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The markers of inflammation and endothelial dysfunction
in correlation with glycated haemoglobin are present in type
2 diabetes mellitus patients but not in their relatives
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Abstract The aim of this study is to test several bio-
markers of inflammation, of endothelial dysfunction,
glycated haemoglobin, and their reflection in arterial
dilatation, in patients with type 2 diabetes mellitus and in
their relatives, in order to demonstrate if relatives present
markers as a form of precocious indicators of diabetes
mellitus. Individuals between 30 and 55 years of age and
without clinical arterial disease were divided in three
groups: type 2 diabetes mellitus patients without complica-
tions (12 men and 18 women); first degree relatives of type
2 diabetes mellitus (14 men and 20 women); and control
individuals (9 men and 16 women). Body composition was
measured with a bioelectrical impedance analyzer and
endothelial function with an eco-Doppler device. We
determined glucose, insulin, C-peptide, glycated haemoglo-
bin, fibrinogen, E-selectin, P-selectin, soluble intercellular
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cell adhesion molecule-1 (ICAM-1), soluble vascular cell
adhesion molecule-1 (VCAM-1), interleukin-6 (IL-6),
monocyte chemoattractant protein-1 (MCP-1), C-reactive
protein (CRP) in plasma. We also studied endothelium in-
dependent dilatation and endothelium dependent dilatation.
The results: ICAM-1 and VCAM-1 were significantly higher
in the diabetic group (237.5+43.4 and 692.5+168.6 ng/l) than
in controls (197.4+51.2 and 573.5+121.1 ng/l, p=0.011 and
0.013, respectively), but were not higher in the family group
(224.5+45.2 and 599.8+150.4 ng/l). CRP was higher in the
diabetic group (3.35+£3.27 mg/l) than in the other groups
(1.28+1.29 and 1.61+1.54 mg/l, p=0.002) and correlated
with glycated haemoglobin. The non-endothelium mediated
dilatation was lesser in the diabetic group than in the family
group (17.34+6.1 vs. 2448, p=0.029) and controls. In
conclusion patients with uncomplicated type 2 diabetes, but
not their relatives, have biochemical markers of sub-clinical
inflammation in relationship with glycated haemoglobin and
dysfunction of the endothelial cells markers. In these patients
endothelium independent dilatation is more affected than
endothelium dependent dilatation.
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Introduction

The theory of the implication of an inflammatory process in
the pathophysiology of insulin resistance and atherosclero-
sis has grown in recent years [1, 2], and several studies
showing the increase of inflammation markers in type 2
diabetes mellitus have reinforced this hypothesis [3—5].
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This sub-clinical inflammation could cause changes in
the function of the endothelium, which is a biologically
active inner layer of the blood vessels, and endothelial cells
secrete several substances that ensure the integrity of the
blood vessel, prevent the accumulation of leukocytes and
the occurrence of thrombosis on the surface of the endothe-
lium, and promote fibrinolysis to aid in the dissolution of
the micro-thrombi which may form [6]. Several of these
substances, such as E-selectin, P-selectin, soluble inter-
cellular cell adhesion molecule-1 (ICAM-1), soluble
vascular cell adhesion molecule-1 (VCAM-1), interleu-
kin-6 (IL-6), and monocyte chemoattractant protein-1
(MCP-1) have been studied in patients with type 2
diabetes mellitus and insulin-resistance, showing that
these substances are probably implicated in the patho-
physiology of the disease [2, 7—12]. On the other hand,
high glycated haemoglobin impairs nitric oxide-mediated
vascular responses by a mechanism involving superoxide
anions but not cyclooxygenase derivatives [13].

The measurement of the flow-dependent dilatation of
the brachial artery has proved to be a good non-invasive
procedure for testing endothelial function [14, 15]. It has
been demonstrated its usefulness in the early detection and
prognosis of atherosclerotic disease [16]. It has been used
in several studies in patients with type 2 diabetes mellitus
and in their relatives, demonstrating an early affectation in
these individuals [17, 18].

