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Ponb gucamnupemmum B natoreHese nepuHaTanbHbIX
0CJI0XXHEeHUM NpU caxapHOM Auabete y Matepm

© P.B. Kanyctun' 2, EMM. Lbibyk?, E.H. Anexceenrosa', E.B. Konteesa?, 0.H. ApxaHosa' ?,
T.\. OnapuHa', *.H. Tymacosa'

! Hay4Ho-McCne0BaTeNbCKUI MHCTUTYT aKyLUepCTBa, MHeKonorum 1 penpodyktonoruun um. [1.0. Otta, Cankt-Metepbypr, Poccus;
2 CanT-TMeTepbyprckuin rocynapcTaeHHbIit yHusepeuTet, CaHkT-Metepbypr, Poccua

AxkmyaneHocmes. 3aboneBaeMocTb caxapHbiM anabeToM cpeau bepeMeHHbIx pacTeT. ®u3nonoruyeckan runepamnm-
LeMUA, XapaKTepHas AnA MO3[HWX CPOKOB recTauuu, YCUNMBAETCA BO BpeMA 6EPEMEHHOCTM, OCNOMHEHHOW CaXapHbIM
AvabeToM. M3MeHeHWA nMNUOHOrO NpodmnA HepaspbiBHO CBA3aHbl C HEONAroNpPUATHLIMU NepUHATaNbHBIMK UCX0AaMM.
0pgHaKo uccnefoBaHUM, HanpaBieHHbIX Ha U3yYeHUe B3aMMOCBA3W IUMUAHOr0 06MeHa Y MEHLMH C Pa3fiMyHbIMM TUNaMK
caxapHoro guabeta v pasBMTMEM aKyLLEPCKUX OCNOMHEHWUI, HeJOCTaTOuHO.

Llene — oUEHUTb MMNUAHBLINA NPOGUND Y HEHLIMH C Pa3NMYHLIMU TUNAaMK caxapHoro auabeta (1-i, 2-1 TMNbI U re-
CTaLMOHHBINA caxapHbi AnabeT) ¢ y4eToM MeTofa ero Koppekuuu B |l TpuMecTpe 6epeMeHHOCTH, BbIABUTL B3aMMOCBA3b
JMNWUAOB C NEPUHATANbHBIMU OCOMHEHWAMM, a TaKKe 0NpefennTb UX BO3MOMKHYIO MPOrHOCTUYECKYI0 3HAYMMOCTb B pas-
BUTUM HebNaronpuATHBLIX MCXOQ0B 6epeMeHHOCTH.

Mamepuanel u Memodel uccnedosaHus. B nccnegosaHue BKIIOYEHO 277 MKEHLUWH, KOTOPble COCTABUIM HECKONBKO
rPpynn cpaBHEHWA B 3aBUCMMOCTM OT TUMa caxapHoro avaberta v MeToga ero KOPpPeKLMK, FPYNMy HeHLWMH C NpesknaMncu-
el 1 rpynny ycnoBHO 340P0BbIX. AHANM3UPOBANM KIIMHWYECKME U NabopaTopHble AaHHbIe aMbByNaTopHbIX U CTaLMOHAPHbIX
KapT 6epeMeHHbIX, HaxoAALMXCA Ha AucnaHcepHoM yyeTe B nepuog ¢ 2010 no 2017 r. Ina uccnenoBaHna UCNofb30Bau
nepugepuyeckylo BEHO3HYIO KpoBb, B3ATYI0 Y 6epeMeHHbIX HaToLlaK npu cpoke 28-32 Hed. 3a mepBUYHYID TOUKY MCCne-
[0BaHWUA NPUHUMANK MOKa3aTeNN COAEPHKAHWA TPUTIIMLEPUIOB, XONIECTEPMHA, TMMNONPOTEUHOB BLICOKOW, HU3KOM U 04EHb
HU3KOM NNOTHOCTU, KO3IPMLMEHT aTeporeHHOCTU. [JoNoNHUTENBHO OLEHWBANM YacTOTy FeCTaLlMOHHOM apTepyanbHoM M-
nepTeH3WK, NPe3KNaMNCuUm, 3aepHKM pasBUTUA N0AA, NPEXAEeBPEMEHHbBIX POIOB.

