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Abstract: Dyslipidemia is a significant risk factor for atherosclerotic cardiovascular disease (ASCVD).
During pregnancy, physiological changes elevate cholesterol and triglyceride levels to support fe-
tal development, which can exacerbate pre-existing conditions and lead to complications such as
pre-eclampsia, gestational diabetes, and increased ASCVD risk for both mother and child. Effective
management strategies are necessary, especially for pregnant women with inherited forms of dys-
lipidemia (i.e., familial hypertriglyceridemia, hyperchylomicronemia), where personalized dietary
adjustments are crucial for successful pregnancy outcomes. Pharmacological interventions and
lipoprotein apheresis may be necessary for severe cases, though their use is often limited by factors
such as cost, availability, and potential fetal risks. Despite the promise of advanced therapies, their
widespread application remains constrained by limited studies and high costs. Thus, a personalized,
multidisciplinary approach is essential for optimizing outcomes. This review provides a compre-
hensive overview of current strategies and evidence-based practices for managing dyslipidemia
during pregnancy, emphasizing the balance of maternal and fetal health. Additionally, it discusses
the physiological changes in lipid metabolism during pregnancy and their implications, particularly
for women with inherited forms of dyslipidemia.
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1. Introduction

Dyslipidemia is characterized by abnormal lipid levels in the blood and represents a
significant risk factor for atherosclerotic cardiovascular disease (ASCVD), which remains
a leading cause of morbidity and mortality globally [1,2]. The etiology of dyslipidemia
is multifaceted, involving genetic predispositions, lifestyle factors and other risk factors,
including obesity, diabetes, and hypertension [3–5]. Variations in the lipid profile can also
be observed across different physiological states, from childhood and adolescence to adult-
hood throughout the aging process (i.e., the menopausal period for women), influenced by
hormonal, genetical and environmental factors [6–8]. In this regard, pregnancy represents
a special physiological state during which the lipid profile undergoes significant increases
to support fetal development, providing the fetus with essential lipids. However, this can
also pose challenges for women with pre-existing genetic dyslipidemia, or gestational lipid
abnormalities [9]. The management of dyslipidemia in pregnancy focuses on balancing the
nutritional needs of the mother and fetus while minimizing the risks to both [10].
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Evidence shows that elevated supraphysiological levels of total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-C), triglycerides (TG), and reduced high-density
lipoprotein cholesterol (HDL-C), could pose significant risks, including pre-eclampsia,
gestational diabetes, and an increased ASCVD risk later in life for both mother and off-
spring [11–13]. Thus, it is pivotal to better clarify the management of dyslipidemia during
this physiological state, considering that addressing dyslipidemia in pregnancy is a delicate
balancing act, necessitating interventions that are safe, effective, and devoid of adverse
effects on fetal development.

The 2019 guidelines from the European Society of Cardiology (ESC) and the European
Atherosclerosis Society (EAS) provide some nuanced insights into managing dyslipidemia
in specific situations, including pregnancy, but do not fully delve into the topic, due to
the limited evidence available in this field [14]. The Mediterranean diet (MD), a first-
line strategy for treating dyslipidemia, is recognized as a healthy eating pattern that
meets the increased nutritional needs associated with the unique physiological state of
pregnancy [15–17]. However, when dietary and lifestyle modifications are insufficient to
achieve target lipid levels, pharmacological interventions may be considered [14,18,19].
Nevertheless, the use of lipid-lowering medications during pregnancy requires careful
consideration of the benefits and potential risks to both the mother and the fetus [20].

This narrative review aims to explore the relationship between dyslipidemia and
pregnancy, analyzing the changes in lipid profile during pregnancy and the possible
adverse outcomes that could be related to the presence of dyslipidemia, aiming to provide
a comprehensive overview of current strategies for managing dyslipidemia in the context
of pregnancy, guided by the latest evidence-based practices.

2. Lipid Physiology in Pregnancy

Pregnancy is characterized by great physiological changes, among which alterations
in lipid metabolism are essential for supporting fetal development and ensuring successful
pregnancy outcomes [21,22]. The first half of pregnancy is characterized by an anabolic
state. During this period, there is a remarkable increase in appetite and food intake (hy-
perphagia) alongside enhanced lipid synthesis and accumulation, serving as a reserve for
the energy demands that will escalate in the later stages of pregnancy [22–24]. This physio-
logical adaptation is driven by hormonal changes, particularly increases in estrogen and
progesterone, which stimulate the synthesis of TG and cholesterol in the liver [22,25]. As
pregnancy advances into its latter stages, the metabolic state of the body transitions towards
catabolism, highlighted by an enhanced lipolytic activity that enhances the breakdown of
stored fats into free fatty acids (FFAs) and glycerol [26,27]. This period is distinguished
by reduced insulin sensitivity, a strategic physiological adjustment aimed at maintaining
a consistent glucose supply to the fetus, despite leading to increased levels of maternal
lipids [26]. The decrease in lipoprotein lipase activity, in conjunction with insulin resistance,
hampers the assimilation of TG from the plasma into adipose tissue, resulting in their
accumulation in the bloodstream [28]. Given the limited capacity for the placental transfer
of lipolysis products such as FFAs and glycerol [29], these substances are activated and
re-esterified in the maternal liver, then redistributed into circulation as very low-density
lipoproteins (VLDL) [30]. Consequently, there is a significant rise in circulating levels of
TG (+50–100%), TC (+30–50%), and LDL-C (+30–50%) [9,31,32]. It is important to note that
normal lipid values during pregnancy should be considered higher than in the general
female population according to different ethnic groups. Specifically, during early pregnancy,
the recommended reference values for serum lipids should be TC less than 218 mg/dL,
TG less than 173 mg/dL, HDL-C greater than 47 mg/dL, and LDL-C less than 126 mg/dL.
In mid-pregnancy, the recommended lipid levels should be TC less than 290 mg/dL, TG
less than 315 mg/dL, HDL-C greater than 54 mg/dL, and LDL-C less than 187 mg/dL [33].
This lipid profile adaptation not only supports the energy-intensive process of lactation
but also supplies essential fatty acids and cholesterol necessary for fetal nervous system
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development and the construction of cellular membranes [34,35]. Figure 1 illustrates the
metabolic changes during pregnancy.
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Figure 1. Metabolic changes during pregnancy initially involve an anabolic state, marked by in-
creased food intake and lipid accumulation. As pregnancy progresses, it shifts to a catabolic state,
characterized by enhanced lipolysis and elevated maternal lipid levels in the bloodstream. These
adaptations are driven by hormonal changes, particularly the rise in estrogen and progesterone.

Furthermore, the condition of hypertriglyceridemia can ensure glucose provision
to the fetus during fasting states, as TG are utilized by the mother to synthesize ketone
bodies [27]. This process offers an alternative energy source, maintaining fetal glucose
levels even when maternal glucose intake is limited. However, the great escalation in TG
levels, potentially tripling by the third trimester, represents a critical adaptation, as it could
contribute to increasing the risk of the development of lipid-related complications [36].

