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Abstract

Among the pathological conditions that are factors threatening the course of pregnancy, a special place is occupied by disorders

of lipid metabolism. According to the WHO, 90% of overweight women develop early manifestations of hepatic steatosis at the age
of 20 - 25, which leads to non-alcoholic steatohepatitis over the next five years of life. Therefore, overweight women are at risk for
the development of obstetric and perinatal complications, in the genesis of which a significant role is given to metabolic disorders
in the liver. The rationale for the planned study is the fact that the category of pregnant women with impaired lipid metabolism is

progressively increasing.

A significant number of studies have been devoted to this issue in pregnant women in accordance with disorders of lipid metabo-
lism, metabolic syndrome, diabetes mellitus and their complications associated with arterial hypertension, and so on. However, the
authors did not pay attention to the role of the liver in lipid metabolism and the risk of developing steatosis and non-alcoholic steato-
hepatitis at a young age, which may worsen the course of pregnancy and childbirth. At the same time in the special literature there
are no works, in which the pathogenetic mechanisms of functional disorders of the liver in women with impaired lipid metabolism

and features of pregnancy and childbirth in this pathology have been studied.
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Abbreviations

NAFLD: Nonalcoholic Fatty Liver Disease; NASH: Nonalcoholic Ste-
atohepatitis; BMI: Body Mass Index; AO: Abdominal Obesity; LDL:
Low-Density Lipoprotein; VLDL: Very Low-Density Lipoprotein;
oxLDL: Oxidized Low-Density Lipoprotein; HDL: High-Density Li-
poprotein; NO: Nitric Oxide; ADMA: Asymmetric Dimethylarginine

Introduction

Disorders of lipid metabolism are a significant pathological con-

dition among the factors of development of the threatening course

of pregnancy, obstetric and perinatal complications. According to
the WHO, 90% of overweight women as early as 20 - 25 years of
age show early manifestations of hepatic steatosis, which over the

next five years of life leads to non-alcoholic steatohepatitis [1].

At the same time, obesity in young women creates the precondi-
tions for the development of early hypertension, diabetes, infertil-
ity and other diseases. Current trends in social behavior provoke
non-compliance with the basics of nutrition, due to which the vio-
lation of lipid metabolism in women of reproductive age is growing

rapidly, with its frequency in pregnant women is from 9 to 20% [3].
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Simultaneously, overweight women with metabolism violation and
metabolic disorders in the liver are at risk of developing obstetric

and perinatal complications [2].

Since 2016, due to the recommendation of the European As-
sociation for the Study of the Liver (EASL), non-alcoholic fatty
liver disease (NAFLD) has been identified as an “umbrella” term
that includes progressive liver conditions that vary in severity of
liver injury and stage of fibrosis [3]. Non-alcoholic steatohepatitis
(NASH) is the most severe form of NAFLD and is defined by the ac-
cumulation of fat in the liver, the content of which exceeds 5% of its
weight, accompanied by pericellular fibrosis, which can progress to

cirrhosis, and even hepatocellular carcinoma [2,3].

Prevalence of NAFLD

Today, there exists an “explosive” interest in NAFLD due to its
growing impact on the health of the world’s population. Thus, in
the United States, according to WHO forecasts, the number of NASH
cases will increase to 100.9 million in 2030 against 83.1 million
in 2015 (~ 25% of the total population) [4,5]. Although nonalco-
holic fatty liver disease is usually accompanied by central obesity,
in North America and Europe (~ 83% of patients), in Asia there
is a significant percentage of patients with “lean NASH” who have
a normal body mass index (BMVI), even despite the limitations of
BMI for overweight in Asia (BMI > 23) (which is lower than in North
America and Europe (BMI > 25)) [5]. The prevalence of NASH in Eu-
ropean countries is also high, where ~ 25% of the total population
has a tendency to develop this disease. Thus, the prevalence by re-
gion varies from 8% in Romania to 45% in Greece [6,7]. According
to the results of the clinical and epidemiological study in Eastern
Europe DIREG 2, the proportion of people diagnosed with NAFLD
among 50,145 outpatients was 37.3%. The prevalence of NAFLD
(excluding cirrhosis of the liver) increases with increasing age of
patients from 2.90% (12 - 17 years) to 42.96% (60 - 69 years), the

same in reproductive age, its frequency ranges from 10 to 30% [8].