The aim of this study was to test the several biomarkers
of inflammation (C-reactive protein [CRP], IL-6), of
endothelial dysfunction (E-selectin, P-selectin, ICAM-1,
VCAM-1 and MCP-1), glycated haemoglobin (HbA,.), and
disordered coagulation, such as fibrinogen, and their
reflection in arterial dilatation, in patients with type 2
diabetes mellitus and in their relatives, subjects at high risk
of diabetes mellitus but who are otherwise healthy; thus, it
was performed in order to demonstrate if they present these
markers as a form of precocious parameters of diabetes
mellitus in this population.

Patients and methods
Assessment of patients and control characteristics

This cross-sectional design study was carried out in our
ambulatory type 2 diabetes mellitus patients, in their family
members and voluntary control individuals. Three groups
of individuals were studied and in all groups the age was
between 30 and 55 years; their members were life-long
non-smokers (more than 10 years), and the body mass
index (BMI) was between 22 and 32 kg/m?, without clinical
arterial disease. For the diabetic group, individuals without
severe complications (proliferative or pre-proliferative
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retinopathy, microalbuminuria and polyneuropathy) were
selected. In the family group, first-degree relatives of type 2
diabetic patients were selected. For the control group,
individuals without diabetes mellitus or a family history of
diabetes mellitus were also selected. Individuals in the
family and control group had no known arterial hyperten-
sion, dyslipidemia or nephropathy. The study was complet-
ed in 30 patients (12 men and 18 women) in the diabetic
group. The time of diagnosis of diabetes mellitus was 8.7+
6.1 years (range 1-25 years). Diabetes mellitus was treated
only by diet in 8 cases and by insulin in 14 cases or oral
hypoglycemic agents in 8 cases. In the family group 34
individuals (14 men and 20 women) were studied, and 25
(9 men and 16 women) in the control group. The following
variables were recorded: age, body weight, BMI, waist-to-
hip ratio, blood pressure and body composition parameters.
In all cases after an overnight fast, blood was obtained for
measurement of serum concentrations of glucose, basal
insulin, C-peptide, HbA ., total cholesterol, high-density
lipoprotein (HDL)-cholesterol, low-density lipoprotein
(LDL)-cholesterol, triglycerides, fibrinogen, E-selectin, P-
selectin, soluble ICAM-1, soluble VCAM-1, IL-6, MCP-1
and CRP. Blood samples were obtained in the morning
(0800-0900), and serum was frozen at —80°C until analysis.

BMI was calculated as body weight divided by height
squared (kg/m*) and we determined waist-to-hip ratio;
blood pressure was measured in the supine position after
5 min of rest. A bioelectrical impedance analyzer using a
formula provided by the manufacturers (Holtain BC Analyzer,
UK) determined body composition. The results obtained
were: total water in 1, free fat mass in kg, fat mass in kg, and
body fat in percentage.

All patients gave their informed consent for the study,
which was approved by the ethics committee at the hospital.

Haemodynamic measurements

Throughout the period of measurements, the subject rested
supine in a climatized room (22°C), and the system
comprises a Doppler continuous wave with an 8-MHz
linear phased-array transducer to determine systolic blood
pressure in brachial, humeral and posterior tibial arteries.
For intima-media thickness assessment, the examination
was performed in common carotid and femoral arteries with
the 8-MHz linear phased-array transducer; the images were
measured in an automated analyzing system and the intima-
media thickness was defined as the distance from the
leading edge of the lumen-intima interface to the leading
edge of the media-adventitia interface of the far wall. The
mean of two separately analyzed images from each vessel
area was used in the statistical analysis.