Nevertheless, it is important to consider that lipid measurements evolve during preg-
nancy, and there is uncertainty about the extent to which these changes are physiological
or pathological. Additionally, normal values can vary with ethnicity or gestational age at
the time of sampling [37,38].

Special attention must be given to pregnant women with familial hypercholesterolemia
(FH), an autosomal dominant condition characterized by elevated LDL-C levels, normal
TG levels, cholesterol deposits in tendons and skin (xanthomas), and an increased risk of
premature ASCVD [39–41]. Managing lipid levels in these patients is crucial due to their
significantly elevated baseline lipid profiles compared to the general population. Indeed,
pregnant women with FH are at an increased risk of developing cardiovascular events,
further exacerbating the already heightened risk of cardiovascular complications associated
with pregnancy due to more pronounced alterations in their lipid profiles [42]. However,
evidence suggests that despite their higher baseline lipid levels, the relative increase in
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lipid fractions during pregnancy in women suffering from FH is similar to that of healthy
pregnant women [43]

3. Hyperlipidemia and Possible Adverse Maternal and Neonatal Outcomes

Evidence suggests that dyslipidemia during pregnancy is associated with the devel-
opment of different diseases, primarily of metabolic interest, which could not only affect
pregnancy outcomes but also have long-term implications for cardiovascular health [44].

Pregnant women with dyslipidemia, especially those with elevated TG levels early
in pregnancy, are at an increased risk of developing gestational diabetes, as both condi-
tions share underlying mechanisms related to insulin resistance [45]. A meta-analysis
by Ryckman et al., involving 60 studies with 4168 women diagnosed with gestational
diabetes mellitus (GDM) and 9718 controls, demonstrated significant differences in lipid
profiles. Women with GDM had significant higher TG levels and lower HDL-C levels
compared to those without GDM. However, there were no significant differences in TC and
LDL-C levels between the groups [46]. Additionally, another meta-analysis by Rahnemaei
et al. found that the largest difference between the GDM and control groups was in TG
levels, concluding that this lipid fraction had the strongest impact on GDM [47]. Likewise,
overweight and obesity during pregnancy exacerbate the risk of both dyslipidemia and
GDM [47,48]. Excessive body weight can further impair insulin sensitivity, creating a more
pronounced predisposition towards insulin resistance [49]. This condition is a key factor in
the development of gestational diabetes, making overweight pregnant women particularly
susceptible. Furthermore, obesity is closely linked with alterations in lipid metabolism,
contributing to an adverse lipid profile characterized by elevated TG and reduced HDL-C
levels [50,51]. In a prospective observational study, it was found that GDM and dyslipi-
demia are significantly associated, especially in the context of maternal obesity. Among
275 women, those with GDM had higher TG and lower HDL-C levels compared to those
without GDM. This association was particularly pronounced in women with obesity, sug-
gesting that the link between GDM and dyslipidemia is mediated by maternal obesity [48].
This latter condition is frequently associated with a higher risk of developing pre-eclampsia,
although the underlying mechanism remains not fully understood, indicating a potential
link with alterations in lipid profiles [52]. Evidence suggests that disruptions in placental
development or functionality might underpin pre-eclampsia, leading to a compromised
exchange of nutrients and oxygen between mother and child, as well as oxidative stress
accompanied by the release of antiangiogenic factors into the blood that could damage
the maternal vascular endothelium and contribute to elevated blood pressure [53]. Given
the pivotal role of lipids in the development of the placenta, lipoprotein abnormalities
could be related to the onset of pre-eclampsia [54]. A systematic review and meta-analysis
including 74 studies revealed that women who develop pre-eclampsia show increased TC,
non-HDL-C, and TG across all pregnancy trimesters, alongside lower HDL-C levels during
the third trimester [13]. In particular, Gallos et al. found that elevated TG levels not only
precede but are also associated with pre-eclampsia, highlighting the role of endothelial
dysfunction, similar to their established impact in atherosclerosis [55].

During pregnancy, an increase in TG levels is a common physiological change [27].
TG do not directly cross the placenta and serve as an energy reservoir [36]. The most
common secondary causes of hypertriglyceridemia during pregnancy other than inherited
forms of dyslipidemias include conditions such as diabetes, medication use, obesity, and
alcohol abuse [56]. High TG levels can also result in fetal complications, as reported by a
prospective observational study involving 150 pregnant women with hypertriglyceridemia
which found that neonates of these mothers often face complications such as prematurity,
intrauterine growth restriction, and macrosomia [57]. A meta-analysis by Wang et al.,
which included 31,402 pregnancies, suggests that maternal high TG levels and low HDL-C
levels during pregnancy are associated with increased birth weight, a higher risk of being
large for the gestational age, and macrosomia, while showing a lower risk of being small
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for the gestational age. These associations were particularly pronounced in women who
were overweight or obese before pregnancy [58].

Lipid Metabolism and Pregestational Conditions

Pregnancy induces a myriad of physiological changes, including significant alterations
in lipid metabolism, and preexisting conditions such as endocrinopathies, nephropathies
and different forms of dyslipidemia can exacerbate lipid metabolic complications during
pregnancy [59–62].

Pregestational diabetes mellitus is a significant risk factor for lipid metabolic distur-
bances during pregnancy [60]. In women with preexisting type 1 diabetes, the insulin
deficiency, combined with the physiological insulin resistance of pregnancy, can exacerbate
hyperglycemia and dyslipidemia [60,63]. This occurs because insulin plays a crucial role in
regulating lipoprotein lipase activity, which is essential for the TG metabolism [28,64]. Such
a process may be further exacerbated in type 2 diabetes mellitus [60]. Elevated levels of TG,
LDL-C, and FFAs are commonly observed, increasing the risk of developing gestational
hypertension, pre-eclampsia, and macrosomia [65,66]. Indeed, a recent systematic review
reported that pregestational diabetes is associated with a higher incidence of pregnancy
complications compared to GDM [67].

On the other hand, several preexisting endocrinopathies, including thyroid disorders
and polycystic ovary syndrome (PCOS), can significantly impact lipid metabolism during
pregnancy [68,69]. Hypothyroidism, for instance, is associated with an increase in serum
cholesterol and TG levels due to decreased hepatic lipase activity and reduced clearance
of lipoproteins [70,71]. This condition can result in complications like preterm delivery, as
noted by Vella et al., who in a retrospective cohort study observed that hypothyroidism is
associated with higher body weight and advanced maternal age [72]. PCOS, characterized
by hyperandrogenism and insulin resistance, also poses challenges during pregnancy,
as women with PCOS are more likely to experience elevated TGs and LDL-C, along
with reduced HDL-C. These lipid abnormalities can contribute to an increased risk of
cardiometabolic complications [73,74]. A large observational study found that women with
PCOS had a higher risk of GDM, pre-eclampsia, and pre-term delivery compared to those
without a PCOS diagnosis [75].