Pe3synomameoi uccnedosanus. [InA 6epeMeHHbIX C pasnyyHbIMK TUMaMK caxapHoro auabeta xapakTepHo npeobnafa-
HWE B CbIBOPOTKE KPOBMW aTepOreHHbIX IMNMO0B (TPUrvLepyabl, IMNONPOTEUHbI 04EHb HU3KOM MAOTHOCTY), NOBbILLIEHWE
WHOEKCA aTepOreHHOCTU U CHUMKEHWE COAEpPHaHUA aHTUaTepPOreHHbIX IMMONPOTEMHOB BbICOKOW MNOTHOCTU. 3TW U3Me-
HeHMA Hanbonee BbipaxeHbl Y 6epeMeHHbIX C NperecTalMOHHBIMKA TUNAMKM caxapHoro AuabeTta W B rpynnax NauuveHToB,
NoMy4aloLLMX MHCYNMHoTepanuio. py NpoBegeHUU KOpPpenALMOHHOMO aHanu3a BbifBeHa cnaban npAMan CBA3b Me.ay
YPOBHEM TPUrIIMLEPUAOB U MaKpocomuen (r = 0,26) n Meay 3Ha4eHUEM MHIEKCA aTepPOreHHOCTU U Pa3BUTUEM TAXKENON
npeaknamncum (r = 0,26). AHanm3 ROC-KpuBoW noKasan, Yto TPUrAMLEpUab!, TMNONPOTEMHLI 04eHb HU3KOM MAOTHOCTH,
WHIOEKC aTeporeHHOCTU ABNAIOTCA NPeAMKTOpaMU PasBUTMA TAMENON NpesKNaMncum.

3aknoyeHue. CaxapHbli OuabeT yCMAMBAaET COCTOAHWE AWUCAMMMEOEMUM Y GEPEMEHHBIX, YTO WUIPAET BaHYyl0 pofb
B NaToreHe3e MHOMMX NepuUHaTabHbIX OC/OMHEHWIA. OLeHKa MapKepoB IMNUAHO0 NPOGUAA Y HEHLUMH C PasfIUYHbIMMI
TMnamu caxapHoro guateta B Il TpuMecTpe 6epeMeHHOCTV MOMKET ABNATBCA BaNMAHLIM METOAOM NPEeAMKLMM TAXKENO0N
MPe3KNaMmncuu.

KnioueBble cnosa: caxapru7| ,qma6eT; recTaLOoHHbIN caxapru7| avabet; aucnunuoemus; MaKpoCOMMUA; NpeaxknammncuA.
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The role of dyslipidemia in the pathogenesis
of perinatal complications in pregnant women
with diabetes mellitus
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HYPOTHESIS/AIMS OF STUDY: The prevalence of diabetes mellitus in pregnant women is increasing. Physiological hy-
perlipidemia is usually developed during the last third of gestation, increases during pregnancies complicated by diabetes
mellitus. Abnormal lipid profiles are associated with adverse perinatal outcomes. However, the associations between ma-
ternal dyslipidemia and pregnancy complications in women with different diabetes mellitus types remain unclear. The aim of
this study was to assess the lipid profile in women with different types of diabetes mellitus (Type 1, Type 2, and gestational
diabetes) based on the therapy in the third trimester of pregnancy, to investigate the associations between serum lipid profile
and perinatal complications, and to determine possible prognostic value of lipids in the development of adverse pregnancy
outcomes.

STUDY DESIGN, MATERIALS AND METHODS: The study included 277 women who were divided into several groups
depending on the type of diabetes mellitus and its therapy method, a group of patients with preeclampsia, and the control
group. We analyzed the clinical and laboratory data of outpatient and inpatient cards of pregnant women in the period between
2010 and 2017. Maternal blood samples were collected between 28 and 32 weeks of gestation. The samples were assayed for
fasting triglycerides, total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol and very-low-
density lipoprotein cholesterol concentrations, as well as the atherogenic index of plasma. We also assessed the incidence of
gestational arterial hypertension, preeclampsia, intrauterine growth restriction, and preterm birth.

RESULTS: Pregnant women with various types of diabetes mellitus were characterized by a significant rise in serum
triglycerides and very-low-density lipoprotein cholesterol levels, an increase in the atherogenic index of plasma, and a sig-
nificant decrease in antiatherogenic, high-density lipoprotein cholesterol levels. These changes were most pronounced in
pregnant women with pregestational diabetes mellitus types and in groups receiving insulin therapy. Correlation analysis
revealed weak positive correlations between serum triglycerides concentrations and macrosomia (r = 0.26) and between the
atherogenic index of plasma and severe preeclampsia (r = 0.26). The analysis of the ROC curve showed that triglycerides,
very-low-density lipoprotein cholesterol, and the atherogenic index of plasma are predictors of severe preeclampsia.

CONCLUSION: Diabetic pregnancies are associated with increased dyslipidemia, which plays an essential role in the
pathogenesis of perinatal complications. Evaluating lipid profile markers in the third trimester of diabetic pregnancy may be
valid predictors of severe preeclampsia.
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OPUTMHATTBHOE VICCIELOBAHME

INTRODUCTION

Currently, a steady increase in diabetes mellitus (DM)
incidence among pregnant women was reported [1].
In 2019, hyperglycemia was concomitant with every sixth
pregnancy. A lesser proportion of these cases were rep-
resented by pregestational DM (16%), and gestation-
al DM (GDM) was diagnosed in 84% of cases [2]. This
pathology is associated with a high risk of perinatal com-
plications, such as, fetal macrosomia, preterm delivery, and
preeclampsia (PE) [1]. Nowadays, the study of maternal
lipid profile and its relationship with unfavorable pregnancy
outcomes is of great interest for researchers [3]. Impaired
lipid metabolism in women with DM is assumed to be no
less significant in the pathogenesis of these complications
than hyperglycemia [4].

