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Abstract

Aim: to study bioimpedance parameters of Uzbek women of childbearing age suffering from
metabolically healthy and metabolically complicated obesity, to study their correlation with the degree of
obesity and some biological markers.

Materials and methods of research. The study was conducted with the participation of the
BERNICA project of the International Educational Grant ERASMUS+. The study was conducted in 2022-
2023. It was attended by 224 obese women and 45 practically healthy women of childbearing age who are
registered in family polyclinics in Tashkent.

Results: It was noted that the fat mass in the 1st group of the study was higher than in the 2nd
group, as well as in both groups more than in the control group. It was found that lean body mass was higher
in group 2 compared to group 1, and the total volume of body fluid was maximal in group 1. Also, in the
MCO group, a strong positive correlation was found between the ratio of BF/HR, BP, IO, total IVO fluid
volume, total and extracellular fluid volumes, as well as the percentage of active cell mass with the
percentage of skeletal muscle mass.

There was a strong positive correlation of fat mass with periprandial and postprandial glucose. In
the MSS group, the BF/HR ratio positively correlated with blood pressure and extracellular fluid volume,
less correlated with carbohydrate metabolism, but a weaker correlation was found between it and fat mass
than in the MCO group. In both groups, fat mass positively correlated with serum leptin and insulin levels,
as well as insulin resistance, and this process was more pronounced in the group of metabolically
complicated obesity.

Conclusion: Based on the results obtained, it was found that in obese Uzbek women of fertile
age, with both phenotypes, an increase in the proportion of body fat is consistent with impaired
carbohydrate metabolism in the body, hypertension and increased insulin resistance, and this process was
clearly visible in women with metabolically complicated obesity.
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Pesrome

Maxcan: Y36ex MuaTura Mancy6 TyFpyK SIIHar aéiapaa COFIOM Ba MeTabONIMK acopaT/IaHraH
CEMU3JIMKHUHT OMOUMIIEIaHCOMETPHUK JKUXATIAPUHU YPraHUIll, YHU CEMU3IIUK Japa)kacu Ba alpuM OMOJIOTMK
Mapkepuiap Ouiiad ¥3apo OOFIMKIUTHHU YpraHuil HOOpaTaAup.

TaakukoT Matepuan Ba ycyuiapu. Tagkukor EBpora Uttudoku xankapo ERASMUS+ Ttabium
rpanTuHUHT “BERNICA” noitnxacu umrupokuaa amanra owmpuinau. Tagkukorra 2022-2023 iwinapaa
TomkeHT maxap oniaBuil NOJMKIMHUKANIAPHIA XMcOOa TypyBUH Y30€K MuiIaTura Mauceyo0, peptun émaaru
224 nadap ceMHU3IMK aHUKJIaHTaH Ba 45 Hadap amamii COFIoM (Ha3opaT rypyxu) aéiiap *ajid dTHIIH.

Harmkanap: TagkukoTHuHr 1-rypyxuza €r Ba3HU 2-TypyXW KYpCaTKMUMIAH KYIUIMTH, HMKKaua
rypyxzaaru €f Ba3HH Ha30paT rypyxura HucOaTaH omranianry Kana stiunan. FOka Ba3au 2-rypyxna 1-rypyxra
HUCOaTaH KYNPOKJIUTH, OPraHu3MJard yMyMHUH CYIOKJIMK XaXMH 3ca l-rypyxzaa Oomikanapra HucOataH
OLLUTAHJIUTHY aHUKJIAHU.

Ilynunraek, MAC rypyxuna EB\BA muc6atu AKB, BCU, ymymuii cyrokmik xaxmMuBCHU (1=0,74;
p<0,001), ymyMuii Ba 3KCTpallCIUTIONSAP CYIOKINK XaKMIIApH YpTacuaa Kywin mMycOar, ¢aon xykanWpaiap
BasHM YIyIIM CKeJeT-MylIaK BasHM yIyluM OunaH MaH(uil Koppensuus aHUKIAHAM. EF BasHUHM
MEPUIIPAHNAal Ba MOCTIPAaHANAN IIIF0K03a OMIIaH KyWId MycOaT KOPPEeISIUOH OOFIMKINTH KAl STUIIIH.