Chronic kidney disease (CKD), especially in its advanced stages, presents significant
maternal and fetal risks, categorizing it as a high-risk condition during pregnancy [61]. This
recognition has led to the emerging field of “obstetric nephrology”, highlighting the critical
importance of managing kidney function during pregnancy [76]. The physiological changes
in renal function during pregnancy, including increased clearance rates and proteinuria,
elevate the risk of hypertensive disorders, notably pre-eclampsia, as well as fetal growth
restriction and preterm delivery [61]. The severity of these adverse pregnancy outcomes
escalates with the progression of CKD stages. Women with end-stage kidney disease who
become pregnant typically have significantly reduced fertility; however, successful preg-
nancies are increasingly reported [77]. Managing pregnancy in dialysis patients requires
an intensified dialysis regimen, often with daily sessions, to better control fluid balance,
uremia, and hypertension, which are critical for minimizing maternal and fetal risks [78].
Studies suggest that more frequent and prolonged dialysis sessions are linked with better
pregnancy outcomes, though the procedure still carries a high risk of complications, includ-
ing preeclampsia, polyhydramnios, and fetal distress [78,79]. Moreover, CKD is associated
with dyslipidemia, characterized by low HDL-C levels, elevated triglycerides, and normal
LDL-C levels, but with a predominance of small, dense LDL particles, which can further
exacerbate the risk of complications [80]. Patients undergoing peritoneal dialysis often
exhibit a more atherogenic lipid profile compared to those on hemodialysis or non-dialysis-
dependent patients, due to protein loss in the dialysate and the use of glucose-rich solutions,
which promote atherosclerosis and increase cardiovascular risk [81].

Preexisting dyslipidemia can be exacerbated by pregnancy, especially considering
the discontinuation of lipid-lowering therapy needed during this period [82]. Normally,
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pregnancy is associated with a physiological increase in lipid levels, with TG levels po-
tentially doubling by the third trimester [27]. Table 1 shows the physiological changes in
lipid parameters during pregnancy in comparison to the main primary dyslipidemias. In
women with preexisting dyslipidemia, these changes can become pathological, leading
to severe hypertriglyceridemia, which is characterized by TG > 1000 mg/dL and is often
linked to genetic defects in lipid metabolism, such as familial combined hyperlipidemia,
familial hypertriglyceridemia, hyperchylomicronemia, and familial dysbetalipoproteine-
mia [36]. Hypertriglyceridemia in pregnancy is associated with an increased risk of acute
maternal complications, including acute pancreatitis and hyperviscosity syndrome [83].
Acute pancreatitis is an inflammatory condition of the pancreas that can cause severe
abdominal pain and systemic illness [84]. Hyperviscosity syndrome, characterized by
increased blood viscosity, can lead to impaired blood flow and tissue perfusion, raising the
risk of complications such as thrombosis [85]. Additionally, high TG levels are associated
with a higher risk of developing hyperlipidemia postpartum [86].

Elevated levels of LDL-C can contribute to the development of the ASCVD, thereby
increasing the risk of cardiovascular events during pregnancy. Pregnant women naturally
experience an increase in lipid levels, including those with preexisting dyslipidemia [62].
Special attention should be given to pregnant women with severe forms of familial het-
erozygous hypercholesterolemia (HeFH) or the rare genetic condition homozygous hy-
percholesterolemia (HoFH) [87], despite the few reported cases of the latter, as these
conditions significantly impact the lipid profile [88]. According to a study by Amundsen et
al., pregnant women with or without HeFH exhibited similar modifications in their lipid
profiles [43] even if the absolute level was considerably greater in FH pregnancies. How-
ever, it is important to note that baseline LDL-C levels can be significantly higher in women
with inherited dyslipidemias. Despite this, the risk of adverse outcomes (prematurity, low
birth weight, and congenital malformations) in patients with HeFH is similar to that of
women without this condition [39].

During pregnancy, it is important to also consider the lipoprotein(a) [Lp(a)], a known
risk factor for arterial and venous thrombosis, due to its structural resemblance to plas-
minogen [89,90]. During pregnancy, a naturally reduced fibrinolytic activity occurs, and
higher Lp(a) levels can further diminish fibrinolysis, which may lead to negative pregnancy
outcomes [91]. Both pregnant women with previously high and normal Lp(a) levels may
experience increases during pregnancy, and elevated Lp(a) levels can heighten the risk of
maternal (i.e., pre-eclampsia) and neonatal (i.e., pre-term births) complications, although
there are still conflicting results on this matter [89,91–93].

In summary, the interplay between pregnancy and preexisting conditions like en-
docrinopathies and chronic kidney disease significantly impacts lipid metabolism, in-
creasing the risk of adverse outcomes for both the mother and the fetus. Understanding
these dynamics is crucial for anticipating and managing potential complications during
pregnancy, ensuring better maternal and fetal health outcomes. Improved awareness
and targeted interventions can lead to more effective management strategies, ultimately
enhancing the quality of care and reducing the risks associated with these conditions
during pregnancy.

Table 1. Physiological changes in lipid parameters during pregnancy in comparison to main primary
dyslipidemias.

Pre-Gestation During Pregnancy

Healthy women [9,83] Normal lipid parameters

TC: +30–50% (≈250 mg/dL)
LDL-C: +30–50% (140 mg/dL)

HDL-C: +20–40% (≈65 mg/dL)
TG: +50–100% (≈250 mg/dL)
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Table 1. Cont.

Pre-Gestation During Pregnancy

Primary dyslipidemias
Heterozygous familial

hypercholesterolemia [94] LDL-C: ≈200–250 mg/dL LDL-C: +25–40% (≈250-350 mg/dL)

Homozygous familial
hypercholesterolemia [95,96]

LDL-C: ≈500–600 mg/dL (untreated)
≈300–500 mg/dL (on therapy)

LDL-C: +20–60% (≈600–800 mg/dL,
pre-apheresis)

Familial hyperchylomicronemia
[83,97,98] TG: range 1300–1500 mg/dL TG: +350% (≈5000–7500 mg/dL)

4. Dietary and Lifestyle Approaches in Pregnancy

Nutrition is considered one of the most influential environmental factors that can
affect embryonic and fetal development and also the health of mother and her fetus–
neonate [99]. The maternal diet influences the intrauterine environment throughout an
epigenetic mechanism that regulates gene expression in the unborn child, as an adaptation
to various environmental conditions [100].

