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Abstract The article analyzes the clinical and laboratory features of young men and women with abdominal
obesity and metabolic syndrome. The study was carried out on 173 patients of both sexes aged 18-45 years.
The patients were divided into 3 groups: group 1 — isolated abdominal obesity (AO); group 2 — combination
of abdominal obesity with 1 of the metabolic syndrome components (AO+1); group 3 — metabolic syndrome
(MetS). It was found that in young men, the values of carbohydrate (glucose, insulin) and lipid metabolism
(HDL cholesterol, LDL cholesterol, triglycerides), insulin resistance indices (HOMA-IR, TyG) in the AO and
AO+1 groups were homogeneous. However, the ratio of TG/HDL in the AO+1 group exceeded the value of
the AO group. Women in the AO+1 group showed changes relative to the group of women with isolated AO
that are hyperglycemia, increased LDL cholesterol, insulin resistance (increased TG/HDL) and dysfunction of
visceral adipose tissue (increased VAIl). Young men with MetS are characterized by excess body weight,
hyperglycemia, dyslipidemia (increased LDL cholesterol and triglycerides), insulin resistance (as measured
by TyG and TG/HDL), and dysfunction of visceral adipose tissue. The gender feature of women is the
development of MetS on the background of obesity, dysfunction of visceral adipose tissue and insulin
resistance in combination with deeper changes in lipid metabolism (increased LDL cholesterol and
triglycerides, as well as a decrease in HDL cholesterol).
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HayyHass cmambs
FrEHOEPHbLIE OCOBEHHOCTU KOMIMOHEHTOB METABOJIMMECKOIO CUHAOAPOMA
Y iy monoaoro BO3PACTA

CymepkuHa B. AL, Yynkos B. C.2, FonosHeBa E. C.1' 3, Tenewesa J1. ®.1

LHOxHo-Ypanbckuli 2ocydapcmeeHHbili MeduuuHcKul yHUgepcumem
(HenabuHck, Poccusi);
2Hoezopodckuli 2ocydapcmeeHHslli yHUsepcumem umeHu sipocnasa Mydpozo
(Benukuti Hoszopod, Poccus)
SMHoz2onpogunbHbIt ueHmp nasepHol meduyuHs! (Yenabuxck, Poccusi)

AHHoTauma B paboTe BbIMONMHEH aHanuM3 KIWMHWKO-NabopaToOpPHbIX OCOBEHHOCTEN MYXYMH WU KEHLLMH
MONiogoro Bo3pacta € abaoMuHanbHbIM OXUpeHWeMy mMeTabonuyeckum cuHgpomoMm. WccneposaHuve
BbINOSTHEHO Ha 173 naumeHTax oboero nona 18-45 net. lNMauyneHTbl pacnpegeneHsl B 3 rpynnbl: rpynna 1 —
nsonupoBaHHoe abgomuHansHoe oxupenue (AO); rpynna 2 — covyeTaHne abgoMMHaNbLHOrO OXMpeHus ¢ 1 n3
KOMMOHeHTOB MeTabonuyeckoro cuHgpoma (AO+1); rpynna 3 — wmetabonuyeckun cuHgpom (MC).
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YCTaHOBIMEHO, YTO Y MY>XYMH MOSTOAOr0 BO3pacTa 3Ha4YeHusi nokasaTenen yrneBogHoro (rmKo3a, MHCYIVH)
n nunugHoro obmena (Xc-JMBI1, Xc-JIMHI, Tpurnuuepuapl), UHAEKCbI MHCYNMHOpe3ncTteHTHocTn (HOMA-
IR, TyG) B rpynnax AO u AO+1 Obinn ogHOPOAHbI, ogHako cooTHoweHue Tr/JMBI B rpynne AO+1
npesbiwano 3HaveHue rpynnbl AO. Y xeHwmH B rpynne AO+1 BbiBNEHbl UBMEHEHUSA OTHOCUTENBHO FPynnbl
XEHWMH c wusonupoBaHHbiM AO — runeprnukemus, nosbiweHne Xc-JIMHMM, MHCYNMHOPE3UCTEHTHOCTb
(noBbiwenune Tr/JMBIM) n gncdyHKUMA BUCLEpanbHON XUPOBOM TkaHM (noBbiweHue VA). Ong MyXu4uH
mMonogoro Bo3pacta ¢ MC xapaktepeH u3bbITOK Macchl Tena, runeprivMkeMns, gucnunuaemMmmst (NoBblLLeHne
Xc-NIMHIM v Tpurnuuepunaos), MHCYNMHOPE3UCTEHTHOCTL (Mo pesynbTatam TyGuTr/JINBIM) n gncdyHkumns
BMCLIEpanbHON XUPOBOW TKaHW. [eHOepHOW OCOBEHHOCTBIO XEeHLWMH gABnsieTtcs passutne MC Ha doHe
OXUPEHUS, ANCHYHKLMM BUCLLEPATIbHON XMPOBOW TKAHU U MHCYNMHOPE3UCTEHTHOCTU B coveTaHum ¢ bonee
rny6oKMMU N3MEHEHMAMU NUnugHoro obmeHa (noebiweHne Xc-JIMHIM 1 Tpurnuuepraos, a Takke CHUXKEHWE
Xc-JINBM).