Some scientists identify NAFLD as an integral component of the
metabolic syndrome [11]. Moreover, an increase in the prevalence
and severity of NAFLD in young women may be associated with the
rising obesity trends [11]. In some studies, it was found the liver
dysfunction in the form of NAFLD in patients with abdominal obe-
sity (AO) and the other metabolic disorders in a greater percent-

age of cases [12]. A recent analysis by Younossi Z.M. in 2016, which
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was attended by more than 8.5 million people from 22 countries,
showed that more than 80% of patients with NAFLD were over-
weight or obese, 72% had dyslipidemia, 44% had Diabetes Mel-
litus [13]. Therefore, it can be considered that NAFLD is a hepatic
correlate of metabolic syndrome, systemic disorder of energy ho-

meostasis and is often accompanied by visceral obesity [13].

Pathogenetic mechanisms of NAFLD development in over-

weight

In addition, many authors consider the pathogenesis of NAFLD
and NASH as a “two-stroke” hypothesis [1,14]. At the initial stage of
the disease, the “first stroke” is characterized by the accumulation
of fat and triglycerides in the liver, insulin resistance, which corre-
sponds to hepatic steatosis, when the accumulation of fat is more
than 5% in the liver. Soon there appears a “second stroke”, which
is characterized by mitochondrial dysfunction, oxidative stress, the
inclusion of pro-inflammatory cytokines and adipokines, resulting
in a more sensitive liver. In this case, necroinflammation and fibro-
sis can occur, which eventually lead to cirrhosis [15,19]. However,
in further research, this hypothesis is simplified to reflect the com-
plexity of NAFLD and NASH.

Currently, the main theory of the pathogenesis of NAFLD is the
model of “multiple parallel strokes”, in which insulin resistance,
dyslipidemia, oxidative stress, endothelial dysfunction and sys-

temic inflammation play a significant role in liver damage [15].

Obesity is a significant risk factor for the mother, because due
to the effects of human estrogen, progesterone and placental lacto-
gen, the level of lipids in blood plasma increases significantly [16],
which is associated with hypertriglyceridemia caused by attenu-
ated endothelium-dependent relaxation with normal low density
lipoprotein levels (LDL) when the cholesterol levels are signifi-
cantly increased [17]. M. ]. Endresen investigated two mechanisms
of lipid profile disturbance during pregnancy. One is the estrogen-
induced hepatic synthesis of very low density lipoprotein triglyc-
erides (VLDL) [18]. The second mechanism explains the increase
of triglycerides in all circulating lipoproteins during gestation by
impaired removal of lipoprotein triglycerides by one or both lipo-

lytic enzymes, lipoprotein lipase and hepatic lipase [18].

New data confirm the role of cholesterol as an important fac-

tor in the pathogenesis of NAFLD/NASH due to the progressive
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increase in free cholesterol in the liver during the progression of
NAFLD to NASH [20]. Experimental models have shown that rais-
ing cholesterol levels during pregnancy contributes to liver inflam-
mation and fibrosis [21], while a cholesterol-free diet improves the
course of NASH during pregnancy [22]. The molecular mechanisms
underlying the accumulation of free cholesterol in pregnant wom-
en with NASH are multiple and are only partially elucidated. Cur-
rent data suggest that cholesterol homeostasis in NAFLD in preg-
nant women is impaired due to increased cholesterol synthesis and
absorption or dysfunction of cholesterol metabolism. Accordingly,
the activity of two key regulators of cholesterol synthesis - HMGCR
and SREBP?2 - is increased in patients with NASH [19,22]. Similarly,
expression analysis of genes involved in cholesterol metabolism
reveals a number of pathological links in pregnant women with
NAFLD [22]. At the same time, the liver absorbs “bad” cholesterol,
which leads to the deposition of cholesterol crystals in hepatocytes
and the generation of foamy Kupffer cells - two critical features of
NAFLD [23]. Intracellular accumulation of free cholesterol during
pregnancy is a key event for the activation of inflammation and the
inflammatory response and sensitization of cells to the transforma-
tion of growth factor beta (TGF-), TNF-a and Fas, which leads to
liver damage and disease progression. on the other hand - to the
development of pathological complications of pregnancy [22-24].
In addition, LDL cholesterol can be oxidized to oxidized low-den-
sity lipoprotein (0xLDL) cholesterol, which is found in high plasma
concentrations in patients with NASH [23] and induces proinflam-
matory cytokine secretion that accumulates in the lysosomes of
Kupffer cells, which during pregnancy plays an important role in
the development of placental dysfunction, miscarriage, sudden fe-

