American Journal of Medicine and Medical Sciences 2024, 14(5): 1222-1226

DOI: 10.5923/j.ajmms.20241405.17

Evaluation of the Circulating Biomarker
Apelin 12 in Visceral Obesity

Rasulova Z. D., Nuritdinova M. D.

Central Consultative and Diagnostic Clinic No. 1 of the Main Medical Directorate under the Administration
of the President of the Republic of Uzbekistan

Abstract

Is the assessment of apelin 12 in obese patients in relation to indicators of visceral obesity. A study of the level

of apelin in relation to indicators of visceral adipose tissue dysfunction depending on cardiovascular risk showed correlations,
which makes it possible to predict the intensification of visceral obesity using additional markers of visceral obesity. An
assessment of a marker such as apelin-12 to predict the progression of fat metabolism disorders, visceral tissue dysfunction
can be included along with an assessment of calculated VAT indicators (VOI, % adipose tissue, visceral fat level according to
bioimpedance analysis, hepatic steatosis index (HSI) and liver steatosis index (LSI)), epicardial fat thickness tissue into the
patient examination algorithm to assess visceral adipose tissue (VAT) dysfunction and prevent cardiovascular risks.
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1. Introduction

Obesity, which in the 21st century has received the status
of a non-infectious pandemic, and associated metabolic
disorders are becoming one of the main risk factors for the
development and progression of cardiovascular pathology
[3,11]. The greatest risk of cardiovascular diseases (CVD)
is associated with visceral obesity and its characteristic
metabolic changes (insulin resistance (IR), hyperglycemia,
dyslipidemia, imbalance of adipokines and inflammatory
markers). Visceral obesity is associated with an increased
risk of developing disorders of carbohydrate and fat metabolism,
as well as cardiovascular complications. Currently, many
adipokines are known: leptin, adiponectin, apelin, etc. An
increase in the concentration of apelin in obesity and its
connection with the visceral type of distribution of adipose
tissue has been noted [2,7]. Thus, a number of authors
indicate that the increase in the degree of abdominal obesity
is accompanied by a statistically significant increase in the
content of plasma apelin. At the same time, there is a positive
correlation of apelin with waist circumference (WC) and the
ratio of waist circumference to hip circumference (WC/HC).
Foreign authors note an increase in apelin levels in obesity in
combination with hyperinsulinemia [2,6]. In this aspect,
prediction and early detection of cardiomebolic disorders is
an urgent task of modern medicine, the solution of which can
be achieved using clinical methods, functional diagnostics,
as well as through non-invasive laboratory diagnostic methods
[9,11]. Currently, there are a number of anthropometric and
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instrumental methods for quantifying adipose tissue. However,
not all of them fully reflect the degree of visceral obesity
and cardiovascular risk (CVR). Currently, apelin is being
actively studied as a predictor of complications of obesity in
various age and gender groups. According to some authors,
serum levels of apelin were higher in obese individuals
compared to the control group, while the concentrations of
the biomarker were positively correlated with OW, cholesterol,
insulin, fasting glucose levels and the index of insulin
resistance (IR) [2,6] and apelin is a more sensitive biomarker
of visceral adipose tissue (VAT) dysfunction than adiponectin
and leptin. The search for new reliable biomarkers and
methods for diagnosing visceral obesity is an urgent task in
the prevention of cardiometabolic complications.

Purpose of the study: assessment of apelin 12 in obese
patients in relation to indicators of visceral obesity.