KniouyeBble cnoBa: abgomMmnHansHoe oXxupeHne, MeTabonnyeckumn CMHOPOM, reHaepHbIE 0COBEHHOCTH

Ona uutnpoBanua: CymepkuHa B. A., YynkoB B. C., lonoBHeBa E. C., Tenewesa Jl. ®. 'eHaepHble
OCOBGEHHOCTM KOMMOHEHTOB METabonM4eckoro cCMHApomMa y nu, Monogoro Bospacta // BectHuk HoelY. 2023.
4(133). 565-575. DOI: 10.34680/2076-8052.2023.4(133).565-575

Introduction

Metabolic syndrome (MetS) is one of the current clinical problems. There have been
no large-scale epidemiological studies on the prevalence of MetS in the world, but
according to various authors, depending on the region of residence, the composition of the
population studied and the diagnostic criteria used, the frequency of MetS in the general
population is 20-30% [1]. MetS is detected 3 times more often than type 2 diabetes
mellitus [2], and a steady increase in its growth rate is predicted.

According to WHO, about 30% of the world's population are overweight, every
twentieth person has a carbohydrate metabolism disorder; the number of patients
progressively increases every 10 years by 10%. The prevalence of obesity is growing
catastrophically in all industrialized countries [3]. In 2013, 24.1% of the population of our
country were obese, and according to this indicator, the Russian Federation is in 8th place
in the world [4]. Visceral obesity with predominant fat deposition in the abdominal area is
particularly dangerous.

Despite the close relationship between MetS and overweight (or obesity), it is
necessary to emphasize that visceral (abdominal) obesity is a significant pathogenic
factor, which in routine clinical practice is determined by an increase in the volume of
adipose tissue in the abdominal region. At the same time, an important aspect of recent
research is the recognition of the so-called “metabolically healthy obesity,” in which excess
subcutaneous adipose tissue is not accompanied by metabolic disorders [5].

It must be emphasized that the majority of patients with MetS are of working age; an
increase in the prevalence of MetS among young people has been recorded [6]. Currently,
progress has been made in understanding the mechanisms of development of individual
components of MetS, but the etiology and pathogenesis of MetS have not been fully
studied. Thus, the pathogenetic patterns of the emergence and development of temporary
connections between abdominal obesity (AO) and other components of MetS have not yet
been revealed. There are controversial issues about the cause-and-effect relationships of

566



BECTHMK HOBIrOPO4CKOIO roCYAQAPCTBEHHOIO YHUBEPCUTETA. 2023. 4(133). 565-575

the various components of MetS and their pathophysiological integration. In addition, there
is no understanding of the mechanisms of initiation and progression of typical pathological
processes underlying the development of arterial hypertension (AH), dyslipidemia and
insulin resistance. At the same time, a clear understanding of the stages of MetS formation
will make it possible to determine the individual risk of MetS in patients with AO.

Purpose of the study: to determine the clinical characteristics of young patients
with AO and MetS, taking into account gender differences.

