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Summary

Cholesterol participates in the construction of all body cells, steroid
hormones, and bile acids. Its role in pregnancy is of key importance
in the form of the synthesis of hormones without which conception
and pregnancy would not be possible, and later in developing the
physiological functions of the fetus as well. Triglycerides as the main
energy substrate serve in the normal growth and development of
the fetus. Normal reference values for lipid status in pregnancy have
not been established yet. It has been proven that elevated, as well
as reduced values of total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and
triglycerides (TG) participate in pathological conditions of pregnancy
— gestational diabetes mellitus, preeclampsia, macrosomia, restrict-
ed fetal growth, etc. The treatment of dyslipidemia is limited due to
the lack of pharmacological studies on pregnant women, as well as
the teratogenic effect of anti-lipid drugs. This review article deals
with the effect of cholesterol and triglycerides on pregnancy, preg-
nancy outcomes, prenatal and postnatal effects on the fetus, as well
as current and future treatment options.
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INTRODUCTION

Cholesterol takes part in the development of all cells and
serves as a starting compound for the synthesis of steroid
hormones and bile acids (1). Tissues use exogenous cho-
lesterol (intake from food) and endogenous cholesterol
(synthesized in tissues, primarily in the liver). Choles-
terol ingested with food is resorbed into the epithelial
cells of the small intestine, where it is packaged together
with other lipids and proteins into chylomicrons (1). The
protein part of chylomicrons and other lipoproteins is
called apolipoprotein (APO). Chylomicrons travel from
the intestines through the thoracic lymphatic duct into
the bloodstream and to the liver (1). Cholesterol stored
in the body is transported from the liver in the compo-
sition of VLDL-C lipoproteins to peripheral tissues. In
plasma, cholesterol, like other lipids, is found primarily in
the composition of lipoproteins, and to a lesser extent as
free cholesterol bound to plasma proteins (2). Cholester-
ol is monitored in a routine laboratory analysis together
with triglycerides as a factor in many diseases, primarily
cardiovascular, metabolic and endocrine. Cholesterol is a
precursor to steroid hormones critical to pregnancy, in-
cluding estrogens, progesterone, androgens, corticoste-
roids, and vitamin D (1,2). Many of these hormones are
produced by the placenta (3).

Triglycerides are the most abundant fats in the hu-
man diet because they are the main form of fat storage in
plants and animals (1,2). They consist of glycerol that is
esterified with three fatty acids. They are broken down
by a series of lipases in the intestinal tract and then ab-
sorbed in the small intestine, where they have condensed
again into triacylglycerols, which combine into lipopro-
tein particles - chylomicrons (which contain both choles-
terol and liposoluble vitamins (1,2). Chylomicrons in the
peripheral blood are broken down by lipoprotein lipase
stimulated by insulin. When the triglyceride level in-
creases after a meal, insulin is released, which additional-
ly activates LPL and accelerates the release of fatty acids
from TG by hydrolysis which are then stored in adipose
tissue. The rest of the chylomicrons are transported to
the liver and absorbed into hepatocytes (4).

Lipids in pregnancy

There is indisputable evidence that changes in lipid sta-
tus occur during pregnancy. These changes are necessary
for the normal growth and development of the fetus (S).
During pregnancy, there is a physiological increase of 30-
50% in triglycerides and total cholesterol in the plasma,
especially in the second and third trimester. The reason for
such a significant change in lipid status during pregnancy
is found in changes in hormones such as estrogens, proges-
terone, HPL, and insulin, as well as altered general metab-
olism of the liver and fat tissue (5). In the first trimester, un-
der the influence of insulin, cholesterol, and triglycerides

increase based on increased lipid synthesis (lipogenesis)
and inhibition of lipid degradation (lipolysis) (6). As preg-
nancy progresses and the fetus develops, more and more
energy is needed to perform normal metabolic functions.
For this reason, there is a shift of the mother’s lipid metabo-
lism towards increased lipolysis, compared to its inhibition
during early pregnancy (7). The consequences of these
changes lead to an increased deposition of lipids in adi-
pose tissue during the first trimester, and in the second and
third trimesters to a marked mobilization of lipids in the
form of an increased level of free fatty acids, triglycerides
and cholesterol, which will be delivered to the fetus via the
placenta and serve it for general metabolic functions, and
the synthesis of necessary steroid hormones (5,7).

