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Abstract
Introduction: The aim of this study was to evaluate the predictive value of
selected adipokines in the improvement in the ejection fraction and in the
development of adverse cardiac remodeling during 12 months of follow-up
among patients with an ST-segment elevation acute myocardial infarction
(STEMI) in the presence of metabolic syndrome (MeS).
Material and methods: The study population consisted of 69 patients (49 male;
mean age: 59 ±10 years) with a first STEMI that was treated with a primary percutaneous coronary intervention (pPCI). In this group, 36 patients
(18 male; mean age: 60 ±15 years) had MeS according to the definition
of the International Diabetes Federation. The baseline clinical evaluation
included a clinical examination and evaluation of the blood levels of C-reactive protein, ghrelin, resistin, and fasting glucose. Within 72 h after the
STEMI, an echocardiographic examination was performed. A complete clinical evaluation was repeated after 12 months. Adverse cardiac remodeling
was defined as an increase in the left ventricular end-diastolic volume of
≥ 8%. An improvement of the ejection fraction (EF) was defined as an increase of more than 5% in the EF.
Results: A concentration of ghrelin ≤ 160.46 pg/ml (AUC = 0.71, p = 0.032)
had a good predictive value for the occurrence of adverse left ventricular
remodeling but only in the patients without MeS. Among the patients with
MeS, a concentration of resistin ≤ 5196 pg/ml (AUC = 0.073, p = 0.024) had
a good predictive value for the occurrence of left ventricular remodeling.
A concentration of leptin > 52.18 pg/ml (AUC = 0.81, p < 0.0001) and resistin
> 4419.27 ng/ml (AUC = 0.67, p = 0.049) had a good predictive value for
improvement of the LVEF in the patients without MeS.
Conclusions: The selected adipokines had a good predictive value for the development of adverse cardiac remodeling and for improvement of the ejection
fraction among patients after a STEMI in the presence of metabolic syndrome.
Key words: myocardial infarction, adipokines, ghrelin, metabolic syndrome,
echocardiography.

Introduction
Metabolic syndrome (MeS) is one of the most important medical challenges of the twenty-first century. The syndrome involves a constellation of
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abnormalities that increase the risk of developing
type 2 diabetes and cardiovascular diseases. Metabolic syndrome is characterized by obesity, hypertension, dyslipidemia, insulin resistance, diabetes
mellitus, an abnormal concentration of cytokines
and the presence of inflammatory markers. Expert
consultants with the WHO have concluded that
further research on metabolic syndrome should focus on the evaluation of metabolic pathways leading to the increased risk of developing diabetes
mellitus and cardiovascular disease (CVD) [1]. Between 1999 and 2002, 44% of overweight or obese
adolescents suffered from metabolic syndrome [2].
In the U.S., approximately 1 in 4 adults older than
age 20 is diagnosed with metabolic syndrome [3].
A meta-analysis of prospective studies by Gami et
al. concluded that MeS increases the risk of developing CVD (summary RR = 1.78; 95% CI: 1.58–2.00)
[4]. The combination of abdominal obesity, elevated blood pressure and hyperglycemia constituted
the greatest risk for developing CVD (hazard ratio
(HR) = 2.36; 95% CI: 1.5–3.61) and for mortality
(HR = 3.09; 95% CI: 1.93–4.94) in the Framingham
Offspring Study [5]. Previous studies have focused
on the role of specific biomarkers in the development of diabetes mellitus (DM) or CVD. We have
evaluated the influence of specific adipokines on
the prognosis after an acute myocardial infarction
(MI) and on improvements in the cardiac function
and cardiac remodeling using modern echocardiographic techniques. Despite the development of
new strategies for the treatment of acute coronary
syndromes (ACSs), their prevalence is still increasing and is currently at 3.1% in the U.S. population.
The average age of the first incident for men is 64.5
years and 70.3 years for women [6]. Although their
incidence in the U.S. has decreased from 47.0% in
1999 to 22.9%, ST-segment elevation acute myocardial infarction (STEMI) infarctions still remain
a considerable problem [7].