Materials and methods

The study was carried out on 173 patients of both sexes, 18-45 years old, with AO
(waist circumference >94 cm in men and >80 cm in women), who had an outpatient
appointment with a general practitioner or cardiologist at the City Clinical Hospital No. 11
in Chelyabinsk in 2013-2017. AH, AO and MetS were diagnosed according to the
recommendations of the Russian Medical Society for Arterial Hypertension, 2020 [7].
Patients underwent anthropometric measurements (waist circumference, height, weight),
and body mass indices (BMIs) were calculated. Laboratory testing included determination
of the concentration of glucose, insulin, lipid metabolism parameters (low-density
lipoprotein cholesterol — LDL-C; high-density lipoprotein cholesterol — HDL-C; triglycerides)
in fasting blood serum samples. Laboratory studies were performed on an automatic
biochemical analyzer Sapphire-400 (Hirose Electronic System, Japan) and an automatic
biochemical and enzyme-immunoassay analyzer AnaletteBiochem (HTI, USA). Insulin
resistance indices HOMA-IR, TG/HDL-C, TyG were calculated; visceral adipose tissue
dysfunction index (VAI):

HOMA-IR = Glucose (mmol/l) * Insulin (uIU/ml) / 22,5;

TyG = Ln [Triglycerides (mg/dL) x Glucose (mg/dL) / 2];

VAI in men = (WC/(39,68 + (1,88 x BMI)) x TG/1,03 x 1,31/HDL-C;

VAI in women = (WC/(36,58 + (1,89 x BMI)) x TG/0,81 x 1,52/HDL-C.

Statistical processing of the obtained results was performed using the STATISTICA
10 software system (StatSoft, Inc., 2011, USA). The data was processed using descriptive
statistics methods. To determine the differences between compared independent samples,
the nonparametric Kruskal-Wallis test was used; post-hoc comparison of groups was
performed using the Mann-Whitney test. For all analyses, p<0.05 was considered the
critical level of significance.

Findings and discussion

The distribution of the cardiometabolic risk factors described above that meet the
criteria for MetS among young patients with AO is presented in table 1.

The body mass index (BMI) value in patients with AO corresponded to overweight,
however, among women, 47% were diagnosed with obesity, and 19% of women with AO
had a normal body mass index. Among the components of MetS, the most common was
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an increase in LDL-C (51% of patients with AO), while hyperglycemia was determined only

in 9% of cases.

Table 1. Clinical characteristics of patients with abdominal obesity, Me (Q25% - Q75%)

Indicator Total Men Women
(n=173) (n=93) (n=80)

Waist circumference (WC), 98 101 91
cm (92-104) (97-106) (86-96)
Body mass index (BMI), 28.7 28.4 25.7
kg/m? (26.3-32.0) (26.5-30.7) (24.2-27.3)
Normal body weight 19 4 15
abs. (%) (11%) (4%) (19%)
Excess body weight 88 61 27
abs. (%) (51%) (66%) (34%)
Obesity, 66 28 38
abs. (%) (38%) (30%) (47%)
Metabolic syndrome, 78 a7 31
abs. (%) (45%) (51%) (39%)
Arterial hypertension, 67 38 29
abs. (%) (39%) (41%) (36%)
Triglycerides 49 34 15
>1.7 mmol/l, abs. (%) (28%) (37%) (19%)
HDL-C 44 24 20
<1.0 mmol/l in men; (25%) (26%) (25%)
<1.2 mmol/l in women, abs. (%)
LDL-C 89 48 41
>3.0 mmol/l, abs. (%) (51%) (52%) (51%)
Glucose 16 7 9
> 6.1 mmol/l, abs. (%) (9%) (8%) (11%)
Glucose, 5.4 5.4 5.3
mmol/l (5.0-5.8) (5.0-5.8) (5.0-5.8)
HDL-C, 1.4 1.2 15
mmol/l (1.0-1.8) (0.9-1.7) (1.2-1.9)
LDL-C, 3.1 3.1 3.3
mmol/l (2.4-3.9) (2.4-3.8) (2.4-3.9)
Triglycerides, 1.1 1.2 1.0
mmol/l (0.8-1.9) (0.8-2.1) (0.7-1.6)

When analyzing the clinical and laboratory data of patients in the study cohort, it
was found that in 32 cases (18%) AO was not combined with MetS components (isolated
AO, group 1, AO); in 63 patients (37%) with AO, 1 of MetS components was identified
(group 2, AO+1) and in 78 patients (45%) with AO, MetS was diagnosed (group 3, MetS)
(Table 2).