Recommended reference values by WHO (World
Health Organization) lipid profile in the normal pop-
ulation are as follows: total cholesterol <5.20, HDL-C
>1.53, LDL-C <2.6, Triglycerides <1.69. When it comes
to pregnant women, there are still no recommended
values. The reason for this practice is the insufficiently
researched influence of hyperlipidemia and hypercho-
lesterolemia during normal pregnancy. Although the
reference values of the lipid profile in pregnant women
are not established, we can see the values obtained in
the latest research. Wang et al. showed the values of
TC, LDL-C, HDL-C, TG, and the TG/HDL-C ratio
in a large population of pregnant women of Asian ori-
gin, as well as the changes in these values through the
trimesters of pregnancy. The values of TC (from 4.04
to 6.16 mmol/L), HDL-C (from 1.42 to 1.71 mmol/L),
LDL-C (from 2.15 to 3.30 mmol/L), TG (from 0.94
to 3.14 mmol/L), TG/HDL-C (from 0.70 to 1.96) (8).
Given the physiological differences in lipid status
between different ethnic populations (9), in a similar
study by Bever AM et al., the following values were
obtained from the Caucasian population — TC 6.28
mmol/L, LDL-C 3.38 mmol/L, HDL-C 1.67 mmol/L,
TG 2.51 mmol/l (10). What is of particular importance
is that molecularly smaller LDL-C particles are cre-
ated during pregnancy, which have been proven to be
more atherogenic than those outside of pregnancy (5).
As there has been a general epidemic of metabolic syn-
drome, heart disease, high blood pressure, atheroscle-
rosis, and diabetes, more attention has been paid to the
lipid status of pregnant women. Pregnancies burdened
with gestational diabetes, gestational hypertension,
and preeclampsia showed higher than normal lipid val-
ues. These changes have also shown an impact on the
growth and development of the fetus, as well as on the
outcome of the pregnancy. This created a wide and un-
explored field for further research (5,6).

Role of the placenta in lipid synthesis and transport

The placentais the link between the mother and the fetus.
Through it, elevated lipid concentrations can affect the
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growth and development of the fetus (11). The placenta
participates in the biosynthesis, regulation, and transport
of cholesterol between mother and fetus. Approximately
20% of the total cholesterol requirement of the fetus is
transported across the placenta and this percentage in-
creases in states of maternal hypercholesterolemia (12).
Evidence for this transport can be found in Smith-Lemli-
Opitz syndrome, a congenital defect in cholesterol syn-
thesis (13). Given that there is no synthesis by the fetus,
and fetuses are born with a certain amount of cholesterol,
this confirms the transfer pathways between the placen-
ta and the fetus (13). The placenta is also equipped with
the necessary enzymes for the production of many ste-
roid hormones for the maintenance of pregnancy and the
development of the fetus - estrogens, progesterone, an-
drogens, and glucocorticoids. Given that all cells require
cholesterol, it is clear why large amounts of this lipid are
needed in a fast-growing organism. In the syncytiotro-
phoblast, there are receptors for uptaking cholesterol
from the mother’s bloodstream through receptors similar
to those in hepatocytes - low-density lipoprotein receptor
(LDL-CR) and scavenger receptor class B type I (SRB1)
(14). ApoB in the trophoblast controls lipoprotein up-
take. Also, VLDL-C metabolism is changed in pregnan-
cy due to reduced activity of lipoprotein lipase in the liver
and adipose tissue, and increased activity in the placenta.
In this way, degraded lipoproteins, i.e., products of en-
zymatic degradation, can effectively reach the fetus and
fulfill its increased metabolic requirements (10).