Adipokines
Adipose tissue is an active endocrine organ that
secretes essential hormones, cytokines, vasoactive substances and peptides. In addition to regulating the fat mass and nutrient status, adipose
tissue releases several hormones, including leptin,
resistin and ghrelin. Leptin and ghrelin, along with
other hormones, are responsible for the appetite
and balancing food intake. Discovered in 2001
by three independent groups, resistin is primarily
expressed in monocytes and macrophages, showing elevated levels in diet-induced obesity [8, 9].
An animal model has shown that resistin strongly
affects cholesterol metabolism, elevating the total
cholesterol and triglyceride concentrations as well
as decreasing the level of high-density cholesterol
[10]. In recent publications, resistin was used as
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an independent predictor of major cardiovascular events, including cardiovascular death, MI and
restenosis in patients undergoing percutaneous
coronary interventions (PCI) [11]. Ghrelin, a growth
hormone-releasing peptide, is the endogenous ligand for the growth hormone secretagogue receptor and has a significant influence on the cardiovascular system. Studies in an animal model by Li
et al. showed that ghrelin inhibited the ventricular
remodeling induced by hypertension, and the preventive effect may be mediated by the anti-inflammatory actions of the peroxisome proliferator-activated receptor (PPAR)-γ-dependent pathway [12].

Material and methods
Sixty-nine consecutive patients who were
admitted to the Cardiology Department of the
Medical University of Lodz with ACS with an ST
elevation that was confirmed by the coronary angiography occlusion of only one coronary artery
were enrolled in our study without regard to their
ages (20 females, 49 males). The STEMI diagnosis
criteria were as follows: symptoms of ischemia,
ST-segment elevation on an ECG and significant
troponin elevation, with at least one measurement exceeding the 99th percentile of the reference range. Within 10 h of the onset of symptoms,
all of the patients were successfully treated with
a PCI of one of the coronary arteries. The MeS was
defined as having at least 3 of the following 5 conditions set forth by the recent National Cholesterol
Education Program (NCEP) Adult Panel III (ATP-III)
IDF (International Diabetes Federation) report with
modifications: dysglycemia, hypertension, hypertriglyceridemia, a decreased level of high-density lipoprotein (HDL) cholesterol, and obesity
[13, 14]. Dysglycemia was defined as a fasting
glucose level > 110 mg/dl; the dysglycemia definition also included the current use of insulin or
oral hypoglycemic drugs. Hypertension was defined as a systolic blood pressure > 140 mm Hg
and/or a diastolic blood pressure > 85 mm Hg
and the current use of antihypertensive drugs.
Hypertriglyceridemia was defined as a serum triglyceride level > 150 mg/dl. Low HDL cholesterol
was defined as a serum level < 40 mg/dl in men
and < 50 mg/dl in women. Abdominal obesity was
defined as waist circumference (WC) > 102 cm for
males and > 88 cm for females. All of the patients
were treated with PCI with stent implantation. The
study was approved by the local ethics committee,
and written informed consent was obtained from
the participants. Patients with a subacute myocardial infarction, myocardial infarction without
ST elevation or multi-vessel disease at admittance
were not included in the study. To circumvent other potential influences on the plasma levels of
adipokines and inflammatory markers, patients
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with any of the following were excluded from
the study: infectious diseases, liver insufficiency,
hepatitis, a malignancy, autoimmune diseases
or a previous myocardial infarction. The weight,
height, and waist and hip circumferences were
measured using standard methods, and the body
mass index (BMI) (kg/m2) and waist-to-hip ratio
(WHR) were calculated. There were more women
and diabetic patients, and the BMI and WHR were
higher among patients with MeS (Table I).
Clopidogrel (a 600-mg loading dose in the
emergency room before the cardiac catheterization and then 75 mg/daily for maintenance) and
aspirin (a 300-mg loading dose and then 75 mg/
daily for maintenance) were administered to the
patients undergoing primary stenting. Pharmacological treatment was in accordance with the
current guidelines for the management of STEMI.
Inclusion in the study had no impact on the further in-hospital and long-term pharmacological
management.