MCC rypyxuna EB\BA nuc6aru JIADB Ba sKcTpalentouisp CYIOKINK XaXKMU OUllaH y3apo mycoar,
JIeKUH yTiieBoyiap Metabonu3Mu Mebépuaa Oyncana, y Ounan ér Basuu ypracuga MAC rypyxura Hucbatan
Ky4CU3POK KOPPESALMOH OOFMUKIMK aHMKIaHau. Vkkanma rypyxuiaa XaM €F Ba3HUHM KOH 3apaooOujaru
JeNTUH Ba HHCYJIMH MHUKIOPM XaMJa MHCYJIMHra PE3UCTEHTIMK XOJIaTh OWJIaH HILOHAapiau MycoOar
KOppEesUOH OOFIMKINTY aHUKJIAHAU Ba Oy 'kapa€H MeTabOJMK acopaTiaHraH CEMM3JIUK TypyXuaa SKKOI
HaMOEH OYIIu

XyJoca: OnMHraH HaTWXKajgapra kypa, y30ek Muutatura MaHcy6 ¢eptun €ugaru aémiapaa corjioM
Ba MeTa0OJIMK acopaTIaHraH CEMU3JIMKHUHI Xap MKKajla (EeHOTUIHJA XaM TaHAHUHT €F Ba3HM YJYIIWHU
OLIMIIM OpraHu3MJa YIJIEBOJ AJIMAlIMHYBUHM Oy3WIMIIM, apTepHaj TUIEPTEH3Us XamJa WHCYJIMHIa
PE3UCTEHTIIMK X0JIATUHU KydaluIly OMiIaH XaMOXaHTJIMTY MabiyM OV Ba Oy skapa€H 1-rypyx - MeTaboIuK
acopaTJIaHT'aH CEMU3JIMK aHUKJIAHTaH aéap/a sIKKOJI Ky3ra TallulaHax.

Kanur cy3nap: cemusinuk, OMOUMIETaHCOMETPUS, YIJIEBO] AJIMAIIMHYBH, JIEITUH, UHCYJIUH
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Pe3rome

Heab: u3yunTh OHOMMIIEAAHCOMETPUYECKUE IMOKA3aTeIM >KEHIIMH JeTOPOJHOT0 BO3pacTra
y30€KCKOW HALMOHATBHOCTH, CTPAJAIOIINX META0OIMUYECKH 3/I0POBBIM U META0OJIMYECKH OCIIOKHEHHBIM
OKUPEHUSIMH, H3YYUTh WX KOPPEISALHI0O CO CTENEHbI0 OXHUPEHUS M HEKOTOPHIMU OHOJIOTMYECKUMU
MapKepaMHu.

Marepuanbl U MeToabl HcciaenoBaHusl. lccienoBaHue MPOBENEHO MPH YYacTUU IPOEKTa
«BERNICA» MexnynapogHoro obpazoBarenbHoro rpanta ERASMUSH+. HccnenoBanue nmpoBoAuiioch B
2022-2023 rogax. B Hem npuHMManu y4dactue 224 >KEHIIUHBI C O)KUPEHUEM U 45 MpaKkTUYECKH 370POBBIX
KEHILMH JETOPOJHOIO BO3pAcTa, COCTOSIINX Ha YUETE B CEMEIHBIX MOIMKIMHUKAaX ropoja TamkeHTa.

