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KEYWORDS Abstract Background and aims: Some crucial associations between obesity-related altered adipo-
Obesity; kine levels and the main factors of atherosclerotic, atherothrombotic processes are not fully known.
Adipokines; We analysed the relationships of classic adipokines, namely leptin, resistin, adiponectin, tuiiiotr necro-
Atherosclerosis; sis factor-alpha (TNF-¢), interleukin 6 (IL-6) with the markers of platelet activation, including mean
Haemostasis: platelet volume (MPV), platelet surfacefsoluble P-selectin, platelet-derived microparticles (PMPs), the
Common carotid parameters of coagulation abnormalities and common carotid intima-media thickness (IMT) in obese

patients with or without atherosclerotic comorbidities in comparison to age- and sex-matched controls.
Methods and results: We enrolled 154 obese individuals, including 98 suffering from atherosclerotic
concomitant conditions, 56 free of atherosclerotic comorbidities and 62 healthy controls. Plasma levels
of leptin, resistin, adiponectin, TNF-=, IL-6, soluble P-selectin, and plasminogen activator inhibitor-1 an-
tigen (PAI-1 ag) were analysed by ELISA. Platelet surface P-selectin and PMPs were measured by flow
cytometry. IMT was detected by ultrasonography. Adipokines were closely associated with markers of
platelet hyperactivity, hypercoagulability, hypofibrinolysis and IMT. Significant independent associa-
tions were found between leptin and platelet count (p -2 0.0001), MPV (p = 0.019), PMPs
(p < 0.0001), fibrinogen (p = 0.001), factor VIl (FVIII) activity (p = 0.035); adiponectin and PAI-1 ag
(p = 0.035); resistin and soluble P-selectin (p = 0.002); TNF-« and PAl-1 ag (p -- 0.0001); and IL-6
and fibrinogen (p = 0.011). Finally, leptin (p = 0.0005), adiponectin (p = 0.019), IL-6 (p = 0.001),
MPV (p = 0.0003), PMP (p = 0.008), and FVIIl activity (p = 0.043) were independent predictors of IMT.
Conclusion: Overall, we suggest that in obese subjects altered adipokine levels play a key role in common
carotid atherosclerosis both directly and through haemostatic parameters.
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Introduction

Atherosclerotic cardiovascular diseases are identified as
leading causes of mortality worldwide [i’. Athero-
thrombosis as a critical component of cardiovascular events
is the acute crisis of atherosclerosis. Obesity is considered
one of the major manageable risk factors of atherosclerosis
besides hypertension, type 2 diabetes mellitus (T2DM),
dyslipidemia and smoking | 2]. Obesity is often accompanied
by comorbidities predisposing to atherosclerosis, namely,
hypertension, T2DM and dyslipidemia. It should be noted
that nearly one-third of obese individuals do not suffer from
any atherosclerotic concomitant diseases [3 1.

In abdominal obesity, visceral fat accumulation causes
dysregulation of adipose tissue functions, leading to the
overexpression of most adipokines including leptin,
resistin, TNF-«, IL-6, and hyposecretion of adiponectin {-].
Obesity-associated altered adipokine levels have athero-
genic effects exerted via many different ways 5. In
obese subjects, the associations between adipokine plasma
levels and hypertensive status, alterations in insulin-
glucose homeeostasis, lipid abnormalities, and chronic
low-grade inflaimmation state as conventional vascular
risk factors have been widely demonstrated .= 7. Adipo-
kines also influence obesity-related alterations of coagu-
lation, fibrinolysis, platelet production and responses
{910]. However, further aspects remain unexplored
regarding the effects of the different adipokines on coag-
ulation abnormalities. Furthermore, to our best knowl-
edge, there are no data on obese subjects about possible
associations between altered adipokine plasma levels and
elevated levels of platelet surface and soluble P-selectin,
and PMPs as sensitive platelet activation markers. These
relationships may provide important insight into the
additional possible impact of adipokines on accelerated
atherosclerosis in obese individuals.