2. Material Method

A total of 167 individuals aged 40-70 years without
diagnosed CVD (coronary heart disease, chronic heart failure,
clinically pronounced atherosclerosis with hemodynamically
significant stenosis of the great arteries, etc.) were examined.
All patients were distributed depending on the degree of
obesity: group 1 with overweight consisted of 27 individuals
with OW=29.3£1.4 kg/m2, group 2 with 1 degree of obesity
consisted of 108 individuals with OW=34.9+1.3, Group 3
with 2nd degree obesity consisted of 32 individuals with
OW=39.2+2.4. The control group consisted of 12 healthy
individuals with low CVR according to SCORE2 and normal
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body weight. Cardiovascular risk (CVR) was assessed
according to SCORE-2: with low and moderate CVR - 82,
with high CVR - 49 individuals, with very high CVR without
coronary CVD - 36 individuals. The examination included
assessment of anthropometric indicators: body weight BW,
height, waist (WC) and hips (HC), OW (OW=kg/height, m2),
WC/HC ratio; clinical and laboratory parameters: blood
pressure, determination of cholesterol ChSD, low-density
lipoprotein ChS-LDL, triglycerides TG, high-density
lipoprotein ChS-HDL, glucose in blood serum, C-reactive
protein (C-RP) apelin 12 in blood serum, Echocardiography
(EchoCG) with determination of structural and geometric
parameters of the heart (end-diastolic size EDS, end-systolic
size ESS), thickness of epicardial adipose tissue (TEAT)
along the atrioventricular groove (AVS) [1,4]. The content of
apelin-12 in blood plasma was determined by the enzyme
immunoassay using the “Apelin-12 (Human, Rat, Mouse,
Bovine) EIA Kit” reagent kit produced by Phoenix
Pharmaceuticals (USA) [6,8]. The body composition was
assessed using bioimpedance analysis: determination of the
percentage of visceral and total fatty tissue. To assess the
state of fat metabolism, indicators were also used [3,5,9]:

e accumulation of lipid products (LAP) was studied
according to Kahn, LAP=(WC (cm)-65)xTG;

o visceral obesity index (VOI) was calculated using Amato:
for men - VI = (waist circumference/39.68 + 1.88xOW)
x (TG/1.03) x (1.31/ChS HDL); in women - VOI =
(waist circumference/36.58 + 1.89xOW) x (TG/0.81) x
(1.52/ChS HDL). (VAI -1.93 normal, 1.94-2.32 slight
dysfunction of adipose tissue, 2.32-3.25 moderate

dysfunction of adipose tissue, VOI >3.25 high
dysfunction of adipose tissue).
o liver steatosis index LSI = -3.5856+(0.0141*age)+

(0.4711*DM)+ (4.4373*WC/Height*100), where diabetes
is present - 1, if diabetes is not present - 0.

e hepatic steatosis index HSI= 8* alanine transpeptidase
(ALT)/aspartate transpeptidase (AST)+OW (+2 in the
presence of T2DM, +2 if female). HSI values >36.0
indicate the presence of hepatic steatosis in the patient
with a sensitivity of 93.1%, specificity of 92.4% with
an accuracy of AUROC of 0.812.

Statistical processing of the research results was carried
out using the generally accepted method using a personal
computer (Excel 2010 program). The arithmetic mean (M)
and the error of the arithmetic mean (m) were determined. To
determine the statistical significance of differences between
the compared indicators, Student's t-test was used.

3. Research Results and Discussion

When assessing anthropometric parameters, the following
were assessed: body weight, height, waist (WC) and hip
(HC) with an assessment of the WC/HC ratio), OW. As well
as additional data from bioimpedance analysis of body
composition: determination of the percentage of visceral and
total adipose tissue, biochemical indicators of lipid metabolism
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disorders, glucose, apelin 12, calculated indicators of visceral
obesity. These indicators are presented in Table 1.

There are significant differences in anthropometric
indicators in individuals at high and very high risk compared
to the control group. There was an increase in the WC/HC,
OW ratio in overweight and obese individuals, respectively,
compared to the control group; An association of OW
indicators in groups 1, 2, 3 with the CVR indicator according
to SCORE2 was revealed; a direct correlation (r = 0.68, 0.65
and r = 0.76, respectively). Obesity and overweight are one
of the leading causes of CVD and significantly enhance the
pathophysiological effect of CVR factors. To assess the state
of fat metabolism, special highly specific indicators with
regard to cardiovascular risks and mortality were also used,
such as: the conicity index (Tl was assessed according to
Valdez et al; the accumulation of lipid products (LAP) was
studied according to Kahn; the visceral adiposity index (VOI)
was calculated according to Amato, liver steatosis index
[3,5,9].

