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ABSTRACT

Aim. To identify associations of visceral adipose tissue adipokines with metabolic disorders in abdominal obesity.

Materials and methods. The study included 101 individuals aged 25-65 years (51 men). For all patients,
questionnaires were completed, anthropometric measurements and 3 measurements of blood pressure were
performed, fasting blood was sampled, and biopsies of visceral adipose tissue were collected during elective
surgery. The parameters of the lipid profile and glucose levels were determined in the blood by enzymatic methods.
Homogenates from biopsies of visceral adipose tissue were prepared. The blood levels of adiponectin, adipsin,
lipocalin-2, plasminogen activator inhibitor type 1 (PAI-1), and resistin were measured, and homogenates of
adipose tissue were obtained by the multiplex analysis. Sex hormone levels in the blood of all patients (estradiol in
women, testosterone in men) were determined by the enzyme-linked immunosorbent assay (ELISA) kits.

Results. We identified correlations between serum levels of adipsin and adipose tissue and between adipsin
from adipose tissue and PAI-1 in the blood serum. A weak negative relationship was found between the level of
adiponectin and waist circumference, body mass index, and insulin resistance indices: triglyceride glucose index
(TyG), lipid accumulation product (LAP), and visceral adiposity index (VAI). The level of adiponectin in visceral
adipose tissue was inversely correlated with overweight in males and in the 45-65 age group. The level of resistin
in visceral adipose tissue showed an inverse correlation with diastolic blood pressure, which persisted in the age
group of 2544 years.

Conclusion. Of the studied adipokines, a relationship with cardiometabolic parameters was shown for adiponectin
and resistin. At the same time, adiponectin was inversely correlated with overweight in the group of men and in the
age group of 45-65 years, while resistin was inversely correlated with diastolic blood pressure in the age group of
25-44 years.
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Accoumaumm aguNnoKNHOB BUCLIEPaNibHON XKNPOBOIN TKaHN
C MeTabonnyeCcKnMmn HapyLweHNAMN Npyn abAOMNHaNIbHOM OXKNPEeHUN

TysoBckas O.B., NonoHckasn A.B., Fap6y3sosa E.B., KawtaHoBa E.B., Paruxo 10.U.

Hayuno-uccneoosamenvcruii uncmumym mepanuu u npouiakmuyeckoi meouyunst — puauan Pedepanvhoeo

UCCNe008AMENbCKO20 yenmpa «HHcmumym yumoJaocuu u ceHemuxku CU6MpCK020 omoenenus Poccutickoti akademuu

nayky (HUHUTIIM — ¢unuan UlJul” CO PAH)
Poccus, 630089, 2. Hosocubupck, ya. b. boeamkosa, 175/1

PE3IOME

].Ie.]'lb! BbBISIBUTBH acCOUAIU MEXKIAY aJUIIOKMHAMU BPICL[CpaHBHOfI )KI/IpOBOﬁ TKAHU C META0OIMYECKUMU Hapyuie-
HUAMU ITIPU a6ﬂ0MI/IHaJH)HOM OXKHUPCHUU.

Marepuajbl 1 MeTobl. B uccienoBannu npunsuim yyactue 101 genoBex B Bozpacte 25-65 net. [IpoBoamiocs
AQHKETUPOBAHKE, AaHTPOIIOMETPHS, U3MEPEHHUE apTEPHAIBHOTO IaBJICHHMS, a TAKXKE 3a00p KPOBU HATOLIAK U OHOMTa-
TOB BHUCLIEPAJILHON )KHPOBOH TKaHM BO BPEMs IIAHOBOMW OIEpaliy. DH3MMATHYECKUMU METOJaMU B KPOBU OBbUIH
OIIpE/ICIICHBI MOKa3aTeN! JIMIHIHOTO MPOQHIL U TII0KO3bI. VI3 OMONTATOB BUCLEPAIbHOH KUPOBOIl TKAaHU OBUIH
HPUTOTOBJICHBl TOMOTEHATBI, B KOTOPBIX METOJOM MYJbTHIUICKCHOTO aHajIn3a OINpEIessuIcs yPOBEeHb a/IUIIOHe-
KTUHA, aJWICHHA, JUIOKAINHA-2, HHTHOUTOpa aKkTHBaTopa miasMuHoreHa 1 tuma (PAI-1), pesuctuna. Y Bcex
MAIMEHTOB ¢ MOMOIILI0 HabopoB enzyme-linked immunosorbent assay (ELISA) nmpoBeneHo n3MepeHue B KpOBU
YPOBHSI IOJIOBBIX TOPMOHOB (Y JKEHILIMH — 3CTPA/INO0IIA, Y MY’KYHH — TECTOCTCPOHA).

