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Epicardial adipose tissue thickness
and its association with adiponectin
in metabolic syndrome patients
from Mérida, Venezuela

Associacdo entre a espessura do tecido adiposo
epicardico e a adiponectina em pacientes com
sindrome metabélica em Mérida, Venezuela

Marcos M. Lima-Martinez!, Gabriel Lopez-Mendez?,
Rodolfo Odreman?, José H. Donis?, Mariela Paoli®

ABSTRACT

To study the relationship between epicardial adipose tissue (EAT) thickness and plas-
ma levels of adiponectin in Venezuelan patients. Thirty-one patients
diagnosed with metabolic syndrome (study group) and 27 controls were selected and tested
for glycemia, lipids, and adiponectin. EAT thickness, ejection fraction, diastolic function, left
ventricular mass (LVM), and left atrial volume (LAV) were determined by transthoracic echocar-
diography. EAT thickness was greater in metabolic syndrome patients (5.69 + 1.12 vs.
3.52 + 0.80 mm; p = 0.0001), correlating positively with body mass index (BMI) (r = 0.661; p =
0.0001); waist circumference (WC) (r = 0.664; p = 0.0001); systolic (SBP) (r = 0.607; p = 0.0001),
and diastolic blood pressure (DBP) (r =0.447; p =0.0001); insulin (r = 0.505; p = 0.0001); Tg/HDL-C
ratio (r = 0.447; p = 0.0001), non-HDL-C (r = 0.353; p = 0.007); LAV (r = 0.432; p = 0.001), and LVM
(r = 0.469; p = 0.0001). EAT thickness correlated negatively with adiponectin (r = -0.499; p =
0.0001). A significant association exists between EAT thickness and both metabolic
syndrome components and adiponectin concentration, a link that might be used as a biomarker
for this disease. Arq Bras Endocrinol Metab. 2014;58(4):352-61
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RESUMO

Estudar a relagao entre a espessura do tecido adiposo epicardico (TAE) e os niveis
plasmaticos de adiponectina em pacientes venezuelanos. Foram sele-
cionados 31 pacientes com diagndstico de sindrome metabdlica (SM) (grupo de estudo) e 27
controles. Foram medidos a glicose, os lipidios e a adiponectina. Foram determinados a es-
pessura do TAE, a fragdo de ejecao, a fungao diastdlica, a massa ventricular esquerda (MVE) e
o volume atrial esquerdo (VAI) pela ecocardiografia transtoréacica. A espessura do
TAE foi maior em pacientes com SM (5,69 + 1,12 contra 3,52 + 0,80 mm; p = 0,0001) com uma
correlagao positiva com o indice de massa corporal (IMC) (r = 0,661; p = 0,0001), circunferéncia
da cintura (CC) (r = 0,664; p = 0,0001), pressao arterial sistolica (PAS) (r = 0,607; p = 0,0001),
diastolica (PAD) (r = 0,447; p = 0,0001), insulina (r = 0,505; p = 0,0001), com a relacdo TG/HDL-C (r
=0,447; p =0,0001), com o colesterol HDL (r = 0,353; p = 0,007), VAI (r = 0,432; p = 0,001) e MVI
(r=0,469; p = 0,0001). A espessura do TAE se correlacionou negativamente com a adiponectina
(r=-0,499; p=0,0001). Existe uma relacao significativa entre a espessura doTAE, os
componentes do SM e a concentragao plasmatica de adiponectina, o que poderia ser utilizado
como um biomarcador para essa doenga. Arq Bras Endocrinol Metab. 2014;58(4):352-61
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INTRODUCTION

he recognition of the adipocyte as a highly com-

plex endocrine organ, capable of secreting a se-
ries of bioactive molecules, collectively known as adi-
pocytokines, has triggered great interest in the adipose
tissue, and particularly visceral adiposity (1). Increase in
visceral adiposity is associated with high cardiometabo-
lic risk, a characteristic that defines the metabolic syn-
drome. Despite the current focus on intra-abdominal
visceral adiposity, some extra-abdominal fat deposits,
such as epicardial fat, are now acknowledged as markers
of cardiovascular risk (2).