tal death syndrome, fetal growth retardation syndrome, etc [22,24].

To date, adipose tissue is a highly active endocrine gland
[22,24,25], which synthesizes a number of specific hormones
(leptin, resistin, adiponectin, visfatin, apelin, retinol-binding pro-
tein-4, testosterone, estrone, angiotensin), as well as proinflam-
matory cytokines such as IL-6, IL-8, TNF-a and regulators of lipo-
protein metabolism (hormone-sensitive lipase, lipoprotein lipase,
cholesterol-carrying protein) [25,26]. During pregnancy, which
is accompanied by overweight and NAFLD, the synthesis of these
highly active compounds is disrupted, and also plays an important
role in the development of both obstetric and perinatal complica-
tions [13].

Higher levels of leptin are usually accompanied by obesity, but

leptin shows sensitivity of muscle and adipose tissue to insulin,
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which in turn prevents excessive accumulation of adipocytes. In
most cases, overweight pregnant women have elevated levels of
leptin, which indicates leptin resistance [27]. Leptin resistance
disrupts the excretion of free fatty acids, causes the development
of hypertriglyceridemia and intensifies the process of fatty infiltra-

tion of the liver.

The main mechanisms of leptin’s action are increased hepatic
glycogenolysis, transport of metabolic products to skeletal muscle,
activation of lipolysis and reduction of triglycerides in adipose
and other tissues without increasing the level of free fatty acids
in blood plasma. Thus, adipose tissue itself synthesizes substances
that reduce the sensitivity of cells to insulin (TNF-q, leptin), de-
stroying the binding of insulin to specific receptors in adipocytes
[26,27]. Leptin has an antistetogenic effect in the early stages of
the disease, but it can also contribute to hepatic inflammation and
fibrosis with the progression of NAFLD [28]. Due to the importance
of leptin in the regulation of lipid and energy metabolism, it is im-
portant to study its pathogenetic mechanisms of action to create
effective treatments for NAFLD in obesity and prevention of fetal

macrosomia, placental dysfunction and birth defects.

Another important adipokine in the pathogenesis of NAFLD
is adiponectin, the level of which is reduced in non-alcoholic ste-
atohepatitis [28]. The mechanism of action of this adipokine is
the regulation of liver sensitivity to insulin, f-oxidation of FFA,
inhibition of lipid accumulation in adipose tissue and liver [26-
28]. Decreased levels of circulating adiponectin serve as a signal
of insulin resistance [28]. That is why many studies highlight the
importance of adipokine in the regulation of insulin sensitivity,
inhibition of gluconeogenesis. Adiponectin is considered an an-
tiatherogenic, antidiabetic, anti-inflammatory and antifibrotic
mediator that affects blood stem cells and Kupffer cells [29]. Adi-
ponectin synthesis has a negative correlation with the mass of vis-
ceral adipose tissue and inflammation in the liver. Decrease in its
concentration in blood serum serves as a signal of development
of obesity [29,30,32]. Increased TNF-a function in obesity inhibits
adiponectin gene expression, which explains its decrease against
the background of overweight and metabolic syndrome in preg-
nant women [30,31]. Another potential factor linking adipocyte
hypertrophy with decreased adiponectin synthesis is mitochon-
drial dysfunction [32]. Recent publications show that the expres-
sion of 11B-hydroxysteroid dehydrogenase type 1 (113-HSD1) is
increased in hypertrophic adipocytes, and this may lead to mito-

chondrial dysfunction and decreased adiponectin synthesis, which
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play an important role in the pathogenetic mechanism of weight
development. In his studies, Matsuzawa [33] highlighted the posi-
tive role of adiponectin in lowering triglycerides, increasing high-
density lipoprotein (HDL) levels and normalizing endothelial func-

tion.