Pe3yabTaThl. by BBISBICHBI CBS3U MEX/Y YPOBHSAMH aJUIICHHA B CBIBOPOTKE KPOBHU U JKUPOBOI TKAaHU, aJUIl-
cuHa B )kupoBoi Tkauu u PAI-1 B ceiBopoTke kpoBu. OOHapyskeHa ciadasi OTpulaTesbHast CBSI3b MEXK/Y YPOBHEM
AIUIIOHEKTHHA 1 MOKa3aTC/IAMU OKPYKHOCTHU TaJIMU, UHACKCA MAaCChl T€J1a U MHACKCAMHU UHCYJIMHOPE3UCTECHTHO-
ctu (unzaekc Tpuriauuepuabl-riaookosda (TyG), nnnexc lipid accumulation product (LAP), visceral adiposity index
(VAI)). YpoBeHb aJuIIOHEKTHHA B BUCLEPATIBbHOM KHUPOBOI TKAHH 00PATHO aCCOLMUPOBAH € U30BITOYHON Maccon
TeJa CPE/IM JIMIL MY>KCKOT'O 110J1a M B BO3pacTHOM rpyrmrie 45-65 net. YpoBeHb pe3ucTHHA B BUCIIEPATIBHOM JKUPO-
BOM TKaHU JIEMOHCTPHPOBAJ 0OPATHYIO 3aBUCHUMOCTb OT JHACTOIMYECKOr0 apTepHaIbHOIO IaBJICHHS, YTO COXpa-
HSUIOCH JUTsl BO3PACTHOM rpynnbl 25-44 ner.

3aka0ouyenne. M3 n3ydeHHBIX HAMH aJUTIOKHHOB CBSI3b C KapIHOMETa00IMUeCKUMH NTapaMeTpaMy OblIa MoKa3aHa
JUISL JTUTTOHEKTHHA U pe3ucTHHA. [IpH 5TOM agMNOHEeKTHH 00paTHO acCOIMMPOBAH C N30BITOYHON MAcCOH Tela B
rpymnme My>4uH ¥ Bo3pacte 45—65 51eT, a pe3UCTHH — C AUACTOJUYECKUM apTEePUAIIbHBIM JAaBICHUEM B BO3PACTHOI
rpynmne 25-44 ner.

KuroueBsble ci1oBa: aqunokyH, BUCLEpaIbHAS )KUPOBAs TKaHb, aUIIOHEKTHH, aJIUIICUH, JTUnokaiuH-2, PAI-1, pe-
3UCTHH

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOHMOINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNneil HACTOSIIECH CTaThH.

Hcrounuk ¢punancupoBanus. MccrienoBanue BEIIIOJIHEHO B paMKax OIO/UKETHOW TEMBI IO FOCYAapCTBEHHOMY
3ampannio Ne FWNR-2024-0004 u ipu ¢puHaHCOBOI moepxke rpanta Poccuiickoro nayanoro dgonna Ne 21-15-
00022.

CooTBeTcTBHE MPHHIUINAM ITHKH. Bece yuacTHnKY moanucany nHGOpMHUPOBAaHHOE COTIacHe Ha ydacTHe B HC-
cienoBannu. Vicenenosanue oo6peHo studeckuM komurerom HUUTIIM — duman UL ul” CO PAH (npotoxkon
Ne 66 ot 24.10.2023).

