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Over several decades, the approach to treating dyslipidaemias during pregnancy remains essentially unchanged. The lack of advancement in this field 
is mostly related to the fact that we lack clinical trials of pregnant patients both with available as well as new therapies. While there are numerous 
novel therapies developed for non-pregnant patients, there are still many limitations in dyslipidaemia treatment during pregnancy. Besides pharma
cotherapy and careful clinical assessment, the initiation of behavioural modifications as well as pre-conception management is very important. 
Among the various lipid-lowering medications, bile acid sequestrants are the only ones officially approved for treating dyslipidaemia in pregnancy. 
Ezetimibe and fenofibrate can be considered if their benefits outweigh potential risks. Statins are still considered contraindicated, primarily due to 
animal studies and human case reports. However, recent systematic reviews and meta-analyses as well as data on familial hypercholesterolaemia 
(FH) in pregnant patients have indicated that their use may not be harmful and could even be beneficial in certain selected cases. This is especially 
relevant for pregnant patients at very high cardiovascular risk, such as those who have already experienced an acute cardiovascular event or have 
homozygous or severe forms of heterozygous FH. In these cases, the decision to continue therapy during pregnancy should weigh the potential risks 
of discontinuation. Bempedoic acid, olezarsen, evinacumab, evolocumab and alirocumab, and inclisiran are options to consider just before and after 
pregnancy is completed. In conclusion, decisions regarding lipid-lowering therapy for pregnant patients should be personalized. Despite the chal
lenges in designing and conducting studies in pregnant women, there is a strong need to establish the safety and efficacy of dyslipidaemia treatment 
during pregnancy.
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Introduction
The increase of lipid and lipoprotein levels during pregnancy is import
ant for the proper growth and development of the foetus.1,2 During the 
first trimester, lipids accumulate in the mother’s body to support foetal 
development, with this process starting around the 7th week of preg
nancy and peaking by the end of the second trimester.3,4 In late preg
nancy, stored lipids serve as a reservoir for fatty acid synthesis in 
placental tissue.3–5 The most significant lipid changes occur during the 
second and third trimesters.6 Total cholesterol (TC) and triglyceride 
(TG) levels rise, driven by increased lactogen, oestrogen, and progester
one.7 Triglycerides undergo the most significant increase, reaching two 
to four times their pre-pregnancy values by the third trimester, typically 
rising 2.5–3 times.8 Simultaneously, the composition, buoyancy, and size 
of low-density lipoprotein (LDL) particles change.9,10 Studies indicate a 
decrease in LDL particle size, leading to an increase in small-dense 
LDL (sdLDL) concentration, which is considered particularly 
atherogenic.9,10 This unfavourable effect can be mitigated by elevated 
levels of high-density lipoprotein cholesterol (HDL-C) and apolipopro
tein A-I (Apo A-I), which peak during the second trimester and may 
offer potential protection against atherogenic lipid fractions.10

However, HDL-C functionality during pregnancy also depends on 
various factors, including systemic inflammatory tone, obesity, diabetes, 
chronic kidney disease, and hypertension.11–13

It is crucial to note that all pregnant women experience a natural in
crease in lipid levels, including those with pre-existing dyslipidaemia. 
The additional rise is particularly significant for this group, as discontinu
ation of lipid-lowering therapy during pregnancy leads to a gradual ele
vation in LDL-C levels, resulting in increased exposure of the arterial 
vasculature to cholesterol over time.14 While ∼80% of dyslipidaemias 
are influenced by factors such as diet and lifestyle choices,15 women 

with a genetic predisposition to dyslipidaemias may face heightened 
cardiovascular risks.16,17 Consequently, the impact of familial hyper
cholesterolaemia (FH) on cardiovascular health is more pronounced 
in women than in men.18

Research by Amundsen et al. comparing plasma lipid concentrations 
between women with and without FH revealed that the relative increase 
in lipid fractions was similar. In the FH group, TC and LDL-C increased by 
28.7% and 29.6%, respectively, while in healthy pregnant women, it was 
25.4% and 34.2%, respectively.18 Triglycerides showed an even greater 
increase, reaching 116% in the FH group, compared to 103.4% in healthy 
patients (P < 0.05). Notably, HDL did not exhibit significant differences 
between the two groups (P < 0.05). These observations were made be
tween the 17th–20th week of pregnancy and the 36th week. Lipid levels 
returned to normal 3–6 months post-partum. Importantly, despite 
significantly higher baseline lipid levels, the authors found no significant 
differences in terms of preterm births, hypertension prevalence, gesta
tional duration, body weight, body length, and head circumference be
tween patients with FH and those without FH before pregnancy.19

Although elevated lipid values during pregnancy are considered 
physiological, some evidence suggests potential associations with ad
verse events, such as pregnancy-induced hypertension, pre-eclampsia, 
gestational diabetes mellitus (GDM), preterm delivery, and macroso
mia.19–25 After delivery, these lipid changes may lead to post-partum 
impaired glucose tolerance26,27 and post-partum dyslipidaemia in 
mothers.28,29 Napoli et al.30 reported a link between maternal hyper
cholesterolaemia and early atherosclerosis development in children, 
demonstrating that maternal dyslipidaemia leads to foetal aortic lesions, 
rendering children susceptible to fatty-streak formation and athero
sclerosis development.