A healthy dietary pattern plays a crucial and determining role in ensuring a healthy
process of growth and for mother, not only during pregnancy but also during the peri-
conception period. Among different approaches, MD is considered a balanced and safety
model for fetus and woman, preventing maternal and fetal diseases. In fact, according to
the literature, MD should be suggested before, during, and after pregnancy [101,102]. As a
useful approach in adults to counteract the development of metabolic syndrome, according
to some authors, the MD during pregnancy could also protect the fetus from metabolic
syndrome throughout the duration of life [100]. Based on different systematic reviews,
higher maternal adherence to the MD during pregnancy seems to be protective against
GDM, child adiposity, and may also lower the risk of postpartum depression [103,104].
MD appears also to be associated with lower hypertensive complications in pregnancy,
higher fertility and chance of live birth after in vitro fertilization [105–107]. On the contrary,
the Western diet, which significantly diverges from Mediterranean guidelines, is linked
to a higher risk of developing pre-eclampsia in women during pregnancy [108]. Not only
for the metabolic health of the fetus, but also for its neurological functioning, MD would
seem to play a protective role. According to a recent prospective birth cohort study, greater
maternal adherence to the MD would seem to be associated with better neurological de-
velopment in the newborn and lower levels of Peptide C in the umbilical cord blood [16].
According to the authors, this association could be linked to the consumption of foods rich
in beneficial nutrients typical of the Mediterranean pattern, such as omega-3 fatty acids,
which are known for their neuroprotective virtues [109]. Although there are, however,
studies confirming the correlation between MD and the mother’s carbohydrate metabolic
functioning during pregnancy [110], there are currently insufficient data showing a link
between the umbilical cord and the neurological development of the fetus [111].

The guidelines of the MD may vary slightly from country to country, as this dietary
approach is adopted by various nations bordering the Mediterranean Sea and there is no a
single MD pattern [112,113]. Among its defining elements, in addition to nutritional aspects,
are strong references to cultural heritage, local traditions, and the agri-food sustainability of
each region [114]. In general, the MD emphasizes a plant-based core and the consumption
of so-called “good fats”, which can generally range from 35% to 45% of the total energy
intake [115]. In particular, the lipid intake of the diet in Greece is around 40% of the total
energy intake, with a share of monounsaturated fatty acids of about 17%, comparable to
the amount consumed in Spain, due to the high consumption of olive oil, while in Portugal
and also in Italy, fat consumption is shown to be lower [116]. While the relatively high fat
content of MD might be suspected to increase weight gain and obesity, the results of the
large randomized clinical trial PREDIMED indicate that such concerns are unfounded [117].
Indeed, subjects who had followed a diet enriched with extra virgin olive oil and nuts
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showed no significant increase in body weight or waist circumference compared to the
control group [118]. Furthermore, they had a lower risk of developing type 2 diabetes and
metabolic syndrome, all conditions closely linked to weight gain [119,120].

Given these premises, a dietary approach based on MD should be encouraged for the
wellness of mother and child, as it is considered safe during pregnancy.

The concept of a healthy diet not only concerns the quality of food but also the quantity
and frequency of food intake. For this reason, the reference portions and consumption
frequencies of the main food groups are outlined in the latest MD food pyramid [114]. In
fact, a variety of food choices helps reduce the risk of developing nutritional deficiencies.
These aspects become even more crucial when talking about diet in pregnant women.

A deficient intake of macronutrients and micronutrients can negatively influence
pregnancy outcomes and neonatal health, causing, for example, structural abnormalities
of the fetus and long-term illnesses [99,121]. For these reasons, nutritional counseling
during pregnancy should be considered as a cornerstone of prenatal care and health
professionals must be informed about the increased nutritional needs of pregnant women,
as the dietary requirements are significantly different from those of non-pregnant women. It
is recommended to individualize nutritional counseling according to the woman’s cultural
food choices, her access to food, her socio-economic status, and her pre-pregnancy body
mass index [122]. However, in general, for a healthy and safe diet during pregnancy, it is
recommended to have a varied and balanced diet that includes all food groups every day
(Table 2) [123,124].

Table 2. Minimum recommended daily servings for each food group.

Food Group Serving in g [123] Serving/Day

Bread, cereals, rice, pasta, etc. 50 to 80 g 9
Vegetables 80 to 200 g 4

Fruits 150 g 3
Milk, yogurt, fresh cheese 100 to 125 g 2–3

Meat, fish, dried beans, eggs, nuts: 50 to 150 g 1–2

Although a total estimate of about 80,000 calories has been calculated to be necessary
to cope with a full-term pregnancy, to cover the metabolic energy expenditure of the mother
and the fetus and to ensure its growth in addition to that of the placenta, it is necessary
to consider a woman’s customized calorie intake based on her pre-pregnancy BMI, age,
lifestyle and activity level. There is indeed a great inter-individual variability in energy
expenditure, linked not only to weight gain but also to a woman’s pre-pregnancy nutritional
status [122]. According to pre-pregnancy BMI, the average weight gain of women has been
established by international guidelines (Table 3) [124].

Table 3. Advisable weight gain through pregnancy.

BMI Pre-Pregnancy

Weight Gain in the Second
and Third Trimester on

Average in Single Pregnancy
(Expressed in kg/Week)

Desirable Weight Gain at the
End of Single Gestation

(Expressed in kg)

Desirable Weight Gain at the
End of Twin Gestation

(Expressed in kg)

Underweight
(BMI: <18.5 kg/m2) 0.51 (0.44–0.58) 12.5–18 Not available

Normal weight
(BMI: 18.5–24.9 kg/m2) 0.42 (0.35–0.50) 11.5–16 17–24.5

Overweight
(BMI: 25–29.9 kg/m2) 0.28 (0.23–0.33) 7–11.5 14–22.7

Obesity
(BMI: > 30 kg/m2) 0.22 (1.17–0.27) 5–9 11.5–19

Adapted from Institute of Medicine (US) and National Research Council (US) Committee to Reexamine IOM
Pregnancy Weight Guidelines. Weight Gain During Pregnancy: Reexamining the Guidelines. Rasmussen KM, Yaktine
AL, editors. Washington (DC): National Academies Press (US); 2009.
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Energy expenditure starts to change not from the beginning of pregnancy, but from
the second trimester to the third trimester, increasing by 350 kcal and 460 kcal daily in
general, respectively, for a normal-weight pregnant woman. This additional intake will
have to be scaled down if there is a reduction in physical activity and, according to national
and international guidelines, should in any case not be applied universally to all body
mass index (BMI) classes [123–125]. At the base of the MD pyramid are the non-nutritional
elements that define the Mediterranean lifestyle, namely adequate rest, conviviality, and
regular physical activity. In this regard, regular activity is defined as at least 30 min a day
for 5 days [126].

The Academy of Nutrition and Dietetics also emphasizes the importance of leading an
active lifestyle for all women of childbearing age who wish to become pregnant, as lifestyle
choices greatly influence the health of the mother and the newborn. Good practices leading
to a healthy gestation include an adequate body weight before pregnancy, controlled weight
gain, and an adequate level of physical activity during pregnancy [127]. In women with
a normal BMI before pregnancy, a prenatal nutrition and exercise protocol, regardless
of intensity, has been shown to be beneficial in reducing pregnancy weight gain and
normalizing postpartum body weight [128], as well as having a positive impact on blood
glucose [129]. Furthermore, moderate physical activity during gestation is considered safe
in low-risk pregnancies, as it does not lead to a risk of preterm delivery or miscarriage [130].

