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Abstract A state of subclinical systemic inflammation is
characteristically present in obesity/insulin resistance and type
2 diabetes mellitus (T2DM). The aim of the study was to
develop an integrated measure of the circulating cytokines
involved in the subclinical systemic inflammation and evalu-
ate its relation with whole-body insulin sensitivity and glucose
metabolism in T2DM. T2DM patients (n = 17, M/F 13/4,
age = 55.0 & 1.7 years, BMI = 33.5 & 1.5 kg/m?, HbA,,
= 7.7 £ 0.3 %) and normal glucose-tolerant (NGT) subjects
(n =15, M/F 7/8, age = 49.1 £ 2.5 years, BMI = 31.8 £+
1.2 kg/mz, HbA;. = 5.6 &+ 0.1 %) were studied in a cross-
sectional design. Whole-body insulin sensitivity was quanti-
fied by the euglycemic clamp. Beta-cell function [disposition
index (DI)] was calculated using insulin and glucose values
derived from an oral glucose tolerance test and the euglycemic
clamp. Body fat mass was evaluated by dual-energy X-ray
absorptiometry. Plasma cytokine [TNF-o, IL-6, MCP-1,
osteopontin, fractalkine and adiponectin] values were divided
into quintiles. A score ranging from 0 (lowest quintile) to 4

Communicated by Antonio Secchi.

Electronic supplementary material The online version of this
article (doi:10.1007/s00592-013-0543-1) contains supplementary
material, which is available to authorized users.

G. Daniele - R. Guardado Mendoza - D. Winnier -

T. V. Fiorentino - Z. Pengou - F. Andreozzi - C. Jenkinson -
E. Cersosimo - D. Tripathy - F. Folli (<)

Division of Diabetes, Department of Medicine, University
of Texas Health Science Center at San Antonio,

7703 Floyd Curl Drive, San Antonio, TX 78229, USA
e-mail: folli@uthscsa.edu

R. Guardado Mendoza

Division of Health Sciences, Department of Medicine and
Nutrition, Campus Leon, University of Guanajuato, Leon,
Mexico

(highest quintile) was assigned. The inflammatory score (IS)
was the sum of each cytokine score from which adiponectin
score was subtracted in each study subject. Inflammatory
cytokine levels were all higher in T2DM. IS was higher in
T2DM as compared to NGT (10.0 £ 1.1 vs. 4.8 + 0.8;
p < 0.001). IS positively correlated with fasting plasma glu-
cose (r = 0.638, p < 0.001), 1-h plasma glucose (r = 0.483,
p = 0.005), 2-h plasma glucose (r = 0.611, p < 0.001) and
HbAlc (r = 0.469, p = 0.007). IS was inversely correlated
with insulin sensitivity (r = —0.478, p = 0.006) and DI
(r = —0.523, p = 0.002). IS did not correlate with BMI and
body fat mass. IS was an independent predictor of fasting
plasma glucose and had a high sensibility and sensitivity to
predict insulin resistance (M/I < 4). A state of subclinical
inflammation defined and quantifiable by inflammatory score
including TNF-a, IL-6, MCP-1, osteopontin, fractalkine and
adiponectin is associated with both hyperglycemia and whole-
body insulin resistance in T2DM.
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Abbreviations