As a result of the analysis of anthropometric indicators of patients in the above
groups, it was found that the WC value in the AO+1 group exceeded the value in the AO
group, and in MetS it was greater compared to all other groups. BMI increased as MetS
components were added. Its median values in the AO and AO+1 groups corresponded to
overweight, and in patients with MetS — to obesity of the 1%t degree. More than half of
patients with MetS were obese. In patients of the AO+1 group, abdominal obesity was
most often combined with an increase in LDL-C (41%) and AH (30%). Among patients with
MetS, the most common components were increased LDL-C (82%), AH (59%) and
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increased triglycerides (55%). In patients with MetS, abdominal obesity was combined with
2 additional components in 45 people (58%), with 3 or more in 33 cases (42%). The
median glucose level in patients in the AO+1 and MetS groups did not exceed the
threshold value for metabolic syndrome of 6.1 mmol/l, however, in the AO+1 group it was
higher than in AO, and in the MetS group it was higher relative to all other groups.
Changes in lipid metabolism were characterized by a decrease in HDL-C in patients of the
AO+1 and MetS groups relative to the AO group. An increase in LDL-C levels was
detected in the AO+1 group. In patients with MetS, the concentration of LDL-C and
triglycerides was higher than in all other study groups.

It is known that an increase in the volume of visceral elastic tissue does not always
lead to metabolic disorders. In this regard, the Visceral Adiposity Index (VAI), which
monitors waist circumference, body mass index, glucose and triglyceride density, is used
as a marker of dysfunction and distribution of adipose tissue. Analysis of our results
showed that the HOMA-IR index was homogeneous in all groups of patients. The TG/HDL-
C ratio, as well as VAl in the AO+1 and MetS groups was higher than in isolated AO, and
in patients with MetS the value in the AO+1 group was 2 times higher. The TyG index in
patients with MetS was higher than in all other study groups.

Table 2. Clinical characteristics of patients of both sexes in the comparison groups, Me (Q25% - Q75%)

Indicator AO AO+1 MetS p
(group 1; n=32) | (group 2; n=63) (group 3; n=78)

Waist circumference 91 98 102 P1-2=0.003

(WCQC), (86-96) (89-102) (97-108) P1-3<0.001

cm P2.3<0.001

Body mass index (BMI), 25.7 28.4 30.8 P1.2<0.001

kg/m? (24.2-27.3) (26.2-30.5) (28.6-34.2) P13<0.001
P23<0.001

Normal body weight 9 7 3 P1-2=0.036

abs. (%) (28%) (11%) (4%) P13<0.001

Excess body weight 21 37 30 P1.3=0.01

abs. (%) (66%) (59%) (39%) P2-3=0.02

Obesity, 2 19 45 P13<0.001

abs. (%) (6%) (30%) (58%) P»-3=0.001

Arterial hypertension, - 19 48 P23<0.001

abs. (%) (30%) (62%)

Triglycerides - 6 43 P2-3<0.001

>1.7 mmol/l, abs. (%) (10%) (55%)

HDL-C - 11 33 P2-3=0.002

<1.0 mmol/l in men; (18%) (42%)

<1.2 mmol/l in women,

abs. (%)

LDL-C - 26 64 P2-3<0.001

>3.0 mmol/l, abs. (%) (41%) (82%)

Glucose - 1 15 P2-3=0.002

> 6.1 mmol/l, abs. (%) (2%) (19%)