4.1. Macronutrients in Pregnancy

According to the Reference Intake Levels of Nutrients and Energy for the Italian
Population (LARN), the requirement for protein intake increases during pregnancy, while
carbohydrates and lipids remain nearly stable [123]. Protein intake should cover 20% of
the daily energy requirement, and special attention should be paid to choosing proteins
with a high biological value, such as those found in animal-derived food like eggs, milk
and meat. The Protein Digestibility Corrected Amino Acid Score (PDCAAS) is used to
evaluate the quality of food proteins. Animal products, which provide all nine essential
amino acids, typically have a PDCAAS close to 1, which means that they provide a higher
rate of indispensable amino acids in contrast to plant-based foods (PDCAAS below 0.7).
However, by combining different plant-based foods with varying amino acid profiles, the
overall quality of the protein can be improved [131].

Considering a total weight gain of about 12 kg in a pregnancy without complications,
the population reference intake (PRI) of protein for the adult population is an increase of
1 g/day in the first trimester, 8 g/day in the second trimester, and 26 g/day in the third
trimester. This increase supports protein synthesis in maternal tissues and fetal growth,
which is highest in the last three months of gestation [123].

Similarly to the rest of the population, carbohydrates, mainly consumed as polysaccha-
rides, represent the primary energy substrate for the body and should account for 45–60%
of total energy intake. According to some authors, carbohydrate intake could reach 64% of
total energy and should include up to nine servings of whole grains per day [122].

Lipid intake in pregnant women is comparable to that of non-pregnant women, in
particular, the Italian reference intake levels indicate a range of lipids between 20 and 35%
of total daily calories, of which saturated fats should not exceed 10% of total energy, with a
limit on cholesterol intake as well, which should be less than 300 mg/day [123], but in other
Mediterranean countries the reference percentages could vary and be wider [132]. Since it
is important to maintain an adequate intake of essential fatty acids during pregnancy, the
remaining lipid intake will consist of polyunsaturated fatty acids, omega-3 and omega-6
series, and monounsaturated fatty acids. Among the fatty acids of the omega-3 series, the
most nutritionally interesting are docosahexaenoic acid (DHA) and eicosapentaenoic acid
(EPA), which are considered beneficial in the development of the brain and retina nerve
structures of the fetus, but also to improve cardiovascular health [122]. In particular, DHA is
also known to have an anti-inflammatory effect by acting on Toll-like receptors and serving
as a precursor to the anti-inflammatory lipid mediators, which inhibit the production of pro-
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inflammatory compounds from arachidonic acid [133]. DHA is primarily found in seafood.
The body’s ability to convert other omega-3 fatty acids into DHA varies greatly between
individuals due to differences in enzyme availability and metabolic function. Therefore,
the most reliable way to meet DHA requirements is through the direct consumption of
fish and seafood. Despite the known benefits of omega-3 fatty acids, it is common for
the consumption of fish and other marine species to be avoided during pregnancy, due
to the wide spread of toxic contaminants in the environment, including mercury [134]. In
order to not run into harmful nutritional deficiencies, the pregnant woman should opt
for small-sized fish, which are considered a good source of omega-3 fatty acids, such as
sardines or anchovies, and at the same time reduce the consumption of fish with a high
concentration of methylmercury, such as tuna, swordfish, shark, to a maximum of once a
week [122,135]. However, according to LARN, there is no PRI of DHA in pregnancy, but
only a reference range between 100 and 200 mg/day [123].

4.2. Micronutrients: Minerals and Vitamins

A healthy and balanced diet, which includes fresh foods such as fruit, vegetables
and milk, guarantees the pregnant woman all the vitamins necessary to continue with
her pregnancy. Vitamin D supplementation may not be necessary for all women, and
its integration should be evaluated individually [135]. Also, vitamin A supplementation
during pregnancy should be recommended only in case of deficiency [136].

The only exception concerns folic acid, which must be necessarily integrated at least
up to 400 µg/day, for the prevention of neural tube defects, starting one month before con-
ception and continuing during pregnancy up to the 12th week of gestation [137]. Pregnant
women are recommended to take folic acid from fortified foods or daily supplements, in
addition to consuming a diet rich in food sources of folate, such as citrus fruits, the dark
green leaves of vegetables, nuts, and liver [122].

Similar to vitamins, a balanced dietary pattern provides all the minerals necessary
for pregnancy. Calcium supplementation in women with normal calcium levels is not
indicated [138].

Iron and iodine are the only other two micronutrients that typically require supple-
mentation during pregnancy. In the case of iron deficiency, anemia supplementation is
mandatory, and it is not sufficient to consume foods rich in iron, such as red meat, pork,
fish and eggs [135].

The recommended intake level for iodine during pregnancy is 220–250 µg/day; how-
ever, in Italy, the quantity of iodine taken with food is not sufficient to guarantee the
recommended daily intake, even when not pregnant. To overcome this nutritional defi-
ciency, it is possible to resort to iodine-enriched salt and use it to replace common kitchen
salt [139], since one gram of iodized salt contains 20–30 µg of iodine, or it is possible to in-
gest it through foods with a high iodine content or specific supplements for pregnancy [140].
Table 4 reports an overview of the specific nutritional needs in healthy pregnant women.

Table 4. Overview of specific nutritional needs in healthy pregnant women.

Calories +350 kcal/Day in the II Trimester
+460 kcal/Day in the III Trimester

Protein
+1 g/day in the I trimester
+8 g/day in the II trimester

+26 g in the III trimester

Carbohydrates 45–60% of total kcal, with an intake of simple sugars not exceeding 10–15%

Lipids ≈35% of total kcal, saturated fatty acids <10%.
DHA +100–200 mg/day

Fiber 25–30 g/day

Water +350 mL/day (compared to the pre-pregnancy period)
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Table 4. Cont.

Sodium 1.5 g/day, the adequate intake corresponds to that defined for the general
adult population

Calcium 1200 mg/day

Iron 27 mg/day

Iodine 200–250 µg/day

Folic acid 400 µg/day or 500 µg/day in the case of women who have given birth to fetuses
with neural tube defects or who have a history of neurological malformations

5. Nutritional Strategies for Managing Dyslipidemias in Pregnancy

According to the ESC/EAS guidelines [14] for cardiovascular prevention, the preferred
dietary models are undoubtedly the Dietary Approaches to Stop Hypertension (DASH)
and the MD. The latter is effective in preventing and treating several non-communicable
diseases, such as cancer, diabetes, and, of course, cardiovascular problems [141]. In light
of the metabolic changes that affect the liver and adipose tissue during pregnancy, deter-
mining notable variations in the circulating levels of triglycerides, FFA, cholesterol and
phospholipids [142,143], the role of the MD can also be hypothesized in the context of the
treatment of pregnancy complicated by dyslipidemia.