Epicardial adipose tissue (EAT) or epicardial fat de-
velops from brown adipose tissue during embryogen-
esis. At adult age, it tends to settle between the atrio-
ventricular or interventricular grooves, extending to the
apex (3). It has been proposed that this tissue could act
as a physiolgical buffer that protects the heart against
cardiolipotoxicity generated by free fatty acids (3).
Adequately functioning epicardial adipocytes can secrete
a number of adipocytokines, one of which is adiponec-
tin, a 247-amino acid peptide with insulin-sensitizing,
anti-atherogenic, and anti-inflammatory properties that
offers multiple benefits in diseases such as atherosclero-
sis, ischemic cardiopathy, and arterial hypertension (4).
It is well known that high-sensitivity C-reactive protein
(hs-CRP) is a risk marker for coronary artery disease,
and during the last decade, Ouchi and cols. (5) have
described a strong negative association between adipo-
nectin and hs-CRP, both in plasma and in the adipose
tissue of patients with atherosclerotic coronary disease.

Some authors have found metabolic syndrome
patients to have a thicker layer of epicardial fat (6,7).
Torres and cols. (8) demonstrated, in their unprece-
dented Ciudad Bolivar study, in Venezuela, that among
Hispanics, EAT thickness is greater in metabolic syn-
drome patients than in control subjects. However, until
this study, no other has established a relationship be-
tween EAT thickness and plasma levels of adiponectin
in Hispanic patients.

SUBJECTS AND METHODS

Design and subjects of the study

An observational, analytical, cross-sectional study was
designed. The selection of subjects was carried out in
accordance with the International Diabetes Federa-
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tion (IDF) guidelines for the diagnosis of metabolic
syndrome (9). A sample of 31 (19 female, 12 male)
metabolic syndrome subjects aged 20 to 60 years old,
with inclusion of at least three of the following criteria:
1. Waist circumference (WC): 2 90 cm in men; = 80 cm
in women; 2. Triglyceride plasma levels: > 150 mg/dL;
3. HDL-C: < 40 mg/dL in men; < 50 mg/dL in wom-
en; 4. Systolic blood pressure (SBP): > 130 mmHg
and/or diastolic blood pressure (DBP) > 85 mmHg; 5.
Fasting blood glucose: > 100 mg/dL.

These subjects were compared with 27 age- and
sex-matched controls without metabolic syndrome.
According to the Helsinki Declaration, all subjects gave
informed consent to participate in the study. The study
did not include subjects with primary hyperlipidemia;
endocrinopathies, such as diabetes mellitus, hypothy-
roidism, Cushing syndrome, or acromegaly; or any
other comorbidity or drug (glucocorticoids, anticon-
vulsants, or hypolipidemic agents) that would be able
to affect metabolic variables.

Clinical evaluation

A brief medical history was taken to gather demogra-
phic data, such as age, sex, and associated personal and
family background. Weight and height were measured
with subjects wearing only their underwear. BMI was
calculated as weight in kilograms divided by height in
meters squared. Waist circumference (WC) was mea-
sured midway between the underside of the lowest rib
and the iliac crests, in centimeters, with subjects stand-
ing. Blood pressure was taken using the auscultation
method with a conventional mercury sphygmomanom-
eter on the right arm.

Biochemical variables

A blood sample was taken from the antecubital vein
after subjects had fasted for no less than eight hours.
Glycemia and blood lipids (total cholesterol, triglyceri-
des, and HDL-C) were analyzed in a Hitachi 911® auto-
analyzer with reagents from CienVar Laboratories, us-
ing enzymatic methods.
Low-density lipoprotein

cholesterol  (LDL-C)

was estimated using the Friedewald Equation, where =

LDL-C = Total cholesterol - [HDL-C + (Triglycer-
ides/5)]. Non-high density lipoprotein cholesterol
(Non-HDL-C) was obtained by subtracting HDL-C
from total cholesterol, and the triglyceride to HDL-C
ratio (Tg/HDL-C ratio) was determined by dividing
triglyceride plasma concentration by HDL-C.
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Plasma levels of adiponectin were ascertained with
an ELISA kit (DRG International Inc, New Jersey,
USA), using the immunoenzymatic method. hs-CRP
was determined by a chemoluminescence immunoassay
using commercial kits from Siemens Healthcare Diag-
nostics, California, USA.

