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BACKGROUND: The imbalance of vascular endothelial cell metabolism determines the clinical manifestations of pre-
eclampsia; however, the molecular mechanisms underlying the vessel destabilization are not fully understood. In recent
years, researchers have focused on clarifying the role of dysmetabolic disorders in patients with obstetric pathology, including
preeclampsia. This is due to the fact that pregnancy is accompanied by metabolic restructuring aimed at switching the energy
supply of the pregnant woman’s body from the carbohydrate to the fat component in order to maintain an effective ener-
goplastic supply of the developing fetus. Impairment of this evolutionary adaptation mechanism realized during pregnancy
requires additional in-depth study.

AIM: This study was aimed to identify and compare pathogenetic patterns that characterize early and late preeclampsia at
the preclinical stage, based on dynamic clinical and laboratory examination of high-risk pregnant women.

MATERIALS AND METHODS: A prospective clinical and laboratory examination of 180 pregnant women with indepen-
dent factors of high risk of developing preeclampsia was carried out. Comparison groups were identified retrospectively,
depending on the period of preeclampsia manifestation: Group | consisted of 31 pregnant women with early preeclampsia;
Group Il comprised 58 pregnant women with late preeclampsia; and Group Il (control) included 30 healthy pregnant women
with uncomplicated gestation. Pregnant women were examined twice at the preclinical stage of preeclampsia (11-14 and
18-21 weeks of gestation) and once at clinical manifestation of the disease (28-36 weeks of gestation). The markers of meta-
bolic, hormonal, hemocirculatory, hemostasiological and placental disorders were evaluated.

RESULTS: We found similar pathophysiological changes in pregnant women with both early and late PE, from early gesta-
tion periods. Those were characterized by pathological insulin resistance and hyperinsulinemia, as well as associated athero-
genic changes in the lipid profile, hyperleptinemia, hyperuricemia, hypersympathicotonia, visceral fat deposition, and contra-
insular hormonal deviations. The observed alterations reflected a single hormonal and metabolic pattern of the preclinical
stage of preeclampsia. During pregnancy, there was shown an increase in clustering diabetogenic and atherogenic abnormali-
ties and hormonal changes, which were supplemented by associated endothelial and hemostasiological dysfunction and, in
early preeclampsia, placental dysfunction, thus accelerating the time of clinical implementation of preeclampsia.

CONCLUSIONS: From the pathogenetic point of view, preeclampsia of various periods of manifestation is an indivisible
category with a common basic developmental mechanism characterized by a hormone metabolic pattern from the early
stages of pregnancy. These stable changes are the result of the pathologically transformed phylogenetic mechanism of ener-
goplastic supply of the fetus. This transformation is realized via physiological insulin resistance and compensatory hyperinsu-
linemia development due to the contra-insular activity of placental hormones. The added structural and functional disorders
of the embryo (feto) placental system potentiate basic mechanisms (pathological insulin resistance and hyperinsulinemia) and
determine the period of preeclampsia clinical manifestation in each particular woman.

Keywords: early preeclampsia; late preeclampsia; pathogenesis; contrainsular placental hormones; insulin resistance; hy-
perinsulinemia; dyslipidemia; endothelial hemostasiological disorders; placental dysfunction.
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06ocHosaHue. [lokasaHo, 4To AucbanaHc MeTabonuTOB COCYAWCTOrO SHAOTENMA OMPefenfeT peanusaumio KIvHK-
YECKMX MPOABMEHUIA NPE3KNAMNCUM, HO MONEKYNAPHbIE MEXaHW3Mbl, MPUBOAALLME K caMoi MopdodyHKLMOHaNBHOM
pectabunusaumm 3HAOTENMA, B MOSHOW Mepe He ACHbL. B mocnegHue rofbl BHUMaHWe MccnepoBaTeniel HanpaBaeHO Ha
YTOYHEHME PONM AUCMETAbONMYECKMX HApYLIEHWIA B Pa3BMTUM aKyLLEPCKOW NaToforuu, B TOM YMCIE M NPe3KNaMncum.
370 0bycnoBneHo TeM, YTO bepeMeHHOCTb COMPOBOM/AAETCA BbIPaKeHHOW MeTabonn4eckon NepecTpoMKOM, HanpasieH-
HOW Ha MepeKioyeHne opraHn3Ma bepeMeHHON C YrIeBOAHOIO Ha KMPOBOW KOMMOHEHT AN1A NoAAepHKaHNA 3¢PeKTUBHOMO
3HepronnacTMyeckoro obecrneyeHnA pasBuBaloLLeroca nnoaa. HapylieHve [JaHHOrO 3BOMIOLMOHHO 3aKPENNIEHHOro recTa-
LIMOHHOr0 MexaHW3Ma apanTaumm HeobxoauMo yrnybneHHo U3ydartb.

Llens— Ha ocHoBE AMHAaMUYECKOrO KNMHUKO-NabopaTopHOro 06cnefoBaHWA bepeMeHHbIX BbICOKOr0 PUCKa BbIAEIUTb M CO-
NOCTaBMTb NaTOr eHETUYECKME NATTEPHbI, XapaKTEPU3YIOLLE PAHHIOK M NO3AHIOK NPE3KAMMCHI0 Ha JOKNMHUYECKON CTaauK.

