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Abstract 
Background and aims: Pathogenetic aspects of metabolic syndrome are still the subject of debate due to significant differences 
in the results of many studies. The aim of the study was to examine the correlation between the levels of ghrelin, leptin, insulin, 
adiponectin, resistin, metabolic syndrome, and oxidative stress parameters in patients with obesity of varying degrees. Materi-
als and methods: It was examined with 44 patients (59.10% of women and 40.90% of men) aged 31–79 years with a body mass 
index ˃30 kg/m2 (main group) and 12 patients (66.67% – women and 33.34% – men) aged 25–67 years, with a body mass index 
˂25 kg/m2 which made up the control group. Plasma levels of glycated hemoglobin, glycaemia, as well as total cholesterol, low- 
and high-density lipoproteins, triglycerides, eptin, ghrelin general, adiponectin, oxidized low-density lipoprotein cholesterol, 
and resistin were measured. Results: The analysis confirmed the presence of an imbalance of orexigenic and anorexigenic hor-
mones in obese patients, with a progressive increase in leptin, insulin and decreased levels of ghrelin, adiponectin with increas-
ing obesity, as evidenced by the corresponding correlations. Metabolic syndrome is characterized by excessive accumulation of 
fat in adipose tissue, which leads to adipocyte hypertrophy, hypoxia, and the development of systemic oxidative stress. Because 
adipose tissue is responsible for the production of various vasoactive adipokines to modulate vascular function, adipose tissue 
dysfunction caused by obesity significantly contributes to the pathogenesis of the cardiovascular disease. Correction of meta-
bolic parameters and oxidative stress is a potential strategy for the prevention and treatment of cardiovascular disease.
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Background and aims

Metabolic syndrome is a worldwide pan-
demic [1]. It is not the cause of death, while car-
diovascular disease, diabetes, which are caused 
by obesity, cause high mortality (up to 70%) [2].

Adipocytes synthesize adipokines and 
hormones, which play an important role in the 
development of obesity, chronic inflammation, 
and cardiovascular disease [3–5]. Being over-
weight disrupts carbohydrate metabolism, causes 
an imbalance of the lipid spectrum, changes 
the level of blood pressure, which together 

significantly reduces the quality of life of the 
patient.

Normally, insulin supports the proper 
storage and use of energy, leptin reduces constant 
energy consumption. Both play a key role in the 
central regulation of energy expenditure and glu-
cose homeostasis [6]. Hyperleptinemia has been 
shown to be a driver of obesity and associated 
metabolic syndrome [7].

Adiponectin increases insulin sensitivity, 
both directly through the insulin receptor and 
indirectly, by reducing non-esterified fatty acid 
emissions and gluconeogenesis and by increasing 
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a body mass index >30 kg/m2 (main group) and 12 
patients (66.67% – women and 33.34% – men) aged 
25–67 years, with a body mass index <25 kg/m2 
which made up the control group. Informed con-
sent was obtained for the proposed examination 
in all patients.

Clinical data (sex, age, height, body 
weight, BMI, waist circumference and mean 
blood pressure) were analyzed. Blood pressure 
(BP) was measured three times on the right arm 
in a sitting position for 10 minutes and was con-
sidered elevated if it exceeded the level of 139/89 
mm Hg. Determination of the type of fat distribu-
tion was assessed by the ratio of waist volume to 
hip volume (WV / HV). A value greater than 1 cor-
responded to the abdominal type of obesity.

Laboratory data

Blood samples taken for the study were 
obtained after patients fasted the night before 
the study. Plasma levels of glycated hemoglobin 
(HbA1c), glycaemia, as well as total cholesterol, 
low- and high-density lipoproteins (LDL, HDL), 
and triglycerides were measured using commer-
cial kits (Roche Diagnostics) using Hitachi auto-
matic analyzer. The insulin resistance index was 
calculated by the Caro method as the value of the 
ratio of glucose to insulin measured in the sub-
jects on an empty stomach.

Malondialdehyde (MDA) was measured 
using a TBARS assay kit (Cayman Chemical Com-
pany, Ann Arbor, MI, USA) for assaying lipid per-
oxidation in plasma [13].

For measuring the plasma levels of leptin, 
ghrelin general, adiponectin, oxidized low-den-
sity lipoprotein cholesterol (Ox-LDL), resistin 10 
ml of blood was collected in vacuum tubes. The 
samples were then kept at room temperature for 
30 minutes and then centrifuged at 1670 g for 10 
minutes. Isolated serum samples were stored in a 
freezer at −20°C.