Echocardiografic variables

Standard transthoracic two-dimensional echocardiog-
raphy was performed with a Vivid 7 Dimension Ultra-
sound scanner (GE Healthcare, Wisconsin, USA) with
patients in left lateral recumbent position. Echocardio-
grams were interpreted by a cardiologist-echocardiogra-
pher in order to guarantee the validity of the studies.
The echocardiographer was blind to the condition of the
subjects.

Echocardiographically, EAT was observed as the
echolucent space between the outer wall of the myo-
cardium and the visceral pericardium. This thickness
was measured perpendicularly on the free wall of the
right ventricle at end-systole in three cardiac cycles,
using both long and short-axis parasternal views (10).

Left ventricular mass (LVM) was determined simi-
larly in the parasternal long-axis view, using the ana-
tomically validated formula of Devereux and cols. (11),
and subsequently indexed to the patient’s body surface
area (BSA). Left atrial volume (LAV) was measured
using both apical two- and four-chamber echo views,
subsequently averaged to the patient’s BSA.

The left ventricle diastolic function (LVDF) was
determined using transmitral flow and tissue Doppler
echocardiography. The left ventricle ejection fraction
(LVEF) was obtained by subtracting the end systolic
volume from the end diastolic volume, and dividing the
result by the end diastolic volume (x 100).

Statistical analysis

All continuous variables are presented as means + stan-
dard deviations, and categorical variables, as numbers
and percentages. The chi-square test was used to deter-
mine any significant sex-related differences between the
groups. Student’s t-test for independent data assessed
the mean difference of normally-distributed continuous
variables between subjects with and without metabolic
syndrome, while Mann-Whitney U test was used for
non-normally distributed variables (SBP, DBP, insulin,
hs-CRP, and LVEF). To measure variable dependency
in metabolic syndrome, and to determine which vari-
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able was the most influential, Pearson or Spearman cor-
relation, according the distribution of the variable, and
both uni- and multi-variate linear regression analyses
were conducted using EAT as the dependent variable.
In addition, uni- and multivariate logistic regression
analyses with metabolic syndrome as the dependent vari-
able were done in order to determine the variable that
best defined the disorder. Finally, univariate and multi-
variate linear regression analyses were undertaken with
SBP, Tg/HDL-C ratio, non-HDL-C, and adiponectin
plasma concentrations as dependent variables, and body
mass index and EAT thickness as independent variables
to determine if epicardial fat was related to these meta-
bolic variables independent of the degree of obesity.
SPSS 15.0 for Windows was used in the statistical analy-
sis, with p value < 0.05 considered statistically significant.

RESULTS

Table 1 presents the anthropometric and clinical data
of the participants. The control group comprised 27
subjects — 19 females and 8 males — with an average age
of 38.67 + 9.80 years, and a mean BMI of 24.32 + 3.48
kg/m?. The study group comprised 31 patients — 19
females and 12 males — with an average age of 39.06
+ 10.00 years, and mean BMI of 34.26 = 6.31 kg/m?.
There were no statistically significant differences in
age, sex, height, or pathological familial histories be-
tween the two groups. Weight, BMI, WC, SBP, and
DBP were significantly higher (p = 0.0001) in the study
group, which had a greater incidence (p = 0.0001) of
personal diseases — obesity, dyslipidemia, high blood
pressure, and tobacco use (67.7% vs. 3.7; 48.4% vs.
11.1%; 41.9% vs. 0%; and 6.5% vs. 0%, respectively) be-
ing the most frequent. Ten of the 13 patients with a
history of high blood pressure were on monotherapy
(six on angiotensin-converting enzyme inhibitors, and
four on angiotensin II receptor blockers) and three
on combined therapy (two on angiotensin II receptor
blockers and calcium blockers; and one on angiotensin-
converting enzyme inhibitor plus a diuretic).