In addition, it is essential to consider the role of lipoprotein(a) [Lp(a)] 
during pregnancy. Lp(a) levels show a significant increase during 
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pregnancy in all women. In fact, it can nearly double between the 10th 
and 35th weeks of pregnancy.31 Women with initially elevated Lp(a) le
vels will undergo a similar increase, and due to their higher baseline le
vels, they may develop very high Lp(a) levels during pregnancy. Lp(a) is 
an inflammatory lipoprotein that could induce endothelial dysfunction 
in the systemic vasculature, including those in the placenta. This could 
compromise placental arterial function, potentially resulting in high 
blood pressure in the mother and posing risks to the baby. Elevated 
Lp(a) values are observed in as many as 20–30% of pregnant women, 
which can impact prognosis, increasing the risk of pre-eclampsia, pre
term delivery, or low birth weight.2,32 Genetically elevated Lp(a) levels 
promote endothelial dysfunction, possibly potentiating the develop
ment of pre-eclampsia.33 Moreover, Lp(a), with its antifibrinolytic prop
erties, contributes to a prothrombotic state, which contributes to low 
birth weight and preterm labour.34 It may also play a role in reducing 
bleeding during childbirth.35 Based on these considerations, recent 
guidelines from six Polish scientific societies recommend the measure
ment of Lp(a) for all pregnant women (IIb C).16

Another critical concern during pregnancy is severe hypertriglyceri
daemia, which can be a life-threatening condition for both the mother 
and child. With triglycerides steadily increasing during each trimester, 
there is a high risk of severe disturbances in women with pre-pregnancy 
elevated triglyceride levels ≥ 500 mg/dL (5.6 mmol/L), which can lead 
to acute pancreatitis,36 posing risks to both the foetus and mother.

Practical approach in the 
management of lipid disturbances 
during pregnancy
Pre-conception management and lipid 
screening during pregnancy
Before considering pregnancy in all patients with previously diagnosed 
dyslipidaemia, pre-conception referral to a cardiologist, clinical dietitian, 
and geneticist is recommended. The main purpose of such an approach 
is the need for careful evaluation of potential pros and cons of the 
discontinuation of lipid-lowering treatment. Even though lipid distur
bances were not included in the modified World Health Organization 
(mWHO) classification,37 careful assessment of maternal cardiovas
cular risk should be performed together with the measurement of 
lipid levels and Lp(a). The monitoring of lipid parameters should be 
further continued during the whole pregnancy. We are lacking data 
regarding the frequency of such measurements; thus, it should be 
individualized. The timing of lipid screening during pregnancy is also 
not established. However, the benefits of such an approach are prom
ising. Incorporating lipid testing to the routine prenatal check-up may 
lead to the improvement of a dyslipidaemia diagnosis. Golwala et al.38

assessed 445 pregnant women among whom 236 (66%) performed 
lipid testing showing abnormal results in 25% patients (n = 59). 
Incorporation of a lipid panel to the routine prenatal check-up during 
the first trimester of pregnancy identified one woman with FH. 
Despite the fact that this constitutes 0.4% of all tested women, it should 
be emphasized that it has repercussions for both the mother and the 
child. The authors claim that lipid testing during pregnancy is feasible; 
however, it requires patient counselling that may be a potential barrier.

Behavioural interventions
Before contemplating the initiation of pharmacological interventions, 
one must prioritize the integration of behavioural interventions for 
each pregnant woman afflicted with dyslipidaemia. This imperative 
arises from the stark realization that a mere 0.1% of pregnant women 
adhere to an optimal dietary regimen.39 Regrettably, there exist no 

tailored dietary directives for pregnant women with lipid disorders. 
Nevertheless, the choice of an appropriate dietary regimen should par
allel that recommended for the average dyslipidemic patient, all while 
duly acknowledging the constraints imposed by pregnancy.

The primary dietary counsel endures unaltered: the avoidance of 
animal-derived foods, saturated fatty acids (while accentuating the in
take of omega-3 polyunsaturated fatty acids), the elimination of trans 
fats, and highly processed food products, all concomitant with in
creased consumption of vegetables, fruits, soy products, grains, plant 
sterols, stanols, nuts, vegetable oils, and legumes.40 Intervention based 
on the Mediterranean diet (MedDiet) was proved to reduce the fre
quency of metabolic disorders post-pregnancy. In a study by Melero 
et al., dietary modification was implemented before the 12th week of 
pregnancy, and patients were observed at two endpoints post-delivery: 
at 3 months and 3 years. Up to 3 years post-partum, a group of women 
who were randomized to diet including extra virgin olive oil > 40 mL 
per day and nuts (MedDiet) presented with better glycaemic and lipid 
profiles as well as lower body mass index compared to women without 
such treatment.41

A considerable portion of the guidelines pertaining to a healthful 
gestational diet mirror those of a dyslipidemic dietary approach. 
Nevertheless, pregnant women should avoid overly restrictive diets, 
and those with severe dyslipidaemia should consult a clinical dietitian.