Mamepuanel u Memodel. MpoBeseHO NPOCNEKTUBHOE KNMHWKO-NabopaTopHoe obcnepoBaHve 180 bepeMeHHbIX ¢ He3a-
BMCMMbIMU (aKTOpPaMK BbICOKOr0 PUCKa Pa3BUTKA Npeaknamncuu. PeTpocneKTUBHO B 3aBUCMMOCTM OT CPOKa MaHUdecTa-
LMK Npe3KnaMmcum BblgeneHbl Fpynmbl CpaBHEHUA: NepBylo rpynny coctaBunu 31 6epeMeHHan € paHHei NpesaknaMncuew;
BTOpYl0 rpynny — 58 6epeMeHHbIX C NO3AHEN NPesKNaMncuent; TPeTbio, KOHTPOSbHYIO, rpynny — 30 340POBbIX HEHLUMH
C HEOCTNOMKHEHHBIM TeyeHneM bepeMeHHOCTU. HeHLWMHbI bbinn 06cnefoBaHbl ABaMAbl HA JOKNMHWYECKOW CTaguu npe-
aknamncum (11-14, 18-21 Hepena 6epeMeHHOCTM) U NPU ee KNTMHUYECKOM NpoaBneHnn (28—36 Hepenb 6epemeHHocTH). Oue-
HWBaNN MapKepbl MeTaboN4eCKMX, FOPMOHANbHBIX, SHAOTENMUANBHO-TEMOCTa3UONOMMHECKUX U MNALEHTapHbIX HAPYLLEHWN.

Pe3ynbmamel. Y eHLLUMH KaK C paHHeW, TaK W C NO3AHEN NPe3KNaMrcueit ¢ paHHUX CPOKOB HepeMeHHOCTM BbIABMEHDI
CX0XMe NaTodpM3n0Nornyeckme U3MeHeHWA, XxapaKkTepusyemble GOPMMPOBAHUEM NATONOrMYECKUX UHCYNIMHOPE3UCTEHTHO-
CTU M TUNEPUHCYIMHEMUM, @ TaKKe CBA3AHHBIX C HUMM aTeporeHHbIX CABWUMOB IMMUAHOMO NpoduAA, runepnenTMHeMUH,
rUNepypuKeMUM, rMNepcMMNaTMKOTOHUM, BUCLIEPANbHOMO TUMA MMPOOTIOMEHNA OPIOLLHOM CTEHKM, KOHTPUHCYNAPHO
HanpaBneHHOCTM FOPMOHANbHLIX U3MEHEHUIA W OTpaKalowme eauHbIA roOpMOHaNbHO-MeTaboNnyecknii NaTTepH [OKNU-
HWYECKOM CTagumM Mpesknamncuu. B auHammke 6epeMeHHOCTM HapacTaloT B3aMMOCBA3aHHblEe AuabeToreHHble U arepo-
EeHHble HapyLLEHWA, TOPMOHAMbHbIE W3MEHEHWA, KOTOpble [JOMOJHAKTCA acCOLMMPOBAHHBIMUA C HAMMW 3HAOTENWaNbHO-
remMocTasvonorMyeckon AMChYHKUMEN, a NPU paHHEN MPesKNaMncum — MaLeHTapHOM AUChYHKUMEN, YCKOPAILWMMY
CPOKM KNIMHUYECKON peann3aLmnm npeaknamncum.

3aknioyeHue. C naToreHeTUYECKMX MO3WLMIA NPEIKNAMMNCUA C Pa3fIMYHBIMKU CPOKaMU MaHU(ecTauun npeacTaBnAet
HedeNMMyl0 KaTeropuio ¢ 06WwmuM 6a3oBbIM MEXaHU3MOM Pa3BUTKA, XapaKTEPU3YIOLMMCA C paHHUX CPOKOB bepemeH-
HOCTW rOPMOHanbHO-MeTaboNM4eckUM NaTTepHoM. [laHHble YCTOWYMBbIE U3MEHEHUA ABNAKOTCA Pe3yNbTaToM NaTonoru-
yeckow TpaHchopMaumK GUNOreHETUYECKU 3aKPENIEHHOr0 MexaHW3Ma 3HeproniacTMyeckoro obecneyeHna nnopa ye-
pe3 (GopMMpoBaHME (GU3NONOTUYECKOW MHCYNMHOPE3UCTEHTHOCTU M KOMMEHCATOPHOW TMMEPUHCYTIMHEMUM BCREACTBUE
KOHTPUHCYNAPHOM aKTMBHOCTU NNaLEHTapHbIX FOPMOHOB. [lpucoefnHeHNe CTPYKTYPHO-(GYHKLMOHANbHBIX HapyLUeHWi
3Mbpuo(deTo)nnaLeHTapHON CMCTEMbI MOTEHUMpYeT 6a3oBble MexaHU3Mbl (MaToNOrMYeCKMe MHCYNMHOPE3UCTEHTHOCTb
W TUNEPUHCYNMHEMWA) W ONpeaensaeT CPOK KNMHUYECKON MaHUdeCTaLMmM NPEeIKNAMICUM Y KOHKPETHOM HeHLUMHBI.

KnioyeBble cnoBa: paHHsAs Npe3KnaMncus; No3gHAA NPesKNaMcus; NatoreHes; KOHTPUHCYNAPHbIE NaLeHTapHble rop-
MOHbI; MHCYNIMHOPE3UCTEHTHOCTb; MMMNEPUHCYNIMHEMUA; AUCIUMUAEMUA; SHAOTENNANBHO-TEMOCTa3MOI0MMYECKME HapyLLe-
HWA; NaLeHTapHan OUCHYHKUMA.
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BACKGROUND

Despite the efforts of scientists of various fields, as well
as complex and multicenter studies based on the principles
of evidence-based medicine, preeclampsia (PE) remains an
unresolved interdisciplinary issue and ranks first among
causes of maternal and perinatal morbidity and mortality
[1, 2]. Moreover, there has been significant progress in the
study of the pathogenesis of PE. Several decades ago, the
scientific community only made the first convincing attempts
to explain the role of the “ovum” in the formation of gestational
arterial hypertension and proteinuria; however, at present,
the imbalance of vascular endothelial metabolites has been
proven to determine the mechanisms of the development of
the clinical manifestations of PE [3]. At present, researchers
and practitioners encounter problems of the causes and
molecular mechanisms of endothelial morphofunctional
destabilization.