Endothelial function in vivo was measured with a
Doppler device (Ultramark 9 HDI, Advances Technology



Glycoconj J (2008) 25:573-579

575

Table 1 Anthropometrical, blood pressure, and body composition characteristics of patients, family individuals and controls

Diabetic (n=30)

Family (n=34) Control (n=25) Difference (p)

Age (years) 48.5+5.8 (36-55)

BMI (kg/m?) 28.642.5
Waist/hip ratio 0.92+0.08
Systolic blood pressure (mm Hg) 135.0£14.6
Diastolic blood pressure (mm Hg) 88.4+9.2
Total body water (1) 38.2+6.5
Fat free mass (kg) 53.4+9.0
Fat mass (kg) 23.7+£5.4
Body fat (%) 31.3+£7.2

43.6+7.6 (29-54) 44.949.1 (30-55) 0.001*°
28.2+3.2 26.0+3.9 0.013°
0.87+0.08 0.86+0.08 0.013*°
115+16.7 111.6+12.9 0.0001%0¢
73.4+12.1 70.5+9.0 0.0001%0¢
34.7+7.1 38.0+7.5 0.126
46.849.7 52.0£10.0 0.058
24.4+6.7 15.5+8.3 0.0001b
33.948.6 22.7+11.1 0.0001%b°

Data are expressed as the mean+standard deviation, and the range in parenthesis. Difference is among the three groups

BMI: body mass index

“ Difference between diabetic and family groups
® Difference between diabetic and control group
¢ Difference between family and control group

Laboratories, Bothel, USA) with a linear phased-array
transducer giving high axial resolution. The brachial artery
was identified using the ultrasound transducer and after a
10-min rest a two-dimensional longitudinal M-mode image
of the brachial artery was obtained simultaneously to R
wave of the ECG. Blood artery flow was calculated by
multiplying the mean blood velocity corrected for Doppler
angle by the internal brachial artery diameter measured by
wall tracking. The measurement was made at baseline and
afterwards a sphygmomanometer was inflated at the wrist
over systolic pressure (250 mm Hg for 5 min). Blood flow
was recorded from 30 s after cuff release, and internal
artery brachial diameter was measured at 90 s. All
measurements were repeated 10 min later and 3 min after
the administration of sublingual trinitrate (400 pg), an
endothelium-independent vasodilator; the difference be-
tween the two determinations was the non-endothelial
dependent vasodilatation [14].

Assays

Plasma glucose was measured using a glucose analyzer
(Hitachi autoanalyzer); serum insulin and C-peptide with
enzymochemiluminescence assay in the solid phase (Medg-
enix Diagnostics and Daichii Laboratories, respectively).
The inter-assay and intra-assay coefficient of variation was
7.3% and 6% for insulin, and 12.8% and 4.2% for C-
peptide, respectively. HbA;. by high resolution liquid
chromatography (Bio-Rad Diamat, Miinchen, Germany).
Insulin resistance was calculated through the homeostasis
model assessment function (HOMA) from fasting plasma
glucose and insulin concentrations [19]. Total serum cho-
lesterol was measured through the reaction of cholesterol
esterase/cholesterol oxidase/peroxidase. HDL-cholesterol
was quantified after precipitation with polyethylene glycol
at room temperature. Total serum triglycerides were mea-

sured through the reaction of glycerol-phosphate-oxidase and
peroxidase. LDL-cholesterol concentrations were calculated
from total serum cholesterol and HDL-cholesterol. Fibrinogen
was measured by a functional method (IL Test fibrinogen C,
Instrumentation Laboratory, Milan, Italy). MCP-1 and IL-6
concentrations were measured by enzyme-linked immunoab-
sorbent assay (ELISA, R&D Systems). Plasma PCR protein
was measured by a highly sensitive immunonephelometry kit
(Dade Behring, Marburg, Germany). E-selectin, P-selectin,
ICAM-1 and VCAM-1 were determined by enzyme-linked
immunoabsorbent assays (Bender Medsystems, Kits
BMS205, BMS192, BMS201 and BMS232, respectively).
To define the specificity of these determinations, several
polypeptides were tested and there was no cross-reactivity
determined for any the tested proteins and no interference with
other members of the immunoglobulin family.