PesyabTaTsi: bouio oTMedeHo, uTo kupoBas Macca B 1-i rpyme ucciaenoBanus Obuia 60bIIe, 4eM
BO 2-ii rpymme, a Takke B 00ewx rpymmax OoJblIe MO CpaBHEHHIO C KOHTPOJBHOH Trpymmoid. Bbeuio
YCTaHOBJIEHO, YTO TOIAsi Macca Obl1a BbIlIe BO 2-TpyIIE MO CpaBHEHUIO ¢ 1-Tpymmo#, a oOmuii 00bemM
KHUJIKOCTH B OpraHu3Me ObUT MakcuMalieH B 1-rpymnme. Takke B rpynmne MOO Obuta oOHapy)KeHa CHITbHAS
MOJIOXKUTEIbHAs Koppersiuus Mexay cootHoenneM JKM/OT AJl, UBO, o6mum o6beMom xkuakocta MBO,
oObeMamu 00IIel U BHEKJIETOYHON KHUIKOCTH, a TAKXKE MPOIIEHTOM MAacChl aKTHBHBIX KJIETOK C IMPOLEHTOM
Macchl CKEJIETHBIX MbIi. OTMeueHa CHIbHAs TIOJOXKUTENbHAS KOPPEJSIHs >KUPOBOM Macchl ¢
NEePUTIPAHINATIBHON U MOCTIIPaHIuaIbHON ITI0K0301. B rpynme MSS cootHomenne JKM/OT monoxutensHo
KoppenupoBaio ¢ A/l 1 06beMOM BHEKIIETOYHOM KUIKOCTH, MEHbIIIE KOPPETUPOBAJIO YIIIEBOAHBIM OOMEHOM,
OJIHAKO MEXJIy HUM U JKUPOBOM Maccoi Obuta oOHapyskeHa Oosiee ciabast koppessius, yem B rpymmne MOO.
B obeux rpymmax xupoBasi mMacca MOJOKUTEIbHO KOpPpEIHUpoBalia C ypOBHEM JIENITUHA U WHCYJIMHA B
CBIBOPOTKE KPOBH, a TAKKE UHCYJIMHOPE3UCTEHTHOCTBIO, IPUYEM 3TOT Ipoliecc Obl1 O0JIee BBIpaXKeH B IpyIIIIe
MeTabOIMUECKU OCIIOKHEHHOTO OXKUPEHHUS.

3akiarovenue: I[lo momydeHHBIM pe3yjbTaTaM YCTaHOBJIEHO, 4YTO Yy Y30€KCKMX IKEHILUH
(bepTunpHOro Bo3pacTa, OOJNIBHBIX 0XKUPEHHEM, MPH 000uxX (EHOTUIAX YBEIHUYEHHUE JOJIH KUPOBOM Macchl
TeJa COIJIACYeTCsl C HapyIICeHHWEM YIJIEBOJHOIO OOMEHa B OpraHM3Me, apTepUaNbHON THUIEpPTCH3HEH W
MOBBIIIEHUEM HHCYJIMHOPE3UCTEHTHOCTH ¥ ATOT MPOLiecc ObUT OTYETIIMBO BUCH Y KEHIIHH C METa00IMYECKH
OCJIO’)KHEHHBIM 0’KHUPEHUEM.

KiroueBble cjioBa: oxupeHue, OMOMMITeJaHCOMETPHUS, YTIIEBOIHBI OOMEH, JIENTHH, HHCYJINH.