The effectiveness of the MD in treating hypertriglyceridemia lies in its components.
This plant-based dietary model, typical of Mediterranean countries, is rich in bioactive
compounds and notably low in simple and refined carbohydrate-rich foods, which are
considered most harmful for triglyceride levels [144]. It provides adequate amounts
of complex carbohydrates, throughout low-glycemic index foods, a modest amount of
saturated fats with a higher proportion of polyunsaturated and monounsaturated fatty
acids. Legumes, seasonal vegetables and fruits, unrefined cereals, nuts, fish, and lean meats
are emphasized in the mediterranean pattern. Virgin olive oil, used primarily raw, serves
as the main dietary fat [145,146].

Despite the fact that MD is widely recognized for its health benefits, there is still limited
evidence specifically demonstrating its cholesterol-lowering effects during pregnancy.
Nonetheless, a recent study investigating the correlation between adherence to the MD
during pregnancy and maternal lipid markers found that higher adherence to MD was
associated with a significant increased HDL-C levels, decreased LDL-C and TG levels and a
more favorable LDL-C/HDL-C ratio at the 16th weeks of gestation, as well as a significant
reduction in HDL-C and TG levels at the 34th weeks of gestation [147]. Additionally, a
study conducted by Melero et al. indicated that women who followed the MD during
pregnancy experienced improved lipid profiles postpartum [148].

In summary, the MD is optimal for managing dyslipidemias due to its well-known anti-
atherogenic effect [19]; furthermore, MD represents the best dietary model in pregnancy
from a nutritional point of view [149]. Moreover, according to evidence, regular but
moderate exercise is more effective in improving lipid profile and it is considered safe
during pregnancy [14,150].

Dietary management is also crucial for pregnant women with inherited forms of
dyslipidemia. For instance, FH in pregnant patients necessitates the careful monitoring
and adjustment of dietary intake to manage lipid levels effectively [42]. In addition to
following general pregnancy dietary guidelines, these patients should adhere to either a
cholesterol-restricted diet (<300 mg/day) or a cholesterol-free diet (<50 mg/day), as both
have been shown to decrease LDL-C levels [151,152]. Emphasizing the consumption of
foods high in fiber, low in saturated fats, and low in cholesterol is still essential for optimal
lipid control [14,153].

For subjects with hypertriglyceridemia and hyperchylomicronemic syndrome, in
addition to the dietary recommendations previously outlined, it is essential to limit sugar
intake, as sugars can worsen TG levels [144]. Furthermore, alcohol consumption should
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be completely avoided, not only because it can significantly increase TG levels but also
because it aligns with general pregnancy guidelines to prevent fetal alcohol spectrum
disorder [154,155]. Patients with severe hypertriglyceridemia, particularly those with
inherited forms, may benefit from a low-fat diet consisting of less than 15–20% of total
energy intake [156]. Omega-3 fatty acids should be the primary fat source, as they are not
included into chylomicrons, reduce lipogenesis, and enhance fatty acid oxidation [157].
However, strict adherence to a very low-fat diet may lead to weight loss, which can have
adverse effects on both maternal and fetal health [158]. In some cases, the consumption
of medium-chain triglycerides is recommended, as they are directly absorbed into the
bloodstream and utilized for energy, potentially providing a safer lipid alternative without
contributing to elevated TG levels [159,160].

Overall, dietary management is an indispensable component of the multidisciplinary
approach to treating pregnant women with dyslipidemia, especially the inherited forms.
The complexity of these latter conditions requires not only adhering to general pregnancy
dietary guidelines but also implementing specific dietary strategies. This approach helps to
manage lipid levels effectively and prevents complications associated with elevated TG
and cholesterol. Moreover, working closely with a dietitian to customize these nutritional
strategies ensures the health and safety of both mother and fetus throughout pregnancy.
Through such tailored interventions, the risks associated with dyslipidemia can be sig-
nificantly mitigated, highlighting the critical role of personalized dietary counseling in
prenatal care.

6. Pharmacological Approach

In a normal pregnancy, the woman shows a 30–50% (≈250 mg/dL) physiological
increase in plasma TC and a two-three fold increase in plasma TG (≈250 mg/dL), but in
pathological conditions, such as FH or hypertriglyceridemia (both familial and secondary
forms), severe hyperlipoproteinemia is a possibility, with negative consequences for mother
and pregnancy outcomes [42,83,151,161,162]. Here, we present first the available treatments
for severe hypercholesterolemia and then for severe hypertriglyceridemia in pregnancy.

6.1. Familial Hypercholesterolemia: Treatment in Pregnancy

Women affected by FH, in particular HeFH not controlled and HoFH, are generally
treated by long-term cholesterol-lowering therapy. A combination of both pharmacologic
intervention and lipoprotein apheresis (LA) may be fundamental for HoFH women or
FH women at high cardiovascular risk. The advent of pregnancy raises the problem of
controlling the obvious increase in TC and LDL-C, considering the recommendation of
stopping the usual hypolipemic drugs. For these reasons, there is a general consensus of
avoiding unplanned pregnancy to allow the pre-pregnancy evaluation of the individual
cardiovascular risk profile and to choose the best treatment in any single patient. Unfortu-
nately, the available literature fails to show definitive results of clinical studies, including
dyslipidemic pregnant women treated with hypolipemic drugs; the current results derive
from experimental animal studies or observations of case reports on the unintentional use
of drugs in pregnancy.

6.1.1. Bile Acid Sequestrants

Bile Acid Sequestrants (BASs) are the only drugs approved for treating dyslipidemia
in pregnancy: the mechanism of action is localized in the intestinal lumen, so it does
not enter the maternal circulation and cannot reach the fetus [163]. They reduce the TC
by 15% and LDL-C by approximately 20–30% [151]. BAS are not currently indicated as
the starting isolated medications for the FH treatment and are associated with statin and
ezetimibe [164]. Thus, their efficacy is limited and it is associated with side effects that may
exacerbate symptoms already present in pregnancy.
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6.1.2. Fibrates, Nicotinic Acid, Ezetimibe

Fibrates are not recommended in pregnancy because they have been associated with
fetal malformations in animal studies and included in old category C of the US Food and
Drug Administration (FDA) and the Pregnancy and Lactation Labeling Rule (PLLR) [163].
They should only be considered when the benefits clearly outweigh the risks [14]. The
same considerations are indicated for Nicotinic acid (niacin) use in pregnancy; thus, it
is not known whether this drug can damage the fetus (FDA old category C and PLLR).
Ezetimibe is a potent and selective inhibitor of cholesterol intestinal absorption, which
decreases biliary cholesterol secretion and promotes the synthesis of LDL receptors, with
a subsequent reduction in serum LDL-C [165,166]. Ezetimibe is more currently used in
association with statins in FH patients. Few animal studies in pregnancy showed dangerous
effects on skeletal system [167]; no well-conducted clinical studies have been reported (FDA
old category C).