During pregnancy, significant changes occur in the lipid
profile of female patients. The first two trimesters correspond
to the anabolic phase when the adipogenesis processes are
enhanced and fat accumulates in the depot [5]. This is due
to the action of insulin high concentrations and increased
activity of lipoprotein lipase (LPL) of the adipose tissue.
By the third trimester of pregnancy, hormonal changes lead
to an increase in the lipolytic activity of the adipose tissue.
The lipolysis products are re-etherified for triglyceride (TG)
synthesis and are released into the bloodstream in the form
of very low density lipoproteins (VLDL) [6]. The increased
activity of the cholesterol ester transfer protein (CETP)
promotes the accumulation of TGs not only in VLDL, but
also in low density lipoproteins (LDL) and high density
lipoproteins (HDL) [6]. These processes correspond to the
peak of physiological insulin resistance in late pregnancy.
At the same time, LPL activity decreases, causing maternal
hyperlipidemia [5].

Numerous studies showed that characteristics of the
lipid profile at different stages of pregnancy are inextricably
related with various obstetric complications [7-12].
According to recent studies, in the first trimester of
pregnancy, an increase in total cholesterol (TC), TG, and LDL
and a decrease in HDL may precede unfavorable perinatal
outcomes [3]. Hypertriglyceridemia in the first trimester
is noted in women with further development of PE; and
in cases of severe PE, more significant deviations from
the norm are recorded [3, 7]. The endothelial dysfunction
and activation of oxidative stress may cause changes in
the lipid profile [7]. An increased LDL, TC, and TG levels
in early pregnancy is significantly associated with preterm
birth [3, 8]. Similar results were obtained in the study of
lipid levels in the third trimester of pregnancy, namely low
HDL and high TG values, are associated with a high risk
of PE, intrahepatic cholestasis in pregnant women, and
macrosomia [9]. The latter complication is given special
attention from the perspective of its relation with lipid
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metabolism. Hypertriglyceridemia and a decrease in HDL
levels has been established to be independent predictors of
macrosomia in women without DM [10], but earlier studies
indicate the presence of this relationship only in overweight
women [11, 12].

Physiological hyperlipidemia increases during preg-
nancy complicated by DM [13]. No definitive explanation
for dyslipidemia in this condition is reported. Under con-
ditions of insulin resistance, insulin signal transduction is
impaired, which suppresses the expression of LPL mRNA.
Subsequently, the activity of this enzyme is further reduced
through post-transcriptional and post-translational mecha-
nisms. Thus, the elimination of VLDL from the plasma
slows down, and hyperlipidemia increases [4]. In female
patients with DM type 1, the activity of the placental LPL
is increased, which is relative to healthy patients, but the
expression of LPL mRNA remains unchanged. This indicates
that LPL activity is modulated at the post-transcriptional
level [14]. One of the possible mechanisms of placental
LPL activation in pregnant women with DM may be a de-
crease in the concentration of angiopoietin-like protein 4
(ANGPTL-4) in the third trimester, which is an irreversible
inhibitor of LPL. Its occurrence is believed to be compen-
satory, promoting intensive transfer of fatty acids across
the placenta to the fetus. However, low concentrations of
ANGPTL-4 have no significant effect on the LPL activity of
the adipose tissue [15].

In the early trimester of pregnancy in women, the
plasma TG level is known to increase with the further de-
velopment of GDM, indicating the presence of dyslipidemia
even before the manifestation of insulin resistance [3].
At later stages of pregnancy in patients with GDM, in ad-
dition to hypertriglyceridemia, HDL levels significantly
decrease compared to that of healthy women [16]. Other
researchers noted an increase in LDL values in pregnant
women with various types of DM throughout pregnancy, but
no difference was found between groups of different types
of DM [17]. Some studies found no significant differences
in lipid concentrations in pregnant women with and with-
out GDM [18].

A number of studies examined the relationship between
lipid metabolism disorders in female patients with DM and
the development of perinatal complications. Such studies
are rare and were mainly performed in patients with GDM.
In women with well-controlled GDM, the glucose level does
not correlate with the weight of the newborn, but a direct
relationship is present between the child's body weight and
the TG level, free fatty acids in the mother’s plasma in the
third trimester of pregnancy [4, 19]. Women with type 1 DM
with the further development of PE are also characterized
by a change in the lipid profile; and significant differences
in lipid concentration were determined only in early terms
of pregnancy [20].
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This study aimed to assess the lipid profile in women
with various types of DM (DM1, DM2, and GDM) in the third
trimester of pregnancy and to identify the relationship of
lipids with perinatal complications due to insufficient amount
of data on this issue and conflicting results of previous
studies.