Statistical analysis and power calculations

The usual statistics (mean and standard deviation) have
been used to describe the data, and the Kolmogorov—
Smirnov test was applied to check the normality of the
variables. The ANOVA test was used to compare quanti-
tative data among groups for independent samples and after
analysis using parametric methods, the Bonferroni, Scheffe
and Student’s #-test were used to compare paired normally
distributed variables. In no normally distributed variables,
the Kruskal-Wallis test was used. The relationships among
variables were sought by Pearson’s and Spearman’s
correlation coefficients. The study was designed with 80%
power to detect differences among diabetic patients, family
and control individuals higher of 5%, in biochemical and
markers determinations (« value of 0.05), based in standard
deviation provided for our previous studies [15, 20, 21]; we
calculated that a total sample size of 20 subjects in each
group would be required. The estimated minimum number
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Table 2 Biochemical characteristics, homeostasis model assessment (HOMA), and coagulation parameters of patients, family individuals and
controls

Diabetic (n=30) Family (n=34) Control (n=25) Difference (p)

Glucose (mmol/1) 9.8+3.4 5.2+0.5 5.14+0.6 0.0001*°
Basal insulin (pmol/l) 113.74+72.8 72.7+30.9 65.1+23.3 0.001*°
Basal C-peptide (nmol/l) 0.81+0.45 0.86+0.27 0.68+0.16 0.109
HbA . (%) 7.2+1.7 4.9+0.3 4.8+0.4 0.0001%°
HOMA 7.20+6.04 2.38+1.16 2.09+0.80 0.0001*°
Total cholesterol (mmol/l) 5.23+0.77 5.28+0.99 5.0£0.9 0.485
HDL-cholesterol (mmol/l) 1.53+0.35 1.52+0.36 1.51+£0.28 0.967
LDL-cholesterol (mmol/l) 3.06+0.64 3.38+0.95 3.08+0.83 0.307
Triglycerides (mmol/1) 1.45+1.05 1.114+0.57 0.83+0.29 0.015°
Fibrinogen (g/1) 2.88+0.73 2.99+0.62 3.01+0.65 0.717

Data are expressed as the meantstandard deviation. Difference is among the three groups

? Difference between diabetic and family group
® Difference between diabetic and control group

of individuals required to show a difference of 10% in flow-
mediated dilatation with a statistical power of 90% (« value
of 0.05), was also 20 subjects in each group. If the possibil-
ity of chance occurrence was p<0.05, it was considered
statistically significant. All statistical analyses were per-
formed using the Statistical Package for Social Sciences
(SPSS/Windows version 10.0, SPSS inc., Chicago IL, USA).

Results

The clinical and anthropometric characteristics of all the
groups are shown in Table 1. The age was higher in diabetic
patients than in family and control individuals. The BMI
was significantly greater in diabetics than in controls. The
waist-to-hip ratio and the systolic and diastolic blood

pressure were greater in the diabetic group than in the
other two groups; the control group had lesser systolic and
diastolic blood pressure, fat mass and body fat than the
family group, and these were the only differences between
family and control group. In Table 2 the main biochemical
parameters are set out. As expected, basal glycemia and
insulinemia, HOMA and HbA . were higher in the diabetic
group than in family members and controls. Triglycerides
were also higher in diabetics than in controls. No differ-
ences in fibrinogen were observed among the three groups.

In the endothelial parameters (Table 3), no difference
was observed in E-selectin. P-selectin, IL-6 and MCP-1.
ICAM-1 and VCAM-1 were significantly higher in the
diabetic group than in the family and control group, but not
higher in the family group than in controls. CRP was higher
in the diabetic group than in the other groups. The data

Table 3 Endothelial and inflammatory parameters and data obtained following high-resolution studies of the brachial arteries in patients, family

individuals and controls

Diabetic (n=30)

Family (n=34)

Control (n=25)

Difference (p)