T2DM  Type 2 diabetes mellitus

IS Inflammatory score

DEXA  Dual-energy X-ray absorptiometry
FPG Fasting plasma glucose

OGTT  Oral Glucose Tolerance Test

PG Plasma glucose

1 h PG 1-Hour plasma glucose

2 h PG 2-Hour plasma glucose

FRK Fractalkine

MCP-1 Monocyte chemoattractant protein-1
TNF-o  Tumor necrosis factor-o

IL-6 Interleukin-6

IL-18  Interleukin-1B

OPN Osteopontin

IR Insulin resistance

Introduction

Insulin resistance, impaired insulin secretion and hyperg-
lucagonemia are important determinants in the natural
history and pathogenesis of hyperglycemia in type 2 dia-
betes mellitus (T2DM) [1, 2]. A number of studies have
demonstrated that subclinical inflammation likely plays an
important role in the pathogenesis of insulin resistance and
T2DM. Moreover, it is well established that obesity is
associated with a state of chronic low-grade inflammation,
characterized by alterations in circulating immune-modu-
latory factors and adipose tissue resident immune cells
which may provide a causal link between increased adi-
posity and IR [3]. Adipose tissue is in fact an endocrine
organ, secreting a variety of cytokines (TNF-a, IL-6, IL-
1B) predominantly produced by local macrophages that
could comprise up to 40 % of total cells in obese adipose
tissue, as well as leptin, which has also been implicated in
mediating cardiac hypertrophy in human obesity [4-6].
MCP1 (also known as CCL2), which signals to macro-
phages through the CCR2 receptor, is strongly correlated
with obesity [7-9]. Osteopontin (OPN), a cytokine secreted
by the adipose tissue, binds with integrins and CD44
receptors to recruit macrophages and T cells to inflamma-
tory sites [10—12]. Fractalkine (FRK) is expressed in sev-
eral cell types such as macrophages, endothelial cells and
adipocytes. FRK may contribute to atherogenesis by
affecting cell migration, adhesion and proliferation [13].
Adiponectin (APN), mostly secreted by adipocytes, has
potent anti-inflammatory effects, likely by activating cer-
amidase, that reduce intracellular levels of pro-inflamma-
tory ceramides, while increasing the concentration of
sphingosine-1-phosphate, a molecule with immunoregula-
tory and anti-inflammatory effects [14]. The subclinical
systemic inflammation of T2DM is also associated with
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islet inflammation. In fact, islets from patients with T2DM
display typical features of tissue inflammation that con-
tributes to beta-cell dysfunction [15-17].

The aim of this study was to evaluate whether an inte-
grated measure of circulating inflammatory markers, which
we called inflammatory score (IS), could improve estima-
tion of the relation between whole-body insulin sensitivity,
subclinical systemic inflammation and hyperglycemia in
T2DM.

Materials and methods
Study design

Seventeen patients with T2DM treated with diet alone or
diet plus metformin and/or sulfonylurea and fifteen sub-
jects with normal glucose tolerance (NGT) participated in
the study.

The diabetic patients were free of other major organ
disease, had a stable body weight for at least 3 months and
had not participated in strenuous exercise prior to
enrollment.

Of the 17 T2DM patients, three were drug naive, while
the others were treated with metformin (n = 8) or a com-
bination of metformin and sulfonylurea (n = 6).

The control subjects had NGT according to ADA crite-
ria, were free of other major organ disease and had a stable
body weight for at least 3 months. All subjects underwent
OGTT, euglycemic—hyperinsulinemic clamp and determi-
nation of plasma adipocytokines and inflammatory markers
(FRK, TNF-o, IL-6, MCP-1, OPN and APN).

Ethics

The study protocol was approved by the Institutional
Review Board of the University of Texas Health Science
Center and of the South Texas Veterans Healthcare Sys-
tem, Audie Murphy Hospital at San Antonio, Texas. The
study protocol was conducted in accordance with the
guidelines of the Declaration of Helsinki. Written and oral
informed consent was obtained from all participants
enrolled in this study.

Study procedures

All metabolic studies were carried out in the morning at
The Bartter Clinical Research Unit of the South Texas
Veterans Healthcare System, following a 10-12-h over-
night fast.

I. OGTT A catheter was placed in an antecubital vein,
and blood samples were collected at —30, —15, 0, 30,
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60, 90 and 120 min for the determination of plasma
glucose (PG), C-peptide and insulin concentrations.

II. Insulin secretion/IR index (also called disposition
index) was calculated as [AISR 0-120 (AUC)/AG
0-120 (AUCQ)] x [glucose infusion rate (M)/steady-
state plasma insulin concentration (/)].

Il.  Euglycemic—hyperinsulinemic clamp After an over-
night fast, catheters were inserted into an antecubital
vein for insulin and glucose infusion, and the second
catheter was inserted retrogradely into a vein on the
dorsum of the hand, which was placed into a
thermoregulated heated box (55 °C). Following col-
lection of three baseline samples, participants
received a 4-h euglycemic insulin clamp

(80 mU m~2 min). The PG concentration was
allowed to drop to 5.6 mmol/l, at which it was
maintained. Under steady-state conditions of eugly-
cemia, the glucose infusion rate (M) divided by the
steady-state plasma insulin concentration (I) provides
a direct measure of whole-body insulin sensitivity
(M/I value; pmol kg71 min~" (pmol/l)fl].

