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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 (5). 
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 placenta is 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 a large 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 inf luence 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 inf luence 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 
not been 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 inf luence 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.

Conflict of interest

None to declare

References 
1.	 Lieberman M, Peet A. Marks’ basic medical biochemistry: A clin-

ical approach. 5th ed. Philadelphia, PA: Lippincott Williams and 
Wilkins; 2017.

2.	 Lehninger Principles of Biochemistry, Fourth Edition. David L. Nel-
son, Rabbi David Nelson, Ph.D., Michael M. Cox. PA: W.H. Free-
man; 2004.

3.	 Gude NM, Roberts CT, Kalionis B, King RG. Growth and function 
of the normal human placenta.ThrombRes.2004;114(56):397407.
doi:10.1016/j.thromres.2004.06.03. PMID: 15507270.

4.	 Ko CW, Qu J, Black DD, Tso P. Regulation of intestinal lipid metab-
olism: current concepts and relevance to disease. Nat Rev Gastro-
enterol Hepatol. 2020(3):169-183. doi: 10.1038/s41575-019-0250-7. 
PMID: 32015520.

5.	 Brizzi P, Tonolo G, Esposito F, Puddu L, Dessole S, Maioli M, et al. 
Lipoprotein metabolism during normal pregnancy. Am J Obstet Gy-
necol. 1999;181(2):430–4. doi: 10.1016/s0002-9378(99)70574-0.

6.	 Barrett HL, Dekker Nitert M, McIntyre HD, Callaway LK. Normal-
izing metabolism in diabetic pregnancy: is it time to target lipids? 
Diabetes Care. 2014 May;37(5):1484-93. doi: 10.2337/dc13-1934. 
PMID: 24757231. 

7.	 Luo J, Jiang L, Yang H, Song BL. Routes and mechanisms of post-en-
dosomal cholesterol trafficking: A story that never ends. Traffic. 2017 
Apr;18(4):209-217. doi: 10.1111/tra.12471. PMID: 28191915.

8.	 Wang, Jing MD; Li, Zhi MD; Lin, Li MD*. Maternal lipid profiles 
in women with and without gestational diabetes mellitus. Medicine 
98(16):p e15320, April 2019. | DOI: 10.1097/MD.0000000000015320

9.	 Willey JZ, Rodriguez CJ, Carlino RF, Moon YP, Paik MC, Boden-Al-
bala B, Sacco RL, DiTullio MR, Homma S, Elkind MS. Race-ethnic 

differences in the association between lipid profile components and 
risk of myocardial infarction: The Northern Manhattan Study. Am 
Heart J. 2011 May;161(5):886-92. doi: 10.1016/j.ahj.2011.01.018.

10.	 Bever AM, Mumford SL, Schisterman EF, Sjaarda L, Perkins NJ, 
Gerlanc N, DeVilbiss EA, Silver RM, Kim K, Nobles CJ, Amyx MM, 
Levine LD, Grantz KL. Maternal preconception lipid profile and ges-
tational lipid changes in relation to birthweight outcomes. Sci Rep. 
2020 Jan 28;10(1):1374. doi: 10.1038/s41598-019-57373-z.

11.	 Burton GJ, Fowden AL, Thornburg KL. Placental Origins of Chron-
ic Disease.  Physiol Rev. 2016;96(4):1509-1565. doi:10.1152/phys-
rev.00029.2015. 

12.	 Blundell, C., Tess, E. R., Schanzer, A. S., Coutifaris, C., Su, E. J., Par-
ry, S., et al. (2016). A microphysiological model of the human placen-
tal barrier. Lab Chip 16, 3065–3073. doi: 10.1039/c6lc00259e

13.	 Laura A Woollett, Maternal cholesterol in fetal development: trans-
port of cholesterol from the maternal to the fetal circulation,  The 
American Journal of Clinical Nutrition, Volume 82, Issue 6, Decem-
ber 2005, Pages 1155-1161, doi.org/10.1093/ajcn/82.6.1155.

14.	 Mineo C, Shaul PW. Functions of scavenger receptor class B, type I 
in atherosclerosis. Curr Opin Lipidol2012;23(5):487–93.doi: 10.1097/
MOL.0b013e328357ba61

15.	 Zeljković, A.; Ardalić, et al. Effects of Gestational Diabetes Mellitus 
on Cholesterol Metabolism in Women with High-Risk Pregnancies: 
Possible Implications for Neonatal Outcome. Metabolites 2022, 12, 
959. https://doi.org/10.3390/metabo12100959

16.	 Jin, WY., Lin, SL., Hou, RL. et al. Associations between maternal 
lipid profile and pregnancy complications and perinatal outcomes: a 
population-based study from China. BMC Pregnancy Childbirth 16, 
60 (2016). https://doi.org/10.1186/s12884-016-0852-9. 



| 65

The relevance of cholesterol and triglycerides in pregnancy

17.	 Edison RJ, Berg K, Remaley A, Kelley R, Rotimi C, Stevenson RE, 
Muenke M. Adverse birth outcome among mothers with low se-
rum cholesterol. Pediatrics. 2007 Oct;120(4):723-33. doi: 10.1542/
peds.2006-1939. PMID: 17908758. 