According to the results of our study, a correlation
between the WC/HC ratio and the indicator of visceral fat
was revealed according to bioimpedance analysis of body
composition with a correlation coefficient of r = 0.74.
LAP index values were highly correlated with OW scores.
Spearman's rank correlation coefficient between LAP and
OW index values was 0.73 in men (p<0.001) and 0.77 in
women (p<0.001). This high correlation is due to the
dependence of OW indicators on waist circumference values,
which are used to calculate the LAP index. Of course, as
body weight increases, its volume increases. According to
the literature, there is a strong correlation between OW and
waist circumference values (above 0.80), especially in
heterogeneous groups, including both thin and obese patients
[5]. Analysis of VAT dysfunction indicators showed an increase
in visceral adipose tissue indicators, such as VVOI, visceral fat
level according to bioimpedance analysis, HSI and LSI.
When comparing functional indicators of obesity, significant
differences were established: in the accumulation of lipid
products LAP in the group with degree 2 obesity is 17%
(p<0.05) higher compared to control indicators, p<0.05), the
VOI indicator in groups with excess body weight. 1st degree
obesity and 2nd degree obesity were higher by 25.7%
(p<0.05), 42% (p<0.05) and 51% (p<0.05) compared to
control indicators. The identified results with an increase in
VOI, LAP indicate dysfunction of visceral adipose tissue and
excessive accumulation of visceral fat. There was a significant
increase in body fat % and visceral fat levels in all groups;
even in the group with overweight, it was 23.3% (p<0.05)
and 57.2% (p<0.05), respectively, higher compared to control
indicators, which may be an indicator of visceral obesity in
groups even with normal body weight. A more significant
and reliable increase in the % of adipose tissue and visceral
fat according to bioimpedance analysis of body composition
in obese groups: with obesity of 1 degree by 29% (p<0.05)
and 65.5% (p<0.05) and 2 degree by 32.7% (p<0.05) and 71%
(p<0.05), respectively, from the control group. Analysis of
VAT dysfunction indicators showed an increase in visceral
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adipose tissue indicators, such as VOI, visceral fat level
according to bioimpedance analysis, HSI and LSI. According
to the results of our study, a correlation between the WC/HC
ratio and the indicator of visceral fat was revealed according
to bioimpedance analysis of body composition with a
correlation coefficient of r = 0.74.

When comparing the functional indicators of VAT,
significant differences were established: an increase in the
HSI indicator in the study groups compared with the control
indicators, and in groups 1, 2 and 3 amounted to 11.7%, 31%
(p<0.05) and 35% (p <0.05), respectively, compared with the
control group. HSI values>36.0 indicate the presence of
hepatic steatosis in a patient with a sensitivity of 93.1%,
specificity of 92.4% with an accuracy of AUROC of 0.812
[6,10]. There was a significant increase in LSI in groups with
overweight, grade 1 and grade 2 obesity by 15% (p<0.05),
44.8% (p<0.05) and 47.8% (p<0.05), hepatic steatosis index
HSI in obesity grade 1 and grade 2 by 31.2% (p<0.05) and
35.3% (p<0.05), respectively, compared with control indicators.

Evaluation of the Circulating Biomarker Apelin 12 in Visceral Obesity

There was also a significant increase in Tl by 11.7%
(p<0.05), (p<0.05), 12.1% (p<0.05) and 16.7% (p<0.05),
respectively compared to control indicators.

AO was identified by the WC/HC ratio in 69% of the
subjects, by OW, % of adipose tissue and visceral fat in
96% of the subjects, which are reliable indicators of fat
metabolism disorders and an independent risk factor for
CVD, a correlation between the WC/HC ratio and the
indicator of internal fat (bioimpedance analysis of body
composition) with a correlation coefficient of r = 0.72.