As expected, when comparing the biochemical vari-
ables between participants (Table 2), the study group
revealed significantly higher plasma levels of fasting
blood glucose (p = 0.005), basal insulin (p = 0.0001),
non-HDL-C (p = 0.002), triglycerides (p = 0.0001),
Tg/HDL-C ratio (p = 0.0001), and hs-CRP (p =
0.0001), as well as lower plasma levels of HDL-C (p =
0.001) and adiponectin (p = 0.0001) than the control
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group. No statistically significant differences between
the groups were observed in the plasma concentrations
of total cholesterol (p = 0.051) and LDL-C (p = 0.110).

Table 3 presents the echocardiographic data of the
participants. The thickness of epicardial fat (p = 0.0001)

Table 1. Anthropometric and clinical data of the participants

Epicardial fat and metabolic syndrome

and LVM (p = 0.019), as well as LAV (p = 0.021) were
significantly greater in the study group. No significant
differences were observed in either LVEF (p = 0.503)
or the left ventricle diastolic dysfunction (LVDD) (p =
0.068) between the groups.

Variables Con;r:l 297")"') Stul\(liy=gsr$ up p value
Age (years) 38.67 +9.80 39.06 +10.00 0.879
Sex: female/male 19 (70.4) / 8 (29.6) 19 (61.3)/12(38.7) 0.468
Weight (kg) 64.60 +11.96 90.86 + 19.84 0.0001
Positive personal background 3(11.1) 28 (90.3) 0.0001
Positive family background 22 (81.5) 29 (93.5) 0.159
Height (m) 1.63 +0.09 1.62 +0.09 0.956
BMI® (kg/m?) 24.32 +3.48 34.26 +6.31 0.0001
WCP (cm) 77.16 +£10.32 102.29 + 14.32 0.0001
SBP (mmHg) 111.48 £ 8.18 135.48 + 14.28 0.0001
DBP?(mmHg) 70.37 +7.96 82.58 +9.30 0.0001

Continuous variables are presented as X = SD, and the categorical variables as N (%).

aBMI: body mass index, ®WC: waist circumference, © SBP: systolic blood pressure, ¢ DBP: diastolic blood pressure.

Table 2. Biochemical variables of the participants

Variables COnlt‘n;I g;mm Stu:i%rf up p value

Glycemia (mg/dL) 90.11 + 8.82 98.16 +12.03 0.005
Insulin (mU/mL) 210+ 0.54 6.08 +5.22 0.0001
Total cholesterol (mg/dL) 172.67 + 22.51 190.52 + 43.29 0.051
HDL-C? (mg/dL) 56.11 +£10.78 46.68 + 8.73 0.001
LDL-C®(mg/dL) 93.68 +17.98 105.77 + 36.55 0.110
Non-HDL-C (mg/dL) 116.55 + 21.57 143.84 £ 41.07 0.002
Triglycerides (mg/dL) 11215+ 52.16 204.26 + 94.43 0.0001
Tg/HDL-C ratio 210+1.15 452 +2.37 0.0001
Adiponectin (ng/mL) 14.95 + 3.87 11.20 £ 2.65 0.0001
hs-CRP® (mg/L) 220+254 6.59 + 6.26 0.0001

Continuous variables are presented as X + SD.

2HDL-C: high-density lipoprotein cholesterol; ®LDL-C: low-density lipoprotein cholesterol; ¢ hs-CRP: high-sensitivity C-reactive protein.