Jos nurupoBanusi: Ty3osckas O.B., [Tononckas 51.B., 'apOy3osa E.B., Kamranosa E.B., Paruno F0.1. Acco-
[UalMU aUIIOKHHOB BUCIEPAIBHON KUPOBON TKAHU ¢ METa0OJIMYECKUMY HAPYIICHUSIMU MPU a0OMHUHAIBHOM
O)kUpeHuu. bronemens cubupckoti meouyunsl. 2025;24(2):116—-123. https://doi.org/10.20538/1682-0363-2025-2-
116-123.
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INTRODUCTION

Obesity makes a significant contribution to the
pathogenesis of cardiovascular diseases (CVD) and
metabolic disorders, such as type 2 diabetes mellitus
(T2DM), arterial hypertension (AH), and dyslipidemia
[1]. The distribution of adipose tissue is a key factor
in this process. Abdominal obesity (AO), which
involves the accumulation of fat near internal organs,
is associated with the highest risk of developing
cardiovascular and metabolic diseases [1, 2]. Only
recently it has been discovered that adipose tissue is not
merely an energy storage but also an endocrine organ
[3]. Despite this, the list of biomolecules synthesized
by adipocytes, known as adipokines, continues to
grow. Currently it includes over 700 adipokines [4].
All of them are involved in the pathogenesis of obesity
and participate in the formation of other components
of the metabolic syndrome. Most studies are limited
to the determination of adipokines in the blood as
the most accessible biomaterial for study. The study
of these biomolecules in adipose tissue, in particular
in the visceral depot, is associated with a number of
limitations, therefore, the number of works on this
topic is not large [5-8]. Meanwhile, this issue is of
fundamental and clinical interest.

The aim of this study was to identify associations
between adipokines of visceral adipose tissue and
metabolic disorders observed in patients with AO.

MATERIALS AND METHODS

The study included 101 people aged 2565 years
who were hospitalized in the Surgical Department
of the City Clinical Hospital No.2 for elective
surgery (surgery for anterior abdominal wall hernia,
or cholecystectomy for cholelithiasis or polyps, or
diverticulosis of the colon).

The patients completed questionnaires covering
their medical history and underwent anthropometric
measurements (height, weight, waist circumference
(WC), and hip circumference (HC)). Body mass index
(BMI) was determined by the formula: BMI (kg/m?) =
weight, kg/height, m?. The examination included three
measurements of blood pressure (BP) (with an interval
of two minutes on the right arm in a sitting position
after 5-minute rest using an OMRON automatic blood
pressure monitor with the recording of the average
value of the three measurements).

Before surgery, blood serum samples were taken
from patients on an empty stomach, after a 12-hour
overnight fasting period. Enzymatic methods using

TermoFisher reagents on an automatic biochemical
analyzer KonelLab 30i (Finland) in the blood
were used to determine the parameters of the lipid
profile: total cholesterol (TC), triglycerides (TG),
high-density lipoprotein  cholesterol (HDL-C),
and glucose. The levels of low-density lipoprotein
cholesterol (LDL-C) were calculated using the
Friedwald formula [9], non-high-density lipoprotein
cholesterol (non-HDL-C) level was calculated using
the TC-HDL-C formula. We calculated the ratio of
TG/HDL-C. The TyG index was calculated according
to the formula (Ln (TG in mg / dl x glucose in
mg/dl))/2. The LAP (lipid accumulation product)
index was calculated according to the following
formulas: for men: (WC in cm — 65) x TG in mmol/l;
for women: (WC in cm —58) x TG in mmol/l. VAI
(visceral obesity index) for men was calculated
according to the formula: WC/(39.68 + 1.88 x BMI) x
(TG/1.03) x (1.31 / HDL-C); for women: WC/ (36.58
+1.89 x BMI) x (TG /0.81) x (1.52 / HDL-C), where
the values of TG and HDL-C are given in mmol/l [10].
In addition, the level of the following adipokines was
determined in blood by the multiplex analysis using the
MILLIPLEX MAP Human Adipokine Panel 1 kit for
the determination of human adipokines: adiponectin,
adipsin, lipocalin-2, plasminogen activator inhibitor
type 1 (PAI-1), and resistin.

During the surgery, visceral adipose tissue biopsies
(3-5 g) were collected. Homogenates were prepared
from the biopsies, in which the adiponectin, adipsin,
lipocalin-2, PAI-1, and resistin levels were determined
by the multiplex analysis using the MILLIPLEX MAP
Human Adipokine Panel 1 kit for the determination of
human adipokines.