According to the results of our study, there was a significant
increase in the level of ChSD, LDL, ChS-non-HDL, TG,
a decrease in HDL in the group with obesity of 1 and 2
degrees. There was a direct correlation between OW and
ChS-non-HDL and LDL (r = 0.86 and r = 0,76). Thus, it is
possible to judge the disturbance of lipid metabolism in all
groups: in overweight and obese individuals with high CVR
without CVD and with CVR, and with normal body weight,
both overweight, obese, and normal body weight.

Table 1. Indices of VAT dysfunction, indicators of fat and lipid metabolism in groups depending on the degree of obesity
Ne - Control Exces_s body Obesity 1st degree | Obesity 2 degrees
s/n Indicators (n=12) weight (n=108) (n=32)

(n=27)
1 Age, years 28,5+8,0 54+9,8 59,3+6,8 455+4,3
2 CVR by SCORE-2 1,25+#1,1 5,5+£7,1 10,5+8,7 11,5+7,8
3 Body weight (BW) kg 55,548 2 88,7+9,0* 103,2+13,8 119,1+15,2
29,5% 39,4% 47,5%

4 Waist circumference WC, cm 78,5+3,0 99,6+9,2* 109,9+10,5* 118+12,2*
5 Hip circumference HC, cm 99,6+6,3 111,8+7,2* 120,9+7,5* 127,4+9,1*
6 WC/HC ratio 0,79+0,07 0,90+0,07* 0,91+0,08* 0,93+0,1*
7 ow 22,2+2,50 29,3+1,4* 34,9+1,3* 39,2+2,4*
8 % adipose tissue 27,3+7,01 40,16+8,01* 43,4+8,1* 45,8+5,6*
9 Visceral fat (abdominal) 5,17+1,54 11,7+£3,1* 14,5+4,2* 17,3+4,1*
10 ChSD, mmol/l 4,8+0,8 5,2+0,8 5,32+0,8* 5,75+0,8*
11 TG, mmol/l 1,4+0,9 1,69+1,01 1,81+1,0* 2,1£1,2*
12 LDL, mmol/l 2,9+0,8 3,26+0,9 3,41+0,9* 3,6+0,9*
13 HDL, mmol/l 1,2+0,2 0.9+0,3 1,0+0,3 1,01+0,3*
14 ChS-nonHDL, mmol/l 2,6+0,8 2,8+0,8 3,52+0,8* 4,51+0,82*
15 ALT, En/n 13,6%5,6 17,9+6,07 16,7+6,3 16,6+5,8
16 AST, E/n 16,2+6,6 16,05£6,06 16,9£6,5 17455
17 C-RP, mg/I 1,3+0,7 3,5+1,5* 4,8+2,1* 5,2+1,8*
18 LAP 68,5+8,2 72,649,1 76,3+8,5 82,6+9,5*
19 VOI 2,6+0,32 3,5¢0,3* 4,5+0,4* 5,3+0,5*
20 LSI -0,572+0,1 -0,497+0,15* -0,395+0,09* -0,387+0,09*
21 HSI 32,5¢4,5 36,8+5,3 47,3+4,3* 50,3+6,0*
21 Apelin-12, pg/ml 0,79+0,4 3,18+0,55* 7,09+£2,9* 19,49+8,1*
22 acﬁ;;gig”éﬁi(‘)’éév;m 2,80.9 5,18+1,55* 7,0042,9% 9,5+4,3*

Note: * — the differences are significant, p<0,05
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4. Result Discussion

One new method for assessing abdominal adipose tissue
is VOI, a marker of VAT dysfunction. In many studies,
increased indices of VAT dysfunction such as VOI, visceral
fat levels according to bioimpedance analysis, and hepatic
steatosis index HSI were associated with high cardiometabolic
risk, both in the general population and in patients without
any obvious metabolic disorders [3,5]. The results of our
study showed a significant increase in epicardial visceral
tissue thickness (EVTT) in groups with overweight, grade 1
and 2 obesity by 85% (p<0.05), 150% (p<0.05) and 239%
(p<0.05), respectively compared to control indicators. An
increase in EVTT is associated with insulin resistance - with
EVTT more than 9.5 mm, IR develops significantly more
often. According to O.M. Drapkina et al., with an AT layer
thickness of 2.7 to 4.5 mm and diastolic function E/A of less
than 0.8, IR can be diagnosed with high accuracy [4,10].