IMT is considered as a marker of initial asymptomatic
atherosclerosis and a strong predictor of future vascular
events. Associations of IMT with leptin, adiponectin and IL-6
are known _ 11— . One study reported a significant corre-
lation between resistin and IMT in obese children | 1=, but
there is no evidence of this association in obese adult in-
dividuals. The relationship of increased plasma level of TNF-
« with abnormal IMT in obesity is under investigation.

The aim of this study was to clarify the associations
between plasma levels of different adipokines and hae-
mostatic parameters, and IMT in a large cohort of obese
subjects including those with or without comorbid con-
ditions predisposing to atherosclerosis. We also intended
to investigate whether the levels of adipokines in obese
patients are independent predictors of haemostatic
markers and IMT.

Methods
Study population

The study was carried out in accordance with the Decla-
ration of Helsinki (2000) of the World Medical Association

and approved by the Ethics Committee of the Faculty of
Medicine, University of Debrecen. Obesity was defined as a
body mass index (BMI) =30 kg/m? according to the U. S.
National Institute of Health (NIH) and National Heart, Lung
and Blood Institute (NHLBI) recommendation (1998). We
investigated 98 obese patients suffering from comorbid
conditions predisposing them for atherosclerosis (hyper-
tension andfor T2DM and/or dyslipidemia) and 56 age-,
sex- and BMI-matched obese subjects free of atheroscle-
rotic concomitant diseases. There were 47 smokers among
the obese study participants who had atherosclerotic
comorbidities. Obese individuals were enrolled from the
Obesity OQutpatient Clinic at the Department of Medicine,
University of Debrecen. Obese patients with malignancy,
impaired liver or renal function, pregnancy, alcohol or
drug dependence, infectious diseases, as well as severe
symptomatic cardiovascular diseases such as active angina,
intermittent claudication and transient ischiaemic attack
were excluded. Sixty-two age- and sex-matched healthy
volunteers were recruited from the staff of the De-
partments of Medicine and Ophthalmology to serve as a
control group. Healthy controls did not suffer from car-
diovascular, metabolic and inflammatory diseases, cancer,
liver or renal impairment, or alcohol or drug dependence,
as observed through medical history, physical examination
and routine laboratory tests. All participants gave written
informed consent.

Blood drawing and sample preparation

Venous blood samples were taken between 8:00 and
10:00 a.m. after an overnight fast by atraumatic veni-
puncture into Vacutainer tubes containing 0.105 M sodium
citrate (Becton Dickinson, San Jose, CA, USA). Blood sam-
pling and preparation conditions were performed as pre-
viously described (15). Plasma samples were kept frozen at
-70 °C for ELISA measurements. For flow cytometric
analysis, within 2 h of sample collection, 40 ul whole blood
samples were fixed in 1 ml 1% paraformaldehyde and kept
at room temperature (RT) for a minimum of 1 h for platelet
analysis. Fixed whole blood samples were prepared as we
formerly presented (15). To study the amount of PMPs,
platelet-poor plasma (PPP) was obtained from whole
blood anticoagulated with sodium citrate by using the
same protocol we used earlier (15),

