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Abstract Glucose tolerant subjects with 1-h post-load

glucose C155 mg/dl (NGT-1 h-high) are at increased risk

for type 2 diabetes (T2DM). Prospective studies showed

that chronic subclinical inflammation is a predictor of

T2DM. In this study, we aimed to evaluate the inflamma-

tory profile in NGT-1 h-high subjects as compared with

individuals with 1-h post-load glucose \155 mg/dl (NGT-

1 h-low). To this end, an oral glucose tolerance tests

(OGTT) were performed in 1,099 nondiabetic whites.

Cardio-metabolic risk factors including high-sensitivity

C-reactive protein (hsCRP), erythrocyte sedimentation rate

(ESR), fibrinogen, and complement C3 (C3) were deter-

mined. Of the 1,099 subjects examined, 497 had NGT-1 h-

low, 154 had NGT-1 h-high, 158 had isolated impaired

fasting glucose (IFG), and 290 had impaired glucose tol-

erance (IGT). As compared with NGT-1 h-low, NGT-1 h-

high and IGT subjects exhibited significantly higher

hsCRP, ESR, fibrinogen, and C3 levels. Notably, hsCRP,

ESR, and C3 were also significantly higher as compared

with IFG individuals. In a logistic regression analysis

adjusted for age and gender, NGT-1 h-high and IGT sub-

jects had a 1.8-fold increased risk of having the highest

value of the Inflammatory Score. These data suggest that a

value of a 1-h OGTT glucose C155 mg/dl may be helpful

to identify a subset of normal glucose tolerance individuals

at risk for chronic subclinical inflammation, a predictor of

T2DM, and cardiovascular diseases.
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Introduction

The prevalence of type 2 diabetes (T2DM) has increased to

epidemic proportions, and reliable screening tools aimed at

identifying high risk individuals who may benefit from

lifestyle modification or pharmacological intervention [1–

4] are essential to prevent T2DM. Early detection of sub-

jects at risk for T2DM is crucial not only for prevention of

T2DM but also of the associated cardiovascular diseases

(CVD) [5, 6]. Impaired glucose tolerance (IGT) and

impaired fasting glucose (IFG) are conditions of impaired

glucose metabolism [7–9], which represent intermediate

stages in the transition from normal glucose tolerance

(NGT) to overt T2DM. However, longitudinal studies have

demonstrated the limitation of IFG and IGT in predicting

diabetes risk, as *40 % of individuals who develop T2DM

have NGT at baseline [10]. It has been shown that plasma

glucose concentration C155 mg/dl at 1 h during an oral

glucose tolerance test (OGTT) can identify NGT individ-

uals at increased risk for T2DM (NGT-1 h-high) [11, 12].

NGT-1 h-high individuals exhibit a worse cardio-meta-

bolic risk profile having cardio-metabolic abnormalities

and signs of subclinical organ damage similar to those of

IGT individuals [13–22]. Notably, 1-h post-load glucose

levels have been reported to predict cardiovascular mor-

tality in longitudinal studies [23, 24] suggesting that

additional information about the risk for T2DM and CVD

is embedded in 1-h post-load glucose levels.

Chronic subclinical inflammation has been associated

with T2DM and CVD [25–27]. Among markers of sub-

clinical inflammation, the most reliable for clinical use is
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high-sensitivity C-reactive protein (hsCRP), but other

markers such as erythrocyte sedimentation rate (ESR),

fibrinogen, and complement C3 (C3) have been associated

with T2DM [25–31]. In addition, there is evidence that

fibrinogen and C3 interact producing clots more resistant to

lysis [32] thus providing a link between inflammation and

prothrombotic state. Because several markers of inflam-

mation have been associated with T2DM, it is conceivable

that a cluster of inflammatory markers occurs in individuals

with NGT-1 h-high. The aim of the present study is to

evaluate the inflammatory profile of NGT-1 h-high sub-

jects as compared with individuals with 1-h post-load

plasma glucose \155 mg/dl (NGT-1 h-low).