Sex hormone levels (estradiol in women and
testosterone in men) were measured in all patients
using enzyme-linked immunosorbent assay (ELISA)
kits for subsequent standardization of this parameter
in statistical analysis.

Statistical processing of the results was carried out
using the SPSS software package (version 20.0). The
normality of data distribution was evaluated using
the Kolmogorov—Smirnov test. When comparing the
groups, the nonparametric Mann—Whitney U-test
was used for continuous data, and 2 was applied for
discrete data. The correlation analysis was carried out
using the Spearman’s rank correlation coefficient.
To find associations with cardiometabolic disorders,
the linear regression analysis was performed with
the inclusion of adipokines as dependent variables.
Categorical variables were presented as absolute (1)
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and relative (%) values, continuous variables were
presented as the median and the interquartile range Me
(Q,5; O.5). The critical significance level of the null
hypothesis was calculated at p < 0.05.

RESULTS

The patients were divided into 2 groups depending
on the presence of abdominal obesity (AO) according
to the criteria of the All-Russian Scientific Society
of Cardiology (2009): WC > 80 cm in women and
WC > 94 cm in men. The main group included 74
people with AO (44 men, 30 women), the control
group encompassed 27 people (7 men, 20 women)
(p=0.033). The groups did not differ in age: the median
age was 52.50 [41.00; 61.00] years and 51.00 [41.00;
63.00] years, respectively. Significant differences in
BMI were revealed: in the main group, the BMI was
31.62 [27.66; 35.51] kg/m?, in the control group —
23.63[20.31; 29.00] kg/m? (p < 0.001). There were no
significant differences for systolic (SBP) and diastolic
blood pressure (DBP), as well as in the presence of
AH, coronary heart disease (CHD), ischemic stroke,

T2DM, non-alcoholic fatty liver disease (NAFLD),
and smoking.

Among patients from the main group, the TG
level was 1.3 times higher (»p = 0.002), and HDL-C
was 1.3 times lower (p = 0.002) than in the control
group. In the main group, TG/HDL-C was 1.6 times
(p <0.001), TyG — 1.04 times (p = 0.002), LAP — 2.6
times (p < 0.001), and VAI — 1.4 times (p = 0.001)
higher than those in the control group.

Thus, among patients with AO, compared to
individuals without it, the following metabolic
disorders were identified: expected higher BMI, a
higher TG level, a lower HDL-C level, as well as
higher insulin resistance indices.

The next step was to determine the levels of
the studied adipokines in visceral adipose tissue,
depending on the presence of AO, overweight, and
obesity.

Adiponectin, adipokine, lipocalin-2, PAI-1, and
resistin did not demonstrate significant differences
in protein concentration in visceral adipose tissue
between patients from the main and control groups.

Table 1

Clinical Characteristics of the Patients Included in the Study, Depending on the Presence of
Abdominal Obesity, Me (O,; O,.)

Parameters Group without AO, Group with AO, »
n=27 n="74
Men 7 (26%) 44 (60%) 0.033
Age, years 51.00 [41.00; 63.00] 52.50 [41.00; 61.00] 0.923
BMI, kg/m? 23.63 [20.31;29.00] 31.62 [27.66; 35.51] 0.0001
sBP, mm Hg 126.50 [113.50; 138.00] 129.75 [120.50; 143.00] 0.171
dBP, mm Hg 82.00 [75.00; 87.00] 82.25[77.50; 91.13] 0.473
Smoking 6 (22%) 27 (36%) 0.178
History of AH 9 (33%) 41 (55%) 0.051
History of CHD 0 (0%) 6 (8%) 0.129
History of IS 0 (0%) 3 (4%) 0.291
History of T2DM 1 (4%) 10 (14%) 0.163
History of NAFLD 1 (4%) 12 (16%) 0.098
TC, mmol/l 5.35[4.41;5.87] 5.01 [4.04;5.71] 0.313
TG, mmol/l 1.18 [0.90; 1.69] 1.50 [1.20; 2.01] 0.002
HDL-C, mmol/l 1.69 [1.21; 2.00] 1.30[0.98; 1.55] 0.002
LDL-C, mmol/l 3.18[2.10; 3.71] 2.96 [2.07; 3.56] 0.602
non-HDL-C, mmol/l 3.67 [2.72; 4.44] 3.76 [2.78; 4.51] 0.724
Glucose, mmol/l 5.60 [5.40; 6.40] 6.05 [5.50; 6.70] 0.159
TG /HDL-C index 0.78 [0.56; 0.94] 1.2310.89; 1.73] 0.0001
TyG index 4.20[4.12; 4.34] 4.38 [4.23; 4.56] 0.002
LAP index 24.32 [13.84; 45.90] 64.40 [37.00; 96.06] 0.0001
VAI index 1.3210.72; 1.71] 1.80 [1.25;2.96] 0.001