Glucose, 5.0 5.3 5.7 P12=0.026

mmol/l (4.8-5.4) (4.9-5.6) (5.3-6.0) P13<0.001
P23<0.001
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Insulin, 9.8 12.4 15.5 n/s
plU/ml (7.0-44.7) (7.9-22.5) (10.0-26.1)
HDL-C, 1.7 1.4 1.2 P1-3<0.008
mmol/| (1.3-2.4) (1.1-1.8) (0.9-1.6)
LDL-C, 25 2.8 3.8 P12=0.018
mmol/| (2.2-2.7) (2.2-3.6) (3.2-4.3) P13<0.001
P23<0.001
Triglycerides, 0.8 0.8 1.8 P13<0.001
mmol/| (0.6-1.0) (0.7-1.3) (1.2-2.6) P23<0.001
HOMA-IR 2.2 3.0 4.3 n/s
(1.6-11.5) (1.8-5.4) (2.4-7.1)
TG/HDL-C 0.41 0.68 1.38 P12=0.001
(0.29-0.65) (0.46-0.89) (1.00-2.09) P13<0.001
P23<0.001
TyG 4.35 4.45 4.85 P13<0.001
(4.26-4.49) (4.31-4.65) (4.61-5.02) P23<0.001
VAI 0.77 1.11 2.33 P1-2=0.002
(0.55-1.11) (0.76-1.60) (1.45-3.49) P13<0.001
P2.3<0.001

Note: n/s — differences are statistically non-significant (p>0.05).

In accordance with the purpose of the study, the characteristics described above were analyzed

in men and women.

In men, the study of anthropometric indicators in the AO, AO+1 and MetS groups
indicated an increase in abdominal obesity and excess body weight (Table 3). However,
the median BMI values in the AO and AO+1 groups did not differ and corresponded to
excess body weight. In men with MetS, higher values of glucose, LDL-C and triglycerides
were determined compared to patients of other groups. When analyzing the frequency of
detection of MetS components in men, the same patterns were established as in the group
of patients of both sexes, however, the proportion of people with reduced HDL-C levels in
the AO+1 and MetS groups did not have statistically significant differences. It was found
that the TG/HDL-C ratio, as well as VAI in the AO+1 and MetS groups is higher than in
isolated AO, and in patients with MetS it is 2 times higher than the value in the AO+1

group. The TyG index in men with MetS was higher than in all other study groups.

Table 3. Clinical characteristics of men with AO, AO+1 and MetS, Me (Q25% - Q75%)

Indicator AO AO+1 MC p
(group 1; n=13) (group 2; n=33) (group 3; n=47)

Waist circumference (WC), 96 100 102 P12=0.026
cm (95-100) (98-103) (98-108) P13=0.002
Body mass index (BMI), 26.3 27.2 29.6 P13<0.001
kg/m? (18.7-29.1) (25.6-29.1) (28.4-31.6) P23<0.001
Normal body weight 1 3 - P2-3=0.036
abs. (%) (8%) (9%)
Excess body weight 12 24 25 P13=0.011
abs. (%) (92%) (73%) (53%)
Obesity, - 6 22 P13=0.002
abs. (%) (18%) (47%) P23=0.007
Arterial hypertension, - 10 19 P2-3=0.05
abs. (%) (33%) (61%)
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Triglycerides - - 15 P2-3<0.001

>1.7 mmol/l, abs. (%) (48%)

HDL-C - 4 16 P2.3<0.001

<1.0 mmoll/l, (13%) (52%)

abs. (%)

LDL-C - 15 26 P2.3<0.005

>3.0 mmol/l, abs. (%) (50%) (84%)

Glucose - 1 8 P23=0.011

> 6.1 mmol/l, abs. (%) (3%) (26%)

Glucose, 5.1 5.2 5.6 P13=0.008

mmol/| (5.0-5.5) (4.9-5.4) (5.2-5.9) P2.3=0.002

Insulin, 10.3 13.0 18.4 n/s

pu/mi (7.8-15.0) (7.9-21.8) (10.3-37.5)

HDL-C, 1.3 1.2 1.2 n/s

mmol/l (1.1-1.5) (1.0-1.8) (0.9-1.6)

LDL-C, 2.5 2.7 3.7 P13<0.001

mmol/l (2.3-2.7) (2.0-3.3) (3.1-4.0) P2.3<0.001

Triglycerides, 0.9 0.8 2.0 P13<0.001

mmol/| (0.6-1.0) (0.7-1.5) (1.2-2.7) P2.3<0.001

HOMA-IR 2.4 2.9 4.7 n/s

(1.9-3.4) (1.8-4.7) (2.3-8.7)

TG/HDL-C 0.55 0.83 1.43 P12=0.037

(0.36-0.80) (0.53-1.15) (1.00-2.33) P13<0.001
P23<0.001

TyG 4.44 4.42 4.86 P13<0.001
(4.28-4.49) (4.34-4.75) (4.64-5.03) P2.3<0.001

VAI 0.79 1.16 1.92 P13<0.001
(0.50-1.04) (0.73-1.60) (1.33-3.29) P2.3<0.001

Note: n/s — differences are statistically non-significant (p>0.05).