The impact of dyslipidemia on pregnancy

Dyslipidemia in pregnancy is associated with gestation-
al diabetes mellitus (GDM), preeclampsia, macrosomia,
preterm birth, and other pregnancy complications. Wom-
en with a rich-in-cholesterol diet have a higher incidence
of developing gestational diabetes (15). A low level of
HDL-C and an elevated BMI have a particular impact on
the development of GDM (13). On the other hand, women
with gestational diabetes show elevated levels of LDL-C
and apoB in their laboratory lipid values. A peculiarity
in pregnancy is that LDL-C particles are smaller in size
than those outside pregnancy (5). It has been proven that
these LDL-C particles are more atherogenic and can lead
to faster clogging of blood vessels, especially coronary ar-
teries. A protective factor, if we can say so, is the length of
pregnancy of 40 weeks, during which so many extensive
changes in the myocardium cannot occur. Whether any
reversible changes occur remains to be seen (5).

Elevated LDL-C is associated with preeclampsia due
to its endothelial damaging properties via its oxidized
form. In pregnant women with preeclampsia, there were
elevated LDL-C values in laboratory values, which were
maintained up to three years after delivery. In alarge study
by Jin, Wy et al. it has been proven that an increase in
each unit of triglycerides and total cholesterol, especially

LDL-C, during pregnancy leads to an increased risk of de-
veloping gestational diabetes, preeclampsia, macrosomia,
and premature birth. On the other hand, with an increase
in HDL-C concentration in the total ratio with LDL-C,
the percentage of occurrence of pathological conditions
and poor pregnancy outcomes was lower (16).

On the other hand, reduced cholesterol values have
a negative impact on pregnancy and may contribute to
the risk of premature birth (p=0.001) (17). Newborns
of mothers with lower total cholesterol values had 150g
lower body weight at birth than healthy controls. The
authors also suggested that the risk was somewhat in-
creased in mothers with hypercholesterolemia.

In a study conducted by Sharami S. et al. pregnant
women with dyslipidemia in the form of elevated tri-
glycerides, cholesterol, and LDL-C had increased inci-
dences of gestational diabetes (p<0.001), preeclamp-
sia (p<0.001), cholestasis (p=0.041) and macrosomia
(p<0.001) (18).

The effect of dyslipidemia on the fetus

Disturbed maternal lipid values during pregnancy have
a negative outcome for the fetus. The consequences are
visible in all parts of fetal development and later in adult-
hood. The influence of elevated lipid values in utero leads
to LGA (large for gestational age) and fetal macrosomia.
It affects the term of delivery in the form of preterm
birth, as well as the impact on postpartum life in the form
of metabolic syndrome later in life. Recent studies have
shown the influence of reduced triglyceride values on in-
trauterine fetal growth (17).

This raises the question of the importance of lipid
control in pregnancy and it focuses on the aspect of fetal
programming that can prevent these metabolic changes
later in adult life.

A meta-analysis by Wang Y. et al. investigated the rela-
tionship between maternal dyslipidemia and intrauterine
growth retardation. They monitored the values of total
cholesterol, triglycerides, LDL-C, and HDL-C. A total of
eight studies (over 14,000 pregnant women) were includ-
ed in the analysis. The result of the research indicated
that reduced values of total cholesterol, triglycerides, and
LDL-C were risk factors for SGA (small for gestational
age) fetuses (20).

The results so far show that the lipid status of the
mother during pregnancy has a direct effect on the
growth of the fetus and its metabolism later in life. In a
physiological pregnancy, there is an increase in the level
of lipids in the mother’s blood and fat tissue, but if mal-
nutrition occurs, or a pathologically high accumulation
of total cholesterol and triglycerides, then there are con-
sequences for the fetus in the form of decreased or in-
creased body weight at birth (21). When in question, oth-
erwise protective in the cardiovascular sense, HDL-C
in the study by Kramer et al. showed that higher mean
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HDL-C values in the second trimester of pregnancy were
found in fetuses with a lower than average body weight,
while elevated triglyceride values were protective and as-
sociated with a lower risk of SGA (22).