Materials and methods

The study group consisted of 1,099 White subjects partic-

ipating to the CATAnzaro MEtabolic RIsk factors (CAT-

AMERI) Study, a cross-sectional study evaluating cardio-

metabolic risk factors in carriers at least one risk factor

including dysglycemia, overweight/obesity, hypertension,

dyslipidemia, and family history of T2DM [14]. Exclusion

criteria included the following: known diabetes, history of

malignant disease, end-stage renal disease, chronic gas-

trointestinal diseases, positivity for antibodies to hepatitis

C virus (HCV) or hepatitis B surface antigen (HBsAg),

history of alcohol abuse, immunological diseases, and

acute infections.

After a 12-h fasting, all individuals underwent anthro-

pometrical evaluation, and a venous blood sample was

drawn for laboratory determinations. A 75 g OGTT was

performed with 0, 30, 60, 90, and 120 min sampling for

plasma glucose and insulin measurements. Three consec-

utive measurements of blood pressure were obtained in the

left arm of supine patients.

Subjects were classified according to glucose tolerance

status as having normal glucose tolerance (NGT) when

fasting plasma glucose (FPG) was\100 mg/dl and 2-h post-

load \140 mg/dl, isolated impaired fasting glucose (IFG)

when FPG was 100–125 mg/dl and 2-h post-load\140 mg/

dl, and impaired glucose tolerance (IGT) when FPG was

\126 mg/dl and 2-h post-load was 140–199 mg/dl.

The protocol was approved by the Hospital ethical

committee (Comitato Etico Azienda Ospedaliera ‘‘Mater

Domini’’) and written informed consent was obtained from

all participants.

Analytical determinations

Glucose, triglycerides, total and high-density lipoprotein

(HDL) cholesterol concentrations were determined by

enzymatic methods (Roche, Basel, Switzerland). ESR was

measured automatically by the stopped-flow technique in a

capillary microphotometer (Alifax Test 1 System Polver-

ara, Italy). Fibrinogen and C3 were measured by an auto-

mated nephelometric technology using the BNTMII System

analyzer (Siemens Healthcare, Italy). Levels of hsCRP

were measured by an automated analyzer (CardioPhase�

hsCRP, Siemens Healthcare, Italy) and insulin by a

chemiluminescence-based assay (Immulite�, Siemens

Healthcare, Italy).

Calculations

The Matsuda index of insulin sensitivity (ISI) was calcu-

lated as follows: 10.000/square root of [FPG x fasting

insulin] 9 [mean glucose x mean insulin during OGTT]

[33].

We aimed to quantify the inflammatory state using an

Inflammatory Score [25]. This score was generated by

attributing one point for a value greater than the median of

the study sample for each of the four measured inflam-

mation markers (hsCRP, ESR, fibrinogen, and C3) and

ranged from 1 (lowest median value for each of the four

inflammatory markers) to 5 (highest median value for each

of the four inflammatory markers).

Statistical analysis

Variables with skewed distribution including triglycerides,

hsCRP, ESR, fasting, 1-, and 2-h insulin were natural log

transformed for statistical analyses. Continuous data are

expressed as mean ± SD. Categorical variables were com-

pared by v2 test. Anthropometric and metabolic differences

between groups were tested after adjusting for age and

gender using a general linear model with post hoc Bonferroni

correction for multiple comparisons. A multivariate logistic

regression analysis was used to determine the association

between the study groups and the highest value of the

Inflammatory Score. A P value \0.05 was considered sta-

tistically significant. All analyses were performed using

SPSS software program version 16.0 for Windows.

Results

Of the 1,099 subjects examined, 651 (59.2 %) had NGT,

158 (14.4 %) had isolated IFG, and 290 (26.4 %) had IGT.

NGT subjects were divided into two groups: 497 subjects

with NGT-1 h-low and 154 individuals with NGT-1 h-

high. Table 1 shows the clinical data of the four study

groups. Significant differences between the four groups

were observed with respect to gender (higher prevalence of

men among NGT-1 h-high, isolated IFG, and IGT as

compared with NGT-1 h-low) and age (NGT-1 h-high,
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isolated IFG, and IGT, were older than NGT-1 h-low), and,

therefore, all analyses were adjusted for age and gender.

NGT-1 h-high individuals had a metabolic risk profile

which was intermediate between the one observed in NGT-

1 h-low and the one of IGT individuals. NGT-1 h-high

subjects exhibited significantly higher BMI, triglycerides,

2-h post-load glucose, 1- and 2-h post-challenge insulin

and lower HDL levels and insulin sensitivity, assessed by

the ISI index, as compared with NGT-1 h-low subjects.