E-selectin (pg/1) 14.6+12.1 14.6+8.8 10.6+6.2 0.223
P-selectin (ng/l) 54.8+16.2 61+243 67.3+42.6 0.318
ICAM-1(ng/1) 237.5+43.4 224.5+45.2 197.4+51.2 0.011%°
VCAM-1 (ng/l) 692.5+168.6 599.8+150.4 573.5+121.1 0.013%°
IL-6 (ng/l) 4.6+1.6 33+13 3.8t14 0.21
MCP-1 (ng/l) 140.9£39 136.5+21.7 151.8+40.8 0.236
C-reactive protein (mg/l) 3.35+£3.27 1.28+1.29 1.61+£1.54 0.002*°
Brachial dilatation mediated by endothelium (%) 8.6+5.92 10.5+7 10.7+£5.1 0.5597
Brachial dilatation non-mediated by endothelium (%) 17.3+£6.1 24+8.2 22.5+6.7 0.029*°
Right vessel caliber (mm) 0.78+0.38 0.56+0.31 0.5+0.34 0.314
Left vessel caliber (mm) 0.7+0.36 0.54+0.26 0.52+0.39 0.324

Data are expressed as the meantstandard deviation. Difference is among the three groups
ICAM-1: intracellular adhesion molecule-1, VCAM-1: vascular adhesion molecule 1, /L-6: interleukine-6, MCP-1: monocyte chemoattractant

protein 1

* Difference between diabetic and family group
® Difference between diabetic and control group
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of the brachial arteries (Table 3) showed a lesser non-
endothelium mediated dilatation in the diabetic group than
in the family and control group, with no differences in
endothelium mediated dilatation or in vessel calibre in both
the left and the right arteries.

In all groups, E-selectin correlated positively with
systolic blood pressure (»=0.291, p=0.009), basal C-peptide
(r=0.32, p=0.006), HOMA (r=0.261, p=0.026), triglycer-
ides (r=0.439, p=0.001), fibrinogen (r=0.262, p=0.023)
and negatively with HDL-cholesterol (r=—0.244, p=0.038),
endothelium mediated dilatation (»=—0.390, p=0.006) and
non-endothelium mediated brachial dilatation (»=-0.310,
p=0.032). P-selectin correlated negatively with total cho-
lesterol (r=—0.269, p=0.016), fat mass (r=—0.281, p=
0.016) and body fat (r=-0.251, p=0.032). ICAM-1
correlated positively with basal glycemia (r=0.272, p=
0.016) and systolic blood pressure (»=0.235, p=0.037). IL-
6 correlated positively with basal glycemia (#=0.400, p=
0.001), basal insulinemia (»=0.425, p=0.001), HbA . (r=
0.428, p=0.001) and HOMA (r=0.691, p=0.001). MCP-1
correlated positively with HOMA (»=0.291, p=0.012).
CRP correlated positively with BMI (#»=0.327, p=0.003),
diastolic blood pressure (#=0.265, p=0.018), systolic blood
pressure (r=0.302, p=0.007), basal glycemia (r=0.449,
p=0.001), HbA,. (r=0.467, p=0.001), HOMA (r=0.346,
p=0.003), triglycerides (»=0.277, p=0.017), fibrinogen (r=
0.344, p=0.003) and body fat (»=0.303, p=0.009).

Discussion

In the early 1990s, several authors proposed the theory that
inflammation could participate in the pathophysiology of
obesity and insulin resistance [22]. Since then, several
studies have been made to demonstrate the increase of
several inflammation markers, such as CRP, IL-6, or
fibrinogen, in individuals with diabetes mellitus or with
high risk of diabetes mellitus or insulin resistance. In our
study, CRP was significantly higher in diabetic patients
than in diabetic relatives and controls, and correlated with
basal glycemia, HbAlc and HOMA. IL-6 was not signif-
icantly elevated, but correlated with basal insulinemia,
glycemia, HbA . and HOMA. Other studies have demon-
strated an increase of CRP in type 2 diabetes mellitus and
even in patients with impaired glucose tolerance [4], and its
correlation with insulin resistance [3, 5, 23]. However,
some studies contend that CRP is more closely related to
obesity than to insulin resistance per se [24]. IL-6 also has
been seen to be elevated in some studies in type 2 diabetes
mellitus [25], but it also seems more closely related to fat
mass [26]. In this situation, sub-clinical inflammation can
change the milieu of the arterial wall and prompt the
production of adhesion molecules and chemokines; further-

more, it has been recently shown that highly HbA . induces
endothelial dysfunction in rat vessels by generating
superoxide anions that interfere with nitric oxide mediated
response [13]; so, other mechanisms for its interaction with
endothelial dysfunction may be in correlation with markers
of inflammation as HbA ..