The body mass index in women in the AO and AO+1 groups corresponded to
overweight, while in MetS it corresponded to obesity of the 15t degree (Table 4).
In women with MetS, obesity was diagnosed in 74% of cases, which corresponds to
the data of other authors [8]. Among patients with MetS, the most common
components were increased LDL-C (84%), AH (61%) and decreased HDL-C (52%).
The glucose concentration in women in the AO+1 group was higher than in the AO
group, and in the MetS group it was higher relative to all other groups. Dyslipidemia in
women was characterized by a decrease in HDL-C in the AO+1 and MetS groups
relative to the AO group. A higher LDL-C content was revealed in the AO+1 group
relative to the AO group. In women with MetS, the concentration of LDL-C and
triglycerides was higher than in all other study groups. Changes in insulin resistance
in women in the AO+1 and MetS groups were characterized by an increase in the
TG/HDL-C index relative to the AO group; in women with MetS this indicator was
2.5 times higher than in women in the AO+1 group. The TyG index in women with
MetS exceeded the value in all other study groups. The VAI in the AO+1 and MetS
groups was higher than in women with AO, and in MetS it was higher than when AO
was combined with 1 of its criteria.
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Table 4. Clinical characteristics of women with AO, AO+1 and MetS, Me (Q2s5% - Q75%)

Indicator AO AO+1 MetS p
(group 1; n=19) (group 2; n=30) (group 3; n=31)
Waist circumference 87 89 100 P12=0.048
(WC), cm (84-90) (86-96) (92-106) P1.3<0.001
P23<0.001
Body mass index (BMI), 25.6 29.2 33.2 P12=0.002
kg/m? (23.2-27.2) (27.2-32.7) (30.5-38.2) P1.3<0.001
P23=0.002
Normal body weight 8 4 3 P12=0.027
abs. (%) (42%) (14%) (10%) P13=0.008
Excess body weight 9 13 5 P13=0.018
abs. (%) (47%) (43%) (16%) P2-3=0.021
Obesity, 2 13 23 P1..=0.018
abs. (%) (11%) (43%) (74%) P13<0.001
P23=0.014
Arterial hypertension, - 9 29 P23=0.004
abs. (%) (27%) (62%)
Triglycerides - 6 28 P23<0.001
>1,7 mmol/l, abs. (%) (18%) (60%)
HDL-C - 7 17 n/s
<1,2 mmolll, (21%) (36%)
abs. (%)
LDL-C - 11 37 P2.3<0.001
>3,0 mmol/l, (33%) (79%)
abs. (%)
Glucose - - 7 P2.3=0.02
> 6.1 mmol/l, abs. (%) (15%)
Glucose, 4.9 5.3 5.8 P12=0.012
mmol/l (4.6-5.2) (4.9-5.8) (5.3-6.1) P13<0.001
P2-3=0.006
Insulin, 7.8 11.8 13.6 n/s
ulU/ml (7.0-56.3) (8.6-25.4) (9.1-24.6)
HDL-C, 1.9 1.6 1.1 P13<0.001
mmol/l (1.6-2.5) (1.3-1.9) (1.0-1.4) P2-3=0.016
LDL-C, 2.5 3.1 3.9 P1..=0.015
mmol/l (2.2-2.8) (2.4-3.8) (3.4-4.4) P1.3<0.001
P2-3<0.007
Triglycerides, 0.7 0.8 1.7 P13<0.001
mmol/l (0.6-1.0) (0.7-1.2) (1.1-2.1) P2-3<0.001
HOMA-IR 1.7 3.0 3.4 n/s
(1.6-11.7) (2.3-5.9) (2.4-7.0)
TG/HDL-C 0.38 0.54 1.36 P1.2=0.015
(0.28-0.59) (0.44-0.85) (0.91-2.00) P1.3<0.001
P23<0.001
TyG 4.31 4.46 4.82 P1.3<0.001
(4.26-4.47) (4.30-4.62) (4.58-4.97) P23<0.001
VAI 0.77 0.98 2.60 P12=0.027
(0.56-1.12) (0.79-1.60) (1.76-3.94) P13<0.001
P2.3<0.001

Note: n/s — differences are statistically non-significant (p>0.05).