Laboratory assays

Plasma levels of leptin, resistin, adiponectin, TNF-z, IL-6,
soluble P-selectin and PAI-1 ag were analysed by
commercially available ELISA kits (WAK-Chemie Medical
GmbH, Bad Soden, Germany for leptin measurement;
BioVendor Laboratory Medicine, Inc. Brno, Czech Republic
for resistin analysis; R&D Systems, Inc. Minneapolis, MN,
USA for adiponectin, TNF-%, IL-6 and soluble P-selectin
determinations; and Technozym PAI-1 antigen ELISA kit,
Technoclone GmbH, Austria for analysis of PAI-1 ag) ac-
cording to the manufacturer's instructions. Blood glucose,
total cholesterol, high-density lipoprotein cholesterol
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(HDL-C) and triglyceride values were measured on a
Hitachi analyser (Roche, Mannheim, Germany). Low-
density lipoprotein cholesterol (LDL-C) level was calcu-
lated by the Friedewald formula. Hacmoglobin Aje (HbA¢)
was measured by high-performance liquid chromatog-
raphy (HPLC) (BioRad, Hercules, CA, USA). Serum insulin
concentration was analysed by a commercially available
radio-immunoassay kit (MP Biomedicas, Orangeburg, NY,
USA). High-sensitivity C-reactive protein (hs-CRP) was
assessed by turbidimetric assay on an Integra 800 analyser
(Roche Diagnostics). Fibrinogen plasma level was deter-
mined by the Clauss method. FVIII activity was measured
on an STA Compact instrument (Diagnostica Stago,
Asniére, France). Platelet count and MPV were determined
by Advia 120 Hematology System (Bayer Diagnostics, Tar-
rytown, NY, USA). Insulin resistance index was estimated
by using the homocostasis model assessment of insulin
resistance (HOMA-IR).

Flow cytometric analysis

Fixed platelets were incubated with saturating concen-
trations of fluorescein isothiocyanate (FITC)-conjugated
monoclonal antibody to GPIX (CD42a) and phycoerythrin
(PE)-labelled anti-P-selectin (CD62-PE, Becton Dickinson)
for 20 min in the dark at RT to investigate the level of
platelet activation. As a control for immunolabeling with
anti-CD62 antibody, platelets were incubated with
PE-coupled non-immune mouse IgG, antibody. 10.000
dual-colour labelled platelet events were acquired on a
FACSCalibur flow cytometer by using the CellQuest 3.2
software (Becton Dickinson). Results were expressed as
the percentage of double positive platelets.

The number of PMPs was analysed by a standardized
method we set earlier (15). The number of PMPs was
calculated based on the event count from the bead tube
collected for the same time period (30 s). PMPs were gated
into a restricted area by forward scatter (FSC) and side
scatter (SSC) parameters and then identified by their
CD42a positivity.

Common carotid duplex ultrasound examination

Common carotid vessel wall examination was performed
at the Ultrasound Laboratory of the Department of
Neurology, University of Debrecen. All subjects were
examined immediately after blood sampling using a
colour-coded HP SONOS 4500 (Hewlett Packard, Andover,
MA, USA) carotid duplex machine with a 7.5 MHz linear
transducer. Both diameter and area reductions were
measured according to the European Carotid Surgery Trial
(ECST) method. Online measurements of IMT were per-
formed in both common carotid arteries (CCA) at about
10 mm proximal to the carotid bulb or 20 mm proximal to
the flow divider. IMT was measured between the leading
edge of the first echogenic line (lumen-intima interface)
and the second echogenic line (upper layer of the adven-
titia) in the far (deeper) artery wall. All measurements
were performed on frozen, enlarged images at the end of a

heart cycle (end-diastole), and the transducer was in the g1

mediolateral direction. In each plaque-free common ca-
rotid artery segment, three measurements of IMT were
performed at 1 mm increments. The mean IMT of the six
values in each patient was calculated.

Statistical analysis

Statistical analysis was performed by using SAS™ for
Windows™ 9.3 computer software (SAS Institute Inc.,
Cary, NC, USA). The Kolmogorov—Smirnov test was used
for evaluating the normality of data distribution. Data
are presented as mean =+ standard deviation in pa-
rameters with normal distribution, and as median
(lower-upper quartiles) in case of non-normal distri-
bution. Non-normally distributed parameters were
transformed logarithmically. Differences in various pa-
rameters among study groups were tested using one-
way ANOVA with post-hoc tests (Newman--Keuls,
Tukey). Correlations between continuous variables
were assessed by using Pearson’s test. A chi-square test
was performed to determine the associations of
discrete variables. Associations of multivariate param-
eters were evaluated by multiple regression analysis
with the backward stepwise method. With probability
value of p < 0.05 the result was considered statistically
significant.