The search for a clue to the pathogenesis of PE is con-
ducted because this pathology is associated with numerous
complications, namely, preterm delivery; premature de-
tachment of the normally located placenta; placental insuf-
ficiency (PI) with fetal growth retardation (FGR) and chronic
fetal hypoxia; hemolysis, elevated liver enzymes, and low
platelets (HELLP) syndrome; and multiple organ failure,
which have certain characteristics in their pathogenesis that
conceal the basic mechanisms of PE development. This ap-
proach is of particular importance in the study of early and
late PE. Some researchers suggested the heterogeneity of
the pathogenesis of these types of PE, connecting the for-
mation of early PE with impaired placentation processes,
various forms of thrombophilia, and autoimmune diseases
[4, 5]. Late (“maternal”) PE is associated, to a greater extent,
with hypertensive disease, metabolic syndrome, diabetes
mellitus, modern lifestyle and nutrition, and multifetal preg-
nancy [6, 7]. Moreover, this provision does not correspond
fully to the logic of dividing PE into early and late, which is
primarily based on the differences in the frequency of com-
plications and severity of adverse gestational and perinatal
outcomes [8]. The choice of gestational age (34 weeks) for
the classification of PE variants depending on its manifes-
tation is ambiguous and causes some controversies. Other
researchers are convinced that early and late PE have uni-
fied basic pathogenetic essence, and they recommend using
“early and late manifesting PE” with a gradation of the timing
of manifestation before and after week 30 of pregnancy [9].
In this regard, the current search for the true mechanisms
of the formation of PE is relevant, which could the enable
prediction, prevention, and treatment of this fatal complica-
tion of pregnancy much more efficiently.

Recently, the number of publications has increased,
which clarifies the role of dysmetabolic disorders in the
development of obstetric pathology, including PE [10, 11].
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This is because pregnancy is accompanied by a pronounced
metabolic restructuring aimed at changing the body of
a pregnant woman from taking in carbohydrate to fat
components to maintain effective macronutrient support
of the developing fetus (by increasing the transplacental
supply of glucose, amino acids, and free fatty acids along
the density gradient) [12]. Considering the evolutionarily
predetermined importance of these changes for the
preservation of pregnancy and adequate growth of the fetus,
the failure of these gestational adaptation mechanisms can
lead to pathological transformation and the development
of obstetric complications, which requires further thorough
analysis.

This study aimed to identify and compare pathogenetic
patterns characterizing early and late PE at the preclinical
stage based on dynamic clinical and laboratory examination
of women with high-risk pregnancies.

MATERIALS AND METHODS

This observational prospective study performed a de-
tailed examination of 210 pregnant women who received
medical care at the antenatal clinics in Samara and deliv-
ered in the Samara Regional Perinatal Center of V.D. Sere-
davin Samara Regional Clinical Hospital in the period
from 2016 to 2020. In 180 pregnant women, independent
high-risk factors for the development of PE were identi-
fied: a history of PE in 40.0% (72/180) of the female pa-
tients, PE in the mother or sibling sister in 39.4% (71/180)
of cases, and first pregnancy at a late reproductive age in
20.6% (37/180) of patients. The frequency of PE in the sub-
groups with the presented risk factors was 63.9% (46/72),
50.7% (36/71), and 18.9% (7/37) of the cases, respec-
tively, and 49.4% (89/180) of the total number of women
with high-risk pregnancy were examined. Retrospectively,
depending on the period of manifestation of PE (before or
after week 34 of pregnancy), comparison groups were iden-
tified; group 1 included 31 (34.8%, 31/89) pregnant women
with early PE, and group 2 included 58 (65.2%, 58/89)
women with late PE. Group 3 (control) consisted of
30 healthy women with uncomplicated pregnancy.

The criteria for inclusion in groups 1 and 2 were the
presence of PE in pregnant women with independent high-
risk factors; pre-pregnancy blood pressure levels <130 and
<85 mm Hg, body mass index 18.5-24.9, and absence of
metabolic disorders; and provision of consent to partici-
pate in a prospective study and publication of the results.
The exclusion criteria were impairment of carbohydrate
metabolism before pregnancy; PE complicated by HELLP
syndrome, acute renal failure, premature detachment of the
normally located placenta, respiratory distress syndrome in
adults, and acute cerebrovascular accident; gestational dia-
betes mellitus; severe somatic, infectious, and autoimmune
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pathology; polycystic ovary syndrome; genital anomalies
and congenital fetal abnormalities; pregnancy after the use
of assisted reproductive technologies; and violation of the
examination protocol.

Pregnant women of groups 1 and 2 were examined
twice at the preclinical stage of PE (weeks 11-14 and
18-21 of pregnancy) and at its clinical manifestation
(weeks 28-36 of pregnancy). The women of the control
group were examined at the same time. The laboratory
parameters were assessed, namely, levels of glucose in
venous blood, total cholesterol (TC), triglycerides (TG),
high-density lipoproteins (HDL), uric acid, nitric oxide (NO)
metabolites, insulin, placental lactogen (PL), leptin,
cortisol, norepinephrine (in urine), tumor necrosis factor
alpha (TNF-a), fibronectin (FN), circulating endothelial
cells, mean platelet volume, platelet—collagen aggregation
test, CD95* lymphocyte count (LCD95%), placental growth
factor (PGF), and placental alpha-1-microglobulin
(PAMG-1). The insulin resistance index (IR) HOMA-IR
and the TG/HDL ratio were calculated. Aspects of the
accumulation and distribution of adipose tissue, which are
known to have pronounced metabolic and hormonal activity,
were also considered.

