1453.

6. Basta G. Receptor for advanced glycation endproducts and athero-
sclerosis: From basic mechanisms to clinical implications. Athero-
sclerosis. 2008;196:9–21.

7. Yonekura H, Yamamoto Y, Sakurai S, et al. Novel splice variants of
the receptor for advanced glycation end-products expressed in hu-
man vascular endothelial cells and pericytes, and their putative roles
in diabetes-induced vascular injury. Biochem J. 2003;370:1097–
1109.

8. Selvin E, Halushka MK, Rawlings AM, et al. sRAGE and risk of
diabetes, cardiovascular disease, and death. Diabetes. 2013;62:
2116–2121.

9. Malmstedt J, Karvestedt L, Swedenborg J, Brismar K. The receptor
for advanced glycation end products and risk of peripheral arterial
disease, amputation or death in type 2 diabetes: A population-based
cohort study. Cardiovasc Diabetol. 2015;14:93.

10. Thomas MC, Söderlund J, Lehto M, et al. Soluble receptor for AGE
(RAGE) is a novel independent predictor of all-cause and cardio-
vascular mortality in type 1 diabetes. Diabetologia. 2011;54:2669–
2677.

11. Tan KC, Chow WS, Tso AW, et al. Thiazolidinedione increases
serum soluble receptor for advanced glycation end-products in type
2 diabetes. Diabetologia. 2007;50:1819–1825.

12. Tam HL, Shiu SW, Wong Y, Chow WS, Betteridge DJ, Tan KC.
Effects of atorvastatin on serum soluble receptors for advanced gly-
cation end-products in type 2 diabetes. Atherosclerosis. 2010;209:
173–177.

13. Kurihara O, Takano M, Yamamoto M, et al. Impact of prediabetic
status on coronary atherosclerosis: A multivessel angioscopic study.
Diabetes Care. 2013;36:729–733.

14. Falcone C, Bozzini S, Guasti L, et al. Soluble RAGE plasma levels in
patients with coronary artery disease and peripheral artery disease.
ScientificWorldJournal. 2013;2013:584504.

15. Dimitriadis K, Tsioufis C, Kasiakogias A, et al. Soluble receptor for
advanced glycation end-product levels are related to albuminuria
and arterial stiffness in essential hypertension. Nutr Metab Cardio-
vasc Dis. 2013;23:382–388.

16. Ramasamy R, Vannucci SJ, Yan SS, Herold K, Yan SF, Schmidt AM.

Advanced glycation end products and RAGE: A common thread in
aging, diabetes, neurodegeneration, and inflammation. Glycobiol-
ogy. 2005;15:16R–28R.

17. Calanna S, Piro S, Di Pino A, et al. Beta and alpha cell function in
metabolically healthy but obese subjects: Relationship with entero-
insular axis. Obesity. 2013;21:320–325.

18. Zagami RM, Di Pino A, Urbano F, Piro S, Purrello F, Rabuazzo AM.
Low circulating vitamin D levels are associated with increased ar-
terial stiffness in prediabetic subjects identified according to HbA1c.
Atherosclerosis. 2015;243:395–401.

19. Pan Y, Jackson RT. Ethnic difference in the relationship between
acute inflammation and serum ferritin in US adult males. Epidemiol
Infect. 2008;136:421–431.

20. Hudson BI, Carter AM, Harja E, et al. Identification, classification,
and expression of RAGE gene splice variants. FASEB J. 2008;22:
1572–1580.

21. Eastwood SV, Tillin T, Sattar N, Forouhi NG, Hughes AD, Chatur-
vedi N. Associations between prediabetes, by three different diag-
nostic criteria, and incident cvd differ in South Asians and Europe-
ans. Diabetes Care. 2015:dc151078.

22. Nakamura K, Yamagishi S, Adachi H, et al. Serum levels of sRAGE,
the soluble form of receptor for advanced glycation end products,
are associated with inflammatory markers in patients with type 2
diabetes. Molec Med. 2007;13:185–189.

23. Katakami N, Matsuhisa M, Kaneto H, Yamasaki Y. Endogenous
secretory receptor for advanced glycation end product levels are
inversely associated with HbA1c in type 2 diabetic patients. Diabe-
tes Care. 2006;29:469.

24. Koyama H, Shoji T, Yokoyama H, et al. Plasma level of endogenous
secretory RAGE is associated with components of the metabolic
syndrome and atherosclerosis. Arterioscler Thromb Vasc Biol.
2005;25:2587–2593.

25. Shemirani F, Yazdanparast R. The interplay between hyperglyce-
mia-induced oxidative stress markers and the level of soluble recep-
tor for advanced glycation end products (sRAGE) in K562 cells. Mol
Cell Endocrinol. 2014;393:179–186.

26. Peng WH, Lu L, Wang LJ, et al. RAGE gene polymorphisms are
associated with circulating levels of endogenous secretory RAGE
but not with coronary artery disease in Chinese patients with type 2
diabetes mellitus. Arch Med Res. 2009;40:393–398.

27. Basta G, Sironi AM, Lazzerini G, et al. Circulating soluble receptor
for advanced glycation end products is inversely associated with
glycemic control and S100A12 protein. J Clin Endocrinol Metab.
2006;91:4628–4634.

28. Falcone C, Emanuele E, D’Angelo A, et al. Plasma levels of soluble
receptor for advanced glycation end products and coronary artery
disease in nondiabetic men. Arterioscler Thromb Vasc Biol. 2005;
25:1032–1037.

29. Park L, Raman KG, Lee KJ, et al. Suppression of accelerated diabetic
atherosclerosis by the soluble receptor for advanced glycation end-
products. Nat Med. 1998;4:1025–1031.

30. Rosella LC, Lebenbaum M, Fitzpatrick T, Zuk A, Booth GL. Prev-
alence of prediabetes and undiagnosed diabetes in Canada (2007–
2011) according to fasting plasma glucose and HbA1c screening
criteria. Diabetes Care. 2015;38:1299–1305.

doi: 10.1210/jc.2015-4069 press.endocrine.org/journal/jcem 1709

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/101/4/1701/2804553 by guest on 21 August 2022