IV. DEXA DEXA was performed to determine fat and
lean body mass and bone mineral density (Hologic,
Waltham, MA, USA).

V. Inflammatory score The inflammatory score was
calculated as follows. Each plasma cytokine value
was stratified into quintiles to determine cutoff points
and assign a score ranging from 0, which was assigned
to the lowest quintile, to 4, which was assigned to the
highest quintiles. FRK, TNF-o,, MCP-1, IL-6 and OPN
are pro-inflammatory cytokines, while APN is an anti-
inflammatory adipocytokine. Therefore, the inflam-
matory score was calculated for each study subject as
the sum of each cytokine score derived from the pro-
inflammatory cytokines from which the score derived
from the APN was subtracted.

VI. Adipose Tissue Insulin Resistance Index (ATIRI)
was the product of fasting plasma free fatty acid
(FFA) and fasting plasma insulin levels.

Biochemical analyses

Serum concentrations of circulating cytokines (TNF-o, IL-
6, MCP-1, FRK and OPN) were measured using the
human-specific Milliplex map kit according to the manu-
facturer’s instructions (Millipore, St Charles, MO, USA).
Total APN was measured by ELISA (R&D Systems,
Minneapolis, MN, USA). PG levels were measured using
the glucose oxidase method (GM9; Analox Instruments,
London, UK). Plasma insulin and C-peptide were measured
by RIA (Siemens Medical Solutions Diagnostics, Tarry-
town, NY).

Statistical analysis

Values were calculated as mean &= SEM or as median
(interquartile range) for variables with a skewed distribu-
tion. Variables that were not normally distributed were log-
transformed before analysis. A p < 0.05 (two-tailed ana-
lysis) was considered to be statistically significant. The
Mann—Whitney test was used to test differences in
anthropometric and metabolic parameter between the two
study groups. Treatment-induced changes were compared
using Wilcoxon’s signed-rank test. Pearson correlation
coefficients were used to assess the strength of the rela-
tionship between the variables studied. Multivariate ana-
lysis was also performed to evaluate the contribution of the
inflammatory score and cytokines to the prediction of
insulin resistance and fasting plasma glucose levels. To
quantify the predictive value of cytokines and inflamma-
tory score, we constructed receiver-operating-characteristic
(ROC) curves and determined the area under the curve
(AUC). The outcome variable was M/I < 4, which was
considered as insulin resistance. Data were analyzed using
SPSS 20 (Statistical Package for Social Sciences, Chicago,
IL, USA).

Results
Clinical characteristics of the study population

Type 2 diabetes mellitus patients were well matched in
terms of age, gender, BMI, waist circumference, fat mass
and blood pressure with the NGT subjects. However,
T2DM patients had a more favorable lipid profile because
of the lipid-lowering treatment (13 were treated with stat-
ins: 8 with simvastatin and 5 with rosuvastatin, while 4
with diet alone), except for higher triglycerides levels, as
compared with NGT. T2DM patients had higher plasma
glucose levels, HbAlc, insulin and c-peptide levels asso-
ciated with lower whole-body insulin sensitivity, beta-cell
function and insulin secretion. Also, T2DM patients had
higher fasting plasma FFA levels and higher ATIRI as
compared with NGT (Table 1).