18.	 Hajar Sharami S, Abbasi Ranjbar Z, Alizadeh F, Kazemnejad E. The 
relationship of hyperlipidemia with maternal and neonatal out-
comes in pregnancy: A cross-sectional study. Int J Reprod Biomed. 
2019 Nov 7;17(10):739-748. doi: 10.18502/ijrm.v17i10.5294. PMID: 
31807722; PMCID: PMC6844284. 

19.	 Chen, Q., Chen, H., Xi, F. et al. Association between maternal blood 
lipids levels during pregnancy and risk of small-for-gestational-age 
infants. Sci Rep 10, 19865 (2020). https://doi.org/10.1038/s41598-
020-76845-1 

20.	 Wang Y, Chen Z, Zhang F. Association between maternal lipid 
levels during pregnancy and delivery of small for gestational age: 
A systematic review and meta-analysis. Front Pediatr. 2022 Oct 
6;10:934505. doi: 10.3389/fped.2022.934505. 

21.	 Jin W-Y, Lin S-L, Hou R-L, Chen X-Y, Han T, Jin Y, et al. Associa-
tions between maternal lipid profile and pregnancy complications 
and perinatal outcomes: a population-based study from China. BMC 

Pregnancy and Childbirth2016 Mar 21;16(1). doi: 10.1186/s12884-
016-0852-9 

22.	 Kramer MS, Kahn SR, Dahhou M, Otvos J, Genest J, Platt RW, et 
al. Maternal Lipids and Small for Gestational Age Birth at Term. 
The Journal of Pediatrics. 2013 Oct;163(4):983–8. doi: 10.1016/j.
jpeds.2013.05.014 

23.	 Kusters, D. M., Lahsinoui, H. H., van de Post, J. A., Wiegman, A., Wi-
jburg, F. A., Kastelein, J. J., & Hutten, B. A. (2012). Statin use during 
pregnancy: a systematic review and meta-analysis. Expert Review of 
Cardiovascular Therapy, 10(3), 363–378. doi:10.1586/erc.11.196 

24.	 Williams MA, Frederick IO, Qiu C, Meryman LJ, King IB, Walsh 
SW, et al. Maternal erythrocyte omega-3 and omega-6 fatty acids, 
and plasma lipid concentrations, are associated with habitual di-
etary fish consumption in early pregnancy. Clinical Biochemistry. 
2006 Nov;39(11):1063–70. doi:10.1016/j.clinbiochem.2006.09.008

25.	 Perrone S, Perrone G, Brunelli R, Di Giacomo S, Galoppi P, Flam-
mini G, Morozzi C, Stefanutti C. A complicated pregnancy in ho-
mozygous familial hypercholesterolaemia treated with lipoprotein 
apheresis: A case report. Atheroscler Suppl. 2019 Dec;40:113-116. 
doi: 10.1016/j.atherosclerosissup.2019.08.033.

RELEVANTNOST HOLESTEROLA I TRIGLICERIDA U TRUDNOĆI
Milos Milincic1, Stefan Dugalic1, 2, Miroslava Gojnic1,2

Sažetak

Holesterol učestvuje u izgradnji svih ćelija organizma, 
steroidnih hormona i žučnih kiselina. Njegova uloga u 
trudnoći je od ključnog značaja u vidu sinteze hormona 
bez kojih začeće i trudnoća ne bi bili mogući, a kasnije i u 
razvijanju fizioloških funkcija fetusa. Trigliceridi kao glav-
ni energetski supstrat služe normalnom rastu i razvoju 
ploda. Normalne referentne vrednosti lipidnog statusa 
u trudnoći još uvek nisu uspostavljene. Dokazano je da 
povišene, kao i smanjene vrednosti ukupnog holestero-
la, holesterola lipoproteina velike gustine (HDL-C), ho-

lesterola lipoproteina male gustine (LDL-C) i triglicerida 
(TCG) učestvuju u patološkim stanjima trudnoće – ge-
stacioni dijabetes melitus, preeklampsija, makrozomija, 
restrikcija rasta, itd. Lečenje dislipidemije je ograničeno 
zbog nedostatka farmakoloških studija na trudnicama, 
kao i teratogenog efekta antilipidnih lekova. Ovaj pre-
gledni rad se bavi uticajem holesterola i triglicerida na 
trudnoću, ishod trudnoće, prenatalnim i postnatalnim 
uticajem na plod, kao i mogućnostima trenutnog i bu-
dućeg lečenja.

Ključne reči: Trudnoća; Hiperholesterolemija u trudnoći; Dislipidemija u trudnoći; LDL holesterol u trudnoći, Trigli-
ceridi u trudnoći.
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