Table 3. Echocardiographic data of the participants
Variables can;rzl g;oui) Stu:!;%r;’"l’ p value
Epicardial fat (mm) 3.52 +0.80 5.69+1.12 0.0001
Left ventricular mass (g/m?) 53.01 £ 8.40 60.28 + 14.00 0.019
Ejection fraction (%) 65.15+3.17 64.55 + 3.60 0.503
Left atrial volume (mL/m?) 19.26 + 4.03 22.15+519 0.021
Left ventricle diastolic dysfunction 6 (19.4) 1@3.7) 0.068

Continuous variables are presented as X = SD, and the categorical variables as N (%).
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The correlation analysis revealed that epicardial
fat thickness (measured in mm) showed a statistically
significant positive correlation with BMI (r = 0.661;
p = 0.0001); WC (r = 0.664; p = 0.0001), SBP (r =
0.607; p = 0.0001), and DBP (r = 0.447; p = 0.0001)
(Figure 1). Also, as illustrated by Figure 2, epicardial
fat thickness showed a statistically significant positive
correlation with insulin plasma levels (r = 0.505; p =
0.0001), Tg/HDL-C ratio (r = 0.447; p =0.0001), and
non-HDL-C (r = 0.353; p = 0.007); and a statistically
significant negative correlation with plasma concentra-
tions of adiponectin (r = 0.499; p = 0.0001). There
was no correlation between hs-CRP and EAT thickness.
Figure 3 also demonstrates that EAT thickness showed
a statistically significant correlation with both LVM (r
=0.469; p = 0.0001) and LAV (r = 0.432; p = 0.001).

A linear regression analysis was conducted to deter-
mine the variables that exerted the most influence on
EAT thickness as a dependent variable. The univariate
linear regression analysis yielded significance for SBP,
insulin, Tg/HDL-C, non-HDL-C, LAV, WC, adipo-
nectin, and LVM (Table 4). The multivariate linear re-
gression analysis excluded BMI and DBP because of
collinearity with WC and SBP, respectively, and showed
that SBP, insulin, Tg/HDL-C ratio, non-HDL-C, and

r=0.661
p =0.0001

Body mass index (kg/m?
8

160 4

150

140

130 4

120

Systolic blood pressure (mmHg)

Epicardial fat thickness (mm)

LAV lost their statistical significance, whereas WC (p =
0.001), adiponectin plasma concentration (p = 0.002),
and LVM (p = 0.001) kept theirs. All three remained as
the variables that exerted the greatest effect on epicar-
dial fat thickness, with R squared of 0.587.

Logistic regression analyses were conducted using
the presence of metabolic syndrome as the dependent,
binary variable, and epicardial fat and adiponectin as in-
dependent variables in order to establish which of them
best fitted the metabolic syndrome model in the study.
The univariate analysis found that both adiponectin and
epicardial fat thickness were significant (p = 0.0001).
The multivariate analysis revealed that adiponectin lost
its statistical significance, whereas epicardial fat kept it
(p = 0.0001), the latter remaining as the rationale for
metabolic syndrome, with R squared of 0.760 and odds
ratio of 10.203 (Table 5).

Univariate and multivariate regression analyses with
SBP, Tg/HDL-C ratio, non-HDL-C, and adiponectin
plasma concentration as dependent variables, and BMI
and EAT thickness as independent ones (Table 6) were
conducted in order to assess if the relation between epi-
cardial fat and these variables was independent of BMI.
The table shows that both BMI and epicardial fat thick-
ness bear independently on SBP; however, epicardial fat

r =0.664
140 - "
p = 0.0001

120 |

100 4
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Figure 1. Epicardial fat thickness correlation with body mass index, waist circumference, systolic blood pressure, and diastolic blood pressure.
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thickness does not correlate independently with either  sis yielded a significant inverse relation for both BMI
Tg/HDL-C ratio or non-HDL-C. It is worth noting  and EAT, but BMI lost its statistical significance in the
that when the plasma concentration of adiponectin was ~ multivariate analysis, whereas epicardial fat thickness

evaluated as a dependent variable, the univariate analy-  continued to maintain it (p = 0.025).
_ 24—
24 |r=0505 r=0.499
4 L] 22 L}
20i p =0.0001 . - p = 0.0001
18| 20+ - ..
16 18| L .