MATERIALS AND METHODS
Study design

An observational single-center retrospective cohort study
was performed in the Research Institute of Obstetrics, Gy-
necology, and Reproductology named after D.0. Ott. Clinical
and laboratory data of the outpatient and inpatient records
of pregnant women, who were registered at the dispensary
at the Research Institute of Obstetrics, Gynecology, and Re-
productology named after D.0. Ott at a term of 28-32 weeks
in the period from 2010 to 2017, were analyzed. The DM type
was verified and corrected based on clinical guidelines [21].

In this study, inclusion criteria include DM and singleton
pregnancy; and exclusion criteria include an indication of
taking ursodeoxycholic acid drugs, as well as ademetionine
or essential phospholipids before weeks 28-30 of gestation,
diseases that determine symptomatic DM, namely
thyrotoxicosis, hyperadrenocorticism, somatotropinoma, and
pheochromocytoma, severe somatic pathology, oncological
diseases, and multifetal pregnancy.

Based on the inclusion criteria, the study included
277 women who were distributed into several comparison
groups depending on the DM type and method of its correction
(method of continuous subcutaneous insulin infusion [CSII],
multiple insulin injections [MII], and diet), a group of female
patients with PE, and conditionally healthy women.

Type 1 DM (CSII) — n = 20;

Type 1 DM (MIl) — n = 22;

Type 2 DM (diet) — n=17;

Type 2 DM (insulin) — n = 26;

GDM (diet) — n = 88; and

GDM (insulin) — n = 42.

Comparison group: PE — n = 24.

Control group: n = 38.

The glycemic level was determined using a BIOSEN
C-line EKF analyzer (Germany), and the glycated
hemoglobin (HbA1c) level was determined using a Bio-Rad
D-10 analyzer (USA). A comprehensive study of blood lipid
metabolism was performed on an automatic biochemical
analyzer, Furuno CA-90 (Japan), using test systems
of Thermo Scientific (Finland) and Diasys (Germany).
Peripheral venous blood was used for the study, taken
from pregnant women in the fasted state at a term of
28-32 weeks.

The lipid profile analysis included cholesterol,
cholesterol-HDL, cholesterol-LDL, and TGs. Based on these
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tests results, the concentration of cholesterol-VLDL, Klimov
atherogenic index (Al), and atherogenic index of plasma
were calculated. TG, cholesterol, HDL, LDL, and VLDL were
determined in the blood serum.

Main study outcome

The primary point was taken as indicators of the levels
of TG, cholesterol, HDL, LDL and VLDL, and Al.

Additional study outcomes

The incidence of gestational arterial hypertension,
PE, fetal growth retardation, and preterm delivery was as-
sessed.

Statistical methods

Statistical data processing was performed using
Statistical Package for the Social Sciences (SPSS) V. 23.0
software (USA). The distribution parameters of the sample
were assessed using the Kolmogorov—Smirnov test.
To determine the statistical significance of differences
between the quantitative parameters of the normally
distributed data of the study groups, analysis of variance
was performed, and Fisher's test (LSD) was used.
The Kruskal-Wallis test, median test, and Dann method
were used for nonparametric distribution of data. Statistical
processing of qualitative traits was performed using the
x? criterion. Correlation analysis was performed using
Pearson’s coefficient for normally distributed data and
Spearman’s coefficient for nonparametric distribution of
attributes. To assess indicators as predictors of obstetric
complications, ROC analysis was performed and areas
under the curves (AUC) were calculated. The equality
hypothesis of mean values in the studied groups was
rejected at a significance level of p < 0.05.

RESULTS
Clinical characteristics of study groups

Table 1 presents the characteristics of the studied groups.
Female patients with type 2 DM and GDM were older com-
pared to patients from other groups (p < 0.001). The maxi-
mum values of the pregestational body mass index (BMI)
were registered in patients with type 2 DM (33.7 kg/m? in
those on a diet and 34.6 kg/m? in those on insulin therapy),
which significantly exceeded the values from other groups.
The average HbA1c level was higher in pregnant women
with DM1, as well as in patients with DM2 and GDM who
received insulin therapy. In the oral glucose tolerance
test (OGTT), the highest glycemic values were recorded in
patients with diagnosed GDM, who were subsequently
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Table 1. Clinical characteristics of the study groups