Note: non-HDL-C — non-high-density lipoprotein cholesterol, VAI — visceral adiposity index, LAP —

lipid accumulation product.
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Table 2
Adipokines of Adipose Tissue Depending on the Presence of Overweight and Obesity, Me (0, O..)

Adipokines BMI<25.0kg/m? | BMI 25.0-29.9 kg / m? P, BMI<30.0kg/m?> | BMI>30.0kg/m> | p,
Adiponectin, mcg/mg of tissue | 10.15 [6.24; 11.99] 6.76 [4.95; 8.56] 0.015 | 7.25[5.77;10.78] 5.84[4.19; 8.38] | 0.030
Adipsin, mcg/mg of tissue 1.22[0.90; 2.11] 1.92[1.21; 2.82] 0.067 1.62 [1.05; 2.26] 1.76 [1.09; 3.17] | 0.273
Lipocalin-2, mcg/mg of tissue 0.12 [0.06; 0.23] 0.08 [0.05; 0.21] 0.378 | 0.09[0.05;0.21] 0.15[0.06; 0.39] | 0.041
PAI-1, ng/mg of tissue 0.89 [0.44; 1.17] 0.84 [0.51; 1.55] 0.715 | 0.85[0.50; 1.18] 1.05[0.53;2.65] | 0.144
Resistin, ng/mg of tissue 23.86 [3.74; 61.96] 13.45 [4.72; 25.13] 0.413 | 17.81 [4.46;37.34] | 17.85[7.05;65.37] | 0.277

Note: p, — significance of differences between groups of patients with normal weight and overweight, p, — significance of differences between
groups of patients without obesity and with obesity.

When studying these adipokines in visceral adipose

tissue, depending on the presence of overweight
(BMI < 25 kg/m? versus BMI 25.0-29.9 kg/m?), the
level of adiponectin in patients with normal body
weight was 1.5 times higher than in overweight
patients (p < 0.05).

Obese patients (BMI>30.0 kg/m?) had lower levels

of adiponectin in visceral adipose tissue compared to
non-obese patients (BMI <30.0 kg/m?). It was reduced
by 1.24 times (p < 0.05). Lipocalin-2, on the contrary,
was 1.67 times higher (p < 0.05) in individuals with
BMI > 30.0 kg/m? (Table 2).

When performing the correlation analysis to assess

the relationship between the studied biomarkers in the

120

blood serum and visceral adipose tissue, a relationship
was found between the levels of adipsin (» = 0.316;
p = 0.007), as well as adipsin in the adipose tissue
and PAI-1 in the blood serum (r = 0.278; p = 0.019)
(Table 3).

The correlation analysis of adipokines of visceral
adipose tissue and clinical characteristics of patients
showed a weak negative relationship between the level
of adiponectin and WC (r = —-0.210; p = 0.044) and
BMI (r = —0.263; p = 0.011). An inverse correlation
was observed for adiponectin and insulin resistance
indices: for the TyG index » = —0.268 (p = 0.009),
for LAP r =-0.284 (p = 0.006), for VAI r = —0.205
(» =0.049) (Table 4).