Determination of serum levels was per-
formed using Leptin ELISA (LDN Labor Diagnos-
tics Nord GmbH & Co. KG, Germany), Human 
Ghrelin ELISA Kit (Thermo Fisher Scientific, USA), 
Human Adiponectin ELISA Kit (Thermo Fisher Sci-
entific, USA), Ox-LDL (Thermo Fisher Scientific, 

fatty acid oxidation. In muscles, adiponectin 
stimulates glucose utilization and fatty acid oxi-
dation [8].

Ghrelin, in turn, has a depressant effect 
on the central nervous system, thereby block-
ing the satiety center. Due to the interaction of 
ghrelin and leptin, the hypothalamus can reg-
ulate hunger and satiety, which leads to energy 
homeostasis, and imbalance and dysregulation 
of these hormones can have a drastic effect on 
energy homeostasis and diabetes and cardiovas-
cular disease [9].

The results of studies of the relationship 
between resistin and the development of obesity 
and insulin resistance in humans are quite con-
tradictory. Some studies have shown that resistin 
levels are higher in obese, insulin-resistant, and 
diabetic individuals and are positively correlated 
with BMI and visceral adipose tissue volume, 
insulin resistance indices, and other markers of 
the so-called metabolic syndrome [10]. In other 
studies, such a connection was found [11].

Oxidative stress is a potential patho-
physiological mechanism underlying cardiovas-
cular dysfunction. Perivascular adipose tissue 
(PVAT) is an important adipose tissue that reg-
ulates the modulation of vascular contractility 
through the secretion of PVAT-derived relaxing 
factors (PVRFs) and PVAT-derived reduction fac-
tors (PVCFs) [12]. In obesity, increased oxidative 
stress, inflammation, and dysfunction of eNOS 
in PVAT may alter the balance between PVRF and 
PVCF. Obesity-induced PVAT dysfunction leads 
to a decrease in PVRF and PVCF production and 
therefore leads to increased vascular contrac-
tion, the development of hypertension.

The aim of the study was to examine 
the correlation between the levels of ghrelin, 
leptin, insulin, adiponectin, resistin, metabolic 
syndrome, and oxidative stress parameters in 
patients with obesity of varying degrees.

Materials and methods

Clinical data

It was examined 44 patients (59.10% of 
women and 40.90% of men) aged 31–79 years with 
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resistin, and adiponectin, indicating a signifi-
cant metabolic imbalance in patients with meta-
bolic syndrome. Significant differences in obese 
patients and the control group were not found 
for the following parameters: glycaemia, HbA1c, 
cholesterol, LDL, HDL, triglycerides, and athero-
genic index.

Correlation analysis in groups of patients 
with varying degrees of obesity revealed a rela-
tionship between BMI and leptin (r = +0.99), 
ghrelin (r = −0.86), adiponectin (r = −0.92), 
resistin (r = +0.98) HbA1c (r = +0.60), total choles-
terol (r = +0.99), LDL (r = +0.98), HDL (r = −0.99), 
atherogenic index (r = +0.96), insulin (r = +1.00), 
glycaemia (r = +0.84).

A comparison of leptin and ghrelin con-
centrations at different degrees of obesity showed 
strong feedback (r = −0.92), when serum ghrelin 
levels decreased with increasing BMI and leptin 
concentration.

At the same time, after analyzing 
the interdependence of leptin and insulin 

USA), Resistin Human ELISA Kit (Thermo Fisher 
Scientific, USA) on Multiskan FC analyzer (Skanlt 
Software version 4.1 for Microplate Readers RE, 
ver. 4.1.0.43) at a wavelength of 620 nm.

Statistical analysis

Statistical processing of the obtained 
research data was processed using the software 
Excel (“Microsoft”, USA) and Statistica.10.1 (Stat-
soft, USA) with variation and correlation anal-
ysis. Data are expressed as mean ± S.D. p-Value 
<0.05 signified statistical significance.

Results

Analysis of the data in Table 1 showed a 
significant difference between the two groups in 
the following indicators: BMI, mean blood pres-
sure, insulin, Caro index, total ghrelin, leptin, 

Table 1: Comparative evaluation of metabolic disorders in obese patients and the control group.