According to official data, the prevalence of obesity in the world over the past 40 years has increased
by 2 times among women and 3 times in men, as well as an increase in the body weight index of 0.59 in
women and 0.63 kg/m? in men every 10 years [13.18]. Regardless of the definition of obesity, it is one of the
components of the metabolic syndrome, with the participation of which the likelihood of developing CVD
increases by 23%, and the occurrence of DM increases by 44%. This is caused by a decrease in insulin
sensitivity of tissues caused by a slow inflammatory process in the body and dyslipidemia [12, 14,19,23,26].
The development of obesity is caused by genetic predisposition, malnutrition, hypodynamics, arterial
hypertension (AH), stress, dysgormonal changes, including esterogen deficiency and increased testosterone
levels in women, and decreased testosterone levels in men. Also, obesity of the abdominal type is most
common in population, which is often accompanied by hormonal and metabolic changes [1]. It is known that
in metabolic syndrome (MS) there is an increase in the volume of visceral adipose tissue (VAT), a decrease
in the sensitivity of peripheral tissues to insulin and a violation of carbohydrate, lipid and purine metabolism
in the body as a result of hyperinsulinemia, as well as an increase in hypertension. MS occurs in 20-25% of
the adult population living in developed countries, and this rate is increasing year by year. It is accompanied
by subclinical damage to vital organs, in particular, a decrease in the property of filtering the kidneys,
microalbuminuria, endothelial dysfunction, increased arterial stiffness, left ventricular dysfunction and
hypertrophy, thickening of the wall of the sleeping artery, fatty hepatosis of the liver or the development of
non-alcoholic steatogepatitis [15,16]. In exchange for an increase in the volume of VAT in MS, there is also
a violation of the functioning of the reproductive system in men and women as a result of changes in the
endocrine system [17,24]. The above-mentioned changes are a reversible process, the premature detection and
implementation of measures to eliminate them will lead to an improvement in the clinical condition of patients
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and the quality of life. However, overweight or obesity is not present in all patients who have been diagnosed
with metabolic disorders, including changes in blood pressure in the area of lipid and carbohydrate
metabolism. Such patients belong to the group of metabolically healthy obesity (MHO) [6]. To date, there are
about 30 definitions of MHO for which a single set of criteria for its diagnosis has not been developed. This
group includes patients who, in addition to obesity, have no more than one criterion for multiple sclerosis or
who have preserved tissue sensitivity to insulin, and there are no cardiometabolic risk factors. It has also been
suggested in some studies that serum S-reactive protein, low-density lipoproteins, leukocyte, glycated
hemoglobin, fibrinogen, and the waist—hip ratio should be determined as additional criteria in addition to the
above symptoms in diagnosing MHO [20,21]. Regardless of the study population, MCO is more common in
women than in men, and this difference tends to decrease with age. [17,25]. In a number of studies, opinions
about MHO are contradictory, arguing that there is no correlation between it and the safety of the development
of CVD and DM [2,3], while another group of scientific studies substantiates obesity on the grounds that this
phenotype is not stationary, it is an intermediate stage of physiological healthy development and obesity,
leading to the development of MS in future [4,9,11, 22]. It was also noted in studies that the volume of VAT
in the body, and not BMI, directly increases the risk of CVVD and death [5,10]. In MHO, the structure and size
of adipose tissue is different from metabolic complication obesity, in which the volume of VAT is 50% less,
and the size of adipocytes is 15% smaller [23].

The distribution of adipose tissue in the body according to the android or gynoid type and the level of
cardiometabolic risk directly depend on the activity of sex hormones. In particular, in the postmenopausal
period, the amount of estrogen in women decreases sharply, but the production of androgenic hormones in the
adrenal glands persists. This causes the development of metabolic disorders, i.e. an increase in VAT volume
production and an increase in cardiometabolic risk factors. And in men, these changes are accompanied by a
lack of testosterone. [8].

Therefore, the continuation of scientific research on the full-fledged study of the pathophysiology of
overweight and obesity, determining their relationship with gender identity and cardiometabolic risk factors
is relevant in modern medicine.

The aim of the study is to study the bioimpedance aspects of healthy and metabolically complicated
obesity in women of fertile age of Uzbek nationality, to study it depending on the level of obesity and certain
biological markers..

Material and methods of research. The study was carried out with the participation of the
international project of the European Union International ERASMUS+ educational grant "BERNICA"
(increasing educational and research capacity in the field of nutriciology and Dietology in Central Asian
countries). The study involved 224 Uzbek women of fertile age who are registered in family polyclinics in the
city of Tashkent 2022-2023 years, who are obese and 45 practically healthy (control group) women.