Results

The clinical and laboratory characteristics of all study
participants are summarized in [:blc 1. The adipokine
plasma levels measured in the study groups are shown in
Fiz IA—E. No significant differences were observed in the
plasma levels of leptin, resistin, adiponectin, TNF-a and
IL-6 between the two obese subgroups related to athero-
sclerotic comorbidities.

We analysed the relationships between adipokine
levels and haemostatic markers by Pearson correlation
analysis (Toble ). Each of the investigated adipokines
showed a significant (p < 0.05) association with platelet
count, MPV, PMP, fibrinogen and PAI-1 ag levels. Leptin,
resistin, TNF-2 and IL-6 correlated positively, while
adiponectin was negatively correlated with these hae-
mostatic  parameters. Notably, strong significant
(p =< 0.001) and positive univariate correlations of PMPs
with leptin {r = 0.44), resistin (r = 0.30), TNF-o
(r = 0.35) and IL-6 (r = 0.33) were detected, but a
negative association with adiponectin (r = —0.36) was
found. Resistin had significant and positive correlations
with platelet surface and soluble P-selectin. Leptin was
related significantly and positively with soluble P-
selectin. In contrast, a significant inverse correlation was
found between adiponectin and soluble P-selectin levels,
TNF-o. and IL-6 did not show significant associations
with P-selectin values. Leptin, resistin and IL-6 demon-
strated significant and positive relationships with FVIII
activity. Finally, adiponectin and TNF-« had no associa-
tions with FVIII activity.
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Table 1 Climcal and laboratory characterstics of the study groups.

Healthy controls (n = 62)

Obese subjects (n = 154)

Without atherosclerotic
comorbidity (n = 56)

With atherosclerotic comorbidity
(HT and/or T2DM and/or DL) (n = 98)

Age (years) 39.7 +10.0
Gender (female/male) 41421

BMI (kg/m?) 22.1+1.96
Waist circumference (cm) 78.1 £ 7.75
Waist-to-hip ratio™ 0.86 + 0.08
Hypertension (%) 0

Type 2 diabetes mellitus (%) 0

Dyslipidemua (%) 0
Antihypertensive drugs (%) 0

Antidiabetic drugs/insulin (%) 0
Lipid-lowering drugs (%) 0

Systolic BP (mmHg) 115.2 £ 975
Diastolic BP {mmHg) 727 £ 7.17
IMT (mm) 0.46 + 0.04
Fasting glucose (mM) 4.6 (4.3-5.0)
HbA1C (%) 5.4 (5.2-5.7)
Insulin (mU/I) 134 (8.6—-16.6)
HOMA-IR* ™ 2.63 (1.84—-3.32)
Triglyceride (mM) 0.9 (0.6—-1.1)
Total cholesterol (mM)" 418 + 049
LDL-C (mM} 222 +0.62
HDL-C {mM) ' 1.75 £ 0.51
hs-CRP (mg/l) 0.92 (0.49-1.86)
Platelet count (G/1) "~ 242 + 367
MPV (fl} 8.08 + 0.41

Platelet P-selectin (%)
Soluble P-selectin (ng/ml)-
PMPs (nful)’

Fibrinogen (g/1)

FVIII activity (%)

PAI-1 ag (ng/ml)

0.72 (0.39—1.18)
35.7 (25.1-45.9)
165 (68—241)
294 1 053

132 (110-156)
36.6 (29.7—452)

404 + 11.8 40.7 + 10.7
36/20 59/39

37.7 £ 8.1 38.5 + 7.54
117.4 + 20.6 1195 = 16.8
0.93 = 0.09 0.94 + 0.07
0 776

0 316

0 87.8

0 64.3

0 296

0 276

122.8 + 9.78 1351 = 155
79.3 + 412 83.8 + 7.19
0.54 = 0.11 0.60 + 0,12
5.0 (4.7-5.3) 55 (5.0-7.6)
5.6 {5.2—5.8) 6.1 (5.5-6.9)

343 (23.5-42.2)
7.57 (4.63—9.45)
1.2 (0.9-1.4)