Table 3
Correlation Analysis of Adipokines in Blood Serum and Visceral Adipose Tissue Using
the Spearman’s Rank Correlation Coefficient
Adipokines in
VAT Adiponectin, Adipsin, Lipocalin-2, PAI-1, Resistin,
Adipokines mcg/mg of tissue mcg/mg of tissue mcg/mg of tissue ng /mg of tissue ng/mg of tissue
in blood
Adinonectin. mee/ml 0.125 0.160 —0.044 —-0.220 —-0.015
P - MCE p=0.340 p=0211 p=0.732 p=0.091 p=0.906
Adipsin. mee/ml 0.123 0.316 —0.063 -0.221 —0.188
psin, meg »=0326 p=0.007 p=0.605 p=0.075 p=0.122
Lipocalin2. mee/ml 0.192 0.013 —0.067 0.056 —-0.016
P - meg p=0.122 p=0916 p=0.579 p=0.655 p=0.898
PAL1. n/ml 0.125 0.278 0.064 0.011 -0.017
- g p=0317 p=0.019 p=0.600 p=0928 p=0.892
Resistin. ne/ml 0.035 —0.059 —0.080 0.162 0.057
-8 p=0.784 p=0.628 p=0518 p=0.201 p=0.647
Table 4
Correlation Analysis of Visceral Adipokines and Metabolic Parameters Using the Spearman’s Rank Correlation Coefficient
Adipokines in VAT Adiponectin, Adipsin, Lipocalin-2, PAI-1, Resistin,
Metabolic parameters | mcg/mg of tissue mcg/mg of tissue mcg/mg of tissue ng/mg of tissue ng/mg of tissue
WC. em —-0.210 0.133 0.143 0.166 0.038
’ p=0.044 p=0.202 p=0.161 p=0.139 p=0.714
—-0.263 0.132 0.162 0.167 0.066
2
BMI, kg/m »=0011 »=0.203 »=0.113 p=0.137 »=0.524
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End of table 3

Adipokines in VAT Adiponectin, Adipsin, Lipocalin-2, PAI-1, Resistin,
Metabolic parameters | mcg/mg of tissue mcg/mg of tissue mcg/mg of tissue ng/mg of tissue ng/mg of tissue
SBP. mm H —0.082 0.116 0.015 —0.069 —0.090

i & p=0433 p=0.265 p=0.883 p»=0.539 p=0.388
—0.168 0.013 0.055 —-0.037 —-0.077

DBP, mm Heg »=0.109 2=0.901 p=0.59% p=0.743 p=0456
. —0.164 0.065 0.149 0.231 0.110

TG/ HDL-C index p=0.117 »=0532 p=0.146 p=0.038 »=0.290
TVG index —0.268 —0.011 0.170 0.161 0.194

M p=0.009 p=0.920 p=0.095 p=0.150 p=0.060
. —-0.284 0.058 0.169 0.198 0.124

LAP index »=0.006 =076 »=0.098 p=0.077 p=0.233
VAT index —0.205 0.023 0.169 0.215 0.118

p=0.049 p=0.823 p=0.098 p=0.054 p=0.254

The next stage of the study was to include the
studied adipokines of visceral adipose tissue in the
linear regression analysis. The independent variables
included cardiometabolic parameters (WC, BMI, SBP,
DBP, as well as the presence of obesity, overweight,
AO, BP, blood glucose > 6.1 mmol/l, HDL-C < 1
for men, 1.2 mmol/l for women, LDL-C > 3 mmol/l,
TG > 1.7 mmol) and insulin resistance indices (TG
/ HDL-C, TyG, LAP, VAI) with standardization by
age, sex, and sex hormone levels. As a result of this
analysis, it was found that the level of adiponectin in
the visceral adipose tissue was inversely associated
with overweight in the general group (-3.542
[-5.318; —1.766], p = 0.0001). This association was
also observed in men (—4.303 [-6.842; —1.764],
p = 0.0001) and in the 45-65 age group (—4.662
[-7.105;-2.219], p = 0.001).

The level of resistin in visceral adipose tissue, when
age, sex, AO, DBP, glucose, and TG were included
in the model, was found to be dependent on DBP in
the overall group (-3.891 [-6.979; —0.803], p = 0.014)
and in the 25-44 age group (—7.496 [-13.182; —1.810],
p=0.012).

No significant associations were found between
the levels of adiponectin, lipocalin-2, and PAI-1 in
visceral adipose tissue and the studied parameters.