The study was conducted by simple and random selection. The following criteria were met when
participating in the study: women aged 15-49 years, body mass index (BMI) > 30 kg/m?, waist ratio (WR) >
80 cm, arterial hypertension (AH) stages I-11, absence of clinical signs of insulin resistance and kidney
damage, as well as written consent to participate in the study. The diagnosis of AH was made on the basis of
the criteria of the European AH Society (2018) and the Russian Medical Society on AH (2019).

The observed women were classified into 2 groups according to the above examinations and metabolic
syndrome criteria (WHO, 2016; International diabetic Federation, 2009), with 133 women diagnosed with
metabolically complicated obesity (MCO) with an average age of 42.0+0.5; Group 2 was made up of 91
women diagnosed with metabolically healthy obesity (MHO) with an average age of 41.7+0.7. The control
group consisted of 45 healthy volunteer individuals (females, average age 43.2+0.8, BMI<30 kg/m?, waist
circumference less than 80 cm). While BMI was 37.4+0.3 in group 1, 35.7+0.3 kg/m? in group 2 (r<0.001), |
stage of obesity was 34.6% (46 individuals) in group 1, 48.4% (44 individuals) in group 2, its Il stage was
33.8% (45 individuals) in group 1, 28.6% (26 individuals) in group 2 (r<0.01), and Il level was 31.6%
(r<0.01) in group 1 42), in group 2, 23.0% (21) (r < 0.001) were recorded in women. AH I level were found
in 52.7% (70 individuals) of Group 1 and AH 11 level were found in 47.3% (63 individuals), with AH duration
averaging 3.2+1.3 years.

Also in the groups involved in the study were the general and biochemical blood count found, serum
leptin, insulin, HOMA-IR, peri - and postprandial glucose levels.
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In statistical processing of the data obtained in the study, MS Excel (2016) used a packaged computer
program. Correlation was conducted by applying the taxable Pearson correlation coefficient and determining
its significance based on reliability tables.

Research results and their discussion. It is known that when a body is called a composite
composition, it means its fat—free tissue - muscles, bones and internal organs, as well as the mass of adipose
tissue. An increase in the mass of adipose tissue and a decrease in the mass of fat-free tissues-active cells
indicate a violation of the body's energy balance, carbohydrate and lipid metabolism, and an increased risk of
CVD. Based on this, when studying the body composition in the groups participating in the study, the
following was found (Table 1). In the 1st group of the study, the fat content was 41.3+0.5 kg, which is 1.12
times more than in the 2nd group, which is 3.4% more (p<0.001), indicating an increase in fat content in both
groups compared with the control group (p<0.001).

1-table
Comparative characteristics of body composition in groups

Reliability of
indicator

difference in
groups, p
P12 <0,001
P13<0,001
P,3<0,001
P1<0,001
P13<0,001
P,3<0,001
P1.2<0,05
P13<0,001
P23<0,001
P1<0,001
P13>0,05
P,3<0,001

1- group
(n=133)

2- group
(n=91)

Control group

Index (n=45)