It should be noted that endothelial dysfunction is one of the lead-
ing pathogenetic mechanisms of development of both NAFLD and
pregnancy complications [34]. Endothelium provides vascular ho-
meostasis, is responsible for the transport of nutrients, regulation
of inflammatory and reparative processes and signals local damage
[35] and synthesizes a number of biologically active substances:
nitric oxide (NO), edothelin-1, thromboxane, angiotensin-1, inter-
leukin-1; regulates blood clotting function. Nitric oxide is the most
powerful vasodilator synthesized from L-arginine under the influ-
ence of NO synthases. Deficiency of L-arginine or slowing down the
synthesis of NO-synthase lead to nitric oxide deficiency, which in
turn serves as a trigger in the development of endothelial dysfunc-
tion and a predictor of fetal distress in pregnant women, impaired

blood flow in the umbilical arteries, etc [34,35].

An important pathogenetic link in the formation of endothelial
dysfunction in pregnant women with NAFLD is an increase in reac-
tive oxygen species (ROS), reactive nitrogen forms (RNOS), asym-
metric dimethylarginine (ADMA), decreased synthesis of NO while
reducing its bioavailability [28]. NO synthesized from L-arginine
under the influence of three isoforms NO-synthase is a vasodila-
tor and a predictor of vascular spasm of various origins. NO has
high antioxidant properties, but in overweight and/or obesity in-
creased concentration of free radicals causes inactivation of NO
[35,37], which in turn leads to a decrease in vascular wall elasticity,
increased vascular resistance and the development of hyperten-
sion, preeclampsia and cardiovascular disorders in pregnant wom-
en [24,38]. NO deficiency in pregnant women leads to glomerular
filtration disorders and vasospasm. According to Caimi and Hoops
(2012), L-arginine deficiency is one of the reasons for the decrease
in NO bioavailability, resulting in the formation of endothelial dys-

function during pregnancy [35].

At the same time, Sheldon in (2015) demonstrated that endo-
thelial dysfunction, which is accompanied by NO deficiency, is in-
volved in the progression of NAFLD and is accompanied by activa-
tion of stellate liver cells, which leads to the development of NASH

and hypertension in pregnant [36].
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Ang and Hillier (2001) found that NO synthesis is reduced in
early pregnancy, but F. Medaglia., et al. (2001) emphasize that in
the second half of pregnancy, the production of NO by the vascular
endothelium increases and thus adapts the cardiovascular system
of the pregnant woman to the increase in circulating blood volume
[37].

A Leiva,, et al. (2016) noted that in the placenta during NAFLD
there is an increased synthesis of NO, however, despite this, the
bioavailability of NO is reduced. These changes may be due to oxi-
dative stress observed in NAFLD, because NO reacts with reactive
oxygen species, the concentration of reactive NO forms is signifi-
cantly reduced. As a result of these changes, there is an obvious
risk of fetal distress [38].

Elevated levels of extracellular adenosine activate adrenocep-
tors, which leads to increased NO synthesis, activation of eNOS
transport of L-arginine due to activation of cationic amino acids
hCAT-1ds (Adenosine/L-arginine/Nitric Oxide (ALANO) pathway).
These disorders indicate endothelial dysfunction [36,38].

ADMA regulates endothelial function by inhibiting eNOS, cat-
ionic amino acids, and simultaneously inhibits NO synthesis. ADMA
may contribute to the development of endothelial dysfunction and
oxidative stress [16,27]. Although, Akturk., et al. (2010) reported
that the level of peripheral blood ADMA is elevated in patients with
NAFLD, indicating endothelial activation and the consequences of
endothelial dysfunction [39] and Poniedziatek-Czajkowska., et al.
(2016) indicate that pregnant women with NAFLD have signifi-
cantly lower levels of ADMA than healthy pregnant women, and
this observation indicates increased transport of L-arginine and
NO synthesis by vascular endothelium [9]. It is important to note
that there are some differences between the two studies: while
Akturk,, et al. [39] studied normal and NAFLD groups similar in
obesity status, with a BMI of 29.59 kg/m? and 28.66 kg/m?, respec-
tively, Poniedziatek-Czajkowska., et al. [9] compared NAFLD ac-
companied by obesity in pregnant women (BMI 27.93 kg/m?) with
a control group of pregnant women with normal body weight, with
a BMI of 22.34 kg/m?