Insulin (mU/mL)

Adiponectin (ng/dL)
&

6
1 1
10 10
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250 |
° 3
= 2 200
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g 3
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Figure 2. Epicardial fat thickness correlation with insulin, adiponectin, TG/HDL-C ratio, and non-HDL-C.

100

Left ventricular mass (g/m?)

r=0.469 38 | r=0432
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Left atrial volume (mL/m?)

Epicardial fat thickness (mm)

Figure 3. Epicardial fat thickness correlation with left ventricular mass, and left atrial volume.
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Table 4. Univariate and multivariate linear regression analysis with epicardial fat thickness as the dependent variable

Independent variables U:izz::;te Ml::t‘i’:?;i:te

Systolic blood pressure (mmHg) 0.0001 0.071

Insulin (mU/mL) 0.0001 0.764

Tg/HDL-C ratio 0.0001 0.818

Non-HDL-C (mg/dL) 0.007 0.994

Left atrial volumen (mL/m?) 0.001 0.583

Waist circumference (cm) 0.0001 0.001 R? = 0.587
Coef. B =0.032
Cl:0.014 - 0.050

Adiponectin (ng/mL) 0.0001 0.002 Coef.B=-0.128

Cl:-0.209 —-0.048

Left ventricular mass (g/m?) 0.0001 0.001 Coef. B =0.042

Cl:0.019 - 0.065

Table 5. Logistic regression analysis using metabolic syndrome as the dependent variable, and epicardial fat thickness and adiponectin as independent
variables

. Univariate Multivariate
Independent variables p value p value
Adiponectin (ng/mL) 0.0001 0.202
Epicardial fat (mm) 0.0001 0.0001 R?>=0.760

Odds ratio = 10.203
Cl:2.971 - 35.042

Table 6. Univariate and multivariate linear regression analysis with systolic blood pressure, Tg/HDL-C ratio, non-HDL-C, and adiponectin as dependent
variables, and body mass index, and epicardial fat thickness as independent variables

Univariate Multivariate
p value p value

Variable dependent:
Systolic blood pressure
Independent variables: R?=0.448
Body mass index (kg/m?) 0.0001 0.007 (IC: 0.256-1.511) Coef. B: 0.884
Epicardial fat thickness (mm) 0.0001 0.010 (IC: 1.044-7.181) Coef. B: 4.113
Variable dependent:
Tg/HDL-C ratio
Independent variables: R%0.237
Body mass index (kg/m?) 0.001 0.107 (IC: -0.018-0.179) Coef. B: 0.080
Epicardial fat thickness (mm) 0.0001 0.082 (IC: -0.056-0.905) Coef. B: 0.425
Variable dependent:
Non-HDL-C
Independent variables: R% 0.140
Body mass index (kg/m?) 0.012 0.318 (IC: -0.831-2.509) Coef. B: 0.839
Epicardial fat thickness (mm) 0.007 0.152 (IC: -2.250-14.075) Coef. B: 5.913
Variable dependent:
Adiponectin
Independent variables: R%0.277
Body mass index (kg/m?) 0.0001 0.151 (IC: -0.277-0.044) Coef. B: -0.116
Epicardial fat thickness (mm) 0.007 0.025 (IC: -1.685-0.119) Coef. B: -0.902
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DISCUSSION

Our results correspond to those of other studies, which
show echocardiographically-measured EAT  values
linked to anthropometric and clinical metabolic syn-
drome components (6,8). In fact, some EAT thickness
values were found to have a greater significance in the
metabolic syndrome group than in the control group
(5.69 £ 1.12 »s5. 3.52 + 0.80; p = 0.0001) as well as a
significant correlation with BMI and WC, suggestive
of obesity as a predisposing factor for epicardial fat. In
fact, a recent meta-analysis evaluating the relationship
between epicardial fat, indices of obesity and metabolic
syndrome demonstrated that EAT thickness signifi-
cantly correlated independently with each of the com-
ponents of metabolic syndrome (SBP, HDL-C, fasting
glucose), but the magnitude of this relationship was
considerably and significantly lower than that between
epicardial fat and BMI (12).

