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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background/aim: The high frequency of obstetric pathology 

is explained by the violation of adaptive and compensatory-
protective mechanisms, the breakdown of the activity of 
regulatory systems that occur during obesity. Determining the 
levels and dynamics of changes in lipid metabolism during the 
gestation period in pregnant women with obesity is of particular 
interest.

The purpose of this study was to evaluate the dynamics of lipid 
metabolism changes in pregnant women with obesity.

Materials and methods: The work is based on clinical-
anthropometric and clinical-laboratory results of studies of 52 
pregnant women with abdominal obesity (the main group). The 
term of pregnancy was determined by anamnestic data (date of 
last menstruation, first appearance in a women's consultation) 
and the results of ultrasound fetometry.

The criteria for inclusion of patients in the main group were 
a BMI value above 25 kg/m2. Waist circumference (FROM) 
and hip circumference (ABOUT) were also measured. The ratio 
FROM/TO was calculated. Obesity was regarded as abdominal 
with a waist circumference of more than 80 cm and an OT/
OB ratio of ≥ 0.85.The control group consisted of 80 healthy 
pregnant women with a BMI before pregnancy of 18.5 – 25 kg/
m2. The values of the studied indicators obtained in this group 
were used as a starting point of comparison as physiologically 
normal values. The state of fat metabolism was assessed 
according to lipidogram data. The study was conducted three 
times during pregnancy – at 8-12, 18-20 and 34-36 weeks of 
gestation. Blood samples were taken from the ulnar vein in 
the morning on an empty stomach 12-14 hours after eating. 
High- and low-density lipoproteins were determined by the 
homogeneous method, total cholesterol and triglycerides were 
determined by the enzymatic colorimetric method. 

Results: It was found that the increasing imbalance of 
lipidogram parameters was accompanied by an increase in 
BMI: OH (r=0.251; p=0.001), TG (r=0.401; p=0.002), VLDL 
(r=0.365; p=0.033), HDL (r= - 0.318; p=0.002).

The development of pregnancy was accompanied by an 
increase in fat metabolism in the main group at 18-20 and 
34-36 weeks of gestation, respectively: OH – by 16.5% and 
22.1%, LDL – by 6.3% and 13.0%, TG – by 13.6% and 28.4%, 
VLDL – by 14.3% and 28.5%. We have revealed the inverse 
dependence of HDL levels on the duration of pregnancy. So, if 
the HDL level at the gestation periods of 8-12 and 18-20 weeks 
did not have a significant difference (p>0.05) with the level of 
the control group, then by the end of gestation its significant 
decrease was observed. A decrease in HDL values – by 3.3% 
and 17.6% during gestation led to a pronounced increase in 
the atherogenicity coefficient by 32.1% and 76.4% during 

pregnancy at 18-20 weeks and 34-36 weeks, respectively. This 
coefficient indicates the distribution of OH between HDL and 
atherogenic lipoprotein fractions. Anti-atherogenic ratio of 
HDL/LDL decreased slightly in the dynamics of pregnancy in 
obese women – by 7.5% and 27.2%, respectively.

Thus, the results of the study indicate a significant increase 
in the group of obese pregnant women in the content of total 
cholesterol, triglycerides, VLDL with their maximum level by 
the end of gestation in comparison with patients with normal 
body weight.

Conclusions: Despite the fact that the metabolic changes 
occurring in the body of a pregnant woman are adaptive, they can 
play a role in the pathophysiological process of the development 
of pregnancy complications and labor disorders. With the 
progression of pregnancy, abdominal obesity in women is a risk 
factor for the development of pathological dyslipidemia.

Key words. Pregnancy, obesity, lipids, fat metabolism.
Introduction.

Physiological pregnancy is accompanied by significant changes 
in the metabolism in the woman's body, which is associated with 
the characteristics of the hormonal background and is aimed at 
maintaining the normal growth and development of the fetus 
[1,2]. At the same time, lipid metabolism undergoes the main 
changes [3]. During this period, there is a slight increase in 
the concentration of neutral fat, cholesterol, and lipids in the 
blood of the woman, which reflects the adaptation processes 
taking place during pregnancy and is aimed at creating optimal 
conditions for the development of the fetus [4-6].

Currently, the important role of lipids in maintaining 
homeostasis during pregnancy is known. Violations of their 
exchange determine the changes that occur in the "mother 
– placenta – fetus" system. The content of lipids in the blood 
increases in a wavy manner as pregnancy progresses due to the 
inhibition of lipase activity under the influence of estrogens and 
hyperinsulinemia. By the end of pregnancy, there is an increase 
in total cholesterol, high- and low-density lipoproteins and 
triglycerides compared with pre-pregnancy levels [7,8].

Obesity, as extragenital pathology, often causes aggravated 
pregnancy, childbirth, and the postpartum period [9].