4.42 + 061

261 = 058

1.48 + 0.39

428 (2.57-11.61)
291 + 56.7

9.02 + 0.84

1.18 (0.68—2.02)
44.3 (38.7-54.9)
362.5 (236-614.5)
413 £ 0.87

196 (140—254)
84.4 (71.3-93.8)

37.6 (26.6-53.3)
9.69 (6.56—13.96)
1.811.2-2.3)
549 + 137
311+095

136 = 0.38

54 (2.95-9.64)
303 + 61.1

8.93 + 0.81

1.43 (0.70-2.30)
48.0 (38.7—61.1)
407 (227-777)
414 £ 092

189 (149—252)
874 (74.0-93.9)

In case of a normal distribution, values are presented as mean + standard deviation.
In case of a non-normal distribution, data are shown as median (lower-upper quartiles)

Differences in pararneters among study groups were tested using one-way ANOVA with Newman- Keuls's multiple comparison
n: case-number; HT: hypertension; T2 DM: type 2 diabetes mellitus; DL: dyslipidemia; BMI: body mass index; BP: blood pressure; IMT: common
carotid intima-media thickness: HbA;¢: hacmoglobin Aje; HOMA-IR: homoeostasis model assessment of insulin resistance; LDL-C: low-density
lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; hs-CRP: high-sensitivity C-reactive protein; MPV: mean platelet volume:;
PMPs: platelet-derived microparticles; FVIII activity: factor VIII activity, PAI-1 ag: plasminogen activator inhibitor-1 antigen.

? Significant differences between healthy controls and obese subjects without atherosclerotic comorbidity.

P Significant differences between healthy controls and obese subjects with atherosclerotic comorbidity.

¢ Significant differences between the two obese subgroups related to atherosclerotic comorbidity.

The scatter plots of the associations of IMT with adi-
pokine levels are depicted in Fig. -A—E. Highly significant
(p < 0.0001} and positive correlations of IMT with leptin
(r = 0.48), resistin (r = 0.39), TNF-« (r = 0.43) and IL-6
(r = 0.45) were observed. A significant, but negative as-
sociation was also found between IMT and adiponectin
(r = -0.26, p = 0.016). There were significant and positive
relationships between IMT and platelet parameters, as well
as markers of hypercoagulation and impaired fibrinolysis
(data not shown).

To test whether the investigated adipokines are inde-
pendently associated with haemostatic parameters, mul-
tiple regression analysis was performed. As demonstrated
in Table LA, significant independent associations were
retained between leptin and platelet count (p < 0.0001),
MPV (p = 0.019), PMPs (p < 0.0001), fibrinogen
(p = 0.001), FVIII activity (p = 0.035); adiponectin and

PAI-1 ag (p = 0.035); resistin and soluble P-selectin
(p = 0.002); TNF-z and PAI-1 ag (p < 0.0001); and IL-6
and fibrinogen {p = 0.011).

When IMT was considered as a dependent variable, and
adipokines, haemostatic markers, age, and gender were
entered as independent variables in the model of multiple
regression analysis, IMT still maintained independent as-
sociations with leptin (p = 0.0005), adiponectin
(p = 0.019), IL-6 (p = 0.001), MPV (p = 0.0003), PMPs
{p = 0.008), FVIII activity (p = 0.043) and age (p ~ 0.0001)
(1ahle ZB). Leptin to adiponectin ratio (L:A ratio) did not
associate independently with IMT {p = 0.219).

Discussion

Obesity, a major, modifiable risk factor for cardiovascular
disease, is associated with an accelerated atherosclerotic,

10.1016/).numecd.2017.02.007
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Figure 1 Comparison of leptin (A), adiponectin (B), resistin (C), TNF-« (D) and IL-6 (E) plasma levels among study groups. Differences in adi-
pokine levels among study groups were tested using one-way ANOVA with Tukey post-hoc test. TNF-a: tuimow necrosis factor-alpha; IL-6:
interleukin-6.
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Table 2 Correlation coefficients (Pearson’s r) between adipokines and haemostatic markers in the whole investigated population.