This study showed that EAT thickness exerts an
influence on systolic blood pressure independently of
BMI. This finding might be explained in terms of the
physiopathological mechanism of insulin resistance. It
has been reported, in animal models, that the release
rate of fatty acids by the epicardial adipocyte is twice
that of perirenal fat. This suggests a high lipolytic ac-
tivity due, perhaps, to both the reduced antilipolytic
effect of insulin on this tissue and the increased expres-
sion of P-adrenergic receptors, especially -3 recep-
tors. The B-3 receptors stimulation activates lipolysis
and increases the release of free fatty acids capable of
promoting arterial hypertension by means of differ-
ent pathways, such as adrenergic stimulation, increase
in oxidative stress, endothelial dysfunction, or vascular
cell growth (13,14). This theory is supported in our
study by the significant correlation between epicardial
fat thickness and insulin plasma concentration in the
individuals studied. Furthermore, the epicardial adi-
pocyte produces angiotensinogen, which is converted
into angiotensin I and subsequently into angiotensin
I1, a potent vasoconstrictor and hydro-saline retention
promoter (15). Interestingly, Dicker and cols. (16)
demonstrated, in a sample of 127 non-obese subjects,
that EAT thickness > 2.4 mm is associated with an in-
creased risk of high blood pressure (odds ratio 1.39;
95% CI: 1.033-1.992).

The Tg/HDL-C ratio, frequently elevated in meta-
bolic syndrome patients, is linked to a predominance
of small and dense lipoprotein particles (f LDL) that

Arq Bras Endocrinol Metab. 2014;58/4
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result from insulin resistance, high triglyceride concen-
tration, and low levels of HDL-C. This is the reason
why this index has been proposed as a useful instru-
ment to predict endothelial dysfunction and adverse
cardiovascular events, especially in patients with a Tg/
HDL-C ratio 2 3.5 (17). In our study, the Tg/HDL-C
ratio showed elevated values in the metabolic syndrome
group (4.52 £ 2.37 ps. 2.10 = 1.15; p = 0.0001) and
a positive correlation with epicardial fat (r = 0.447; p
= 0.0001). Aydin and cols. (7) found EAT thickness
to be an independent factor exerting an effect on the
endothelial function of metabolic syndrome patients.
Our study, however, evinced no independent relation-
ship between EAT thickness and Tg/HDL-C ratio.

Several studies have established the clinical impor-
tance of Non-HDL-C as a predictor of coronary ar-
tery disease and cardiovascular morbidity and mortality
in patients with metabolic syndrome (18). This study
found plasma concentrations of non-HDL-C signifi-
cantly higher than those of the control group (143.84 =+
41.07 vs. 116.55 £ 21.57; p = 0.002), and a significant
correlation between EAT thickness and Non-HDL-C
(r = 0.353; p = 0.007). Rego and cols. (19) demon-
strated a significant increase of the ApoB/ApoAl ratio
in subjects with an EAT thickness > 5.2 mm compared
with subjects with thickness < 5.2 mm (50.9 »s. 23.1%;
p = 0.002). Nonetheless, similar to the Tg/HDL-C ra-
tio, our study did not evince any independent relation-
ship between EAT thickness and Non-HDL-C.

As for the hs-CRP; significantly higher concentra-
tions (6.59 + 6.26 vs. 2.20 + 2.54; p = 0.0001) were
observed in the MS group. This study did not find a
correlation between hs-CRP and epicardial fat thick-
ness (r = 0.252; p = 0.056), akin to values reported in
a previous study (6); on the contrary, Aydin and cols.
(7) showed a strong correlation between these variables
(r=10.62; p < 0.0001) in MS patients. The reason for
these differences might involve the fact that the subject
group studied by Aydin and cols. was older (52.00 =+
7.00 years) compared with the control and metabolic
subjects assessed in our study (38.67 = 9.80 and 39.06
+ 10.00 years old, respectively), which affects the de-

gree of vascular dysfunction and possibly the relation- ¢

ship between the variables.