Alcohol and tobacco use are strictly contraindicated during preg
nancy. Regular exercise and lifestyle adjustments enhance treatment ef
ficacy. While general physical activity guidelines are well-established, 
data specific to gestation remain less clear. In recent years, numerous 
randomized controlled trials (RCTs) have addressed physical activity 
during pregnancy. A meta-analysis of these trials, encompassing over 
12 000 patients, conducted by Rogozińska et al.,42 has demonstrated 
a statistically significant reduction in weight gain during pregnancy fol
lowing the implementation of dietary or physical activity interventions. 
Moreover, these lifestyle interventions have not precipitated any unto
ward events. Though, on an individual scale, the decrease of 0.7 kg in 
gestational weight gain may appear marginal, its collective impact on 
the broader population is indeed advantageous.43 Physical activity pro
grammes are beneficial for glucose and HbAc1 control in women with 
GDM, which is also linked to dyslipidaemia.44

In conclusion, it is imperative to institute both lifestyle interventions 
and concomitantly scrutinize gynaecological and cardiovascular out
comes. The vigilant monitoring of atherosclerotic disease progression, 
as well as concurrent cardiovascular comorbidities and the risk of pre- 
eclampsia, preterm labour, and intrauterine growth retardation, as
sume a position of paramount importance.45 Moreover, more general 
strategies should be implemented to improve population health, such 
as the regulation of price and availability of healthy and unhealthy foods. 
Such strategies would reach entire populations including pregnant wo
men with or without dyslipidaemia, obesity, and other risk factors.

Pharmacotherapy
Despite the established association between dyslipidaemia during preg
nancy and adverse events, recent European Society of Cardiology (ESC) 
guidelines on cardiovascular diseases management during pregnancy 
have largely overlooked this topic. The guidelines provide only limited 
information, primarily in a short paragraph about statin therapy.40

Similarly, no recommendations are available from the Centers for 
Disease Control and Prevention (CDC).46 The ESC guidelines on car
diovascular disease prevention in clinical practice advise against the use 
of statins in women of fertile age considering pregnancy.47

This underscores the need for greater attention to the issue of dys
lipidaemia during pregnancy, particularly as the number of pregnant pa
tients with various cardiovascular risk factors, including lipid disorders, 
continues to rise. Moreover, due to limited data, treatment options for 
these conditions remain relatively scarce.
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The limited availability of drugs for use during pregnancy primarily 
stems from the common practice of excluding pregnant women 
from clinical trials. This scarcity of available data extends to the safety 
of widely used anti-hyperlipidemic medications. It is crucial to recognize 
that the treatment regimen impacts both the pregnant mother and the 
developing foetus, necessitating a careful evaluation of the therapy’s po
tential benefits weighed against potential risks. The US Food and Drug 
Administration (FDA) emphasizes the evaluation of drugs using the 
Pregnancy and Lactation Labelling Rule (PLLR), which offers a compre
hensive assessment, including detailed descriptions of associated risks 
and findings from both animal and human studies.45 A similar classi
fication system has recently been introduced in the ESC guidelines 
for cardiovascular disease management during pregnancy.48 The ESC 
guidelines on dyslipidaemias state that lipid-lowering medications 
should be avoided when pregnancy is being planned, during pregnancy, 
or while breastfeeding. Nevertheless, in the case of individuals with se
vere FH, healthcare providers may contemplate the use of bile acid se
questrants (which are not absorbed by the gastrointestinal tract) and/ 
or LDL apheresis.39

Bile acid sequestrants
Among the various available classes of medications for lowering lipid le
vels, only bile acid sequestrants (BAS), such as cholestyramine, colesti
pol, and colesevelam, have received approval for treating dyslipidaemia 
during pregnancy. This approval is linked to the mechanism of action of 
these drugs. BAS function by disrupting the enterohepatic circulation of 
bile acids, binding them in the intestinal lumen, and leading to their ex
cretion in stool.46 Consequently, fewer bile acids return to the liver, 
which activates hepatic bile acid production, a reaction that consumes 
cholesterol. This results in increased hepatic cholesterol biosynthesis 
and an increase in LDL receptor expression on the surface of hepato
cytes. BAS are known to lower total cholesterol levels and have a mo
dest impact on reducing LDL-C levels.49

The effectiveness of BAS is dosage-dependent. When used as mono
therapy, these resins reduce LDL-C by ∼20–30%, and when combined 
with statins, they contribute an additional reduction of ∼10%.50

However, their effect on triglycerides is limited and may even lead to 
triglyceride and VLDL elevation, making them contraindicated in indivi
duals with hypertriglyceridaemia (>400 mg/dL).51

It is essential to use BAS alongside dietary modifications. Published 
data have confirmed the efficacy of BAS in reducing the progression 
of atherosclerosis, which is associated with the decrease in LDL-C le
vels.49,50 The maximum effect of BAS is typically observed after one 
month of therapy, and after discontinuation, LDL levels return to base
line values in approximately one month.51

Currently, the BAS are considered the safest lipid-lowering drugs for 
use in pregnant women. However, their adherence remains suboptimal 
due to associated adverse effects, including constipation, abdominal 
pain, loss of appetite, indigestion, bloating, vomiting, and heartburn, 
which may exacerbate symptoms already present during normal preg
nancy.46 Another important consideration is that the use of BAS can im
pede the absorption of fat-soluble vitamins, such as vitamin K, potentially 
increasing the risk of neonatal cerebral bleeding, necessitating appropri
ate supplementation.37 Furthermore, to prevent reduced absorption of 
other medications, ion exchange resins should be taken either 4 h be
fore or 1 h after other medications. Based on available data, colesevelam 
(Cholestagel) appears to be the best-tolerated resin.46

Omega-3 fatty acids
Another viable treatment option during pregnancy is the use of 
omega-3 fatty acids, which can be safely supplemented during preg
nancy. Omega-3 fatty acids reduce triglyceride levels by 20–30% and re
sult in a slight decrease in non-HDL-C and apolipoprotein B levels. The 
effectiveness of omega-3 fatty acids is dose-dependent and influenced 

by baseline lipid values.52–55 With larger doses, even up to 4 g/day, 
they have the potential to reduce the risk of cardiovascular events, as 
demonstrated in significant trials such as the Japan EPA lipid interven
tion study (JELIS), and particularly the Reduction of Cardiovascular 
Events with Icosapent Ethyl-Intervention Trial (REDUCE-IT) and its nu
merous sub-analyses.56,57 However, these findings are not specifically 
related to lipid lowering during pregnancy, as there are no data for 
this state.