NGT-1 h-high individuals exhibited significantly higher

values of all the four inflammatory markers measured, i.e.,

hsCRP, ESR, fibrinogen, and C3 as compared with NGT-

1 h-low subjects. Notably, values of hsCRP, ESR, and C3

were also significantly higher as compared with IFG

individuals.

As compared with NGT-1 h-low, IGT subjects exhibited

the worse metabolic risk profile having significantly higher

BMI, waist circumference, fasting and 1-h post-challenge

glucose, fasting, 1- and 2-h post-challenge insulin levels,

triglycerides, lower HDL and insulin sensitivity. By defi-

nition, IGT subjects exhibited higher 2-h post-challenge

glucose levels. Values of hsCRP, ESR, fibrinogen, and C3

Table 1 Anthropometric and metabolic characteristics of the study subjects stratified according to the glucose tolerance

Variables NGT with 1-h

glucose

\155 mg/dl (1)

NGT with 1-h

glucose

C155 mg/dl (2)

Isolated IFG

(3)

IGT (4) P P 1

versus 2

P 1

versus 3

P 1

versus 4

n (Male/female) 497 (174/323) 154 (90/64) 158 (98/60) 290 (157/

133)

\0.0001 \0.0001 \0.0001 \0.0001

Age (years) 42 ± 13 48 ± 12 ##, §§ 53 ± 10 53 ± 12 \0.0001* \0.0001* \0.0001* \0.0001*

BMI (kg/m2) 28.9 ± 5.8 30.1 ± 5.5# 29.0 ± 4.8§§§ 31.5 ± 5.8 \0.0001 0.03 0.95 \0.0001

Waist circumference (cm) 98 ± 13 101 ± 12# 99 ± 12§§§ 105 ± 14 \0.0001 0.16 0.97 \0.0001

Systolic blood pressure

(mmHg)

125 ± 17 128 ± 15 134 ± 16 132 ± 16 0.051 0.98 0.33 0.21

Diastolic blood pressure

(mmHg)

78 ± 11 81 ± 10 82 ± 10 82 ± 9 0.24 0.97 0.39 0.95

Fasting glucose (mg/dl) 87 ± 6 89 ± 6 ###, §§§ 105 ± 6§§§ 100 ± 11 \0.0001 0.06 \0.0001 \0.0001

1-h glucose (mg/dl) 115 ± 23 175 ± 18###, §§§ 162 ± 37§§§ 191 ± 35 \0.0001 \0.0001 \0.0001 \0.0001

2-h glucose (mg/dl) 100 ± 18 113 ± 20§§§ 112 ± 19§§§ 163 ± 17 \0.0001 \0.0001 \0.0001 \0.0001

Fasting insulin (lU/ml) 12 ± 9 13 ± 7§§ 13 ± 6 15 ± 8 \0.0001 0.07 0.01 \0.0001

1-h insulin (lU/ml) 93 ± 73 142 ± 93#, §§ 118 ± 85 112 ± 71 \0.0001 \0.0001 0.001 \0.0001

2-h insulin (lU/ml) 68 ± 57 96 ± 69§§§ 83 ± 62§§§ 142 ± 102 \0.0001 \0.0001 \0.0001 \0.0001

Total cholesterol (mg/dl) 197 ± 36 202 ± 32 212 ± 38 203 ± 39 0.03 0.99 0.02 0.99

HDL (mg/dl) 52 ± 14 48 ± 13 49 ± 12§ 47 ± 12 \0.0001 0.03 0.07 \0.0001

Triglycerides (mg/dl) 109 ± 55 126 ± 65§§ 133 ± 57 § 149 ± 78 \0.0001 0.05 0.002 \0.0001

hsCRP (mg/l) 2.9 ± 2.9 3.9 ± 3.8## 2.8 ± 2.7§§§ 4.2 ± 4.2 \0.0001 \0.0001 0.82 \0.0001

Fibrinogen (mg/dl) 295 ± 64 306 ± 76 302 ± 72 308 ± 75 0.02 0.01 0.81 0.02

Complement C3 (g/l) 1.19 ± 0.23 1.22 ± 0.22# 1.19 ± 0.19§ 1.25 ± 0.22 0.001 0.02 0.23 \0.0001