In the laboratory studies, we used an Architect c4000
biochemical analyzer (Abbott, USA) and test systems cor-
responding to each indicator, Sysmex XN-1000 hematology
analyzer (Sysmex Corporation, Japan), and laser analyzer of
platelet aggregation ALAT-2 (Biola Scientific). Characteristics
of the distribution of adipose tissue were assessed by the
method of Tayama (1999) using a Voluson E6 GE Healthcare
ultrasound apparatus (GE, USA). The thickness of the sub-
cutaneous (tSCF) and of the preperitoneal fat (tPPF) were
measured, followed by the calculation of the abdominal wall
fat index (AWFI = tPPF/tSCF). An index >1.0 indicates a pre-
dominantly visceral type of fat deposition in the abdominal
wall [13]. The diagnosis of PE and the degree of its severity
was established following the criteria of the World Health
Organization, approved by the Ministry of Health of the Rus-
sian Federation in the clinical protocol [14]. The severity of
PI was determined using the classification of Strizhakov
et al. [15].

Data were statistically processed using the IBM SPSS
Statistics 25 HCIMAGO 5.0 software (IBM Corp., Armonk,
NY, USA). The Lilliefors-corrected Kolmogorov—Smirnov
criteria and Shapiro—-Wilk test were used to assess the
normal distribution of the data. All parameters studied
had a nonparametric distribution; therefore, the descriptive
statistical indicators were represented by the median (Me)
with an inter-quartile range @, (25%) and Q, (75%). For
group comparison, the Bonferroni-corrected Mann—Whitney
U test was used. Considering the conditions for applying this
correction, the critical level of significance when comparing
the three groups was set as p < 0.017. The significance of
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differences in the qualitative characteristics was determined
using the Pearson y? test, and using the Yates correction in
the case of a four-field table. The results were considered
significant at p < 0.05.

RESULTS AND DISCUSSION

When comparing women of three age groups
(31 [28; 35] years, 30 [26; 33] years, and 28 [25; 32] years,
p = 0.25), parity [primiparous 35.5% (11/31), 34.5% (20/58),
and 46.7% (14/30), multiparous 64.5% (20/31), 65.5% (38/58),
and 53.3% (16/30), respectively, y% = 1.35, p = 0.51)], marital
status [registered marriage 67.7% (21/31), 65.5% (38/58),
and 70.0 % (21/30), unregistered marriage 32.3% (10/31),
34.5% (20/58), and 30.0% (9/30), respectively, y? = 0.18,
p =0.91], professional status [employed 71.0% (22/31),
70.7% (41/58), and 73.3% (22/30), housewives 29.0% (9/31),
29.3% (17/58), and 26.7% (8/30), respectively, x?=0.07,
p = 0.96], no significant differences were revealed in any of
the parameters. The frequency of occurrence of independent
high-risk factors of PE in pregnant women of groups 1 and 2
was as follows. A history of PE was revealed in 54.8%
(17/31) and 50.0% (29/58) of the cases (32 = 0.04, p = 0.83),
family history of PE was detected in 38.7% (12/31) and
41.6% (24/58) of the cases (x?=0.01, p=0.98), and first
pregnancy at a late reproductive age was in 6.5% (2/31) and
8.6% (5/58) of the cases (y%=0.01, p = 0.95), respectively.
Analysis of the incidence of PE, depending on the severity,
showed that with early PE, a more severe course was more
often noted (by 1.6 times), but no differences were found in
pregnant women of group 2 [severe PE in 48.4% (15/31) and
31.0% (18/58) of the cases, moderate PE in 51.6% (16/31)
and 69.0% (40/58) of the cases (x?=1.91, p=0.16) with
early and late clinical manifestations, respectively].

In the comparative analysis of the clinical and laboratory
aspects of early and late PE, it is important to assess the
frequency of structural and functional disorders of the
fetoplacental complex with Pl implementation, which play
a leading role in the mechanisms of early PE formation [4].
Indeed, Pl was more often diagnosed in group 1 with
early PE [45.1% (14/31) versus 37.9% (22/58) in group 2],
but no significant differences were found (y2=0.19,
p =0.66) (Table 1). Furthermore, data on the severity of PI
indicate the formation of more severe morphological and
functional disorders of the fetoplacental complex in group 1,
which is probably substantiated by the establishment of
the pathomorphological changes at the earlier stages of
the development of the embryo(feto)placental system.
The frequency of the occurrence of grade II-Ill Pl in early
PE is 1.4 times higher than that in late PE, namely, in
41.9% (13/31) and 31.0% (18/58) of pregnant women,
respectively (%= 0.63, p = 0.42). In parallel, a disorder of
the trophic function of the placenta, manifested in the FGR,
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Table 1. Incidence of placental insufficiency and fetal growth retardation in groups 1 and 2, % (n)