6.1.3. Statins

Statins, HMG-CoA reductase inhibitors, are the most common used drugs in the
treatment of dyslipidemia and are the first-line therapy in FH patients exhibiting sub-
stantial benefits in primary and secondary prevention of cardiovascular events [164,168].
As a class, statins are contraindicated (FDA old category X) during pregnancy and lacta-
tion [164,168,169]. This recommendation derives from animal studies which demonstrated
fetal harm and reduced birth weight [163,170]. Concerning the human studies, potential ad-
verse birth effects have been shown in case reports and small cohort studies after lipophilic
statin exposure [163,171,172]; however, pregnant mothers treated with hydrophilic statins
(pravastatin) did not present any fetal malformation [172]. In recent years, several stud-
ies [173–176] found that the prevalence of congenital abnormalities in mothers exposed to
statins was similar to the unexposed population [163,177,178]. However, other observations
reported a higher risk of miscarriage [179], low birth weight and preterm labor [179].

The FDA, on the basis of the new evidence about the safety of statins in pregnancy,
recommended changing the limits of the statin prescription. FDA requested removal of
strongest warning against using cholesterol-lowering statins during all pregnancies [180].
Notwithstanding, the discontinuation of statins during pregnancy and lactation should in
general continue to be recommended [181].

So, the question of if it is still appropriate to contraindicate statins in all pregnancies
is widely debated. Some experts suggest continuing statin in pregnant high-CV-risk
patients, including women with HoFH and FH with previous ASCVD, after the first
trimester [82,88,168,182]. Another consideration in favor of the use of statins in pregnancy
derives from few human clinical trials aimed to determine whether a hydrophilic statin
may be used to prevent pre-eclampsia [170,174,183].

In summary, healthcare professionals and patients might make individual decisions
discussing benefits and risks in the single case.

6.1.4. New Therapies

New hypocholesterolemic drugs have been recently utilized alone or in association
with statins [82].

PCSK9 (proprotein convertase subtilisin: kexin type 9) inhibitors, according to their
biologic mechanism of action in cellular proliferation and differentiation, must be consid-
ered with caution in pregnancy. Studies on primates show contrasting results [184,185],
and evidence in human pregnancies even not completely negative is still
insufficient [14,82,164,168,184,186,187]. A very recent study with an innovative genetic
technique provides evidence to avoid the use of these medications in pregnancy due to the
potential risk of fetal malformations [188].

Bempedoic acid, a new LDL non-statin-lowering drug has been introduced for use
in 2020, and is utilized alone or in association with low dose statins; since very limited
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data are present on its use during pregnancy, it must be discontinued in pregnancy and
lactation [82]

Evinacumab, an angiopoietin-like protein (ANGPTL)3 inhibitor, is a monoclonal
antibody, and crosses the placental barrier. The available human data are insufficient to
evaluate the risk for adverse fetal or maternal outcomes during pregnancy [82].

Inclisiran is a novel small interfering RNA-based therapy (anti-sense). It must be
administered only twice a year and presents a safe profile in controlled study; however, we
do not have available data during pregnancy, and it must be discontinued [82].

Lomitapide reduces VLDL release and VLDL-mediated triglyceride secretion. It
may cause fetal toxicity and data during human pregnancy are not available. It must be
discontinued in pregnancy [82,182].

Mipomersen lowers LDL-C by reducing hepatic VLDL production and therefore can
act independently of the presence of the LDL receptor. Animal studies do not demonstrate
teratogenicity [189]. There are no controlled data for pregnant women. Mipomersen should
be used in pregnancy only if clearly needed (FDA pregnancy old category: B) [182,190].

6.2. Lipoprotein Apheresis for Managing Dyslipidemia in Pregnancy

LA is an extracorporeal removal of cholesterol-carrying lipoproteins utilizing different
techniques (adsorption, differential filtration, precipitation) [191]. LA is an efficient and
safe procedure recommended in HoFH, and in severe HeFH pregnant women at high
ASCVD risk [88,164,168,186,192,193].

Evidence-based guidelines for the LA use during pregnancy are still lacking; thus,
clinical criteria are based on available case reports, case series and scientific societies
opinions. The American Society of Apheresis (ASFA) encourages the LA use in HoFH and
HeFH because it offers recognized benefits (category I-grade 1A and category II-grade 1A,
respectively) [193]. Moreover, LA is the only approved treatment for elevated Lp(a) [194].

LA provides the possibility of reducing LDL-C levels to an optimal goal [195] and
has been demonstrated as safe in pregnancy for the mother and the fetus [88,196,197].
LA, in reducing LDL-C levels [197], reduces both the maternal and fetal ASCVD risk.
Moreover, therapeutic apheresis has pleiotropic effects involving pro-inflammatory and
anti-inflammatory factors, and hemodynamic changes such as vasodilation and increased
blood flow [198]. These effects are favorable for maternal–fetus placental circulation, pre-
venting pre-eclampsia and intrauterine growth restriction. LA should be continued or
initiated during pregnancy in women with HoFH, especially in those with established
ASCVD and in whom LDL-cholesterol levels are not at the guideline-recommended goal;
similar advice applies to women with severe HeFH [164]. There are no specific indica-
tions in pregnancy regarding the different selective LA methods and the frequency of
treatments [88,191,199]. All known LA methods seem to have equal efficacy, and the rec-
ommended frequency of LA in pregnancy is one to two times per week according to the
target LDL-C level obtained [88,197].

Postpartum is a crucial period in FH mothers: since pharmacological treatments
are contraindicated (lipid-lowering drugs pass into the milk) and lactation is strongly
encouraged for the baby and mother, LDL apheresis is still indicated to allow breastfeeding
for as long as needed. The use of LA in pregnancy requires specialized clinical infrastructure
and a multidisciplinary team of different specialties, so it cannot be available in all medical
services; even if FDA and experts opinions have considered statins safe in severe high
ASCVD risk FH pregnancies, LA still represents the more efficient and safe option for
mother and fetus. Due to the paucity of the evidence linked to the small number of
case reports, we cannot foresee the general guidelines in the near future. Therefore, at
the moment, individualized multidisciplinary strategy has to be considered as the gold
standard for the treatment of these high-risk patients.
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6.3. Severe Hypertriglyceridemia: Treatment in Pregnancy

Gestational hypertriglyceridemia defined as TG levels above the 95th percentile is
found in non-genetic conditions or in patients with genetic mutations in enzymes in-
volved in the metabolic process of TG (familial chylomicronaemia syndrome or familial
hypertriglyceridemia) [200]. In these patients, hypertriglyceridemia-induced pancreatitis
is associated with a maternal mortality rate as high as 20% [200,201]. Pharmacotherapy
becomes necessary if TG levels increase above 500 mg/dL [200].

Lowering plasma TG levels prevents the onset of acute pancreatitis, as this risk in-
creases progressively as TG levels rise [202–204]. Treatment options for TG reduction
during pregnancy are limited. Although there are codified guidelines, such as those
of the Endocrine Society [205], on the management of severe hypertriglyceridemia in
the nonpregnant state; in pregnancy, the current recommendations are only based on
observational data.