The high frequency of obstetric pathology is explained by the 
violation of adaptive and compensatory-protective mechanisms, 
the breakdown of the activity of regulatory systems that occur 
during obesity. Determining the levels and dynamics of changes 
in lipid metabolism during the gestation period in pregnant 
women with obesity is of particular interest.

The purpose of this study was to evaluate the dynamics of lipid 
metabolism changes in pregnant women with obesity.
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Materials and methods.
The work is based on clinical-anthropometric and clinical-

laboratory results of studies of 52 pregnant women with 
abdominal obesity (the main group). The gestational age 
was determined by anamnestic data (the date of the last 
menstruation, the first appearance at the antenatal clinic) and the 
results of ultrasound fetometry. When registered for dispensary 
registration of pregnancy, all women were subjected to 
traditional anthropometric research with height (cm) and weight 
(kg) measurements, followed by calculation of body mass index 
(BMI). Obesity was diagnosed based on the calculation of the 
BMI index using the formula:

BMI=body weight (kg)/height (m2)
The criteria for inclusion of patients in the main group were BMI 

values above 25 kg/m2. We also measured waist circumference 
(WC) and hips circumference (HC) and then calculated the 
ratio WC/HC. Obesity was regarded as abdominal with a waist 
circumference of more than 80 cm and WC/HC ratio ≥ 0,85. 
The control group consisted of 80 healthy pregnant women with 
a BMI before pregnancy of 18,5 –25 kg/m2. The values of the 
studied parameters obtained in this group were used as a starting 
point of comparison as physiologically normal values.

The state of fat metabolism was assessed according to 
lipidogram data.

In accordance with the goal, 52 pregnant women carried out 
the determination of the concentration of total cholesterol (TC), 
triglycerides (TG), low density lipoproteins (LDL) and high-
density lipoproteins (HDL). The study was performed three 
times during pregnancy – at 8-12, 18-20 and 34-36 weeks of 
gestation. Blood samples were taken from the ulnar vein in 
the morning on an empty stomach 12-14 hours after a meal. 
High- and low-density lipoproteins were determined by a 
homogeneous method, total cholesterol, and triglycerides – by 
an enzymatic colorimetric method. The atherogenic index was 
calculated using the formula: 

AI=(TC-HDL)/HDL

The ratio of HDL/LDL was also determined, and the 
concentration of very low-density lipoproteins (VLDL) was 
calculated by the formula: 

VLDL=TG/2,18
Statistical analysis.

Statistical data analysis was performed using the MedCalc 
statistical software package for biomedical research. The 
evaluation of the obtained results was carried out by methods 
of statistical description and testing of statistical hypotheses. 
For comparison of normally distributed values, the Student’s 
t-test was used; if the distribution differs from the normal, the 
non-parametric Mann-Whitney test (U-test) was used. The data 
for the parametric distribution are presented as mean values of 
the measured value and standard error (M ± m). Evaluation of 
the strength and relationship between phenomena or signs was 
carried out using the Pearson pair-correlation coefficient (r). 
The critical value of the level of statistical significance (p) in 
testing null hypotheses was taken to be 0,05.
Results.

A normal pregnancy is accompanied by profound metabolic 
changes in the body of a woman, which for a number of reasons 
turn into pathological conditions. However, serious changes are 
often observed in lipid metabolism.

In pregnant women with obesity, significantly higher levels 
of TC, TG and VLDL in serum were detected at all periods of 
gestation, which is a result of their increased production. During 
the analysis of the dynamics of lipid profile indicators of the 
examined women, it was found that the average lipid levels 
increase in all pregnant women with an increase in the gestation 
period, while the concentration of atherogenic lipids represented 
by TC, TG, VLDL was significantly higher in women with 
obesity (p ˂ 0,05). 

The results of the analysis of the dynamics of lipid profile in 
terms of pregnancy in patients of the main and control groups 
are presented in table 1.

Lipid
spectrum

Observation groups
The main group 
(n=52)

The control group 
(n=80)

The main group 
(n=52)

The control group 
(n=80)

The main group 
(n=52)

The control group 
(n=80)

8-12 weeks 18-20 weeks 34-36 weeks
TC
mmol/l

4,96±0,071*
(4,51-5,58)

4,65±0,039
(4,11-5,26)

5,78±0,076*
(5,11-6,43)

5,31±0,055
(4,51-6,13)

6,06±0,11**
(5,28-6,97)

5,20±0,052
(4,41 - 5,94)

LDL
mmol/l

2,71±0,027*
(2,47-2,93)

2,56±0,020
(2,26-2,84)

2,88±0,034*
(2,65-3,41)

2,79±0,022
(2,48-3,15)

3,06±0,034
(2,81-3,34)

3,07±0,033
(2,57-3,48)

HDL mmol/l 1,81±0,028
(1,63-2,07)

1,76±0,022
(1,47-2,12)

1,75±0,017
(1,60-1,90)

1,72±0,012
(1,56-1,94)