Pathology ?nm:ug 11) ?nr(lug 82) 2 p
Chronic placental insufficiency 45.1 (14) 37.9 (22) 0.19 0.66
Grade | (placental dysfunction) 3.2(1) 6.9 (4) 0.05 0.81
Grade Il (decompensated PI) 29.0(9) 20.7 (12) 0.39 0.53
* Grade IIA 3.2(1) 6.9 (4) 0.05 0.81
* Grade IIB 9.7 Q) 6.9 (&) <0.01 0.95
* Grade IIC 16.1 (5) 6.9 (&) 0.31 0.58
Grade IIl (progressive decompensated PI) 12.9 (4) 10.3 (6) <0.01 0.99
Grade IV (critical PI) 0(0) 0(0) - -
Fetal growth retardation 35.5(11) 20.6 (12) 1.60 0.21
Grade | 3.2(1) 6.9 (4) 0.05 0.81
Grade I 22.6 (7) 10.3 (6) 1.54 0.21
Grade Il 9.7 (3) 3.4(2) 0.53 0.46

Note. PI, placental insufficiency. Calculation of statistical significance

was assessed. Grade Il FGR was found 2.1 times more often
(x2=1.54, p=0.21) and grade Ill FGR was detected three
times more often (32 =0.53, p = 0.46) in group 1 than in
group 2 (Table 1). Moreover, the presence of a significant
predominance in early PE is established only for the total
assessment of grade Il and Il FGR (32 = 4.27, p = 0.04).
The identified patterns indicate the absence of a specific
and primary role of morphofunctional disorders of the
fetoplacental complex in the mechanisms of early PE,
despite their greater pathogenetic effect at a given term of
manifestation.

Considering the obtained results of laboratory exami-
nation at 11-14 weeks of pregnancy, we revealed similar
hormonal and metabolic changes in pregnant women at the
preclinical stage of early and late PE. One of the fundamental
mechanisms of gestation and energy supply to the fetus is
the phenomenon of physiological IR, which redirects energy
and plastic substrates from the mother to the developing
embryo(feto)placental complex [16]. In addition, the results
of the study (Table 2) show that from the early stages of
pregnancy, the levels of insulin and HOMA-IR, which char-
acterize the severity of IR and compensatory/pathological
hyperinsulinemia (HI), are significantly higher than the ref-
erence values in groups 1 and 2, with no significant differ-
ences between groups with early and late PE (p,, = 0.37,
Promar = 0.63). In this regard, numerous studies [7, 17]
have reported that pathological IR is considered one of the
leading mechanisms of the formation of chronic arterial
hypertension, a variant of which is PE [18]. In response to
the emerging IR and HI during pregnancy, changes in the
lipid spectrum occur, leading to an increase in atherogenic
fractions that provide the maternal organism with energy
and maintain physiological IR [11]. The levels of TC, TG, and

was made using Pearson 2 with Yates correction (p < 0.05).

TG/HDL were significantly higher and the level of HDL was
significantly lower in groups 1 and 2 than in the control
group (Pre: Prer Promo and pyp. < 0.001), which indicates
pronounced atherogenic disorders in PE, regardless of the
term of manifestation. Based on inclusion and exclusion cri-
teria, the glucose level was not beyond the reference values
and did not differ significantly in the study groups at all
examination periods (p > 0.05).

At the first laboratory testing, among hormonal
parameters, significant differences between the PE groups
and control group were noted in terms of the levels of leptin,
cortisol, and PL. The concentration of leptin in pregnant
women of groups 1 and 2 was more than 1.5 times higher
than the control parameters (p,_; and p,_; < 0.001), which
indicates the involvement of leptin in the mechanisms
of PE formation, while no differences were found at the
preclinical stage between the early and late PE (p = 0.45).
In literature, this hormone is involved in the development and
maintenance of pathological IR, endothelial dysfunction, pro-
inflammatory changes, and sympathicotonia [19]. Pregnancy
is an enormous stress factor for a woman'’s body, which
increases the production of cortisol, the most important
adaptive hormone [20]. In pregnant women with early and
late PE, a significant excess in the physiological levels of
cortisol was found from the early stages of pregnancy
(p,_; and p,_; < 0.001), which also leads to an increase in
pathological IR and HI. Moreover, no significant differences
were found in the blood levels of cortisol in groups 1 and 2
(p,_, = 0.37).

The pathogenetic mechanisms of PE are inextricably
linked with the formation of the placenta, a new provisional
organ with a powerful hormonal potential [16]. One of the
most important placental hormones is PL, which exhibits
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Table 2. Values of laboratory parameters at 11-14 and 18-21 weeks of pregnancy in women of the compared groups (Me [@;; G;])

Gestational age, weeks Gnro:ug 11 Gnro:ugsz Gnro:ugﬂ3 p

Glucose, mmol/l

11-14 4.313.8; 4.7] 4.413.9; 4.8] 4.5 [4.0; 4.8] 0.64

18-21 4.2 [3.7; 4.6] 4.2 [3.8; 4.7] 4.4 14.0; 4.8] 0.67

HOMA-IR

11-14 1.91%[1.68; 2.22] 1.76*[1.54; 2.06] 1.40 [1.12; 1.58] <0.001

18-21 3.37%[2.98; 3.54] 2.76*%[2.51; 3.08] 1.62 [1.18; 1.96] <0.001
Insulin, pmol/ml