Beyond their triglyceride-lowering effects, the use of omega-3 fatty 
acids during pregnancy has been shown to reduce the risk of preterm 
birth (<37 weeks), early preterm birth (<34 weeks), perinatal death, 
and low birthweight babies. However, it is important to note that 
omega-3 fatty acids may slightly increase the risk of large-for-gestational- 
age babies.58 Additionally, their use may elevate the risk of atrial 
fibrillation.54–57

In summary, omega-3 fatty acids may serve as an effective option for 
patients with severe hypertriglyceridaemia, especially those at risk of 
pancreatitis (e.g. individuals with very high levels > 500 mg/dL who 
are symptomatic or have a history of pancreatitis), even when used 
in combination with fenofibrate, provided the benefits outweigh the 
risks.

Statins
In the realm of medical science, HMG-CoA reductase inhibitors, 
which are commonly used in the treatment of dyslipidaemia, have de
monstrated substantial benefits in preventing cardiovascular events. 
However, their usage during pregnancy is not recommended due to 
a lack of safety data, the potential decrease in cholesterol synthesis 
and other lipid-derived substances in newborns,58 and most of all con
cerns of teratogenicity.59–61 It is worth noting that this recommenda
tion primarily relies on animal studies, which have exhibited findings 
such as gastroschisis and skeletal malformations in rats,59 reduced birth 
weight in rabbits and rats,59 and a single human case involving a child 
with multiple inborn malformations.61 Furthermore, the doses of sta
tins administered in these animal studies exceeded typical human pre
scription usage.59,60

Some human studies have also suggested potential adverse birth out
comes following statin exposure. Edison et al. reported a series of 20 
cases involving malformations in infants exposed to statins during the 
first trimester, including limb deficiencies (five cases) and central ner
vous system defects (five cases). It is noteworthy that all malformations 
occurred in infants whose mothers were exposed to lipophilic statins, 
while no adverse birth outcomes were reported for infants whose 
mothers used hydrophilic statins such as pravastatin.62 An analysis by 
Bateman et al. did not show significant teratogenic complications in a 
group of 1152 women using statins in the first trimester of pregnancy. 
In initial unadjusted analyses, the incidence of malformations in off
spring from women who used statins during the first trimester was 
6.34%, compared to 3.55% in offspring of non-statin users (RR 
1.79, 95% CI 1.43–2.23). However, adjusting for confounding factors, 
particularly pre-existing diabetes, nullified this heightened risk (1.07, 
0.85–1.37). Furthermore, there were no statistically significant in
creases observed in any specific organ malformations upon adjust
ment for confounders.63

A recently published meta-analysis of one case–control study and 
five cohort studies revealed no statistically significant elevations in the 
incidence of major congenital anomalies when comparing the statin- 
exposed cohort to the control group (OR = 1.27; 95% CI 0.80–2.04; 
aOR = 1.05; 95% CI 0.84–1.31). However, an increase in the risk of 
cardiac anomalies was observed in individuals exposed to statins 
when unadjusted ORs were aggregated (OR = 2.47; 95% CI 1.36– 
4.49). Upon further examination using adjusted ORs, there was no sig
nificant rise in the risk of cardiac anomalies among the statin-exposed 
cohort compared to the controls (aOR 1.24; 95% CI 0.93–1.66). 
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A significantly diminished rate of live births (OR 0.60, 95% CI 0.49–0.75) 
and an elevated incidence of spontaneous abortions (OR 1.36; 95% CI 
1.06–1.75) were noted in the statin-exposed cohort. However, these 
observations may be linked with other unadjusted issues and with ma
ternal comorbidities.64

The Food and Drug Administration (FDA) Adverse Event Reporting 
System (FAERS) reported the results of a real-world pharmacovigilance 
study, showing that pregnancy-related statin adverse events were pre
sent in 477 patients.65 Compared to all other drugs, lovastatin was 
linked with a higher risk of foetal complications and pravastatin with 
a higher risk of preterm birth and low birth weight (OR = 2.45; 95% 
CI 1.22–4.95; OR = 4.89; 95% CI 3.65–6.54; and OR = 9.60; 95% CI 
5.56–16.56, respectively). Statins were not associated with the risk of 
spontaneous abortion or foetal death.65 McGrogan et al. showed that 
in pregnancies potentially exposed to a statin, 25.27% ended in spon
taneous loss, contrasting with 20.81% in unexposed pregnancies. 
Employing time-to-event analysis with exposure as a time-dependent 
covariate yielded an adjusted hazard ratio of 1.64 (95% CI 1.10–2.46) 
for spontaneous pregnancy loss in the statin-exposed cohort.66

Subsequent studies have provided evidence of the neutral effect of sta
tins prescribed during pregnancy.67,68