Type 1 DM Type 2 DM GDM
Indi PE Control E level
ndicators csli Ml diet insulin diet insulin n=24 n=138 p-leve
n=20 n=22 n=17 n=26 n=288 n=42
Age, years 28.1 27.9 32.9 335 32 311 26.9 30.1 10.7 0.0001
(95% CI) (26.2-30) (26.1-29.7) (30.2-35.7) (31.7-35.4) (31.2-33) (30.2-32) (24.1-30) (29-32)
BMI, kg/m? 27.4 26.9 337 34.6 29.7 29.1 27.6 26 11.5 0.0001
(95% CI) (26-28.8) (24.1-30.0) (31.6-35.8) (32.5-36.8) (28.3-31) (27.5-30.6) (26-29.2) (25.2-26.8)
HbAlc 6.31 6.73 5.71 6.17 5.52 6.0 - 475  13.6 0.0001
in the trimester lll, %  (6.0-6.5) (6.2-6.9) (5.4-6.0) (5.8-6.4) (5.1-5.6) (5.5-6.2) (4.5-5.1)
(95% CI)
OGTT, mmol/l
Fasting - - - - 4.9 5.2 4.6 4.1 85 0.0
(95% CI) (4.8-5.0) (5.1-5.3) (4.4-4.8) (3.6-4.b)
Th - - - - 9.8 10.1 7.9 6.4 7.7 0.0
(95% CI) (9.5-10.2) (9.9-10.4) (7.3-8.6) (5.9-6.7)
2h - - - - 8.6 9.0 7.5 5.9 14.2 0.0001
(95% CI) (8.4-9.0) (8.5-9.5) (6.3-8.1) (5.4-6.1)
Concomitant somatic pathology %2
Varicose veins (n, %) 3 2 4 7 15 9 2 4 37.4 0.0001
(15) 9.1 (23.5) (26.9) (17) (21.4) (8.3 (10.5)
Chronic AH 0 2 3 6 4 2 4 0 83.7 0.0001
(n, %) 0) 9.1 (17.6) (23.1) (4.5) (4.8) (16.7) 0)
Hepatic steatosis 0(0) 0(0) 3(17.6)  5(19.2) 3@4) 3(1.0) 0(0) 0(0) 534 0.0001
(n, %)
BD (n, %) 0(0) 0(0) 1(.9) 0(0) 5(5.6) 0(0) 1(4.2) 2(.3) 45 072
Excess body weight A 10 5 4 27 19 14 22 20.4 0.005
(n, %) (55) (45.5) (31.3) (15.4) (31.8) (46.3) (58.3) (57.9)
Obesity degree | 4 1 1 6 26 8 3 2 17.9 0.013
(n, %) (20) (4.5) (6.3 (23.1) (30.6) (19.5) (12.5) (5.3)
Obesity degree |l 0 2 5 12 7 5 2 0 43.5 0.0001
(n, %) 0) 9.1 (31.3) (46.5) (8.2) (12.2) (8.3) 0)
Obesity degree |l 0 0 5 2 8 1 0 0 28.0 0.0001
(n, %) 0 (0) (31.3) (7.7 (9.4) (2.4) 0 0
Gestational complications
Preterm delivery 4 5 2 5 6 IA 5 1 38.9 0.0001
(n, %) (20) (22.7) (11.8) (19.2) (6.8) (9.5 (20.8) (2.6)
Gestational AH 1 1 0 2 5 3 0 1 6.8 0.01
(n, %) () (4.5) 0) (7.7) (5.6) (7.1 0 (2.6)
Moderate PE (n, %) 3 3 3 5 8 4 9 0 52.7 0.001
(15) (13.6) (17.6) (19.2) (10.2) (9.5 (37.5) 0)
Severe PE (n, %) 1 2 2 4 4 2 15 0 73.6 0.0001
® 9.1 (11.8) (15.3) (4.5) (4.8) (62.5) )]
Fetal growth 0 1 1 3 5 3 5 0 43.8 0.0001
retardation (n, %) (0) (4.5) (5.9) (11.5) (5.6) (7.1) (20.8) (0)

Note. CSlI: continuous subcutaneous insulin infusion; Mil: multiple insulin injections; DM: diabetes mellitus; GDM: gestational diabetes mellitus;
PE: preeclampsia; BD: biliary dyskinesia; OGTT: oral glucose tolerance test; AH: arterial hypertension; BMI: body mass index; HbAlc: glycated

hemoglobin; Cl: confidence interval.
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Table 2. Indicators of lipid profile in women in the third trimester of pregnancy