ESR (mm/h) 9 ± 8 11 ± 9## 8 ± 7§§§ 12 ± 10 \0.0001 0.04 0.36 0.002

ISI index 90.7 ± 45.6 60.2 ± 30.3§ 60.7 ± 31.7§ 51.2 ± 31.2 \0.0001 \0.0001 \0.0001 \0.0001

Highest value of

Inflammatory Score

corresponding to 5;

N. (%)

66 (13.3 %) 32 (20.8 %) 15 (9.5 %) 58 (20.0 %) 0.003 0.03 0.26 0.01

Data are mean ± SD. Fasting, 1- and 2-h insulin, hsCRP, ESR, and triglycerides were log transformed for statistical analysis, but values in the

table represent a back transformation to the original scale. Categorical variables were compared by v2 test. 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, gender, and BMI. hsCRP high-sensitivity C-reactive protein, ESR erythrocyte sedimentation rate, ISI index

Matsuda index of insulin sensitivity, HDL high-density lipoprotein, NGT normal glucose tolerance, IFG impaired fasting glucose, and IGT

impaired glucose tolerance

* P values refer to results after analyses with adjustment for gender
§ P \ 0.05 versus IGT; §§ P \ 0.01 versus IGT; §§§ P \ 0.0001 versus IGT
# P \ 0.05 versus IFG; ## P \ 0.01 versus IFG; #### P \ 0.0001 versus IFG
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were significantly higher as compared with NGT-1 h-low

individuals.

As compared with NGT-1 h-low, IFG subjects exhibited

higher 1- and 2-h post-load glucose, fasting, 1- and 2-h

post-challenge insulin levels, total cholesterol, triglycer-

ides, and lower insulin sensitivity. By definition, IFG

subjects exhibited higher FPG as compared with the other

groups. Notably, hsCRP, ESR, and C3 were not signifi-

cantly different from NGT-1 h-low individuals.

Subjects were classified in five categories according to

their Inflammation Score ranging from 1 (lowest median

value for each of the four inflammatory markers) to 5

(highest median value for each of the four inflammatory

markers) (Table 2). Each one point increase of the

Inflammation Score was associated with a progressive

increase in hsCRP, ESR, fibrinogen, and C3 (Table 2). As

compared with NGT-1 h-low individuals, a greater pro-

portion of individuals with NGT-1 h-high or IGT had the

highest value of the Inflammatory Score, i.e., highest

median value for each of the four inflammatory markers

(Table 1). By contrast, no association with the highest

value of the Inflammatory Score was observed in IFG as

compared with NGT-1 h-low individuals.

A logistic regression model adjusted for age and gender

was used to compare the risk of NGT-1 h-high, IFG, and

IGT to have the highest value of the Inflammatory Score as

compared with the NGT-1 h-low group (the reference

category) (Table 3). NGT-1 h-high and IGT subjects had a

1.8-fold increased risk of having the highest value of the

Inflammatory Score, but no association with the Inflam-

matory Score was observed in the IFG group.

Discussion

There is evidence that a significant proportion of NGT

individuals are at risk for T2DM and CVD [10, 34]. Recently,

longitudinal studies have shown that a cutoff point of

155 mg/dl for the 1-h post-load plasma glucose during the

OGTT is able to identify a subgroup of NGT individuals

(NGT-1 h-high) at risk of developing T2DM [11, 12]. The

predictive power of 1-h post-load plasma glucose during the

OGTT for future development of type 2 diabetes was mea-

sured using the area under the receiver-operating curve

(ROC) and compared to the area under the ROC of fasting or

2-h post-load plasma glucose concentrations [35]. The area

under ROC for 1-h post-load plasma glucose concentration

was significantly greater (0.84) as compared with both fast-

ing (0.75) and 2-h post-load plasma glucose concentrations

(0.79) ROCs (both P = 0.01) [35].