Inflammatory cytokines and inflammation score

All cytokine plasma levels were increased in T2DM
patients, and in particular plasma OPN and MPC-1 levels
were one to two fold higher in T2DM patients compared
with NGT subjects. Plasma adiponectin levels were sig-
nificantly higher in NGT compared with T2DM group. The
inflammatory score, which includes pro-inflammatory and
anti-inflammatory cytokine values, was significantly higher
in T2DM patients than in NGT subjects (10.0 = 1.1 vs.
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Table 1 Anthropometric and clinical characteristics of T2DM and
NGT subjects

Characteristic Type 2 Control p value
diabetes group
n=17 n=15
Age (years) 55.0 £ 1.7 49.1 £ 25 0.07
Gender (M/F) (13/4) (7/8) 0.08
Weight (kg) 932 £ 4.6 87.5 £ 4.1 0.37
BMI (Kg/m?) 335+ 15 318 £ 1.2 0.39
Fat mass (%) 342 £ 1.8 35.0 £2.7 0.81
Waist (cm) 94.6 £4.9 102.7 £ 3.2 0.22
Systolic BP (mmHg) 131.7 £ 2.9 1253 £ 1.7 0.08
Diastolic BP (mmHg) 744 £ 2.1 719 £ 22 0.43
Total cholesterol (mg/dl) 171.3 £ 9.2 198.9 + 8.5 0.03
LDL cholesterol (mg/dl) 95.6 + 8.9 126.3 £ 8.0 0.01
HDL cholesterol (mg/dl) 373+ 1.6 45.6 £ 2.7 0.01
Triglycerides (mg/dl) 207.8 £259 1343 £ 144 0.02
FPG (mmol/l) 8.0+ 0.5 55+0.1 <0.001
1-h PG (mmol/l) 158 £0.7 9.3 £ 0.6 <0.001
2-h PG (mmol/l) 149 £ 0.7 6.9 + 0.4 <0.001
HbAlc (%) (mmoml/mol) 7.7+0.3 5.6 £ 0.1 <0.001
(61 £5) 38 £3)
M/I [pmol Kg™'min~! 31403 6.4+ 0.7 <0.001
(pmol/I)™"]
Insulin (mUI/ml) 11.6 £ 3.0 6.2 £ 0.9 0.03
C-peptide (ng/dl) 5.1+05 28+03 <0.001
Disposition Index 45+£0.7 158+ 14 <0.001
FFA (mEg/L) 0.61 £ 0.03 0.45 £ 0.04 <0.001
Adipose Tissue Insulin 7.57 £ 1.65 2.48 £ 0.31 <0.001

Resistance Index

Bold values indicate statistical significance at p < 0.05

4.8 £ 0.8; p < 0.001) (Fig. 1). The inflammatory score for
each cytokine was consistently higher in T2DM group
compared to NGT (TNF-o 2.5 &+ 0.3 vs. 1.5 + 0.3 pg/ml;
p=0.04; IL-6 2.1 £ 04 vs. 1.7 £ 0.4 pg/ml; p = 0.4;
FRK 2.1 £03 vs. 1.8 £ 0.5 pg/ml; p=0.6; OPN
6802.1 £ 1371.1 vs. 2467.3.4 £ 423.6 ng/ml; p < 0.001;
MCP-1 29 £ 0.3 vs. 1.1 £ 0.2 pg/ml; p < 0.001; APN
7125.5 £ 9929 vs. 4369.4 £ 438.2 ng/ml; p = 0.001,
respectively) (Supplementary Figure 1).

The BMI ranged from 22.2 to 44.3 kg/m? in all study
population. Interestingly, the inflammatory score values
and the plasma cytokine levels were not related to BMI, as
demonstrated by the univariate analysis between BMI, all
cytokines and the inflammatory scores (Supplementary
Table 1). There were statistically significant positive cor-
relations between these cytokines. Interestingly, OPN
correlated with FRK, TNF-o, MCP-1 and IL-6 (» = 0.597,
0.659, 0.640, 0.487, all p < 0.001), while it did not cor-
relate with APN (r = —0.236, p = 0.193). In a stepwise
regression analysis, MCP-1 and OPN were the strongest
independent predictors of TNF-o (adjusted R* = 0.49,
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p < 0.001) (Supplementary Table 2a), while TNF-a was
the strongest predictor of MCP-1 (adjusted R* = 0.49;
p < 0.001) (Supplementary Table 2b).