This, as well as a former study, demonstrated that
EAT thickness augmentation correlates significantly
with LAV (20). Atrial distension is commonly found in
obese and metabolic syndrome patients. Possibly due
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left ventricle, an increase in EAT might mechanically
affect the diastolic filling of the latter, and thus induce
left atrial distension, a potential risk factor for atrial fi-
brillation (20,21).

The strong correlation between LVM and EAT
thickness has been characterized by other authors
(8,22,23). Several mechanisms might explain this re-
lationship: a) EAT augmentation is associated with
higher intramyocardial lipid content, and hence, with
myocardial steatosis and lipotoxicity, which might in-
duce adverse structural and functional adaptations, in-
cluding cardiomyopathy (24); b) EAT may affect car-
diac morphology by means of the effect, both local and
systemic, of the adipocytokines it synthesizes, as some
of them are capable of inducing cardiac remodeling
(25); ¢) EAT could induce systemic insulin resistance,
which in turn can promote left ventricular hyperthro-
phy via direct mitogenic action of insulin post-receptor
pathway in myocardial cells (2,26).

Our study found an inversely proportional relation-
ship between EAT thickness and adiponectin plasma
concentration, independent of BMI. Bambace and cols.
(27) demonstrated that the increase in diameter of the
epicardial adipocyte is associated with a decreased EAT
adiponectin expression in subjects with metabolic syn-
drome compared with subjects without it. Interesting-
ly, intracoronary adiponectin levels reflect the systemic
concentration of this hormone, and EAT contributes,
in part, to such plasma levels (28). Indeed, reduced
EAT adiponectin expression in patients with ischemic
cardiopathy, coupled with a significant inverse associa-
tion between epicardial adiponectin expression and the
extent of coronary disease, suggests that a lower pro-
duction of epicardial fat adiponectin might play a rel-
evant role in the development and severity of coronary
artery disease (29,30).

Furthermore, the logistic regression analysis with
metabolic syndrome as a dependent variable showed
that EAT thickness, rather than adiponectin, correlated
better with it, a correlation that underscores the strong
association between the echocardiographic evaluation
of this tissue and the clinical and anthropometric com-
ponents of this syndrome. Moreover, a meta-analysis
¢ using 2,027 subjects (1,030 affected) revealed that
© EAT mass of these patients is significantly thicker than
that of controls (standardized difference in means 1.15,
95% CI: 0.78 = 1.53; p = 0.0001) (31). It is worth not-
ing that while this difference is independent of both
- the criteria used to define metabolic syndrome and
© the cardiac cycle time period when EAT was measured
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(end-systole or end-diastole), it does vary according to
ethnicity (31). In fact, this study shows that the great-
est difference in EAT thickness between subjects with
metabolic syndrome and those without it is observed
among Caucasians, followed by Hispanics, Turks, and
Asians (31). It is not clear if these differences result
from racial variations in the amount of visceral adipose
tissue, as has been reported in some ethnic groups (32).
In our experience, significant differences have been ob-
served in Venezuela. EAT thickness reported in the city
of Ciudad Bolivar (8) was significantly greater than that
found during the course of this study in Mérida, which
leads us to hypothesize that sociocultural, climatic, and
dietary factors exert an influence on EAT thickness and
its relationship with metabolic syndrome.

CONCLUSION

A thicker epicardial adipose tissue was confirmed in
metabolic syndrome patients when compared with con-
trol subjects, as well as a direct relationship between
EAT and WC, blood pressure, Tg/HDL-C ratio, and
plasma insulin levels. A significant inverse correlation
between EAT thickness and adiponectin plasma con-
centration was also observed, a link which might be
useful as a biomarker for this disease.
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