11-14 74.8°[65.6; 85.3] 66.2°[54.8; 75.1] 50.6 [40.7; 58.1] <0.001

18-21 129.4°1118.9; 137.7] 112.3%%[103.5; 121.6] 59.8 [50.3; 68.5] <0.001

Total cholesterol, mmol/l
11-14 5.63*[5.45; 5.88] 5.48*[5.31; 5.72] 4.99 [4.58; 5.28] <0.001
18-21 6.94%[6.58; 7.09] 6.75°[6.39; 7.02] 5.46 [5.21; 5.78] <0.001
Triglycerides, mmol/l
11-14 2.08"[1.95; 2.17] 1.91%[1.82; 2.03] 1.69 [1.45; 1.82] <0.001
18-21 2.92¥[2.70; 3.09] 2.83[2.59; 3.01] 2.03[1.87; 2.20] <0.001
High-density lipoproteins, mmol/l
11-14 1.19¥[1.12; 1.26] 1.26¥[1.17; 1.31] 1.35[1.29; 1.40] <0.001
18-21 1.12¥[1.05; 1.18] 1.15¥[1.10; 1.21] 1.23[1.18; 1.29] <0.001
Triglycerides/high-density lipoproteins

11-14 1.68% [1.50; 1.86] 1.55%[1.36; 1.74] 1.25 [1.06; 1.41] <0.001

18-21 2.52¥[2.27; 2.75] 2.43[2.17; 2.66] 1.63 [1.45; 1.83] <0.001
Uric acid, pmol/l

11-14 201.4 [176.6; 219.3] 195.2 [167.7; 213.9] 184.7 [163.4; 207.9] 0.18

18-21 299.6 [276.1; 328.4] 265.1%V [241.3; 292.8] 217.3 [188.7; 238.5] <0.001

NO metabolites, pmol/l
11-14 16.2 [14.1; 17.8] 17.6 [15.8; 19.4] 18.8 [16.5; 21.2] 0.26
18-21 20.1%[17.5; 21.9] 22.94Y[20.1; 24.2] 33.7 [31.3; 36.4] <0.001
Placental lactogen, mg/!

11-14 6.1% [4.5; 7.4] 5.5 [4.0; 6.7] 2.110.9; 3.1] <0.001
18-21 9.5¢[7.8; 10.4] 9.1¥[7.3; 9.91 4.2 [3.3; 5.6] <0.001
Leptin, ng/ml
11-14 35.5%[28.8; 39.4] 30.2¥[22.4; 34.1] 18.9 [13.6; 23.2] <0.001
18-21 66.6* [59.4; 73.9] 59.4%Y [52.7; 64.6] 22.4117.1; 28.3] <0.001
Tumor necrosis factor alpha, pg/ml
11-14 13.6¥[11.3; 15.7] 11.9¥[18.8; 14.5] 4.9 [3.6; 6.1] <0.001
18-21 26.7%[23.4; 30.2] 20.8° % [17.6; 24.4] 9.717.2; 11.2] <0.001
Fibronectin, pg/ml
11-14 235[213; 252] 221199; 238 219 [197; 242 0.29
18-21 397 [372; 422] 359*Y[331; 384 288 [264; 307] <0.001
Placenta growth factor, pg/ml
11-14 213%[182; 236] 219%[189; 238] 237 [204; 270] 0.15
18-21 284~ [258; 312] 325%Y [296; 348] 421 [385; 467] <0.001
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End of Table 2
Gestational age, weeks Gnro:ug 11 Gnro:uEBZ Gnrc;uguii p
Placental alpha-1 microglobulin, ng/ml
11-14 25.2°119.8; 30.1] 21.4116.3; 26.9] 10.1[7.5; 13.2] <0.001
18-21 39.6* [34.9; 43.9] 32.8Y[28.2; 36.8] 17.4 [13.2; 21.1] <0.001
Cortisol, pg/dl
11-14 28.1%[22.2; 36.9] 23.8°[17.7; 32.1] 13.219.3; 18.7] <0.001
18-21 48.6"[41.1; 56.2] 45.2%[38.3; 52.9] 27.4119.8; 32.2] <0.001
Norepinephrine, pg/day (in urine)

11-14 24.8[18.2; 32.1] 21.9 [16.7; 28.4] 21.4[15.4; 27.3] 0.34
18-21 60.3[51.4; 72.2] 57.5%[49.1; 68.9] 31.2[25.5; 38.2] <0.001
Circulating endothelial cells, cells/100 pl
11-14 19 [15; 22] 17 [14; 21] 16 [13; 20] 0.21
18-21 39% [34; 43] 34%Y [28; 37] 20 [15; 24 <0.001
Aggregation of platelets with collagen, %

11-14 39.9[36.1; 43.2] 38.5 [35.0; 41.9] 37.7 [34.6; 40.1] 0.19
18-21 58.7% [56.1; 61.0] 53.3*¥[51.2; 57.6] 41.7 [37.5; 44.3] <0.001
Mean platelet volume, fl
11-14 7.21[6.85; 7.47] 7.15[6.78; 7.39] 7.12 [6.85; 7.31] 0.52
18-21 8.54% [8.25; 8.96] 8.13%¥[7.72; 8.40] 7.34[7.15; 7.59] <0.001
Lymphocytes CD95%, %

11-14 19.9 [18.1; 23.0] 19.3[17.6; 21.9] 18.2 [16.3; 21.2] 0.48
18-21 34.8°29.5; 39.2] 29.2Y[23.3; 32.8] 21.6 [19.3; 24;8] <0.001

Note. Significance was calculated using the Kruskall-Wallis rank analysis of variance, and intergroup comparisons were performed using
the Mann-Whitney U test with Bonferroni adjustment (p < 0.017); x, differences are significant compared with the control (x — p < 0.001);
y, differences are significant compared with the group 1 (y — p = 0.01, yy — p < 0.001).