Indicator Obese patients (n=44) Control (n=12) p-Value

BMI, kg/m2 41.52±6.78 20.89±2.06 0.009

Mean blood pressure, mm Hg 137.77±8.09 120.17±3.48 0.050

Glucose, mmol/l 6.01±0.54 5.58±0.37 0.379

HbA1c, % 6.08±1.42 5.43±0.25 0.734

Insulin, µU/ml 24.56±4.56 8.61±2.78 0.004

Caro index 0.24 0.64 0.011

Ghrelin general, ng/ml 747.54±338.65 1380.48±146.34 0.042

Leptin, ng/ml 42.14±6.77 5.02±3.79 0.000014

Adiponectin, µg/ml 6.45±0.17 10.78±0.21 0.005

Adiponectin/leptin ratio 0.01 2.15 0.0001

Resistin, ng/ml 8.12±1.02 3.98±0.81 0.002

Adiponectin/resistin ratio 0.79 2.71 0.00087

MDA, µM 6.92±0.41 4.21±0.35 0.000006

Ox-LDL, U/l 105.41±2.78 70.34±1.89 0.0004

Total cholesterol, mmol/l 6.21±1.43 5.83±1.12 0.835

LDL, mmol/l 3.68±1.04 3.47±1.09 0.889

HDL, mmol/l 1.18±1.02 1.42±0.89 0.859

Triglycerides, mmol/l 1.76±0.64 1.54±0.75 0.824

Atherogenic index 4.78±1.34 3.21±1.27 0.398
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In patients with varying degrees of obe-
sity, there is a pronounced imbalance of tri-
glycerides, cholesterol, LDL and HDL due to 
leptin resistance, which initiates and exacerbates 
pathological atherogenesis and atherosclerosis. 
Correlation analysis of the dependence of leptin 
levels and lipid fractions established the follow-
ing relationships: HDL (r = −0.99), triglycerides (r 
= +0.97), ansd atherogenic factor (r = +0.99).

According to the results of the study, 
it was found that the concentration of ghrelin 
decreased with an increasing degree of obe-
sity, reaching the minimum value of obesity of 
III degrees compared with the control group (p 
= 0.02). Glycaemia between subgroups did not 
change significantly (p = 0.11). However, a signif-
icant relationship was found between BMI and 
mean blood pressure (r = +0.88).

The following relationships were found 
between the level of resistin and BMI (r= +0.95), 
leptin (r= +0.98), ghrelin (r= −0.97), adiponectin 

concentrations, a strong direct relationship was 
found (r = +0.99), during which the concentra-
tion of both indicators increased with increas-
ing BMI. Excess leptin significantly enhances the 
manifestations of insulin resistance in patients, 
according to the results of a certain level of insu-
lin and Caro index (Table 2).

The concentration of insulin in patients 
was significantly higher even in the first degree 
of obesity compared with the control group (p = 
0.009) and increased with adipose tissue mass 
gain. The severity of insulin resistance increased 
in direct proportion to the degree of obesity, as 
evidenced by the decrease in the Caro index rel-
ative to BMI (r = −0.95). In addition, an inverse 
correlation was found between the level of adi-
ponectin and the degree of insulin resistance 
(according to the level of the Caro index) (r = 
−0.93). However, the ratio of adiponectin/leptin 
to the degree of insulin resistance showed a direct 
relationship (r = +0.70).

Table 2: Comparative evaluation of metabolic disorders in patients with obesity of varying degrees.

Indicator Obesity I (n=8) Obesity II (n=15) Obesity III (n=21) Control (n=12)

BMI, kg/m2 33.52±0.83 37.68±1.46 47.11±5.49 20.89±2.06

Mean blood pressure, mm Hg 128.57±6.32 137.53±6.81 140.66±7.43 120.17±3.48

Glucose, mmol/l 5.68±0.59 6.01±0.54 6.09±0.49 5.58±0.37

HbA1c, % 5.59±0.42 6.22±1.33 6.10±1.70 5.43±0.25

Insulin, µU/ml 21.44±3.89 23.56±4.67 27.89±5.21 8.61±2.78

Caro index 0.26 0.26 0.22 0.64

Ghrelin general, ng/ml 1153.86±324.05 733.29±274.58 613.35±289.30 1380.48±146.34

Leptin, ng/ml 18.05±8.87 33.99±7.47 55.24±6.19 5.02±3.79

Adiponectin, µg/ml 7.01±0.83 6.21±0.72 5.76±0.91 10.78±0.21

Adiponectin/leptin ratio 0.39 0.18 0.10 2.15

Resistin, ng/ml 7.81±0.67 8.45±0.56 8.92±0.69 3.98±0.81

Adiponectin/resistin ratio 0.89 0.73 0.65 2.71

Ox-LDL, U/l 95.64±0.73 103.71±0.45 112.94±0.51 70.34±0.34

MDA, µM 5.74±0.32 6.09±0.28 7.58±0.17 4.21±0.35

Total cholesterol, mmol/l 6.40±1.24 6.56±1.46 6.78±1.78 5.83±1.12

LDL, mmol/l 3.61±1.04 3.79±1.02 4.02±0.86 3.47 ±1.09

HDL, mmol/l 1.23 ±1.04 1.16 ±1.01 1.04 ±0.98 1.42 ±0.89

Triglycerides, mmol/l 1.71 ±0.38 1.86 ±0.42 1.95 ±0.74 1.54±0.75

Atherogenic index 4.12 ±1.56 4.47 ±1.18 4.78 ±1.40 3.21±1.27
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the control group comparable in terms of BMI 
and age.