The selectins expressed on the endothelial cells would
slow down mononuclear cells that could be further
recruited and activated by MCP-1. The action of I[CAM-1
and VCAM-1 leads to the firm adhesion of mononuclear
cells [1]. Elevated concentrations of these factors have been
described in several cardiovascular diseases [27, 28].
Several studies of the biomarkers of endothelial dysfunction
have been done in patients with diabetes mellitus or insulin
resistance. Although most of them have demonstrated an
increased concentration of E-selectin, P-selectin, ICAM-1
and VCAM-1, there is a broad heterogeneity in the results;
mainly in regard to which factor is more highly altered [2,
7, 9—12]. Furthermore, the results in patients with impaired
glucose tolerance are discordant [8, 12] and some studies
have described, in the general population, an increased risk
of diabetes mellitus in people with higher biomarkers of
endothelial dysfunction [2, 13, 29, 30]. In our study, only
VCAM-1 and ICAM-1 were significantly elevated in the
diabetic group than those observed in controls, but not in
the family group. Interestingly, in our series the only
differences between the family and control group were that
controls presented lesser systolic, diastolic blood pressure,
fat mass and body fat.

There are several factors that can influence their
concentrations and age does not seem to be a strong de-
terminant, because high concentrations of selectins and
soluble adhesion molecules have been described in children
and adolescents with a high risk of atherosclerosis [31].

There are contradictory data about the effect of meta-
bolic control in previous studies [32, 33]; in type-2
diabetics there is an increase in E-selectin and ICAM-1 in
those with peripheral arterial insufficiency, with respect to
those without such disease [10]. Moreover, a close
relationship between increased urinary albumin excretion,
endothelial dysfunction, and inflammation and death risk in
diabetic patients has been described [34]. On the other
hand, diabetic patients who were smokers had higher
concentrations of E-selectin, ICAM-1 and VCAM-1 than
non-smokers as has been shown in one report [7].

Some drugs used frequently in diabetic patients, such as
estatins, fibrates, angiotensin receptor blockers, rosiglita-
zone, repaglinide and metformin could influence the
concentrations of some of these factors [35—41]; this fact
is a limitation of our study because eight patients were
under treatment with hypoglycemic agents.

The endothelium dependent blood-flow responses have
been impaired in diabetic patients in most, although not in
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all, studies [17, 29, 39—-41]. Reponses to sodium nitroprus-
side have been subnormal in many, but not in all, reports
[17, 41, 42]. Many factors could influence the results;
hyperglycemia does not seem to be an important determi-
nant [41], and the presence of microalbuminuria has been
demonstrated to lower the endothelium response [43]. This
fact, and the presence of other diabetic complications, could
have influenced the results of previous studies. In our study,
the patients were non-smokers and had no complications of
diabetes mellitus and those with known arterial disease or
microalbuminuria were excluded and in these patients, non-
endothelium mediated reactivity seems more affected.
Although statistically not significant, it is important to note
that low power probability in our study could explain that
endothelium mediated reactivity is not impaired in diabetic
patients.

So, this study proposes which comes first in type 2 diabetes
mellitus, the metabolic disturbances or inflammation or
endothelial markers or both will appear simultaneously; but
with our data we are unable to define the prognostic value and
clinical utility of these markers in relatives of diabetic patients.

In conclusion, non-smoking patients with uncomplicated
type 2 diabetes mellitus have elevated concentrations of
CRP that indicate sub-clinical inflammation in relationship
with HbAlc. They also have increased concentrations of
ICAM-1 and VCAM-1, reflecting dysfunction of the
endothelial cells. In these patients, endothelium indepen-
dent dilatation is more affected than is endothelium
dependent dilatation. These abnormalities are not detected
in diabetic relatives, indicating that endothelial alterations
are not precocious in individuals with high risk of diabetes
mellitus.
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