pronounced counter-insular activity and ensures the
formation of physiological IR during pregnancy. In addition,
the levels of PL were significantly higher in groups 1 and 2
than in the control group (p,_; p,_; < 0.001). Significant
differences were found between the group of pregnant
women with PE and the control group, in the level of PAMG-1
synthesized by the placenta and exerting a counter-insular
effect. From weeks 11-14 of pregnancy, the concentration
of PAMG-1 in groups 1 and 2 was more than two times
higher than that in the control group (p,_; and p,_ < 0.001),
while no differences were found between early and late PE
(p;_, = 0.35). In the first trimester of pregnancy, the level
of TNFou was higher in the PE group than in the control
group (p,_; and p,_, < 0.001, p,, = 0.46). This cytokine is
actively synthesized in the placenta and, according to recent
data, is not only an important marker of inflammation but
also a mediator of IR, leading to the formation of arterial
hypertension [21]. The generalized results of stage 1 of
laboratory monitoring of women in the comparison groups
indicate that in patients with early and late PE, a single
hormonal-metabolic pattern is formed at the early stages

of pregnancy, leading to the development of pathological IR
and HI.

Analysis of laboratory testing data at 18-21 gestational
weeks revealed additional pathogenetic aspects of the
preclinical stage of the formation of early and late PE. For
all the above parameters, similar significant differences
were noted between the control group and groups 1 and 2
with PE (p < 0.001 for all indices). In addition, the values
of HOMA-IR, insulin, and leptin, characterizing a single
hormonal and metabolic pattern, began to increase in
group 1, which naturally determines the earlier clinical
manifestation of PE (0, Puowair aNd Ppyoct < 0.001,
Peavg-1» and g, = 0.01).

Diabetogenic and atherogenic disorders detected at the
preclinical stage of PE were naturally supplemented by
the characteristics of the accumulation and distribution of
adipose tissue in the comparison groups (Fig. 1). In women
with early and late PE at 11-14 gestation weeks, no
significant differences were found in the values of tPPF,
tSCF, and AWFI when compared with the control group
(Pipper Prscer and Py < 0.05). However, from the second
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Fig. 1. Dynamics of preperitoneal fat thickness (a), subcutaneous fat thickness (b), abdominal wall fat index (c) in pregnant women of

the comparison groups

laboratory testing, in the PE groups, a significant increase
in preperitoneal (visceral) fat was observed (p,_; and
p,_3 < 0.001, p,_, = 0.86), which has a pronounced hormonal
activity and plays an important role in the formation of
pathological IR [7]. A similar pattern was revealed in the
analysis of AWFI value (p,_; and p,_; < 0.001, p,_, = 0.69),
which indicates a predominantly visceral type of fat
deposition in the abdominal wall in groups 1 and 2 and
confirms the similarity of the pathological changes within
the hormonal-metabolic pattern in early and late PE at the
preclinical stage of the formation of this pathology.

The formation of pathological IR and HI through central
regulatory mechanisms leads to an increase in sympathetic
activity, which contributes to the formation of arterial
hypertension in PE and further potentiates IR and HI [7].
An increase in the concentration of norepinephrine,
reflecting sympathoadrenal activity, was registered in the
early and late PE groups (Table 2), while this indicator
was significantly higher than the level in the control group
(p,_; and p,_; < 0.001, p,_, = 0.42).

At stage 2 of the examination, a significant increase in
the concentration of uric acid in pregnant women with PE
was revealed, and it was higher in group 1 than in group 2
(p,; and p,_,<0.001, p,,=0.01). The physiological
increase in uric acid levels during pregnancy provides
the natural antioxidant defense of the body. However, in
pregnant women with PE, a pronounced increase in the level
of uric acid is noted, which in pathological concentrations
acquires an alternative activity, leads to a potentiation of IR,
functional destabilization of endothelial cells, and activation
of platelets, and increases blood pressure through an
increase in the synthesis of angiotensin Il [22, 23].

The TNFau concentration at 18-21 weeks of gestation
was also significantly higher in groups 1 and 2 (p,_; and
p,_3 < 0.001), while a significant difference was noted
between early and late PE (p,_,< 0.001). The formation of
proinflammatory changes in PE is also evidenced by an
increase in the LCD95* level, which indicates the trophoblast-
induced apoptotic readiness of lymphocytes (Table 2).

During the study, the PGF level was assessed, which
belongs to the family of proteins of the vascular endothelial
growth factor and indicates the morphofunctional state of
the fetoplacental complex [24, 25]. No significant differences
were found in this indicator between the comparison groups
at 11-14 weeks of gestation (p = 0.15), which indicates
the dominance of hormonal and metabolic disorders in the
pathophysiological mechanisms of the formation of early and
late PE. At the second laboratory testing, the PGF level was
significantly lower in the PE groups (p,_; and p,_; < 0.001),
while the indicators were lower in pregnant women with
early PE than in group 2 (p,_, = 0.01). This is consistent with
the results of the clinical examination and is explained by
the earlier addition of morphofunctional dysfunction of the
embryo(feto)placental complex as a pathogenetic component
to increasing metabolic disorders, which additionally
potentiates pathological IR and HI and consequently
accelerates the clinical implementation of PE.