Age (years)  Leptin (ng/ml)  Resistin (ng/ml)  Adiponectin {pg/ml)  TNF-« (pg/ml) IL-6 (pg/ml)
Age (years) 0.013 0.18 0.14 0.03 0.11
Platelet parameters
Platelet count (G/1) 0.02 0.52* 0.25*" -0.22* 0.28* 0.33*
MPV {fl) 0.11 0.39** 0277 -0.29* 037" 0.34**
Platelet P-selectin (%) 0.06 0.20 0.28° -0.19 0.18 0.18
Soluble P-selectin (ng/ml)  0.04 0.23* 0.31* -0.27° 0.17 0.10
PMPs (n/ul) 0.22* 0.44**" 0.30™" ~0.36""" 0.35%* 0.33*
Hypercoagulation markers
Fibrinogen (g/1) 0.15* 0.58%** 0.28** -0.24° 0.39*** 0.50™**
FVIII activity (%) 0.11 0.35"* 0.23* -0.13 0.19 0.31%*
Hypofibrinolysis marker
PAI-1 ag (ng/ml) 0.09 0.45°* 0.26** —0.34™ 0.64"*" 0.30"*

Stars denoting varying level of significance: *p = 0.05—0.01, **p = 0.01-0.001, ***p < 0.001
TNF-a: tuinour necrosis factor-alpha; IL-6: interleukin-6; MPV: mean platelet volume; PMPs: platelet-derived microparticles; FVIII activity: factor

VIII activity; PAI-1 ag: plasminogen activator inhibitor-1 antigen

atherothrombotic process, resulting in increased cardio-
vascular morbidity and mortality. There is increasing
evidence (largely from experimental studies) that obesity-
associated altered adipokine levels are closely involved in
the pathogenesis of atherosclerotic vascular diseases
[5—107. However, in humans, the impact of adipokines as a
predictive marker and/or player in cardiovascular diseases
are less clear than in experimental models, and still remain
controversial | 13|, Furthermore, in obesity, there are some
crucial effects of adipokines on the main factors of
atherosclerotic, atherothrombotic processes that are not
fully understood, and are still being studied intensively.

In evaluating the alterations of adipokine plasma levels
regarding the obesity-associated atherosclerotic concomi-
tant diseases, it was ascertainable that in obese patients,
existence of comorbid conditions known to predispose to
atherosclerosis does not result in further significant
changes in adipokine levels.

The current study analysed the relationships between
adipokines and haemostatic markers, and IMT, trying to
provide relevant information about the role of adipokines
in the pathogenesis of atherogenesis in obese subjects.

Platelet count and MPV are widely available platelet
parameters in clinical practice. Previous data are contra-
dictory regarding the association between platelet count
and cardiovascular outcomes. Thaulow et al. published
earlier that coronary heart disease mortality is associated
with increased platelet concentrations [17], Moreover,
higher platelet counts correlated with adverse clinical
outcomes in patients with acute coronary syndrome : &1,
In contrast, other population-based studies reported that
platelet count was not associated with the occurrence of
cardiovascular events [I2.2 MPV is a predictive
biomarker of cardiovascular risk and prognosis [_. . Larger
platelets are more reactive, and have greater haemostatic
potential affecting platelet function.

Platelet number and size are mainly determined during
megakaryocytopoiesis in the bone marrow. [L-6 plays a
crucial role in stimulating megakaryocytopoiesis resulting
in increased circulating platelet count and volume [27.77].
TNF-¢ may also influence thrombopoiesis via inducing de

novo synthesis of IL-6 {77, Similarly, we found a signifi-
cant positive association of IL-6 and TNF-z with the
platelet count and MPV in obesity. Furthermore, in our
present study, leptin and resistin also showed significant
positive relationships with platelet number and size,
whereas a significant negative correlation was detected
between adiponectin and the above-mentioned platelet
parameters. Leptin associated independently with these
platelet indices.