It is increasingly recognized that chronic subclinical

inflammation precedes and predicts the development of

T2DM and CVD [25–31]. In this study, we provide evi-

dence that NGT-1 h-high subjects have an unfavorable

inflammatory profile as compared with NGT-1 h-low

individuals. NGT-1 h-high subjects exhibit a clustering of

inflammatory markers, as measured by the Inflammatory

Score, similar to that observed in IGT subjects. By contrast,

as compared with NGT-1 h-low, IFG subjects do not

exhibit an unfavorable inflammatory profile. These data are

consistent with those showing that levels of plasma inter-

leukin-6 (IL-6), a major pro-inflammatory molecule acting

on the liver to stimulate the production of acute-phase

proteins such as CRP and fibrinogen, are increased in IGT

but not in IFG subjects [9]. The pathophysiological

mechanisms explaining the associations between

Table 2 Characteristics of subjects stratified according to the Inflammation Score

Inflammation Score 1 2 3 4 5 P

N 224 257 227 222 169

hsCRP (mg/l) 0.8 ± 0.5 1.9 ± 2.3 2.8 ± 2.4 4.7 ± 4.5 9.0 ± 7.7 \0.0001

Fibrinogen (mg/dl) 243 ± 38 269 ± 45 303 ± 54 333 ± 58 383 ± 70 \0.0001

Complement C3 (g/l) 1.02 ± 0.14 1.14 ± 0.19 1.21 ± 0.17 1.28 ± 0.18 1.45 ± 0.20 \0.0001

ESR (mm/h) 3 ± 2 6 ± 4 10 ± 8 14 ± 8 21 ± 9 \0.0001

Data are mean ± SD. Comparison among groups was performed by ANOVA

hsCRP high-sensitivity C-reactive protein, ESR erythrocyte sedimentation rate

Table 3 Logistic regression analyses adjusted for age and gender of

the association between study group subjects and the highest value of

the Inflammatory Score

Study groups OR Highest value of Inflammatory

Score corresponding to 5

P

95 % CI

NGT-1 h-low

(reference

category)

1 – –

NGT-1 h-high 1.89 1.15–3.11 0.01

Isolated IFG 0.82 0.44–1.53 0.53

IGT 1.87 1.22–2.85 0.004

NGT-1 h-low normal glucose tolerance with 1-h post-load plasma

glucose \ 155 mg/dl, NGT-1 h-high normal glucose tolerance with

1-h post-load plasma glucose C155 mg/dl, IFG impaired fasting

glucose, and IGT impaired glucose tolerance
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subclinical inflammation and 1-h post-load hyperglycemia

are unsettled. It is conceivable that post-load hyperglyce-

mia acutely increases circulating cytokine concentrations

by oxidative mechanisms [36]. An amplified acute-phase

response to post-meal hyperglycemia may be a unifying

mechanism explaining the increased risk for T2DM and

CVD [11, 12, 23, 24, 37, 38] observed in individuals with

elevated 1-h post-load glucose.

The present findings may have clinical implications sug-

gesting that a value of 1-h OGTT glucose C155 mg/dl may

be helpful to capture a subgroup of NGT individuals who

may benefit from lifestyle modification and, possibly,

pharmacotherapy to prevent or delay adverse clinical

outcomes.

The cross-sectional design of the present study precludes

us to draw any conclusion on the role of 1-h post-load plasma

glucose values and related inflammatory state in occurrence

of overt T2DM and cardiovascular events and, therefore, a

cause–effect relationship cannot be firmly established.

Importantly, a 5-year follow-up examination of the popula-

tion described in the present study is ongoing to assess the

role of 1-h OGTT glucose C155 mg/dl in glucose homeo-

stasis deterioration and incident cardiovascular disease.

The present study has several strengths including the large

sample size comprising both sexes, the detailed anthropometric

and biochemical data collected by trained staff, the assay of

biochemical variables in fresh blood samples rather than in

stored samples, and the exclusion of confounding conditions

characterized by elevation in inflammatory molecules.

However, our study has potential limitations that merit

comment. First, all participants underwent a single OGTT.

Although such an approach is common in clinical practice

and in large epidemiological studies, these determinations

are subject to intra-individual variability, and this may

have introduced some imprecision in the classification of

participants into the glucose tolerance categories. Mea-

surements of inflammatory markers were made on fasting

samples; therefore, we may not have fully captured the

effects of post-load hyperglycemia on inflammation.

Additionally, higher prevalence of men among NGT-1 h-

high, isolated IFG, and IGT was observed as compared

with NGT-1 h-low. However, all comparisons were cor-

rected for gender thus taking into account this potential

confounder. Next, our study is based on outpatients

recruited at a referral university hospital, representing

individuals at risk for cardio-metabolic diseases, and,

therefore, may not be extendible to the general population.

Finally, our findings may apply only to White Europeans

and should not be extended to other ethnic groups.
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