Additionally, statins, owing to their pleiotropic effects, have shown 
potential in improving placental vascular remodelling. Pre-eclampsia, 
a complication of pregnancy associated with maternal vascular inflam
mation, may be mitigated by statin therapy, reducing the risk of its 
development.69 Nevertheless, the recent multicentre, double-blind, 
placebo-controlled STATIN trial with pravastatin did not demonstrate 
an impact on the incidence of pre-eclampsia.70 No significant differ
ences were observed between the pravastatin group (548 patients) 
and the placebo group (543 patients) in terms of pre-eclampsia 
(14.6% vs. 13.6%), gestational hypertension, intrauterine growth re
tardation, neonatal morbidity, mortality, or stillbirth. Moreover, pravas
tatin was well-tolerated with good adherence to the therapy.70 Despite 
potentially positive results, current guidelines generally advise discon
tinuing statin therapy in most pregnant patients.37 However, a recent 
statement from the FDA removed the strongest warning against statins 
and suggested that for patients at very high risk of cardiovascular events, 
the decision about treatment should be individualized. In this context, 
the most suitable group of pregnant women with dyslipidaemia for sta
tin treatment appears to be those with FH. Botha et al. retrospectively 
analysed data from 39 pregnancies in females with homozygous FH 
(HoFH). Among them, 19 patients were treated with statins before 
or during pregnancy. The authors reported no statistically significant 
differences in pregnancy complications between HoFH and healthy pa
tients. In this FH patient group, 84% of all pregnancies reached full term. 
The rates of miscarriages and premature deliveries were both 8%. The 
authors concluded that statin therapy appears to be safe for both the 
mother and child, offering a valuable therapeutic option for severe hy
percholesterolemic patients, including those with HoFH.71

A systematic review and meta-analysis conducted by Vahedian-Azimi 
et al. included 23 studies with 1 276 973 participants. Their review did 
not provide a clear association between statin therapy and an increased 
rate of birth defects. The meta-analysis indicated that statin treatment 
did not result in a higher total rate of birth defects (OR 1.48, 95% CI 
0.90–2.42, P = 0.509). There were no significant links observed in 
separate analyses for cardiac anomalies and other congenital anomal
ies (respectively: OR 2.53, 95% CI 0.81–7.93, P = 0.112 and OR 1.19, 
95% CI 0.70–2.03, P = 0.509).72 Another systematic review and 
meta-analysis by the same research group, comprising nine studies, as
sessed the effect of statins on the incidence of stillbirth (including 
2350 participants), foetal abortion (8422 participants), and preterm de
livery (483 participants). The results of the meta-analysis showed a cor
relation between statin use and the rate of spontaneous abortion (OR 
1.36; 95% CI 1.10–1.68, P = 0.004). Conversely, the authors revealed 
that statin therapy was not associated with an increased incidence of 

stillbirth (OR 1.30; 95% CI 0.56–3.02, P = 0.54), induced abortion 
(OR 2.08; 95% CI 0.81–5.36, P = 0.129), or elective abortion (OR 
1.37; 95% CI 0.68–2.76, P = 0.378).73

In conclusion, it appears that statin therapy may be a therapeutic op
tion for patients with severe hypercholesterolaemia, especially those 
with severe FH and those at very high or extremely high cardiovascular 
disease risk with a history of acute coronary syndromes or strokes.

Fibrates
Alternative options for managing dyslipidaemia during pregnancy typic
ally lack official approval. According to current guidelines, there are in
adequate human data supporting the use of fibrates, and nicotinic acid 
has been reported in only a limited number of case studies. As a result, 
these drugs are not recommended for use during pregnancy, with the 
ESC guidelines for 2018 explicitly stating that they should only be con
sidered when the benefits clearly outweigh the risks. Animal studies in
volving fenofibrate have shown various complications, including delayed 
delivery, reduced birth weight, increased post-implantation loss, skeletal 
and visceral abnormalities, abortions, and foetal deaths.37,74 The AHA 
Scientific Statement for Cardiovascular Considerations in Caring for 
Pregnant Patients proposes the consideration of fenofibrate or gemfi
brozil in the second trimester if triglycerides are >500 mg/dL despite 
lifestyle modifications.75 The AHA/American College of Obstetricians 
and Gynecologists (ACOG) Presidential Advisory states that pregnant 
patients with a history of pancreatitis may benefit from the use of feno
fibrate when triglyceride levels are >1000 mg/dL.76 The use of fibrates 
during the second trimester is after embryogenesis occurs reducing the 
risk. Studies in animals have found no increased risk of congenital 
malformations.77

Ezetimibe
Insufficient data are available regarding the use of ezetimibe, although it 
is considered a safe drug. Animal studies, in which ezetimibe was admi
nistered either alone or in combination with statins, demonstrated a 
higher incidence of skeletal changes in rats and extra ribs in rabbit thor
axes, with no confirmed lethal embryo effects in available animal stud
ies.37,78 Consequently, its use during pregnancy is also limited to 
individual cases in which the potential benefits clearly outweigh the po
tential risks. It’s important to note that the lipid-lowering capacity of 
these drugs may be insufficient to attain the treatment goals for severe 
hypercholesterolaemia during pregnancy, even when used in conjunc
tion with other lipid-lowering therapies, such as BAS (Tables 1 and 2).