The results of our study showed a significant increase
in EVTT in groups with overweight, grade 1 and 2 obesity
by 85% (p<0.05), 150% (p<0.05) and 239% (p<0.05),
respectively compared to control indicators. An increase in
EVTT is associated with insulin resistance - with TAT more
than 9.5 mm, IR develops significantly more often. According
to O.M. Drapkina et al., with an AT layer thickness of 2.7
to 4.5 mm and diastolic function E/A of less than 0.8, IR
can be diagnosed with high accuracy. The results of our
study showed a significant increase in EVTT in groups with
overweight, grade 1 and 2 obesity by 85% (p<0.05), 150%
(p<0.05) and 239% (p<0.05), respectively compared to
control indicators. An increase in EVTT is associated
with insulin resistance - with EVTT more than 9.5 mm,
IR develops significantly more often. According to O.M.
Drapkina et al., with an AT layer thickness of 2.7 to 4.5 mm
and diastolic function E/A of less than 0.8, IR can be
diagnosed with high accuracy. The results of our study
showed a significant increase in EVTT in groups with
overweight, grade 1 and 2 obesity by 85% (p<0.05), 150%
(p<0.05) and 239% (p<0.05), respectively compared to
control indicators. An increase in EVTT is associated with
insulin resistance - with EVTT more than 9.5 mm, IR develops
significantly more often. According to O.M. Drapkina et al.,
with an AT layer thickness of 2.7 to 4.5 mm and diastolic
function E/A of less than 0.8, IR can be diagnosed with high
accuracy. The results of our study showed a significant
increase in EVTT in groups with overweight, grade 1 and 2
obesity by 85% (p<0.05), 150% (p<0.05) and 239% (p<0.05),
respectively compared to control indicators. An increase
in EVTT is associated with insulin resistance - with EVTT
more than 9.5 mm, IR develops significantly more often.
According to O.M. Drapkina et al., with an AT layer
thickness of 2.7 to 4.5 mm and diastolic function E/A of less
than 0.8, IR can be diagnosed with high accuracy. The results
of our study showed a significant increase in EVTT in groups
with overweight, grade 1 and 2 obesity by 85% (p<0.05), 150%
(p<0.05) and 239% (p<0.05), respectively compared to
control indicators. An increase in EVTT is associated with
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insulin resistance - with EVTT more than 9.5 mm, IR develops
significantly more often. According to O.M. Drapkina et al.,
with an AT layer thickness of 2.7 to 4.5 mm and diastolic
function E/A of less than 0.8, IR can be diagnosed with high
accuracy. The results of our study showed a significant
increase in EVTT in groups with overweight, grade 1 and 2
obesity by 85% (p<0.05), 150% (p<0.05) and 239% (p<0.05),
respectively compared to control indicators. An increase
in EVTT is associated with insulin resistance - with EVTT
more than 9.5 mm, IR develops significantly more often.
According to O.M. Drapkina et al., with an AT layer
thickness of 2.7 to 4.5 mm and diastolic function E/A of less
than 0.8, IR can be diagnosed with high accuracy. The
results of our study showed a significant increase in EVTT in
groups with overweight, grade 1 and 2 obesity by 85%
(p<0.05), 150% (p<0.05) and 239% (p<0.05), respectively
compared to control indicators. An increase in EVTT is
associated with insulin resistance - with TAT more than 9.5
mm, IR develops significantly more often. According to
O.M. Drapkina et al., with an AT layer thickness of 2.7 to 4.5
mm and diastolic function E/A of less than 0.8, IR can be
diagnosed with high accuracy. The results of our study
showed a significant increase in EVTT in groups with
overweight, grade 1 and 2 obesity by 85% (p<0.05), 150%
(p<0.05) and 239% (p<0.05), respectively compared to
control indicators. An increase in EVTT is associated
with insulin resistance - with EVTT more than 9.5 mm, IR
develops significantly more often.