Echocardiographic study
A transthoracic echocardiogram (TTE) was performed in all of the patients to obtain the standard parasternal and apical views using the VIVID
7 and 9 Dimension ultrasound system (GE Healthcare, USA) to evaluate the heart chamber’s dimensions, valve function, ejection fraction and diastol-

ic function (E/A). The left ventricular (LV) volumes
and ejection fraction were calculated using the
modified biplane Simpson method. For speckle
tracking, according to the technical requirements,
a high temporal resolution of the recorded cineloop two-dimensional images (in grayscale) was
set to achieve at least 60 frames per second (FPS)
or more. The remaining parameters were set automatically using the pre-specified settings of the
ultrasound system. The STE analysis included the
manual contouring of the LV endocardium and the
approval of the proper level of the imaging quality
of the analyzed area, including the possible corrections, and the manual performance of further
analysis. The left ventricular strain was evaluated
off-line using a dedicated workstation with conventional STE software enabling speckle tracking
(EchoPac version 6.1.0, GE Healthcare). For this
analysis, three separate LV apical views were obtained: four-, two- and three- chamber. Left ventricular remodeling after MI was defined as a ≥ 8%
increase in the LV end-diastolic volume (LVEDV)
[15]. An improvement in the left ventricular ejection fraction was defined as an increase in the LV
ejection fraction (LVEF) of > 5% (Table II).

Laboratory tests
Blood for the hospital laboratory tests was
collected immediately after admission. A sepa-

Table I. Baseline characteristics of study groups
Parameter

Group I
Patients without metabolic
syndrome (33 patients)

Group II
Patients with metabolic syndrome
(36 patients)

P-value

Age [years]

57 ±8

60 ±12

0.14

Women (n)

5

15

Body mass [kg]

77 ±11

91 ±13

< 0.0001

BMI [kg/m ]

26 ±2

33 ±4

< 0.0001

0.80 ±0.1

1.21 ±0.1

< 0.0001

Hypertension (n)

35

32

0.95

Smoking (n)

15

6

0.038

Diabetes (n)

3

21

< 0.0001

Cholesterol [mg/dl]

203 ±38

204 ±34.5

0.93

Triglycerides [mg/dl]

125 ±57

172 ±152

0.21

HDL [mg/dl]

51 ±13

44 ±11

0.017

LDL [mg/dl]

127 ±31

129 ±30

0.86

HbA1c (%)

5.7 ±0.6

6.6 ±0.6

< 0.001

144 ±148

121 ±120

0.51

4.2 ±3.6

4.4 ±4.9

0.9

2

WHR

CK MB (mass) [µg/l]
Troponin I [µg/l]

BMI – body mass index, WHR – waist-to-hip ratio, HDL – high-density lipoprotein, LDL – low-density lipoprotein, HbA1c – glycated
hemoglobin, CK-MB – creatine kinase-myocardial band, n – number of patients.
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Table II. Baseline echocardiographic characteristics
Variable

Group I
Patients without MeS
(mean ± SD)
(33 patients)

Group II
Patients with MeS
(mean ± SD)
(36 patients)

P-value

Left ventricular end-diastolic diameter [mm]

47 ±6

47 ±4

0.82

Left ventricular end-systolic diameter [mm]

33 ±5

33 ±4

0.94

Left atrial diameter [mm]

40 ±4

41 ±4

0.21

Right ventricular diameter [mm]

26 ±3

26 ±3

0.63

Left ventricular end-systolic volume [ml]

68 ±16

68 ±12

0.83

Left ventricular end-diastolic volume [ml]

127 ±19

128 ±22

0.81

43 ±8

44 ±8

0.15

14.1 ±8

13.2 ±7

0.57

EF (%) (Simpson method)
2-dimensional strain
EF – ejection fraction.

rate sample for specified biomarkers was collected the day after admission and at 12 months of
follow-up. The blood samples for the biomarker
testing were collected at 7:00 a.m. after at least
14 h of fasting. The citrated plasma and serum
with the addition of the protease inhibitor AEBSF
was stored at –70°C until assaying. The serum concentrations of creatinine, glucose, creatine kinase
isoenzyme MB (CK-MB) activity, sodium, potassium, and lipids as well as the serum troponin I
levels were measured in the hospital laboratory
using standard laboratory methods. Ghrelin was
measured by an enzyme-linked immunosorbent
assay (ELISA – Millipore Corporation, Billerica,
MA), whereas adiponectin, C-reactive protein
(CRP), leptin, resistin, myeloperoxidase, interleukin 6, and monocyte chemoattractant protein-1
(MCP-1) were measured using flow cytometry
(FACS – Bender MedSystem Flow Cytomix) in the
laboratory of the Molecular and Macromolecular Studies of the Polish Academy of Science in
Lodz, Poland. In addition, at 12 months of follow-up, blood samples were obtained at 7 a.m.
after at least 14 h of fasting and then stored until further use.
In all of the patients, the serum concentrations
of sodium, potassium, creatinine, CK-MB, troponin C, and lipids were assessed.