Other lipid-lowering medications
Limited or single studies have been conducted to assess proprotein 
convertase subtilisin:kexin type 9 (PCSK9) inhibitors (evolocumab, alir
ocumab), bempedoic acid, lomitapide, and inclisiran during preg
nancy.37,79 In the case of evolocumab, studies showed a reduction in 
T cell-dependent responses following immunization with KLH in mon
keys. Additionally, a recently published case report documented corpus 
callosum agenesis in a child whose mother, diagnosed with FH, was 
using alirocumab, statins, and ezetimibe at maximum tolerated doses 
up to the 6th week of an unplanned pregnancy. However, it was sug
gested that a direct causal link between these factors may not exist.37,80

Other available reports indicated that the administration of PCSK9 
inhibitors had no effect on foetal growth and development in 
monkeys. Nevertheless, data from human studies remain insufficient. 
Consequently, due to the lack of an established safety profile, expecta
tions for observational studies to provide data have arisen.37,81,82

However, two observational studies on evolocumab were prematurely 
terminated in December 2020, and a similar decision was made for the 
alirocumab registry during pregnancy (NCT03379558) in November 
2020 due to changes in post-marketing requirements.37 Bempedoic 
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acid, due to the limited amount of data regarding its use during preg
nancy, is contradicted.

PCSK9 plays fundamental roles in cellular differentiation and prolifer
ation.83 There is justifiable concern with respect to using agents that 
inhibit PCSK9 during foetal development. Ardissino et al.84 have 
introduced a highly innovative approach to assessing whether or not 
it is plausible that PCSK9 inhibition might be harmful to the developing 
foetus by using genome-wide association studies including ∼1.3 million 
patients. Using instrumental variants of PCSK9 that impact serum 
levels of LDL, these investigators showed that genetically proxied 
LDL-lowering through PCSK9 correlates with a higher odds of malfor
mations the skin (OR 2.23, 95% CI 1.33–3.75, P = 0.007), and the 

vertebral, anorectal, cardiovascular, tracheo-oesophageal, renal, and 
limbs (OR 1.51, 95% CI 1.16–1.96, P = 0.007). Perhaps similar LDL 
proxies can be used to predict foetal harm in the setting of inhibiting 
such therapeutic targets as Niemann Pick C1-like protein (ezetimibe), 
angiopoietin-like protein 3 (evinacumab), apoprotein C3 (olezarsen), 
or ATP citrate lyase (bempedoic acid).

Novel lipid-lowering drugs, including volanesorsen and lomitapide, 
have no available data during pregnancy, and are therefore classified 
as ‘C’—contraindicated during pregnancy. Volanesorsen should be dis
continued before attempting conception and lomitapide carries a risk of 
foetal toxicity. Data regarding other new drugs are very limited and 
thus far are not recommended.85,86

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Comparison of classifications indicating the possibility of application of lipid-lowering drugs during pregnancy

Former FDA 
classificationa/ESC 

guidelines 2018 
classification

PLLR ESC guidelines 2018 classification

BAS (e.g. colesevelam, 
colestipol, and 

cholestyramine)

C Animal studies—failure to reveal evidence of foetal 
harm. Presence of infrequent reports of pregnancy 

in the post-marketing period; a causal association 

with congenital anomalies has not been established. 
No controlled data in human pregnancy.

Placenta permeable: unknown 
Transfer to breast milk: yes 

Clinical safety data: possible impairment of 

absorption of fat-soluble vitamins, e.g., 
vitamin K—cerebral bleeding (neonatal)

Ezetimibe — AU TGA category B3. Higher risk of malformation and 

other direct or indirect harmful effects on the 
human foetus.

Placenta permeable: yes (studies in rats and 

rabbits, no human data) 
Transfer to breast milk: unknown (data in 

nursing rats) 

Clinical safety data: inadequate human 
data; use only when benefit outweighs risk 

(data in rats and rabbits)

Fibrates (fenofibrate) C AU TGA category B3. Can be used only if clearly 
needed and the benefit outweighs the risk.

Placenta permeable: yes 
Transfer to breast milk: yes 

Clinical safety data: inadequate human 

data; use only when benefit outweighs risk 
(data in rats and rabbits

Niacin C

Statins X AU TGA category D. Contraindicated Placenta permeable: yes 
Transfer to breast milk: unknown 

Clinical safety data: congenital anomalies

PCSK9i — AU TGA category B1: Drugs taken only by a limited 
number of pregnant women and women of 

childbearing age; no increase in the frequency of 

malformation or other direct or indirect harmful 
effects on the human foetus.

Placenta permeable: yes (for evolocumab 
data in monkeys, no human data) 

Transfer to Breast milk: unknown 

Clinical safety data: inadequate human 
data; not recommended

Inclisiran — Not included in UA FDA recommendations. No data 

available.

Not included in ESC recommendations. No 

data available.
Bempedoic acid — Not included in UA FDA recommendations. No data 

available.

Not included in ESC recommendations. No 

data available.

Evinacumab — Not included in UA FDA recommendations. No data 
available.

Not included in ESC recommendations. No 
data available.

Lomitapide X Contradicted during pregnancy—the risk of foetal 

toxicity developmental in animal studies.