Group TG, mmol/L CS, mmol/L HDL, mmol/L LDL, mmol/L VLDL, mmol/L Al
Type 1 DM, 4.42 6.63 3.3 1.31 3.23
Csli (3.13-6.21) (6.11=7.14) (1.1-1.89) (3.12-4.89) (0.99-1.74) (3.02-3.73)
Type 2 DM, 4.02 6.67 1.49 3.8 1.41 3.57
MIl (3.03-5.01) (6.39-6.94) (1.35-1.63) (3.36-4.24) (0.98-1.84) (3.15-3.98)
Type 2 DM, 5.84 6.45 3.26 1.06 3.38
diet (3.36-8.31) (5.97-6.92) (1.27-1.74) (2.83-3.68) (0.79-1.33) (2.23-4.52)
Type 2 DM, 5.42 6.45 1.23 3.41 1.43 3.96
insulin (1.9-8.97) (5.97-6.71) (0.92-1.53) (2.86-3.97) (1.05-1.8) (2.79-5.12)
GDM, diet 2.9 6.6 1.78 3.39 1.12 2.38

(2.64-3.17) (6.4-6.81) (1.68-1.88) (3.19-3.6) (1.03-1.21) (2.21-2.56)
GDM, insulin 3.41 6.32 1.55 3.22 1.42 2.62
(2.86-3.95) (5.92-6.72) (1.44-1.66) (2.98-3.46) (1.15-1.68) (2.3-2.93)
PE 33 6.48 1.83 3.27 1.51 2.58
(2.52-4.08) (5.75-7.21) (1.74-1.92) (2.76-3.79) (1.19-1.83) (2.18-2.97)
Control 2.78 6.53 2.04 3.27 1.06 2.4
(2.54-3.02) (6.27-6.79) (1.66-2.44) (3.1-3.44) (0.98-1.14) (2.27-2.53)
F 8.3 0.48 5.94 1.26 4.23 1"
p <0.001* 0.851 <0.001* 0.274 <0.001* <0.001*

Note. DM: diabetes mellitus; GDM: gestational diabetes mellitus; PE: preeclampsia, CSII: continuous subcutaneous insulin infusion; MIl: multiple
insulin injections; TG: triglycerides; CS: cholesterol; HDL: high density lipoproteins; LDL: low density lipoproteins; VLDL: very low density
lipoproteins; and Al: atherogenic index. * Statistically significant differences.

treated with insulin. In addition, the glycemic parameters in
OGTT in pregnant women with GDM and PE were relatively
higher compared to the control group (Table 1).

The incidence analysis of somatic pathology revealed that
pregnant women with type 2 DM and GDM had the highest
frequency of concomitant diseases, namely varicose veins,
obesity, hepatic steatosis, and chronic arterial hypertension
(Table 1).

Assessment of primary study outcomes

The lipid profile study revealed that TG level was
significantly higher in female patients with carbohydrate
metabolism disorders and PE compared to that of the
control group (p < 0.001). The most pronounced changes in
this indicator of the lipid profile were registered in pregnant
women with type 2 DM (5.42-5.84 mmol/l). A similar
tendency was noted when assessing the VLDL and Al levels.
VLDL concentrations were highest in pregnant women with
severe metabolic disorders (receiving insulin therapy)
and with PE (p < 0.001). The increase in Al was maximal
in patients with pregestational types of DM (3.23-3.96).
The antiatherogenic HDL level, on the contrary, was
significantly lower in DM groups under study compared to
healthy pregnant women, especially in patients with type 1
and 2 DM (p < 0.001). No significant differences were found
in assessing the TC and LDL concentrations (Table 2).

Evaluation of additional study outcomes

Preterm delivery are complicated every fifth pregnancy
in patients with type 1 DM (20.5%), with type 2 DM receiving
insulin therapy (19.2%), and with PE (20.8%). In the groups
of patients with GDM, the prevalence of preterm birth was
also slightly higher (7.7%) than in the control group (Table 1).

Hypertensive complications during pregnancy were
significantly more frequent in women with various types
of DM (Table 1). However, the development of severe
forms of PE was typical for groups with more pronounced
metabolic disorders (who received insulin therapy). Fetal
growth retardation was most often noted in pregnant women
with PE (20.8%) and with type 2 DM with insulin therapy
(11.5%). Pregnancy was not complicated by either PE or fetal
growth retardation in any patients from the control group.

Additional research findings

Correlation analysis revealed a weak direct relationship
between the TG level and the development of macrosomia
(r=0.26; p = 0.001) and between the Al value and severe PE
(r=0.26; p < 0.001). A less pronounced correlation with the
development of severe PE was established for such indicators
as TG (r=0.2; p < 0.001) and VLDL (r = 0.22; p < 0.001). Any
other significant correlations in this study were not revealed
(Table 3). According to the ROC analysis results, the values
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Table 3. Correlation analysis
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Indicator TG () CS (n HDL (r) LDL (r) VLDL (r) Al (r)

Macrosomia 0.26 0.02 (p=0.3) 0.07 0.04 0.03 -0.01
(p=0.001) (p=0.1) (p=0.26) (p=0.29) (p=0.12)