Fat, kg 41,3+0,5 36,6+0,6 16,2+0,3

Share of fat, % 42,8+0,3 39,4+0,4 24.7+0,4

Lean body mass 54,4+0,4 56,1+0,6 49,60,7

Active cell weight, kg 28,3+0,2 31,3+0,5 27,8+0,3

Percentage of active
cell weight, %

52,0+0,1

56,0+0,8

56,1+0,2

P12<0,001
P1-3<0,001
P23>0,05

Skeletal muscle weight,
kg

21,9+0,2

26,2+0,7

23,3+0,3

P12<0,001
P13<0,001
P,3<0,001

Skeletal muscle weight
share, %

40,2+0,2

46,5+1,0

47,1+0,2

P12<0,001
P1-3<0,001
P23>0,05

Total fluid volume, kg

40,4+0,3

36,8+0,4

35,2+0,5

P12<0,001
P13<0,001
P»-3<0,05

Extracellular fluid
volume, kg

17,9+0,2

15,4+0,2

14,1+0,2

P12<0,001
P13<0,001
P,3<0,001

Intracellular fluid
volume, kg

22,5+0,2

21,4+0,2

21,1+0,3

P1-2<0,001
P13<0,001
P,3>0,05

The weight of the lean body mass depends on the body's interstitial structure, and this indicator was
54.4+0.4 kg (56.6%) in group 1, and 56.1+0.6 kg (60.5%) in Group 2 (p<0.05). A convincing difference
between active cell weight and skeletal-muscle weight share in group 2 and control group was not found, but
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these indicators were observed to have a convincing decrease in group 1 compared to Group 2 (r<0.001). This
condition means that physical movements are limited (inactivity), and energy costs are reduced. It was also
known that in group 1, the total volume of fluid in the body was 40.4+0.3 kg, which increased mainly due to
fluid outside the cell. Extracellular fluid informs about a latent tumor, excess fluid is retained in the body, and
this indicator is recorded in group 1 as the total amount of fluid in the body equal to 44.3; in group 2 - as 41.8
and in the control group - as 40.0%.

Also, in the metabolically complicated obesity group, the body has fat with waist ratio (r=0.81;
r<0.001), waist-hip ratio (r=0.76; r<0.001), SAP (r=0.83; r<0.001), DAP (r=0.77; r<0.001), VOI (r=0.74;
r<0.001), total fluid volume (r=0.70; r<0.001), strongly positive among extracellular fluid volume (r=0.66;
r<0.001), a convincing negative correlation relationship with the proportion of active cells weight (r=-0.36;
r<0.01), the proportion of skeletal — muscle weight (r=-0.69; r<0.001), implying the energetic activity of the
organism. In this group, the extracellular fluid volume, which is considered a latent edema sign, is determined
by the waist/hip ratio (r=0.69; r<0.001), VOI (r=0.62; r<0.001), SAP, and DAP (r=0.57 and r=0.55; r<0.001
) with the proportion of positive, active cells weight (r=-0.51; r<0.001) correlation dependence was noted. The
correct proportionality of fat in the body with the risk of metabolic disorders has been highlighted in studies
[23,35,176,246], in the MCO group involved in our observation, these data were once again confirmed. In
particular, it has been noted that fatty acid is strongly positive with periprandial and postprandial glucose
(r=0.77; r=0.74; r<0.001), general TG, LDL (r=0.67; r=0.72; r=0.59; r<0.001), and weakly negative
correlation with HDL (r= - 0.17; r<0.05). Also, an increase in body fat was accompanied by a violation of uric
acid metabolism (r=0.71; r<0.001). In the MHO group, it was found that the body correlates positively with
the waist/hip ratio (r=0.69; r<0.001), DAP (r=0.52; r<0.001), and extracellular fluid volume (r=0.22; r<0.05).
Although carbohydrate and lipid metabolism is in moderation in this group, a weaker correlation relationship
between them and fat has been found compared to the MCO group. In the groups involved in the study, the
following were found when it was analyzed that fat metabolism correlates with hormonal disruptions related
to adipose tissue (Table 2). In both study groups, fat was found to be associated with a strong positive
correlation with serum leptin and insulin levels and insulin resistance status, and this process was evident in
the obese group with metabolic complications (r<0.001).

2-table
The relationship of fatty acids in obesity phenotypes with hormonal disruptions associated with
adipose tissue

Index Metabolic complication Metabolic healthy obesity
obesity group n=133 group n=91
Leptin, ng/ ml 0,68* 0,51*
Insulin, ulU/ml 0,74* 0,67*
HOMA-IR, unity 0,81* 0,67*

Note: * - indicator difference reliability, p<0.001.

Conclusion. Judging by the results obtained in both phenotypes of healthy and metabolically complicated
obesity in women of fertile age of Uzbek nationality — metabolic healthy obesity and increased fat share of
the body in metabolically complicated obesity-it was known that the violation of carbohydrate and lipid
metabolism in the body, arterial hypertension and increased insulin resistance, and this process was evident in
women who were diagnosed in women of 1st - metabolic group.
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