Not included in ESC recommendations. No 

data available.

aDefinition of classification: C—animal reproduction studies have shown an adverse effect on the foetus and there are no adequate and well-controlled studies in humans, but potential 
benefits may warrant use of the drug in pregnant women despite potential risks; X—studies in animals or humans have demonstrated foetal abnormalities and/or there is positive evidence 
of human foetal risk based on adverse reaction data from investigational or marketing experience, and the risks involved in use of the drug in pregnant women clearly outweigh potential 
benefits.
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Finally, a new and highly effective lipid-lowering drug, inclisiran, an 
RNA silencing oligonucleotide, requires administration only twice a 
year, has become available since 2021. Notably, data from the 
ORION-1 study have indicated that a single administration may be as
sociated with a mean 41% reduction in LDL-C levels after 9 months. 
Despite its unique safety profile (with no apparent safety concerns 
compared to a placebo, apart from local side effects due to injection), 
no data on its use in pregnant women and their foetuses are available. 
Therefore, it is purely hypothetical to consider employing inclisiran in 
high-risk patients before and immediately after pregnancy, with the ex
pectation of achieving ∼40–50% LDL-C reduction.87,88 Nevertheless, 
no data currently exist to substantiate this assumption. Moreover, con
sistent with the analysis by Ardissini noted above, there is at least pre
dicted potential for harm to the foetus using an agent that inhibits 
PCSK9.

Lipoprotein apheresis
An alternative therapeutic option for hyperlipidaemia during pregnancy 
is lipoprotein apheresis (LA), a mechanical method designed to remove 
atherogenic lipoproteins [LDL-C and Lp(a)] from plasma. This proced
ure involves filtering LDL, VLDL, Lp(a), alpha-2-macroglobulin, and 
coagulation factors, after which the plasma is returned to the blood
stream.89 This process has been shown to be safe for pregnant 
women.

The primary clinical indication for lipoprotein apheresis in pregnant 
patients is HoFH. Pregnant patients with HoFH, particularly those 
with exceptionally high LDL-C levels and less-than-optimal responses 
to lipid-lowering therapy, should be offered bi-weekly LDL apheresis. 
Ogura et al. reported 10 successful deliveries in seven patients with 
HoFH, whereas two pregnant patients with HoFH who did not receive 
lipid apheresis died during pregnancy.90 Importantly, lipoprotein apher
esis has been employed in cases of severe hypertriglyceridaemia to pre
vent pancreatitis.91–93

Decisions regarding the use of lipoprotein apheresis should be made 
carefully, considering the potential benefits and risks associated with 
the procedure.92 However, this treatment method is only available in 

specialized centres equipped with apheresis machines, making it less 
widely accessible.94,95 Nonetheless, in certain cases, it represents the 
sole available therapeutic option.

Disparities in cardiovascular 
care for women, whether pregnant 
or not
Significant disparities in the quality of cardiovascular care exist for wo
men when compared to men and women continue to be under- 
represented in clinical trials involving cardiovascular care.96 Effort is 
being made world-wide to correct this. In some ways, it is understand
able that our knowledge of using lipid-modifying agents in pregnant wo
men is relatively poor and under-informed. There is great trepidation in 
using pharmacologic agents in the setting of pregnancy, out of safety 
concerns for both mother and foetus. Cardiovascular disease remains 
the leading cause of pregnancy-related mortality and progress is being 
made in recognizing the unique needs of pregnant women as evidenced 
by the emergence of Cardio-Obstetrics.97 There is also no question 
that lipid disorders and especially FH are under-diagnosed and markedly 
undertreated in women when compared to men in both the primary 
and secondary prevention settings.98 Having been untreated or under
treated well into adulthood certainly magnifies risk when a woman is 
pregnant and her LDL-C and Lp(a) rise markedly. There is also harm 
to the foetus. It has been shown that when comparing normocholester
olemic to hypercholesterolemic pregnant mothers, the foetuses of the 
hypercholesterolemic mothers have significantly more and larger num
bers of aortic fatty streaks. In a multivariate analysis of the French 
National Registry of FH, it was shown that maternal inheritance of 
the FH gene is associated with an increase in CAC scores by 86% 
(95% CI, 23–170%; P = 0.003), a 1.81-fold higher risk of having a 
CAC score ≥ 100 Agatston units (95% CI, 1.06–3.11; P = 0.03), and a 
2.72-fold risk of having a CAC score ≥ 400 Agatston units (95% CI, 
1.39–5.51; P = 0.004) compared with paternal inheritance.99 Given 
the apparent safety of statins in pregnancy, Graham and Raal100 have 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Management of severe hypercholesterolaemia during pregnancy

Non-pharmaceutical 
interventions

Pre-conception plan 
Diet, physical activity

In each pregnancy

Bile acid sequestrants Approved during pregnancy 
May lead to hypertriglyceridaemia 

Poorly tolerated systemic side effects

In each pregnancy

Ezetimibe When the benefits outweigh the risks Individual decision
Fibrates When the benefits outweigh the risks Individual decision

Omega-3 fatty acids When the benefits outweigh the risks 

Reduce triglycerides

Individual decision

Statins Generally contraindicated 

For severe hypercholesterolaemia, the decision should be individualized

Individual decision in severe 

hypercholesterolaemia

PCSK9i Limited data Lacking data
Inclisiran No data regarding pregnancy available 

Hypothetically, administration before pregnancy may give a mean 41% reduction of 

LDL-C

Lacking data, potentially useful in severe 

hypercholesterolaemia

Apheresis The potential benefits and risks associated with the procedure should be considered 

Available in specialized centres 

In some cases, the only one available therapeutic option

In each pregnancy 

Limited availability
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recommended that women homozygous for FH or with a defined ath
erosclerotic vessel or aortic disease be treated with statins during preg
nancy if lipoprotein apheresis is not a therapeutic option.