Baby weight 0.08 (p =10.09) -0.02 -0.12 0 0.04 0.01
(p=0.32) (p =0.03) (p=0.49) (p=0.27) (p=0.46)

HbA1c 005(p=0.39 0.1(p=0.12) 0.17 0.28 0.14 0.06
(p=0.16) (p=0.06) (p=0.25) (p=0.37)

Gestational AH 0.15 -0.05 -0.08 0.07 0.11 0.12
(p = 0.004) (p=0.12) (p=0.1) (p=0.11) (p = 0.041) (p =0.016)

Moderate PE 0.06 (p=0.17) 0.01 (p=0.44) -0.004 -0.05 0.06 0.05
(p=0.47) (p=0.19) (p=0.15) (p=022)

Severe PE 0.2 -0.004 -0.18 0.08 0.22 0.26
(p = 0.00) (p=0.46) (p =0.001) (p=0.1) (p = 0.00) (p =0.00)

Preterm delivery 0.12 -0.01 -0.13 0.097 0.1 0.127
(p=0.016) (p=0.41) (p=0.012) (p =0.05) (p =0.04) (p =0.015)

BMI 0.33 0.13 -0.09 -0.06 0.27 0.08
(p = 0.00) (p = 0.002) (p=0.15) (p=0.26) (p =0.003) (p=0.18)

Note. AH: arterial hypertension; PE: preeclampsia, TG: triglycerides; CS: cholesterol; HDL: high density lipoproteins; LDL: low density lipoproteins;
VLDL: very low density lipoproteins; Al: atherogenic index; HbAlc: glycated hemoglobin; and BMI: body mass index. Statistically significant

results are presented in bold.

Table 4. ROC analysis, AUC

Indicator T6 CS HDL LDL VLDL Al
Macrosomia 0.54 0.53 0.59 0.52 0.53 0.49
(0.44-0.65) (0.42-0.64) (0.48-0.69) (0.43-0.62) (0.41-0.65) (0.39-0.59)
p=0.42 p=0.61 p=012 p=0.68 p =058 p=0.83
Moderate PE 0.52 0.53 0.5 0.45 0.55 0.52
(0.43-0.61) (0.43-0.63) (0.41-0.6) (0.35-0.54) (0.45-0.64) (0.42-0.61)
p=0.63 p =058 p=0.94 p=026 p=031 p=0.76
Severe PE 0.64 0.51 0.39 0.56 0.66 0.69
(0.54-0.73) (0.42-0.6) (0.3-0.48) (0.48-0.65) (0.58-0.75) (0.6-0.77)
p=10.003 p=09 p=0.02 p=0.19 p <0.001 p <0.001

Note. PE: preeclampsia, TG: triglycerides; CS: cholesterol; HDL: high density lipoproteins; LDL: low density lipoproteins; VLDL: very low density

lipoproteins; Al: atherogenic index. Statistically significant results are presented in bold.

of TG, VLDL, and Al can be used to predict the development
of severe PE. AUC for these indicators is 0.64 (p = 0.003),
0.66 (p < 0.001), and 0.69 (p < 0.001), respectively (Table 4).

DISCUSSION

The study demonstrates that pregnancy proceeding
in presence of DM is associated with a high incidence of
adverse perinatal complications, such as birth of a large
fetus, preterm delivery, and PE.

A change in the lipid pattern in pregnant women with
various types of DM in late pregnancy was confirmed relative
to the control group, characterized by atherogenic lipids
(TG and VLDL) predominance in the plasma, increase in Al
and decrease in the level of anti-atherogenic HDL. However,
significant differences in the TC and LDL concentrations were

not detected. Similar results were obtained by K. Ryckman
et al. (2015), who studied lipid levels in women with GDM
throughout pregnancy [16]. In an earlier study, the lipid
profile in women with different types of DM (types 1, 2,
and GDM) has no difference in TG and TC levels compared
to that of healthy women, but the LDL value was significantly
higher in all trimesters, which differs from our data
obtained [17]. C. Gobl et al. (2010) found that concentrations
of TC, LDL, and HDL in the plasma of female patients in
the third trimester with type 1 DM was significantly higher
compared to patients with type 2 DM [22]. Considering our
results in conjunction with the type of DM correction, we
did not reveal a significant advantage of insulin therapy in
assessing the lipid profile. However, according to P. Olmos
et al. (2017), only the basal-bolus regimen of insulin therapy
in women with well-controlled GDM reduces the plasma TG
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concentration, while the Al was within the normal range
both in the group of patients receiving insulin therapy and
in the control group. This was due to the ability of insulin
to reduce the production of VLDL by the liver and activate
maternal LPL, without affecting CETP [23].

A comparison group (patients with developed PE) was
added to our study. They were diagnosed with dyslipidemia,
with values registered close in pregnant women with DM.
However, in this group, the development of dyslipidemia
was associated with endothelial dysfunction and enhanced
processes of oxidative stress, which manifested itself from
the early stages of pregnancy [7].