Statistical analysis
The analyses were performed using the Statistica 8.0 (StatSoft Polska, Krakow, Poland) software. The normality of the distribution was tested
with the Shapiro-Wilk test. The analysis of variance was performed using Levene’s test and the
Brown-Forsythe test. Student’s t-test for dependent and independent variables, the Mann-Whitney U pair-wise comparison for independent variables, and the Wilcoxon pair-wise comparison for
dependent variables were used as appropriate.
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The correlation coefficients were calculated according to Spearman or Pearson. The diagnostic
performance of the various biochemical parameters in predicting the improvement in LVEF or LV
remodeling was assessed using receiver operating characteristic (ROC) curves. In addition, the
cut-off values were determined for the evaluated
variables using the Youden index. The odds ratios
(ORs) and 95% confidence intervals (CIs) were
determined after the dichotomous recalculation
of each parameter using the established cut-off
values for the study group. Values of p below 0.05
were considered to be statistically significant. All
of the data presented are expressed as the means
and standard deviations.

Results
The baseline clinical characteristics of the
studied patients are presented in Table I. The
study population consisted of 69 patients. The
patients were divided into two groups according to the definition of MeS by the (NCEP-ATP-III)
IDF: 36 patients (31 males, 5 females, mean age:
57 ±8) with metabolic syndrome and 33 patients
(18 males, 15 females, mean age: 60 ±12) without
metabolic syndrome. The female-to-male ratio
was significantly higher in the group diagnosed
with MeS. The body mass, BMI, WHR, and presence of diabetes were statistically significantly
higher in the patients with MeS than in the patients without MeS at baseline. The two groups
were uniform with respect to the baseline levels
of total cholesterol, LDL, triglycerides, troponin,
CK-MB mass and echo parameters. There were no
significant changes in the drug therapy administered (β-blockers, statins, angiotensin-converting-enzyme inhibitors, diuretics), except in the
treatment of diabetes. The patients without metabolic syndrome showed an increase in the levels
of ghrelin and leptin, whereas the resistin lev-
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Figure 1. Concentrations of ghrelin (A), leptin (B)
and resistin (C) at baseline and after 12 months in
both study groups
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els decreased when comparing the acute phase
samples with those obtained after 12 months of
follow-up (Figure 1, Table III). However, only the
ghrelin levels were significantly different after
12 months in the patients with MeS. In the acute
phase, the levels of leptin were statistically significantly lower in the group without MeS than
in the group with MeS (75 mg/dl vs. 205 mg/dl,
p = 0.0009), whereas the ghrelin and resistin levels did not differ between the groups. The concentrations of leptin (> 52.18 pg/ml) and resistin
(> 4419.27 ng/ml) were independent predictive
factors for improvement of the LVEF in the patients without MeS after a myocardial infarction
(Figures 2, 3). In the patients with MeS, none of
the adipokines reached a positive predictive value for the improvement of the LVEF. Additionally,
the leptin, ghrelin and resistin levels were regarded as predictors of the occurrence of left ventricle

remodeling. The levels of ghrelin (≤ 160.46 pg/
ml) and leptin (≤ 20.51 pg/ml) were independent
predictors of left ventricular remodeling in the patients without MeS, whereas in the patients with
MeS only the level of resistin (≤ 5196.02 pg/ml)
reached such a predictive value (Figures 4–6). In
both groups, the baseline echocardiographic parameters of the dimensions, systolic function and
strain were fairly uniform (Table III) and represented moderate LV dysfunction. Selected parameters of the diameters, volumes, and LV systolic
function measured after 12 months are presented in Table IV. Interestingly, there were no statistically significant differences in the global strain
between the patients with MeS and without MeS
measured shortly after the myocardial infarction;
however, after 12 months of follow-up, the difference was statistically significant (16.8 vs. 15.9,
p = 0.02) (Tables V, VI).