Conclusions
Dyslipidaemia and the management of lipid and lipoprotein levels during 
pregnancy remain significant concerns, as they may lead to adverse out
comes for both the mother and the child. Current guidelines recom
mend discontinuing lipid-lowering treatment, except for BAS, one to 
two months before planned pregnancy or as soon as the pregnancy 
is detected, with no specific clinical guidance for severely hypercholes
terolemic women, those with a high risk of cardiovascular disease, or 
those who have already experienced a cardiovascular event.95

However, a proportion of pregnancies remain unplanned and there
fore lipid-lowering treatment may be continued after conception, lead
ing to an increase in statin exposure during pregnancy. Moreover, we 
observe an increase in the age at which women experience their first 
pregnancy, leading to a higher number of pregnant women with a diag
nosis of atherosclerotic cardiovascular disease (ASCVD) or a high risk 
of ASCVD.101 Pregnancy represents a period of heightened susceptibil
ity to the progression of atherosclerosis. This vulnerability arises from 
the physiological increase in LDL-C, which is further exacerbated by the 
cessation of cholesterol-lowering treatment. Consequently, healthcare 
providers are increasingly faced with the challenge of assessing the risks 
and benefits of initiating or withholding lipid-lowering treatment. 
Hence, it appears that pre-conception counselling is taking on a growing 
role. On the other hand, there are data suggesting that temporary dis
continuation of treatment has no adverse consequences. A retrospect
ive review by Nangrahary et al. of 13 women with heterozygous FH 
(HeFH) proved good pregnancy outcome despite loss of statin treat
ment. In that group, the cessation of cholesterol-lowering therapy ran
ged between 12 months and 3.5 years. However, despite positive 
results of pregnancy outcome, the authors claim that in high-risk pa
tients, continuation of statin therapy may be justified.102

Currently, the approved treatment methods are limited to behav
ioural interventions, including adopting a healthy lifestyle and diet, as 

well as the use of BAS, omega-3 fatty acids, and LDL apheresis. 
Fenofibrate and ezetimibe might be considered in some cases, but 
only when the potential benefits clearly outweigh the risks. The treat
ment options are constrained due to the reported adverse birth out
comes associated with certain drug categories.

On the other hand, it is well recognized that initiating lipid-lowering 
therapy as early as possible is critical for effective cardiovascular disease 
prevention in high-risk patients.103–105 Furthermore, there are patient 
groups for whom the aforementioned interventions may not be sufficient 
to achieve the necessary reduction in lipid levels, such as those with severe 
HeFH or HoFH. As a result, we believe that, in certain individual cases, sta
tin therapy may be considered as a therapeutic option, particularly for pa
tients with severe hypercholesterolaemia, those with HoFH, and those at a 
very high or extremely high risk after experiencing a cardiovascular event. 
Additionally, all pregnant patients with severe dyslipidaemia should receive 
close monitoring by a team including lipidologists, cardiologists, clinical die
titians, and obstetricians. This is consistent with the current guidance of the 
International Atherosclerosis Society,106 which recommend that statins 
and other cholesterol-lowering drugs be discontinued and that of bile 
acid sequestrants be initiated 3 months before a planned pregnancy. In pa
tients with FH who become pregnant while taking statins, ezetimibe, 
PCSK9 inhibitors, or other lipid-modifying therapies should be discontin
ued. Patients should be reassured that stopping these therapies is unlikely 
to harm the foetus. The guidance recommends a different approach for 
women with HoFH and clinical atherosclerotic cardiovascular disease, 
when statin continuation should be considered despite pregnancy. 
Other lipid-modifying therapies can be considered especially after the first 
trimester when the LDL-C goal is not achieved, and lipoprotein apheresis 
is not available or feasible to initiate.106 The recommendations of the 
European Atherosclerosis Society (EAS) on HoFH management are 
similar. According to the 2023 update EAS Consensus Statement, women 
with HoFH should be offered weekly or fortnightly lipoprotein apheresis 
during pregnancy. If LA is unavailable, the continuation of statin 
therapy should be considered or reintroduction of a statin plus other 
lipid-lowering therapy from the second trimester onwards. Evidence sug
gests safety in this approach.107 The FDA has recognized the favourable 
risk/benefit ratio of statins in high-risk pregnant women, especially those 
with HoFH.108

Figure 1 Lipid management approach during pregnancy (images from: Dall-e and smart.servier.com).
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In summary, pregnancy is a unique clinical state in which the well- 
being of both the mother and the child is of paramount importance. 
Therefore, before altering guidelines that offer limited recommenda
tions for pharmacotherapy, the safety of drugs must be thoroughly es
tablished. However, it should be emphasized that it is insufficient to 
enrol pregnant women in RCTs since these will be underpowered to 
detect any statistically significant differences in the rarest pregnancy 
outcomes such as congenital malformations. ‘More safety data’ mean 
that we need nationwide registries that can monitor entire populations 
throughout life: birth registries, prescription registries, patient regis
tries, death registries, and other health related databases. The lack of 
studies on this topic during pregnancy, coupled with ethical considera
tions, complicates the issue of lipid-lowering therapy during pregnancy. 
Nevertheless, despite these obstacles, they serve as a strong motivation 
for further research into lipid management during pregnancy 
(Figure 1).109–111 We believe that, to a certain extent, the potential ben
efits of dyslipidaemia treatment may outweigh the risks, and this issue 
should receive more attention in ongoing research.
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