1,49±0,02
(1,32-1,63)**

1,66±0,012
(1,52-1,86)

TG
mmol/l

1,69±0,036**
(1,41-1,95)

1,00±0,013
(0,82-1,22)

1,92±0,027**
(1,71-2,13)

1,33±0,013
(1,17-1,55)

2,17±0,026**
(1,97 - 2,39)

1,42±0,013
(1,24-1,64)

VLDL mmol/l 0,77±0,04**
(0,21-1,24)

0,46±0,07
(0,35-1,21)

0,88±0,09**
(0,34-1,45)

0,61±0,05
(0,42-1,33)

0,99±0,08**
(0,51-1,45)

0,65±0,04
(0,49-1,37)

AI
standard unit

1,74±0,025
(0,27-2,69)

1,64±0,077
(0,39-2,23)

2,30±0,023**
(1,76-2,65)

2,09±0,045
(1,04-2,58)

3,07±0,061**
(1,12-3,38)

2,13±0,038
(1,09-2,61)

HDL/
LDL unit

0,66±0,01
(0,37-0,89)

0,68±0,05
(0,33-0,75)

0,61±0,03
(0,35-0,77)

0,62±0,05
(0,37-0,80)

0,48±0,07
(0,31-0,62)

0,54±0,06
(0,39-0,83)

Table 1. Blood lipid parameters in pregnant women at different periods
(M±m, min-max).

Note: The differences are significant in relation to the control group: * – p < 0,05, ** – p < 0,001
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With the progression of pregnancy, dyslipidemic changes 
intensified, including in the control group of women. Such 
an increase in lipid concentration in healthy women can be 
considered as a physiological phenomenon that promotes the 
growth and development of the fetus, enhanced steroidogenesis, 
as well as providing high energy demands of the pregnant 
woman.

When comparing lipid metabolism in women of the main 
and control groups at gestational age 34-36 weeks, statistically 
significant differences were found. The values of TC, TG, 
VLDL and atherogenicindex increase with obesity compared 
with the control group. In order to assess the association of the 
studied clinical and metabolic parameters in pregnant women, 
a correlation analysis was conducted, during which there was 
a close relationship between the lipid profile and BMI. It was 
established that the growing imbalance of lipidogram indices 
was accompanied by an increase in BMI: TC (r = 0,251; p = 
0,001), TG (r = 0,401; p = 0,002), VLDL (r = 0,365; p = 0,033), 
HDL (r = - 0,318; p = 0,002).

Analysis of the obtained results showed that lipid metabolism 
disorders have a close direct and inverse relationship with BMI 
and an increase in the duration of pregnancy. The development 
of pregnancy was accompanied by an increase in fat metabolism 
in the main group at 18-20 and 34-36 weeks of gestation, 
respectively: TC – by 16,5% and 22,1%, LDL – by 6,3% and 
13,0%, TG – by 13,6% and 28,4%, VLDL – by 14,3% and 28,5%. 
We have revealed an inverse relationship between HDL levels 
and gestational age. So, if the level of HDL at the gestational age 
of 8-12 and 18-20 weeks did not have a significant difference 
(p> 0,05) with the level of the control group, then by the end of 
the gestation a significant decrease was observed. The decrease 
in HDL values – by 3,3% and 17,6% during gestation led to 
a strongly marked increase in the atherogenic index by 32,1% 
and 76,4% in gestational age 18-20 weeks and 34-36 weeks, 
respectively. This index indicates the distribution of TC between 
HDL and atherogenic lipoprotein fractions. The antiatherogenic 
HDL/LDL ratio slightly decreased in the dynamics of pregnancy 
in obese women – by 7,5% and 27,2%, respectively.
Discussion.

The results of the study indicate a significant increase in the 
group of obese pregnant women in the content of total cholesterol, 
triglycerides, VLDL with their maximum level by the end of 
gestation in comparison with patients with normal body weight. 
Along with this, there is a decrease in HDL levels, which is 
accompanied by an increase in the atherogenic potential of the 
blood serum. In general, the analysis of the obtained results of 
changes in the blood lipid spectrum in obese pregnant women 
shows their more pronounced hyperlipidemic orientation 
compared with physiologically occurring pregnancy. Taking 
into account the above, it becomes obvious that excessive 
accumulation of adipose tissue poses a significant risk to the 
physiological course of metabolic processes in the pregnant 
woman's body, thereby increasing the risk of complicated 
pregnancy. Further studies aimed at studying the metabolic 

profile in physiological and complicated pregnancy should 
contribute to expanding the understanding of the mechanisms 
of fetal metabolic programming.
Conclusion.

Despite the fact that the metabolic changes occurring in the 
body of a pregnant woman are adaptive, they can play a role in 
the pathophysiological process of the development of pregnancy 
complications and labor disorders. With the progression of 
pregnancy, abdominal obesity in women is a risk factor for the 
development of pathological dyslipidemia.
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