The increase in diabetogenic disorders, atherogenic
changes in the lipid profile, and hormonal and pro-inflam-
matory changes leads to structural and functional desta-
bilization of the endothelium, which plays an important
role in the subsequent stages of the pathogenesis of PE.
Thus, by weeks 18-21 of pregnancy, in groups 1 and 2, the
counts of circulating endothelial cells begin to increase sig-
nificantly (p,_; and p,_; < 0.001, p,_, = 0.01), the desquama-
tion of which is an objective sign of the severity endothelial
damage. In parallel, the production of NO, which functions
as the most important vasodilator and vasoprotector, de-
creases in the damaged intima of the vascular wall [26].
The level of NO metabolites is more than 1.5 times lower
in pregnant women with PE than in the control group (p,_;
and p,_; < 0.001), while the significant differences between
groups 1 and 2 (p,_, = 0.01) are due to the accelerated on-
set of pathogenetic events in early PE. Endothelial damage
in PE is accompanied by an increase in the concentration
of FN (p,_; and p,_; <0.001, p,_, = 0.01), which reflects
procoagulation shifts in hemostasis as a general indica-
tor. These changes in hemostasis are accompanied by an
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Fig. 2. Values of laboratory parameters in pregnant women of groups 1 and 2 with clinical manifestation of preeclampsia: TG, triglyc-
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of Insulin Resistance

increase in the functional activity of platelets. By the second
laboratory testing, in pregnant women with PE, the mean
platelet volume increased significantly, which characterizes
the increase in the number of young and activated forms
when compared with the control (p,_; and p,_, < 0.001,
p,_, =0.01). A similar pattern was detected in the analy-
sis of the platelet—collagen aggregation test. The results
of the laboratory examination at 18-21 weeks of gestation
indicate the preservation and growth of a hormonal-meta-
bolic pattern common for the preclinical stage of early and
late PE, which is complemented by the associated endothe-
lial-hemostasiological dysfunction.

The results of the laboratory examination during the
period of clinical manifestations of PE (Fig. 2, Table 3)

enabled clarifying the degree of involvement of placental
morphofunctional disorders in the pathogenetic mechanisms
of early and late PE.

The absence of significant differences in metabolic, hor-
monal, and pro-inflammatory indicators and markers of
hemostasiological and endothelial dysfunction (p,_, > 0.05),
presented in Fig. 2, indicates the unity of pathophysiologi-
cal changes, which rate of increase determines the period
of clinical manifestation of PE. In addition, significant dif-
ferences were noted between pregnant women with early
and late PE for a number of placenta-associated indica-
tors (i.e., PGF, PAMG-1, PL, TNF-a, and LCD95%). A de-
tailed analysis of these markers of the fetoplacental com-
plex state showed that these differences are related to the

Table 3. Values of laboratory parameters indicating significant differences between pregnant women with early and late preeclampsia of
varying severities, with clinical manifestation of preeclampsia (Me [Q;; Q,])

Group 1 (n=31)

Group 2 (n = 58)

Moderate PE Severe PE Moderate PE Severe PE Proderate | Psevere
(n=16) (n=15) (n = 40) (n=18)

Placental lactogen, mg/l

14.9 [14.1; 16.0] 20.6 [17.5; 23.8] 14.5[13.7; 15.7] 18.1[15.3; 20.5] 0.68 0.04

Placental alpha-1 microglobulin, ng/ml
83.7 [77.3; 89.1] 107.5[98.2; 118.8] 82.1[75.8; 87.4] 98.3[91.2; 107.4] 0.74 0.04
Placenta growth factor, pg/ml

230 [215; 252] 170 [145; 191] 235 [220; 2591 187 [166; 208] 0.71 0.03
Lymphocytes CD95*, %

53.9 [47.4; 58.1] 61.7 [57.6; 66.2] 50.6 [45.2; 56.7] 55.2 [51.5; 59.0] 0.68 0.02

Tumor necrosis factor alpha, pg/ml
31.2 [28.4; 33.4] 44.6 [41.2; 47.4] 29.4[26.8; 31.7] 37.1[34.0; 40.5] 0.79  <0.001

Note. PE, preeclampsia. The calculation of the significance of intergroup differences was performed using the Mann—Whitney U test (p < 0.05).
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severe forms of PE, regardless of the time of its manifesta-
tion. Table 3 presents that early and late moderate PE did
not differ significantly in the markers indicated (p > 0.05),
while significant differences were revealed in severe PE
(Ppge = 0.03,  ppams.1 = 0.04, pp = 0.04, prye, < 0.001,
Picoss. = 0.02). This aspect is due to the earlier establish-
ment of morphofunctional disorders of the embryo(feto)pla-
cental complex in early PE, which naturally leads to the de-
velopment of more severe forms of Pl and FGR and thereby
aggravate the course of PE, and an increase in markers of
the state of the fetoplacental complex, accelerating and po-
tentiating hormonal and metabolic changes existing in the
early stages. This characterizes the pathogenetic aspects of
early PE with the formation of a hormonal-metabolic pat-
tern with the addition of endothelial-hemostasiological and
placental dysfunctions.

CONCLUSIONS

In the clinical and laboratory examinations of women
with early and late PE, from early pregnancy, similar
pathophysiological changes occur, reflecting a single
hormonal and metabolic pattern of the preclinical stage
of PE. Decompensation of the mechanisms of physiological
gestational adaptation in pregnant women with PE is
accompanied by the formation of pathological IR and HI as
well as associated atherogenic changes in the lipid profile,
hyperleptinemia, hyperuricemia, hypersympathicotonia,
visceral type of fat deposition of the abdominal wall, and
counter-insular hormonal changes, which is the basic
(dysmetabolic) pathogenetic component of PE.

The examination results at 18-21 weeks of gestation
revealed that with early and late PE, interrelated diabetogenic
and atherogenic disorders intensify, including hormonal
changes with the addition of pro-inflammatory status,
oxidative stress, activation of the immune system, and
imbalance of angiogenic factors, which induces the formation
of prothrombotic disorders and endothelial dysfunction that
manifest clinically as arterial hypertension and proteinuria
with PE. Consequently, in the preclinical stage of pregnancy,
the hormonal-metabolic pattern common for early and late
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