In our study, a relationship was established between
dyslipidemia in pregnant women and the development of
some perinatal complications. A weak positive correlation
was revealed between TG level and macrosomia, as
well as the Al value with the development of severe PE.
However, a number of studies indicated the absence of
significant relationships between lipid profile indicators and
development of unfavorable outcomes in pregnant women
with DM [20, 22, 24, 25].

The peak accumulation of fetal adipose mass occurs at
late stages of prenatal development, which coincides with
maternal hyperlipidemia. If a woman has DM, not only the
plasma lipid concentration changes, but also the placental
transfer of fatty acids to the fetus increases, which is
explained by the increased activity of placental LPL [26].
A sharp gradient of TG concentrations also contributes to their
enhanced transport. Fetal hyperinsulinemia is assumed to
have an inhibitory effect on its ANGPTL4, and as a result, the
high LPL activity of the fetal adipose tissue leads to excessive
fat accumulation and the birth of a large fetus [6]. According to
another hypothesis, fatty acids activate transcription factors
in the fetus and initiate the transformation of mesenchymal
stem cells into adipocytes [26]. Some studies demonstrated
no relationship between newborn weight and lipid levels
in women in the third trimester of pregnancies with and
without DM [22, 24, 25]. Among the lipids determined in
late pregnancy, the leading place in relationship with
macrosomia is attributed to TG [4, 10, 13, 19, 23, 27, 28].
Our results do not contradict these studies. X. Wang
et al. (2018) established that an increase in the TG level by
every 1 mmol/l corresponds to an increase in the risk of
macrosomia by 27% in women without DM [10]. In pregnant
women with GDM, a positive correlation was found between
the levels of TG, free fatty acids with macrosomia, and fetal
adipose mass, regardless of glycemic control, pregnant
woman BMI, and weight gain [4, 13, 19, 27]. Data from these
studies demonstrated that concentration of lipids circulating
in the mother’s bloodstream determines the fetal size in late
pregnancy, with well-controlled GDM. G. Son et al. (2010)
determined the threshold value of TG (23.33 mmol/L) in
female patients with GDM in the third trimester of pregnancy
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to predict the birth of a large fetus [13]. Effective correction
of hypertriglyceridemia with insulin significantly reduces the
estimated weight of the newborn. Thus, the effect of lipids
is not irreversible for fetal growth, and their correlation
with the newborn’s body weight is most significant in late
pregnancy (35.7 + 1.5 weeks) [23].

P. Olmos et al. (2014) revealed that plasma TG levels
correlate significantly with newborn weight only in overweight
or obese mothers (taking into account pregnancies
complicated by GDM) [28]. According to the data of other
researchers, not only hypertriglyceridemia is a predictor of
the development of macrosomia [29-31]. Thus, B. Krstevska
et al. (2016), when studying pregnant women with GDM and
type 2 DM, revealed a direct correlation between the level
of LDL and TC in the third trimester and the weight of the
newborn [29]. Few studies showed a significant inverse
relationship between HDL levels in pregnant women with DM
and the risk of macrosomia [30, 31]. In a study by J. Zhou
et al. (2012), low HDL values (<2.2 mmol/L) at a term of
20 weeks of gestation predicted the development of fetal
macrosomia with a sensitivity of 65% and a specificity
of 48% [31]. Works presented ultimately have very different
results, which often contradict with each other; therefore,
making an unambiguous conclusion about the advisability of
determining the lipid level in women with DM to predict the
risk of macrosomia is impossible.

In a study by A. Basu et al. (2012) conducted on women
with type 1 DM, no correlation was revealed between
lipid levels and development of PE. Authors studied these
biomarkers throughout pregnancy [20]. However, results
of our study demonstrated a relationship between Al and
severe PE. In addition, indicators such as TG, VLDL, and
Al can be used as predictors of severe PE. In their recent
work, C. Smith et al. (2018) demonstrated that dyslipidemia
in women in late pregnancy is associated with a 1.5-fold
increase in the risk of any type of preterm delivery [32].
In our study, we did not reveal such a relationship in
pregnant women with DM.

Thus, the study of lipid metabolism in women with
various types of DM in late pregnancy revealed deviations
from the indicators of the control group. In this category of
patients, the plasma levels of TG and VLDL is increased,
Al is increased, and the levels of antiatherogenic HDL are
decreased. These changes could potentially explain the high
incidence of perinatal complications in women with DM.
Correlation analysis revealed a connection between lipid
profile disorders and some adverse perinatal outcomes.
These results differ from a number of studies conducted
earlier, the data of which are also largely contradictory.
Possible causes for inconsistencies are heterogeneity of
populations, frequency of obesity in different regions, and
gestational age at which measurements were taken. Further
research on this issue is required.
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