DISCUSSION

Adiponectin is a protein with a complex tertiary
structure, synthesized by adipocytes. The impact of
adiponectin on the body is facilitated by the AdipoR1
and AdipoR2 receptors. One of the most significant
effects of adiponectin is its ability to overcome
insulin resistance. It enhances insulin sensitivity in
target organs, such as the liver and skeletal muscles,
by promoting fatty acid oxidation and stimulating
glucose utilization through the activation of the

AMPK signaling pathway. The level of adiponectin
in the blood serum is inversely proportional to BMI,
triglyceride levels, and insulin resistance [11].

Furthermore, adiponectin has the potential to
inhibit inflammation and possibly atherogenesis
by suppressing the migration of monocytes and
macrophages, as well as their transformation into
foam cells [12]. Studies on adiponectin in adipose
tissue are scarce and often conflicting. The study of
adiponectin was conducted in the visceral adipose
tissue of different localizations — the epicardial and
perivascular fat depots in patients with CHD. The
study by O.V. Gruzdeva et al. revealed a decrease
in adiponectin mRNA concentration in patients
with CHD. Moreover, the more pronounced the
atherosclerotic lesion of the coronary artery, the lower
the level of adiponectin gene expression [5].

In the study by A. Sirbu et al., no association
was found between the level of adiponectin mRNA
in visceral adipose tissue and BMI or WC, as well as
serum adiponectin. However, participants with obesity
and insulin resistance, as assessed by the HOMA-IR
index, exhibited lower adiponectin expression levels
compared to participants without insulin resistance
[13]. Studies by T. Horbelt et al. [14] and M.I. Jonas
et al. [15] demonstrated a decrease in adiponectin
levels in visceral and subcutaneous adipose tissue
in individuals with obesity. Our data also show an
inverse relationship between adiponectin in visceral
adipose tissue and overweight, with this relationship
persisting in men and in the older age group.

One of the first discovered functions of resistin
was the formation of insulin resistance, which is the
basis of its name. Subsequently, it was demonstrated
that resistin exerts a wide range of effects, including
influencing lipid metabolism, promoting the synthesis
and secretion of proinflammatory cytokines, and
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facilitating the differentiation of monocytes into
macrophages. Furthermore, it influences heart
contractility, smoothmuscle cell activity, angiogenesis,
endothelial permeability, and renal function [16].
Resistin was first discovered in rodent adipocytes
and was initially thought to be a protein exclusively
synthesized in adipose tissue. However, the highest
levels of its expression in humans were found in bone
marrow cells [17]. Elevated levels of resistin mRNA
and protein, accompanied by a simultaneous decrease
in adiponectin in subcutaneous adipose tissue, were
observed in individuals with obesity. However, no
significant differences were observed in the visceral
adipose tissue [15].

Another study concluded that there is a link between
adipose tissue resistin and impaired fasting plasma
glucose in South Asian women [18]. Our findings suggest
a link between resistin and DBP levels, first discovered
for adipose tissue. Interestingly, this relationship is
inverse, meaning that as DBP levels increase, resistin
concentrations decrease. However, the link between
BP, high normal blood pressure, and resistin levels has
already been established for its circulating form [19-
21]. The underlying mechanism of resitin action in the
presence of hypertension remains unknown.

A study conducted on mice suggests that the
activation of the renin—angiotensin—aldosterone
system (RAAS) by resistin through the TLR4/P65/
Agt pathway is responsible for this effect. This
activation leads to an increase in the expression of
angiotensinogen, the precursor of angiotensin II, the
primary effector of RAAS. This theory is further
supported by the absence of an increase in blood
pressure following the administration of resistin to
mice, even after pre-treatment with angiotensin-
converting enzyme inhibitors [22]. Another potential
mechanism involves reducing the expression of
endothelial nitric oxide synthase (eNOS) and
decreasing the bioavailability of NO, which in turn
disrupts  endothelium-dependent  vasorelaxation
[23]. Our discoveries necessitate further clarification
and explanation of the inverse relationship between
resistin levels and DBP.

CONCLUSION

Research on adipokines in adipose tissue,
particularly their association with cardiometabolic
parameters, remains limited. In our study, we
successfully established the link between adiponectin
and resistin of visceral fat tissue, as well as
cardiometabolic parameters. Adiponectin is inversely

associated with overweight in the male group and in the
45—65 age group, while resistin is inversely associated
with diastolic blood pressure in the 25-45 age group.
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