Table III. Levels of ghrelin, leptin and resistin in both groups at baseline and after 12 months of follow-up
Parameter

Group I
Patients without metabolic
syndrome (33 patients)
Baseline
(mean ± SD)

12 months
(mean ± SD)

Ghrelin [pg/ml]

263 ±166

572 ±366

Leptin [pg/ml]

75 ±77
5220 ±2945

Resistin [ng/ml]

P-value

Group II
Patients with metabolic
syndrome (36 patients)

P-value

Baseline
(mean ± SD)

12 months
(mean ±D)

< 0.0001

287 ±200

609 ±355

< 0.0001

158 ±129

0.006

205 ±210

341 ±308

0.14

4039 ±2174

0.033

6041 ±3430

4760 ±2194

0.112
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Figure 2. ROC curve for the improvement in LVEF
(> 5%) based on leptin concentration in the group
without MeS (AUC = 0.81 and best cut-off value –
leptin > 52.18 pg/ml)
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Figure 4. ROC curve for reverse cardiac remodeling
(LVEDV > 8%) based on ghrelin concentration in the
group without MeS (AUC = 0.72 and best cut-off value < 160.46 pg/ml)
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Figure 5. ROC curve for reverse cardiac remodeling
(LVEDV > 8%) based on leptin concentration in the
group without MeS (AUC = 0.767 and best cut-off
value < 20.51 pg/ml)

study was that among the patients with a myocardial infarction, the selected adipokines may have
a predictive value for the prognosis of improvement of the LVEF and the occurrence of LV remodeling according to the presence of MeS. We chose
the (NCEP-ATP-III) IDF criteria because they are
superior to IDF criteria in predicting acute STEMI
severity in terms of clinical presentation, in-hospital complications and severity of CAD [14].
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Figure 6. ROC curve for reverse cardiac remodeling
(LVEDV > 8%) based on resistin concentration in the
group with MeS (AUC = 0.731 and best cut off value
≤ 5196.02 pg/ml)

Discussion
We evaluated the relationships among the selected biomarkers, metabolic syndrome and the
prognosis, improvement of cardiac function and
cardiac remodeling in a group of patients with
myocardial infarctions with ST elevation at 12
months of follow-up. The major finding of this
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20

Figure 3. ROC curve for the improvement in LVEF
(> 5%) based on resistin concentration in the group
without MeS (AUC = 0.667 and best cut off value
> 4419.27 ng/ml)
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Leptin
In addition to reducing the appetite and controlling weight gain, leptin activates the sympathetic nervous system. Leptin’s stimulation of adrenergic overdrive can lead to numerous adverse
effects on the cardiovascular system. Both in vitro
and in vivo studies have demonstrated adrenergic
influences on the growth of cardiomyocytes [16].
Clinically, it is interesting to note that patients with
a higher body mass index have a better outcome
following an acute coronary syndrome or percutaneous coronary intervention [17]. In our study, we
observed a higher concentration of leptin in the
acute phase among patients with MeS. A previous
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Table IV. Respective predictive accuracies of ghrelin, leptin and resistin for the improvement of LVEF among patients 12 months after myocardial infarction, with and without metabolic syndrome
ROC curve analyses for
the improvement of LVEF

Group I
Patients without metabolic syndrome
(33 patients)
AUC (95% CI), p-value

Group II
Patients with metabolic syndrome
(36 patients)
AUC (95% CI), p-value

Ghrelin

0.69 (0.526–0.834), 0.078

0.53 (0.353–0.704), 0.856

Leptin

0.81 (0.648–0.920), < 0.0001

0.58 (0.396–0.754), 0.795

0.67 (0.495–0.811), 0.049

0.53 (0.353–0.704), 0.765

Resistin

ROC – receiver operating curves, LVEF – left ventricular ejection fraction.

Table V. Respective predictive accuracies of ghrelin, leptin and resistin for left ventricular remodeling in 12 months
of follow-up in patients after myocardial infarction, with and without metabolic syndrome
ROC curve analyses
for left ventricular
remodeling (LVEDV > 8%)

Group I
Patients without metabolic syndrome
(33 patients)
AUC (95% CI), p-value

Group II
Patients with metabolic syndrome
(36 patients)
AUC (95% CI), p-value

Ghrelin

0.72 (0.5542–0.853), 0.032

0.63 (0.438–0.795), 0.476

Leptin

0.767 (0.593–0.892), 0.030

0.64 (0.431–0.8), 0.667

Resistin

0.632 (0.456–0.786), 0.239

0.73 (0.543–0.874), 0.024

LVEDV – left ventricular end diastolic volume.