Activated platelets play a central role in the pathogen-
esis of atherosclerosis and atherothrombotic events (241,
Sensitive markers of platelet activation, surface and solu-
ble P-selectin, and PMPs, seem to be key components in
linking vascular risk parameters to atherosclerosis devel-
opment in obese individuals {15201 Although these
platelet activation markers and adipokines are both deeply
involved in atherogenesis, their associations are still un-
known segments of the pathogenesis of atherosclerosis in
subjects with obesity. In the present study, for the first
time in the literature, we have demonstrated significant
positive associations of resistin with platelet surface and
soluble P-selectin. Furthermore, we have detected signifi-
cant positive correlation of leptin with soluble P-selectin,
while we have showed a significant negative association
between adiponectin and soluble P-selectin. This study
highlights the close relationship of all studied classic adi-
pokines to PMPs with high thrombogenic activity. Addi-
tionally, based on multiple regression analysis,
independent significant associations have been revealed
between resistin and soluble P-selectin, and leptin and
PMPs. These findings suggest, that the associations of
adipokines with platelet activation parameters partially
account for their atherogenic effects in obesity.

Fibrinogen, as an important component of the coagu-
lation pathway, was positively associated with leptin,
resistin and IL-6 and negatively with adiponectin, similar
to others’ observations 77 7", Moreover, we demon-
strated a significant positive association between fibrin-
ogen and TNF-« in obese individuals. The cross-sectional
significant positive associations of FVIII activity, a further
key coagulation parameter, with leptin and IL-6 in this
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Figure 2 Correlation between IMT and the plasma levels of leptin (A), adiponectin (B}, resistin (C), TNF-a (A) and IL-6 (B). IMT: common carotid
intima-media thickness. TNF-u: tumour necrosis factor-alpha; IL-6: interleukin-6.

study was consistent with previous studies {7, |. Inter-
estingly, Wannamethee et al. [ /7] reported that the adi-
ponectin level was positively correlated with FVIII; in our
investigation, adiponectin was not found to be associated

with FVIII activity. In addition, we established a significant
positive correlation between FVIII activity and resistin
in obese subjects. We confirmed previous report that
leptin is independently associated with both of these
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Table 3 Multiple regression analysis for the association between A: haemostatic markers and adipokines (haemostatic markers as dependent
variables); B: IMT and adipokines, and haemostatic parameters (IMT as dependent variable).

A B
Platelet MPV (fl) Soluble PMPs FVIII PAI-1 ag IMT (mm)
count (G/1) P-selectin  (n/ul) activity (%) (ng/ml)
(ng/ml}
Leptin B = 24.70**" B = 0.026* B = 051" B =017* Leptin B = 0.086"""
(ng/ml) Cl: 15.07; CI: 0.004; Cl: 0.34; Cl: 0.012, (ng/ml) CI: 0.050;
34.32 0.047 0.68 0.33 0.123
Adiponectin p = -1.25* Adiponectin B = —0.009*
(ng/ml) Cl: -2.41; (ng/ml) Cl: —-0.016;
-0.091 -0.002
Resistin B =021"" IL-6 (pg/ml) B = 0.028*"
(ng/ml) Cl: 0.08; Cl: 0.014;
0.35 0.041
TNF-« B = 10.87™*" MPV (fl) = —0.830"**
(pg/ml) Cl: 7.45; Cl: —-1.16;
14.28 --0.50
IL-6 (pg/ml} PMPs (n/pl) = —0.008**
Cl: -0.013;
-0.003
Age (years) B = —-0.02* FVII = -0.0006
C1:-0.039; activity (%) Cl: -0.011,
-0.001 —0.0002
Age (years) B = 0.008""*
CI: 0.006;
0.009