Hypoxia and TNF-a also play an important role in endothelial
function damage [68]. In experimental NAFLD models, hypoxia
induces changes in lipid homeostasis by activating genes respon-
sible for lipogenesis of SREBP-1c, PPARy, ACC1, or ACC2, and at
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the same time inhibiting genes involved in lipid metabolism such
as PPARa and carnitine palmitoyltransferase I (CPT 1) [26,29]. In
addition to lipid metabolism, insulin signaling is also disrupted,
and in hypoxic conditions there is hepatic regulation of inflamma-
tory cytokines and profibrogenic genes [13]. Also, reduced oxygen
availability causes the secretion of adipokines and inflammatory
cytokines in adipose tissue [25], contributing to changes in lipid
metabolism and glucose homeostasis [28,30,35]. These effects are
mediated by transcription factors HIF-1a and HIF-2a, which regu-
late the response of cells to oxygen deficiency, and may be activated
by other stimuli, including oxidative stress or inflammatory signals
[9]. At the same time, hypoxia has been shown to modulate inflam-
mation by regulating TLR expression and function through HIF-1
[9,18,37]. According to this scheme, the activation of the nonspe-
cific inflammatory response which are observed in obese patients
with NAFLD during pregnancy may be exacerbated by hypoxia
through a positive feedback mechanism involving HIF-1a and NF-
kB, which explains the exacerbation of liver damage in subjects
with NAFLD in the presence of obstructive sleep apnea-hypopnea
syndrome (OSAGS) and may be the cause of fetal distress [39].

The early diagnostics and treatment of obese pregnant women
with NAFLD to prevent obstetric and perinatal complications may
require the assessment of the anti-aging gene Sirtuin 1. Sirtuin 1
repression is involved with obesity and NAFLD and the role of Sir-
tuin 1 is critical for the treatment of obese pregnant women with
NAFLD [41,42]. Sirtuin 1 is involved in the regulation of nitric oxide
(NO) homeostasis and its repression is connected to vasocontric-
tion and immune dysregulation. Sirtuin 1 activation is important to
NO homeostasis and the treatment of NAFLD with relevance to ob-
stetric complications [42,43]. The risk of developing steatosis at a
young age in these obese pregnant women will require the assess-
ment of the consumption of Sirtuin 1 activators versus Sirtuin 1 in-
hibitors. Sirtuin 1 inhibitors may induce NAFLD and worsen preg-
nancy and childbirth in pregnant women [44]. Early diagnostics
and treatment of obese pregnant women with NAFLD to prevent
obstetric and perinatal complications may require the assessment
of plasma Sirtuin 1 levels that have been shown to be decreased in
individuals with NAFLD.

Oxidative stress plays a leading role in damaged endothelial
functions [34] due to the ability of oxygen to form active com-

pounds with high oxidative capacity, which forms a number of toxic
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reactions and uncontrolled intensification of peroxidation process-
es, leading to various obstetric complications, including placental
dysfunction, fetal distress, uterine contractions abnormalities,
uterine atony, preeclampsia, hemorrhages in the second and third

trimester of pregnancy [28,29,34].

Based on evidence that a large number of intracellular reactive
oxygen species are formed in mitochondria and hyperproduction
of reactive oxygen species is detected in respiratory disorders,
mitochondrial damage has been proposed as a major link in the
pathogenesis of NASH [29,30,35]. Structural and functional defects
of mitochondria were found in pregnant women with NAFLD [35].
However, several mechanisms that contribute to mitochondrial
disruption and subsequent hepatocellular trauma during NASH are
related to lipotoxicity. It has been shown that after lipid accumula-
tion, water and calcium influx in mitochondria increase due to de-
creased phosphorylation of the voltage-dependent anion channel
(VDAC) in the outer mitochondrial membrane, resulting release of
cytochrome C and cell death [38], which may play an important

role in the development of fetal distress and antenatal death.