Table VI. Echocardiographic parameters of the study group at baseline and after 12 months of follow-up
Variable

Group I
Patients without MeS
(33 patients)
(mean ± SD)
Baseline

12 months

Left ventricular end-diastolic
diameter [mm]

47 ±6

49 ±6

Left ventricular end-systolic
diameter [mm]

33 ±5

Left atrial diameter [mm]

P-value

Group II
Patients with MeS
(36 patients)
(mean ± SD)

P-value

Baseline

12 months

0.005

47 ±4

48 ±6

0.02*

33 ±4

0.62

33 ±4

33 ±4

0.75

40 ±4

42 ±4

0.005

41 ±4

40 ±4

0.06

Right ventricular diameter [mm]

26 ±3

26 ±2

0.063

26 ±3

26 ±2

0.04

Left ventricular end-systolic
volume [ml]

68 ±16

66 ±18

0.14

68 ±12

66 ±11

0.01

Left ventricular end-diastolic
volume [ml]

127 ±19

128 ±22

0.42

128 ±22

129 ±20

0.19

43 ±8

50 ±7.7

< 0.001

44 ±8

52 ±7

< 0.0001

14.1 ±8

16.8 ±8

< 0.001

13.2 ±7

15.9 ±8

< 0.001

EF (%)
2-dimensional strain
EF – ejection fraction.

study of 58 patients similarly reported an elevated
concentration of leptin in patients with MeS who
experienced an MI [18]. Patients with metabolic
syndrome have increased sympathetic activity, hypertension, and a higher incidence rate of left ventricular hypertrophy (LVH) [19]. The endomyocardial biopsies from the majority of obese patients with
cardiomyopathy indicate myocyte hypertrophy as
the underlying cause [20]. Hyperleptinemia is also
observed in patients with LVH [21]. An animal model has confirmed that a 4- to 6-week leptin infusion
reduced weight and reversed the LVH, whereas caloric restriction reduced the weight but did not ef-

fectively reduce the wall thickness and myocyte size
[22]. Also insulin resistance is associated with LVH,
and this may explain why leptin has a predictive
function for remodeling only among patients without MeS [23, 24]. In the present investigation, we
observed that elevated leptin levels correlated with
an improved EF > 5% at 12 months of follow-up,
but only in the patients without MeS, which may
be caused by severe impairment of the endothelial
function in the group with MeS. Hyperleptinemia is
associated with obesity-related hypertension and
chronic congestive heart failure (HF) in humans and
with vascular endothelial and myocardial dysfunc-
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tion in animal models [25]. Interestingly, several experimental studies have reported that leptin may
have a vasorelaxant influence on the endothelium,
which is impaired in pathological conditions such
as obesity and metabolic syndrome [26]. A recent
report showed that exogenous leptin given in an
early reperfusion in an isolated mouse heart model reduced the infarct size [27]. A recent paper by
Barouch et al. showed that leptin deficiency or resistance results in increased cardiomyocyte apoptosis [28]. It has been suggested that the interdependence of ET-1 and leptin signaling plays a role
in the progression of myocardial dysfunction and
hypertrophy and that leptin may cause chronic oxidative stress and inflammation in the myocardium,
similar to other agents such as tumor necrosis factor (TNF)-α, norepinephrine and Ang II, all of which
induce hypertrophy via reactive oxygen species
(ROS) upregulation [29]. Moreover, in a large Japanese study, lower leptin levels were associated with
a high incidence of adverse events in patients after
an AMI [30].
However, despite the power of leptin alone being limited, it may be useful in conjunction with
other biomarkers: the association between leptin,
adiponectin and traditional CV risk performed
significantly better in predicting coronary heart
disease when compared to a model that included
only the conventional risk factors, especially in the
intermediate risk group [31].