Analysis of the Apelin 12 index as an early predictor of
adipose tissue dysfunction in groups with overweight, grade
1 and grade 2 obesity revealed a significant increase of 75%
(p<0.05), 88.8% (p<0.05) and 95.9% (p<0.05), respectively,
compared with control indicators. A high correlation
between the apelin 12 indicator and OW, visceral fat level,
CVR according to SCORE-2 according to impedance analysis
and EVTT was revealed with a correlation coefficient of
r=0.80, r=0.86, r=0.70 and r=0,40 respectively.

The identified results showed that the assessment of such
a marker as apelin can be used to assess and predict the
progression of fat metabolism disorders, dysfunction of
visceral adipose tissue and can be included together with the
assessment of calculated VAT indicators (VOI, % adipose
tissue, visceral fat level according to bioimpedance analysis ,
HSI and LSI), determination by the EchoCG EVTT method
into an algorithm for examining patients in the high and very
high CVR groups in order to assess VAT dysfunction and
prevent cardiovascular risks [2,6].

It is no coincidence that visceral obesity is identified as the
main criterion for diagnosing metabolic syndrome (MC). It
is this that is a powerful risk factor for metabolic disorders
and leads to the development of IR and compensatory
hyperinsulinemia. Abdominal fat has some features that
lead to the formation of IR, while the accumulation of
subcutaneous fat, in contrast, does not lead to metabolic
disorders and may even be protective against MC. In addition,
an increase in EVTT is associated with signs of vascular wall
remodeling, endothelial dysfunction, lipid metabolism
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disorders, and impaired left ventricular diastolic function [4].
A close relationship between the amount of epicardial
adipose tissue and coronary heart disease (CHD) was also
revealed (r=0.3) - EVTT less than 7 mm predisposes to the
development of subclinical atherosclerosis, more than 7 mm
- to the development of CHD [4,10]. According to D. Corradi
etal., EVTT correlated with myocardial hypertrophy and left
ventricular diastolic function.

Abdominal fat is hormonally active. It is known that
visceral adipose tissue produces many different biologically
active substances, which are called adipokines. These
adipokines play an important role in the formation of IR.
Apelin is an adipokine that is relatively little studied. It is
noted that its level increases with obesity and is directly
related to the visceral type of distribution of adipose tissue.
It was found that plasma apelin concentration significantly
increases with increasing degree of abdominal obesity and
directly correlates with WC and the ratio of WC to hip
circumference (WC/HC) [2]. High apelin content has also
been recorded in obesity in combination with hyperinsulinemia
[8]. Of particular interest is the work of researchers who
analyzed the relationship between plasma apelin concentrations
and cardiac remodeling in patients with abdominal obesity. It
was shown that apelin concentrations in obese patients were
higher than in healthy controls, and levels of the marker
negatively correlated with structural changes in the heart,
which may indicate the importance of apelin as a factor with
cardioprotective properties [7].

5. Conclusions

The identified results indicate dysfunction of adipose
tissue and excessive accumulation of visceral fat tissue in
high and very high risk patients, both obese and overweight,
and with normal body weight. The established correlations
make it possible to predict the intensification of visceral
obesity using additional markers of visceral obesity; being
simple, easily reproducible and inexpensive, they can be
widely used in everyday clinical practice. Assessment
of a marker such as apelin 12 can be used to assess and
predict the progression of fat metabolism disorders, visceral
tissue dysfunction and can be included together with the
assessment of calculated VAT indicators (VOI, % adipose
tissue, visceral fat level according to bioimpedance analysis,
HSI and LSI) in algorithm for examining patients to assess
VAT dysfunction and prevent cardiovascular risks.

Copyright © 2024 The Author(s). Published by Scientific & Academic Publishing
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