Serum adiponectin concentrations have 
been shown to be inversely correlated with the 
severity of insulin resistance in patients with 
high BMI. Consistent with the findings of previ-
ous studies [20], the present study showed that a 
lower level of adiponectin was present in patients 
with obesity II and III stages and inversely cor-
related with BMI, resistin, leptin, and insulin 
levels. Adiponectin is considered to have anti-dia-
betic and anti-inflammatory effects; therefore, it 
is reasonable to presume that patients with lower 
levels are more likely to develop diabetes mellitus 
on the background of obesity.

Previous studies have suggested that adi-
ponectin/leptin and adiponectin/resistin ratios 
are more closely related to the severity of insulin 
resistance [21]. In our study, we did not find a sig-
nificant correlation between these ratios and the 
Caro index.

Kopprasch et al. [22] reported that LDL 
cholesterol and triglycerides were the strongest 
predictors of circulating Ox-LDL levels, followed 
by HDL cholesterol. They added that the strong 
correlation of Ox-LDL with LDL cholesterol indi-
cates that LDL oxidation is preferentially associ-
ated with dyslipidemia and that Ox-LDL increase 
may explain the high atherogenic potency of 
dyslipidemia in the pre-diabetic state. Our study 
shows a positive correlation between Ox-LDL and 
dyslipidemia, however, it is not strong enough to 
exclude the effect of oxidative stress.

Conclusion

The analysis confirmed the presence of 
an imbalance of orexigenic and anorexigenic 
hormones in obese patients, with a progressive 
increase in leptin, insulin, and decreased levels of 
ghrelin, adiponectin with increasing obesity, as 
evidenced by the corresponding correlations.

Obesity is characterized by excessive 
accumulation of fat in adipose tissue, which leads 
to adipocyte hypertrophy, hypoxia, and the devel-
opment of systemic oxidative stress. Because 
adipose tissue is responsible for the production 
of various vasoactive adipokines to modulate 

(r= −0.99), insulin (r= +0.96), Caro index (r= 
−0.81). Comparing the ratios adiponectin/leptin, 
adiponectin/resistin and Caro index did not find 
strong correlation.

Analysis of oxidative stress indicators 
established increased oxidized low-density lipo-
protein cholesterol according to the level of BMI 
(r = +0.98), the same correlation was between 
MDA and BMI (r = +0.99). Comparing Ox-LDL 
with total cholesterol we received positive strong 
correlation (r= +0.99), with LDL (r= +1.00), tri-
glycerides (r= +0.98), HDL (r= −0.99).

Discussion

With a diagnosis of obesity, even in the 
first degree, there is resistance to leptin, possibly 
at the stage of its transport across the blood-brain 
barrier, and in some cases at the post-receptor 
level due to possible genetic “breakdown”. That 
is why our study, as in many studies of other 
researchers found fairly high levels of serum 
leptin, which progressively increased with 
increasing BMI [14]. Another function of leptin 
is to protect peripheral tissues from ectopic lipid 
accumulation due to its antistetogenic effect and 
regulation of fatty acid homeostasis. Elevated 
leptin levels increase low-density lipoprotein lev-
els and cholesterol levels [15].

Many studies showed, no significant 
difference in resistin concentration between 
patients who had normal BMI and those who 
were obese. Similarly, Kocot et al. did not find 
any differences in resistin concentration between 
BMI groups [16]. On the other hand, Mabrouk 
et al. found that resistin concentrations were 
higher in obese patients with diabetes than in 
obese non-diabetic participants [17]. In our study, 
we got the same data, the presence of a strong 
positive correlation between the BMI and level of 
resistin.

S. Zoccali et al. [18] showed that people 
with “high-normal” serum levels of adiponectin 
have a lower rate of mortality associated with 
cardiovascular pathology. N. Ouchi et al. [19] in 
a long-term study demonstrated that in individ-
uals with coronary heart disease, the concentra-
tion of adiponectin is significantly lower than in 
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vascular function, adipose tissue dysfunction 
caused by obesity significantly contributes to the 
pathogenesis of cardiovascular disease.

Correction of metabolic parameters and 
oxidative stress is a potential strategy for the pre-
vention and treatment of cardiovascular disease.
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