Inflammatory score and glucose metabolism

The inflammatory score was strongly and positively cor-
related in the entire sample with fasting plasma glucose
(r=0.638, p<0.001) (Fig.2a), 1-h plasma glucose
(r =0.483, p =0.005) (Fig.2b), 2-h plasma glucose
(r=0.611, p<0.001) (Fig.2c) and the HbAIlc
(r =0.469, p = 0.007) (Fig. 2d). The pro-inflammatory
cytokines were positively and significantly correlated with
fasting plasma glucose, although the correlation did not
reach the statistical significance for FRK and IL-6 (Table 2
and Supplementary Figure 2). APN was inversely corre-
lated with the fasting plasma glucose, although this was not
statistically significant (data not shown).

The multivariate analyses were performed on the entire
population (Model 1, Table 2). All cytokines, except for
FRK, were independent predictors of fasting plasma glucose.
Moreover, in the multivariate analysis including either cyto-
kine levels as described in Model 1 or the inflammatory score
as described in Model 2 (Table 2), the inflammatory score
remained a strong independent predictor of fasting plasma
glucose variance (adjusted R* = 0.32; p = 0.01), improving
the capability to predict the fasting plasma glucose of any
single inflammatory cytokines considered in the study.

Similarly, the inflammatory score was significantly
inversely correlated with the whole-body insulin sensitivity
(r = —0.478, p = 0.006) (Fig. 3a) and disposition index
(r = —0.523, p = 0.002) (Fig. 3b).

In bivariate analyses where insulin sensitivity (M/I) was
the dependent variable, plasma TNF-o (r = —0.40;
p = 0.023), MCP-1 (r = —0.51; p =0.003) and OPN
(r=—-043; p =0.01) values were strongly inversely
correlated with the M/I values (Table 3 and Supplementary
Figure 2). In the multivariate analysis, including all cyto-
kines as independent variables, MCP-1 was a strong inde-
pendent predictor of insulin sensitivity (adjusted R* = 0.18;
p = 0.03) Model 1, Table 3). The inflammatory score did
not improve the prediction of the insulin sensitivity variance
as compared to Model 1 (Model 2, Table 3).

The receiver-operating characteristic analysis demon-
strated that it was possible to differentiate between insulin-
resistant and insulin-sensitive subjects where insulin
resistance was defined as M/I < 4 (Supplementary Fig-
ure 3). AUC ROC values for determining insulin resistance
were computed for the inflammatory score, plasma cyto-
kine values and metabolic parameters. The AUC ROC for
MCP-1, TNF-a, the inflammatory score and fasting plasma
glucose were 0.79, 0.71, 0.75 and 0.79, respectively (all
p < 0.05).
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ATIRI was strongly correlated with FRK (r = 0.411;

Inflammatory Score

Inflammatory Score

while it did not correlate with TNF-o, IL-6 and APN

p = 0.02), MCP-1 (r = 0.497; p < 0.01), OPN (r = 0.495;
p = 0.005) and inflammatory score (r = 0.375; p = 0.03),

(Supplementary Table 3a). In the multivariate analysis,
including all cytokines as independent variables, FRK,
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Table 2 a Univariate analysis between cytokines and fasting plasma
glucose in whole population; b multivariate analysis with fasting
plasma glucose as dependent variable in whole population

Table 3 a Univariate analysis between cytokines and M/I value in
whole population; b multivariate analysis with M/I value as depen-
dent variable in whole population

r p value r p value
(a) Univariate analysis (a) Univariate analysis
Fractalkine 0.291 0.106 Fractalkine —0.188 0.304
TNF-o 0.522 0.002 TNF-o —0.400 0.023
MCP-1 0.590 <0.001 MCP-1 —0.506 0.003
IL-6 0.267 0.139 IL-6 —0.047 0.797
Osteopontin 0.564 0.001 Osteopontin —0.426 0.015
Adiponectin —-0.217 0.233 Adiponectin 0.159 0.386
Adjusted R square p value F value Adjusted R square p value F value
(b) Multivariate analysis (b) Multivariate analysis
Model 1 Model 1
Fractalkine 0.05 0.106 2.781 Fractalkine 0.01 0.304 1.095
TNF-a, 0.23 0.009 5.570 TNF-a, 0.10 0.079 2.773
MCP-1 0.30 0.004 5.443 MCP-1 0.18 0.034 3.326
IL-6 0.28 0.011 4.004 IL-6 0.17 0.061 2.568
Osteopontin 0.37 0.011 3.751 Osteopontin 0.17 0.069 2.346
Adiponectin 0.32 0.020 3.141 Adiponectin 0.15 0.115 1.928
Model 2 Model 2
Inflammatory Score 0.32 0.019 3.067 Inflammatory Score 0.16 0.131 1.813

o)
)