Thus, in young men and women, isolated AO is recorded against the background of
excess body weight.
When AO was combined with one of the MetS criteria, patients were found to have
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excess body weight and a more pronounced increase in WC relative to isolated AO. The
study of biochemical parameters of carbohydrate and lipid metabolism made it possible to
establish an increase in the level of glucose and LDL-C relative to patients in the AO
group. It is important to emphasize that the median values of the above indicators in
patients of the AO+1 group did not reach the limits established for MetS. We also recorded
higher values of indices that indirectly indicate the presence of insulin resistance (TG/HDL-
C and TyG). These indicators did not go beyond the cut-off limits (TG/HDL-C>1.32 and
TyG>4.49), however, the TG/HDL-C ratio with a combination of AO and 1 MetS criterion
was higher relative to patients with AO. The VAI value in patients of the AO+1 group
indicated the presence of dysfunction of visceral adipose tissue and was statistically
significantly higher than in patients with AO.

In men, the values of carbohydrate and lipid metabolism in the AO and AO+1
groups were homogeneous, the TG/HDL insulin resistance index in the AO+1 group was
higher than in the AO group.

In the subgroup of women with a combination of AO and one of the criteria,
changes in carbohydrate metabolism were similar to the gender-mixed group. The LDL-C
content exceeded the cut-off value (> 3.0 mmol/l) and was higher than in the AO group.
The VAI in women of the AO+1 group was within normal limits, but its median value was
higher than in the AO group.

In patients with MetS, the body mass index value corresponded to obesity of the 1
degree. Waist circumference, which indirectly reflects excess abdominal fat, was greater in
MetS than in the AO and AO+1 groups. Glucose levels were higher relative to all other
study groups. Dyslipidemia was characterized by increased levels of LDL-C and
triglycerides and a decrease in HDL-C relative to other groups. The concentration of LDL-
C and triglycerides was outside the established reference intervals. In this group of
patients, laboratory markers indicated the presence of insulin resistance (increased
TG/HDL-C and TyG). It is interesting to note that despite the values of these indices
exceeding the reference limits, the TG/HDL-C and TyG indicators were statistically
significantly higher than in patients of the AO and AO+1 groups, and HOMA-IR was
homogeneous in all patients with AO. The VAI in MetS was higher than in other groups,
and its value indicated the pathology of visceral adipose tissue. More than half of patients
of both sexes with MetS had AH.

In men with MetS, similar changes in indicators were identified as in patients of both
sexes, however, the median value of body mass index corresponded to overweight, and
waist circumference exceeded the value in patients of the AO group and did not differ from
the value of men in the AO+1 group. The HDL-C level did not differ from the AO and AO+1
groups.

For women with MetS, along with the changes in anthropometric and biochemical
parameters described above, characteristic differences were also established in
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comparison with patients of both sexes. The HDL-C level was lower than in other study
groups and was outside the reference interval.

Conclusion

MetS is a proven cardiometabolic risk factor. The occurrence and progression of
MetS can be presented in the following sequence: excess visceral adipose tissue or
abdominal obesity (AO, stage 1) induces the formation of visceral adipose tissue
dysfunction and insulin resistance, the appearance of one of the components of the
metabolic syndrome (AO+1, stage 2) with a subsequent increase dysfunction of visceral
adipose tissue and insulin resistance, the addition of the second and subsequent
components of MetS (MetS, stage 3). The high prevalence of MetS in the population
determines the relevance of diverse interdisciplinary studies of AO and MetS in order to
develop systematic approaches to its correction, which, in turn, indicates the importance
of developing a general pathogenesis scheme taking into account all known components
of MetS.
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