Oxidative stress plays a leading role in the occurrence and ad-
verse course of NAFLD during pregnancy [37]. Secondary hyper-
insulinemia occurs due to insulin resistance [18]. In turn, insulin
stimulates the production of superoxide radical, activates plasma
membrane NADPH oxidase of fibroblasts, inflammatory blood cells
and adipocytes [24], which contributes to the disruption of meta-
bolic processes in the placenta, reducing its trophic and endocrine

function.

There are many scientific studies that indicate increased sen-
sitivity of abdominal fat to catecholamines, which contribute to
the significant release of free fatty acids, and its reduced sensitiv-
ity to the antilipolytic action of insulin [7,25]. Under the influence
of secondary hyperinsulinemia and insulin resistance, VLDL lev-
els increase and become resistant to lipoprotein lipase, which is
involved in the formation of HDL and the excretion of VLDL [16].
Thus, the active decomposition of HDL is ensured, which leads to
the creation of conditions for the synthesis of atherogenic VLDL
and LDL, which lead to the development of massive petrifications
in the placenta, its hypertrophy, fetal macrosomia, uterine atony

and uterine inertia [17,19].
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Sankaralingam., et al. (2009) used plasma in women with pre-
eclampsia to enhance the production of NADPH oxidase superoxide
and peroxynitrite by activating LOX-1 in endothelial cells [40]. In
addition to oxLDL, other circulating factors that are exacerbated
during the development of preeclampsia in pregnant women are
also able to activate LOX-1. These include anionic phospholipids,
apoptotic cells, activated platelets, and bacteria [40]. Thus, the LOX-
1 pathway becomes a key factor involved in the formation of endo-
thelial dysfunction and cardiovascular disease during pregnancy.
OxLDL increases the induction of the hemoxygenase system-1 (HO-
1) in response to reactive oxygen species [38-40]. HO-1 is a power-
ful anti-inflammatory and vasodilator that has a protective effect
against a wide range of pathological conditions during pregnancy
[34,35]. There are studies that indicate that HO-1 has been used in
the treatment of cardiovascular disease and hypertension during
pregnancy [36]. In addition, studies in pregnant mice have shown
an important role of hemoxygenases in the establishment and
maintenance of pregnancy and adequate placental blood flow [34].
The HO-1 pathway has a direct effect by inhibiting the production
of endothelin-1 (ET-1) in cultured human glomerular endothelial
cells, suggesting that HO-1 may inhibit endothelin-1 production,
playing an important role in the regulation of blood pressure dur-
ing placental ischemia [36]. The presence of endothelial dysfunc-
tion in pregnant women with overweight is evidenced by high ET-1,
which is a prerequisite for the development of changes in the feto-
placental complex, and as a consequence, the emergence of fetal

growth retardation syndrome [33,36,40].

Conclusion

Despite the significant prevalence of comorbid pathology in
pregnant women, a small number of important studies have re-
vealed the pathogenetic mechanisms of functional liver disorders
in overweight women and the peculiarities of pregnancy duration
and childbirth in combination with NAFLD. To date, no diagnostic
and prognostic criteria have been developed for timely prognosis,
early diagnostics and treatment of obese pregnant women with

NAFLD to prevent obstetric and perinatal complications.

In our literature review, we analyzed changes in lipid metabo-
lism and endothelial function, biochemical markers, the role of the
liver in the regulation of lipid metabolism, and key risk factors for
steatosis at a young age that may worsen pregnancy and childbirth

in pregnant women with NAFLD and obesity.
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It is established that the combination of NAFLD and obesity has
a significant impact on the development of obstetric and perinatal
complications. In the modern literature, the role of NAFLD against
the background of lipid metabolism disorders in the pathology
of pregnancy is insufficiently defined, which requires further re-
search in this area and the development of programs for the pre-

diction and timely treatment of obstetric complications.
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