M/1

(umol Kg'min™! (pmol/l)! &

b 30-
x Q
=] Q Q
S 20 4 o8B r=-0.523
=1
.2
2 10 -
2
a .'
o 8
0 r . —9
0 5 10 15 20

Inflammatory Score

Fig. 3 Partial correlations between inflammatory score controlled for
age, gender, BMI and body fat mass a M/I value, b disposition index

TNF-o, MCP-1, IL-6, OPN and APN were all independent
predictors of ATIRI (Model 1, Supplementary Table 2b).
The inflammatory score did not improve the prediction of
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the adipose tissue insulin resistance variance as compared to
Model 1 (Model 2, Supplementary Table 3b).

Discussion

The present study demonstrates that the inflammatory
score, an integrated measure of subclinical systemic
inflammation including four inflammatory (TNF-o, IL-6,
MCP-1 and FRK) and an anti-inflammatory cytokine
(APN), is increased in T2DM individuals and strongly
correlates with whole-body insulin sensitivity (directly
evaluated by the euglycemic clamp), B-cell function, glu-
cose levels in the OGTT and HbAlc. The inflammatory
score is an independent predictor of fasting plasma glucose
variance and also correlates with high sensitivity and
specificity with insulin resistance in this population.
Inflammatory markers such as high-sensitivity C-reactive
protein are independent predictors of coronary heart dis-
ease and improve global classification of cardiovascular
diseases risk, regardless of the LDL cholesterol level and
hyperglycemia [18, 19]. Interestingly, the benefits of met-
formin on macrovascular complications of diabetes could
be partially explained by the inhibition of pro-inflamma-
tory responses through direct inhibition of NF-kB and the
PI3 K-Akt pathways, although clinical studies have failed
to demonstrate its effect on plasma cytokine concentration
in type 2 diabetes [20, 21].
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Recent evidences also suggest that glycemic instability/
variability may contribute to the development of more
severe diabetic complications. In fact, postprandial hyper-
glycemia is a very frequent phenomenon in patients with
T2DM, even when the patients are on active pharmaco-
logical treatments [22]. Although the relation between
glycemic instability and the risk of cardiovascular disease
and diabetic complications is complex, it has been dem-
onstrated that repeated fluctuations of glucose produce
increased circulating levels of inflammatory cytokines
compared with stable high glucose in normal subjects and
worsened endothelial dysfunction in both normal subjects
and T2DM patients [23]. Offspring of T2DM patients who
had impaired glucose tolerance also have higher levels of
inflammatory cytokines, vascular cell adhesion molecule-1,
intercellular adhesion molecule-1, E-selectin and vascular
adhesion protein-1 correlated with inflammatory markers
[24, 25]. Interestingly, a decrease in daily glucose excur-
sions with vildagliptin, a DPPIV inhibitor, decreases oxi-
dative stress, inflammatory cytokines and IMT, a surrogate
marker for early atherosclerosis in T2DM subjects, possi-
bly mediated by an improvement in vascular inflammation
and endothelial dysfunction [26]. The inflammatory score
is strongly correlated with components of postprandial
glucose (1-h and 2-h plasma glucose) and predicts fasting
glucose, emphasizing somehow an intimate connection
between hyperglycemia and subclinical inflammation.

A link between low-grade inflammation and obesity/
insulin resistance has been demonstrated in several studies
[27-29]. TNF-o and other pro-inflammatory cytokines (IL-
1 and IL-6, interferon-y) inhibit insulin-mediated tyrosine
phosphorylation of the insulin receptor and insulin receptor
substrate (IRS)-1, leading to defective activation of
downstream insulin signaling to phosphatidylinositol-3
(PI3)-kinase and translocation of GLUT4 to the cell surface
[30]. Interestingly, also MCP-1 correlates strongly with
insulin resistance in vivo in humans, consistent with our
findings [31].