Resistin
In our study, the resistin levels were lower in
the acute phase among the patients without
MeS than in the patients with MeS (p = 0.033)
and decreased in both groups after 12 months
of follow-up, although the decrease was statistically significant only among the patients without
MeS (p = 0.049). Similar results were obtained by
Lubos et al., who observed elevated resistin levels in patients presenting with unstable angina,
non-ST-segment elevation myocardial infarction
(NSTEMI) and STEMI and concluded that resistin
levels might play a role as a diagnostic marker
[32]. In animal models it was proved that resistin
leads to insulin resistance and dyslipidemia, and
the concentration in plasma increases with obesity [33, 34]. A large cohort study on approximately
2000 patients showed a strong, independent association between higher resistin levels and the
incidence of cardiovascular diseases (myocardial
infarction, angina, resuscitated cardiac arrest,
stroke and heart failure) [35].
Based on a cohort study, Weikert et al. suggested
that elevated resistin levels may be a predictor of
myocardial infarction development [36]. In a paper
published by Chu et al. the resistin plasma levels in
the patients with ACS were significantly elevated
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within the first week after the onset of symptoms
and correlated positively with the levels of plasma
myocardium injury markers and negatively with
LVEF [37]. In patients undergoing cardiothoracic surgery, the levels of resistin were correlated with oxidative stress and myocardial injury [38]. In a recently published paper, resistin was considered to be an
independent risk factor of recurrent AMI/unstable
angina among patients with coronary artery disease
[39]. In study by Takata et al. it was confirmed that
resistin correlates with hypertension but only in patients with type 2 diabetes mellitus [40].
Our study showed that a decreased level of
resistin (≤ 5196.02 pg/ml) was a predictor of left
ventricle remodeling, but only among patients with
metabolic syndrome. Previous studies confirmed
that the level of resistin correlates positively with
cardiac fibrosis, especially among patients with
chronic ischemia [41]. However, an interesting paper by Gao et al. confirmed that resistin can have
a cardioprotective effect and can dramatically reduce apoptosis and infarct size, thus protecting the
heart against an I/R injury [42]. In our study the
protective effect of resistin in the MeS group may
be due to higher levels of resistin, and it may lead
to changes in the density of the resistin receptors
as well as effective revascularization. However, this
hypothesis must be evaluated by the identification
of the density of the receptor CAP-1 for resistin
among patients with MeS and those without it [43].

Ghrelin
The concentration of ghrelin is decreased
among obese patients; however, it is closely correlated with their eating habits [44]. Moreover,
after an MI, the level of ghrelin decreases by approximately 30% [45]. In our study, we observed
no differences between the two groups of patients in the acute phase, followed by an increase
in the ghrelin levels at 12 months in both of the
groups. Recent studies have shown that ghrelin
promotes human embryonic stem cell survival
and differentiation in an infarcted cardiac microenvironment in the rat [46]. In the present investigation, the concentration of ghrelin (≤ 160.46 pg/
ml) was an independent predictor of left ventricular remodeling in the patients without MeS. This
corresponds with recently published data from an
animal model showing that systemic administration of ghrelin partially reversed the adverse LV remodeling in mice after myocardial infarction [47].
Also Matsumoto et al. confirmed that in patients
with AMI, the ratio of the day 14 to the admission
serum concentration of ghrelin was inversely correlated with the left ventricular ejection fraction
(r = –0.53, p < 0.05), and the levels were significantly decreased in association with the myocardial infarct size and cardiac function [48].
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Huang et al. confirmed that ghrelin administration significantly decreased the post-MI LV remodeling, inhibited the inflammatory response
by decreasing the levels of interleukin-1β, tumor
necrosis factor-α (TNF-α) and the expression of
matrix metalloproteinases MMP-2 and MMP-9
[49]. A study in an animal model demonstrated
that the subcutaneous administration of ghrelin
improved LV dysfunction and attenuated early cardiac remodeling after MI; this effect might have
been mediated by the suppression of cardiac sympathetic nerve activity as well as by the preventive
effects of ghrelin, which may be mediated by the
anti-inflammatory actions of the PPAR-g-dependent pathway [50, 51]. In an animal model, Du
et al. found that ghrelin reduced the LV end-diastolic dimensions, increased the LV ejection
fraction and prevented cardiac remodeling and
fibrosis through suppression of excessive cardiac
sympathetic nerve activity [52].
Interestingly, in our study we observed an inverse correlation between the changes in the
ghrelin levels and the EF in 12 months of follow-up, but only in the patients with MeS.
In conclusion, our results show that the adipokines play an important role in the prediction
of LVEF improvement and in the occurrence of
cardiac remodeling in patients with myocardial infarctions. The concentrations of leptin and resistin
were independent predictive factors for improvement of the LVEF in the patients without MeS after
myocardial infarctions, which was not the case in
the patients with MeS. In the 12-month follow-up,
the levels of leptin and ghrelin were independent
predictors of left ventricular remodeling in the patients without MeS, and in the patients with MeS
only the level of resistin was an independent predictor of left ventricular remodeling.
The selected adipokines plays an important role
in the improvement of LV function after myocardial infarction dependent on MeS, and they may be
a potential therapeutic target in the future.
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