Stars denoting varying level of significance: *p = 0.05—-0.01, *'p = 0.01-0.001, ***p < 0.001.
TNF-«: tumnout necrosis factor-alpha; IL-6: interleukin-6, MPV: mean platelet volume; PMPs: platelet-derived rmcroparticles; FVIII activity: factor
VI activity; PAI-1 ag: plasminogen activater inhibitor-1 antigen; IMT: common carotid intima-media thickness; f: standard regression coeffi-

cient, Cl: 95% confidence interval

hypercoagulation markers Zuvl. Moreover, we demon-
strated an independent relationship between 1L-6 and
fibrinogen. In agreement with earlier findings, we detected
a significant positive correlation of hypofibrinolysis dis-
played by elevated plasma PAI-1 ag level with leptin [ 1],
TNF-e [27] and IL-6 {27, and a negative association be-
tween PAI-1 ag and adiponectin | ]. Furthermore, the
current study revealed significant positive association be-
tween PAI-1 ag and resistin plasma level. TNF-« is a potent
stimulator of the obesity-linked elevation of PAI-1
expression in adipose tissue and may substantially
contribute to the increased plasma concentrations of PAI-1
observed in obesity [ 51. In the present investigation, TNF-
o had an independent relationship with PAI-1 ag in obese
individuals. In addition, our study showed, that adipo-
nectin is also an independent predictor of PAl-1 ag. Thus,
our data provide further evidence that adipokines are
closely associated with markers of hypercoagulability and
impaired fibrinolysis.

According to previous studies | i—.:], in obesity we
found a significant positive association of IMT with leptin,
and IL-6, and an inverse correlation with adiponectin. The
present study demonstrates that obese adults, similar to
obese children .-, have a significant positive relationship
between resistin and IMT. Moreover, we showed here a
possible influence of the plasma level of TNF-« on the
initial phases of atherosclerosis in obese patients. In pre-
vious investigations of our research team, platelet surface
and soluble P-selectin, and PMPs were significantly and

positively correlated to IMT (15). Corroborating previous
data [J¢], fibrinogen was related significantly and posi-
tively to IMT. In the study by Arslan et al, a significant
positive association between MPV and IMT was detected
in obese adolescents [37'. We have verified this association
in obese adults. Additionally, in our study patients, we
demonstrated significant positive relationships of platelet
count, FVIII activity and PAI-1 ag with IMT. Norata et al.
reported that L:A ratio is an independent predictor of IMT
in healthy subjects 3. Our study could not confirm this
independent association between L:A ratio and IMT in
obese patients. The independent relationships of leptin,
adiponectin, [L-6 and age with IMT were evident in our
study similarly to previous reports |1,-17,2-% Further-
more, our multiple regression analysis also retained MPV,
PMPs and FVIII activity as independent predictors of IMT.
These results suggest the possibility that disturbances in
adipokine levels beside abnormalities in haemostasis may
have direct unfavourable influences on the thickening of
the arterial wall.

A limitation of our study is that we did not control the
timing of the blood draw for measuring adipokine levels in
relation to the pre-procedure meal. Accordingly, we cannot
rule out if the dietary intake might contribute to the adi-
pokine plasma levels by influencing its associations with
the factors of atherosclerotic process. Furthermore, due to
the cross-sectional nature of this study, we could not
assess the cause-and-effect relationships between adipo-
kines and haemostatic parameters, and IMT. Whether
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adipokines play a causal role in the development
of atherosclerosis in obese patients needs to be evaluated
in upcoming follow-up studies. Further studies are
also needed to clarify the role of adipokines in the long-
term atherosclerotic cardiovascular outcome in obese
individuals.

In conclusion, our study suggests a crucial role of
altered adipokine plasma levels in common carotid
atherosclerosis, and emphasizes the importance of asso-
ciations between adipokines and haemostatic parameters
in this pathogenetic pathway by which adipokines may
significantly influence enhanced atherogenesis and
increased cardiovascular risk in obese subjects regardless
of manifest accompanying atherosclerotic diseases.
Therefore, adipokines might serve as early biomarkers for
increased atherothrombotic risk in obese patients. Accu-
rately determining the direct effects of adipokines on
atherosclerosis may significantly contribute to the expla-
nation of high cardiovascular risk in obese individuals, and
may reveal some promising specific vasculoprotective and
therapeutic targets in the near future,
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