In humans, a dysregulation of the TIMP3-TACE dyad,
which regulates, among other things, the TNF-a shedding
from pro-TNF-o, is present in obese individuals with type 2
diabetes [32]. Moreover, T2DM patients exhibit reduction
of TIMP-3, as well as increased activity of ADAMI17 and
MMP9, in atherosclerotic plaques. Therefore, a metabolic-
dependent reduction in TIMP3 expression may increase the
activity of inflammatory and proteolytic enzymes, which
may play a role in atherothrombosis [33]. Of note, low-
dose pioglitazone treatment reduced TNF-o expression and
also TACE enzymatic activity in human skeletal muscle,
and these effects were associated with an improvement in
HbAlc, FPG, insulin sensitivity and APN, supporting the
notion of a link between inflammation, IR and hypergly-
cemia, while sulfonylurea treatment failed to demonstrate a

reduction in acute phase markers and plasma cytokines
concentration in type 2 diabetic patients [34]. The inflam-
matory score is also associated with ATIRI, an independent
surrogate measure of insulin sensitivity that is easily
available in the ambulatory setting for large population
studies [35].

The association between the inflammatory score and the
T2DM abnormalities is also evident in the strong correla-
tion with beta-cell function. A higher inflammatory score is
associated with an impaired beta-cell function in keeping
with several studies that have shown that the histology of
islets from patients with T2DM displays typical features of
tissue inflammation, including higher expression of cyto-
kines and chemokines, immune cell infiltration, decreased
insulin staining, B-cell apoptosis and islet amyloidosis [2,
17].

Hyperglycemia is sensed by the inflammasomes, innate
immune sensors that detect metabolic danger signals. The
assembly of the inflammasome activates caspase-1 that
cleaves pro-IL-1f into active IL-1f, resulting in the release
of a broad array of cytokines, followed by recruitment of
immune cells including macrophages and damage of the
beta-cells. Hyperglycemia is also critically important to
determine oxidative stress in both type 1 and type 2 dia-
betes and is tightly connected with inflammation possibly
by activation on NFkf [36-38]. Conversely, APN is an
antidiabetic/anti-inflammatory adipokine that enhances
insulin action by several mechanisms, including suppres-
sion of gluconeogenesis and regulation of fatty acid
metabolism as well as modulation of calcium signaling in
skeletal muscles [39-42].

The inflammatory score was calculated considering the
APN anti-inflammatory properties in order to obtain a more
comprehensive evaluation of low-grade inflammation. This
study suggests that hyperglycemia is also tightly linked to
the inflammatory condition in T2DM. Recently, identified
cytokines, such as OPN and FRK, could improve the
detection of the low-grade inflammation in obese mice and
T2DM individuals and also the prediction of glucose
metabolism abnormalities ([43] and this study).

A strength of this study is the direct comparison of these
inflammatory markers between NGT and T2DM subjects,
and their relation with a direct measure of insulin sensi-
tivity, obtained with the euglycemic clamp. It is among the
first studies to characterize and examine these new
inflammatory markers in T2DM. The study also has some
limitations. First, the sample size is not large, and there-
fore, it is somehow difficult to adequately evaluate the
ability of the inflammatory score to enhance prediction of
insulin resistance relative to the individual inflammatory
markers. Second, the relation between inflammatory score
and glucose metabolism abnormalities in both groups,
NGT and T2DM, was evaluated in a cross-sectional study.
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Future studies need to evaluate the value of the inflam-
matory score in larger groups of diabetic and nondiabetic
individuals who are more representative of the population
at large. It is also important that the sensitivity of the
inflammatory score to assess changes in insulin resistance
and possibly morbidity and mortality risks is established in
a randomized clinical trial employing a targeted pharma-
cological treatment approach, designed to reduce insulin
resistance, improve beta-cell function and reduce cardio-
vascular mortality in T2DM.

In conclusion, this study suggests that the inflammatory
score could represent a new tool for the evaluation of the
severity of low-grade inflammation in order to identify
T2DM patients, possibly at higher risk, because of more
severe insulin resistance and beta-cell dysfunction, who
need to be treated more aggressively [44].
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