Treatment

Since reference values for lipids in pregnant women have
notbeen established yet, it is difficult to talk about specif-
ic treatment of hyperlipidemia. Statins (HMG CoA-re-
ductase inhibitors) that are widely used in the treatment
of hypercholesterolemia are not used in pregnancies (23).
In animal studies, statin use resulted in various skeletal
abnormalities and increased fetal morbidity and mor-
tality. The impact of statins that cross the blood-brain
barrier in the form of neurological damage has also been
confirmed. In addition, in the majority of studies deal-
ing with the treatment of dyslipidemia, pregnant women
were excluded from research. The result is a huge gap in
the control and treatment of this condition in pregnancy.
Omega-3 fatty acids are used as a supplement to reg-
ulate elevated lipid levels. They have been proven to re-
duce triglyceride levels. They have a direct impact on
increasing “good” HDL-C and reducing “bad” LDL-C
(24). Williams M. et al. showed that supplementation
with fish oil led to a decrease in triglycerides and an in-
crease in HDL-C cholesterol in maternal plasma (22).
For now, a successful type of therapy for both reduced
and elevated maternal plasma lipid values is performed

through a dietary hygiene regimen. One of the drastic
types of therapy in pregnancy is used in the treatment
of the rare condition of acute pancreatitis and familial
hypercholesterolemia. Due to extremely elevated cho-
lesterol values in this condition, the process of LDL-C
aphaeresis is used, which reduces the concentration of
LDL-C cholesterol in a targeted manner, while HDL-C
cholesterol remains unchanged (25).

CONCLUSION

The influence of cholesterol and triglycerides on the
mother and fetus is complex. Dyslipidemia contributes
to the development of cardiovascular diseases, gestation-
al diabetes, hypertension in pregnancy, preeclampsia,
and other pathological conditions. Elevated lipid levels
contribute to premature birth, macrosomia, and the de-
velopment of metabolic syndrome later in life. The lack
of cholesterol and triglycerides during pregnancy nega-
tively affects the growth and development of the fetus.
Further studies are necessary to define lipid reference
values in pregnancy, as well as numerous scientific con-
tributions and pharmacological studies for establishing
adequate therapy.
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RELEVANTNOST HOLESTEROLA | TRIGLICERIDA U TRUDNOCI

Milos Milincic?, Stefan Dugalic*?, Miroslava Gojnic'?

Sazetak

Holesterol ucestvuje u izgradnji svih celija organizma,
steroidnih hormona i zu¢nih kiselina. Njegova uloga u
trudnodi je od klju¢nog znacaja u vidu sinteze hormona
bez kojih zacece i trudnoca ne bi bili mogudi, a kasnijeiu
razvijanju fizioloskih funkcija fetusa. Trigliceridi kao glav-
ni energetski supstrat sluze normalnom rastu i razvoju
ploda. Normalne referentne vrednosti lipidnog statusa
u trudnodi jos uvek nisu uspostavljene. Dokazano je da
povisene, kao i smanjene vrednosti ukupnog holestero-
la, holesterola lipoproteina velike gustine (HDL-C), ho-

lesterola lipoproteina male gustine (LDL-C) i triglicerida
(TCG) ucestvuju u patoloskim stanjima trudnoce - ge-
stacioni dijabetes melitus, preeklampsija, makrozomija,
restrikcija rasta, itd. Lecenje dislipidemije je ograniceno
zbog nedostatka farmakoloskih studija na trudnicama,
kao i teratogenog efekta antilipidnih lekova. Ovaj pre-
gledni rad se bavi uticajem holesterola i triglicerida na
trudnocu, ishod trudnoce, prenatalnim i postnatalnim
uticajem na plod, kao i moguénostima trenutnog i bu-
duceg lecenja.

Kljuéne reci: Trudnoca; Hiperholesterolemija u trudnoci; Dislipidemija u trudnodi; LDL holesterol u trudnodi, Trigli-

ceridi u trudnoci.
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