6.3.1. Statins

Statin treatment is recommended as the first drug of choice for reducing ASCVD
risk in high-risk individuals with hypertriglyceridaemia [206]. Statins are mainly used to
reduce LDL-C, but they also reduce TG levels. For this reason, statins may reduce the risk
of pancreatitis [203].

Statins have always been considered contraindicated in pregnancy because of animal
data showing their teratogenic potential [183,207–209]. However, recent large observational
cohort studies have found no teratogenic effect of statins [208,210]. Statins are not the drugs
of first choice in the treatment of hypertriglyceridemia unless there is a high cardiovascular
risk. Physicians may consider their use during pregnancy in the above patients and
preferably after the first trimester. Because statins are now known to interfere with some of
the pathologic mechanisms underlying pre-eclampsia, a reevaluation of their potential use
in the prevention of this obstetric complication would be desirable [211]. Breastfeeding is
not recommended in patients taking statins [212,213].

6.3.2. Fibrates

Fibrate therapy reduces serum TG levels by 50–70% [214,215], although favorable
clinical effects are limited. Fibrates are associated with muscle toxicity [216,217] and this
risk is greater in patients also taking statins [218–220]. Fibrates cross the human blood–
placental barrier [221]. According to the FDA, they are designated in old category C
(unclear teratogenicity) because they have shown teratogenic effects in animal models [151].
However, there are two case reports on the use of gemfibrozil and fenofibrate after the first
trimester without teratogenic or toxic effects [157,222]. In pregnant patients with severe
hypertriglyceridemia at risk for pancreatitis, the use of fenofibrate or gemfibrozil starting
in the second trimester may be considered [36,223]. Fibrates should be considered only if
TG levels should be >500 mg/dL despite the use of omega-3 fatty acids, dietary restrictions,
and if plasmapheresis cannot be performed [200].

There is no relevant published information on the use of fenofibrate or gemfibrozil
during breastfeeding. Breastfeeding in women taking fibrates is contraindicated, because
of the potential risk of altered lipid metabolism in the child [224,225]. So, in patients with
severe hypertriglyceridemia, it is recommended to consider whether it is more appropriate
to discontinue breastfeeding or discontinue the drug.

6.3.3. Omega-3

Omega-3 fatty acids reduce TG levels by about 20–50%, with an effect dependent
on baseline TG values and directly proportional to the dose used [226–229]. High-dose
omega-3 fatty acids can be used safely during pregnancy [230]. Indeed, the increased intake
of them during pregnancy is associated with improved maternal–fetal outcomes [231]:
reduced rates of intrauterine growth restriction [232,233], preterm birth [234–236], perinatal
death, and improved neurocognitive outcomes in the offspring [232]. At the same time, it
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could increase the risk of large children for gestational age [233]; and atrial fibrillation for
the mother [237–239].

In women with severe hypertriglyceridemia and at risk for pancreatitis, the use of
omega-3 fatty acid at high doses during pregnancy may be effective and safe [158] and may
prevent the development of acute pancreatitis [240]. The daily dose of omega-3 fatty acids
to reduce TG levels is 4 g [228]. Omega-3 fatty acid therapy can also be safely taken during
breastfeeding.

6.3.4. Nicotinic Acid (Niacin)

Niacin is a water-soluble vitamin involved in the synthesis and metabolism of carbo-
hydrates, fatty acids, and proteins. Niacin inhibits diacylglycerol transferase-2, leading to
a reduction in TG [157]. At high doses of 1500–2000 mg per day it reduces TG levels by
15–25% [215]. Compared with fibrates, niacin reduces TG levels to a lesser extent and has
more side effects [241]. Niacin, like all water-soluble vitamins, crosses the placenta [242]. It
is not known whether niacin at therapeutic doses for lipid reduction is harmful to the devel-
oping fetus, as there are no studies evaluating its safety in pregnancy [157,243]. For these
reasons, niacin should be discontinued in pregnancy. The suspension of breastfeeding is
strongly recommended in patients taking niacin for the treatment of hypertriglyceridemia.

6.3.5. Bile Acid Sequestrants

BASs are the only lipid-lowering drugs currently accepted in pregnancy [83,151,244].
These drugs do not pass into the systemic circulation and are safe for the fetus. How-
ever, they can lead to increased triglyceride levels and VLDL, worsening the preexisting
condition. For this reason, this class of drugs are contraindicated in patients with severe
hypertriglyceridemia (>1000 mg/dL) [205,245].

6.3.6. New Therapies

Emerging therapies reduce the activity of apolipoprotein C-III (APOC3) and
angiopoietin-like protein ANGPTL3, resulting in increased TG clearance. There are cur-
rently no studies on the use of these new therapies in the treatment of patients with
hypertriglyceridemia in pregnancy.

6.3.7. Plasmapheresis

Therapeutic apheresis can be used to reduce TG levels or to prevent hypertriglyceridemia-
induced complications during pregnancy [200,246–248]. Aphaeretic treatment results in
a rapid decrease in TG levels in a short period of time [249–251]. The percentage reduc-
tion in serum levels of TG after a single procedure is about 49–80% [83,252–258]. Many
studies and clinical cases have evaluated the safety and efficacy of plasma exchange in
pregnant patients [163,259–264]. Plasmapheresis is effective and safe for the treatment of
pregnant women with severe hypertriglyceridemia and pancreatitis [158]. It should be
considered in asymptomatic pregnant women with fasting triglyceride levels > 1000 mg/dL
or in pregnant women with clinical signs and symptoms of pancreatitis and triglyceride
levels > 500 mg/dL despite lifestyle changes and pharmacologic therapy. In addition,
it should be discontinued when triglyceride levels are <400 mg/dL or when signs or
symptoms of pancreatitis disappear [200].

The use of plasmapheresis is limited due to the rather high costs and the limited
availability of the procedure [251]. For these reasons, unfortunately, it is a treatment option
not available in all centers.

7. Conclusions

To summarize, the management of dyslipidemia during pregnancy presents unique
challenges, necessitating a careful balance between maternal and fetal health. The phys-
iological changes in lipid metabolism during pregnancy, particularly the increase in TG
levels and LDL-C levels, can exacerbate pre-existing conditions such as FH and hyper-
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triglyceridemia. Effective management strategies include lifestyle modifications, dietary
interventions, and, when necessary, pharmacological treatments. Moreover, clinical trials
investigating the efficacy of dietary patterns in pregnant women with dyslipidemia are still
limited. However, in inherited forms of dyslipidemia (i.e., familial hyperchylomicronemia),
personalized dietary adjustments are pivotal for successful pregnancy outcomes. While
emerging therapies and lipoprotein apheresis offer promising options for severe cases, their
availability, high costs, and the limited research hinder their widespread use.

Despite these advancements, the current body of research is insufficient to establish
comprehensive guidelines that address the full spectrum of dyslipidemia in pregnancy. The
distinctive physiological changes during pregnancy complicate the management of lipid
levels, and the interplay between maternal and fetal health adds further complexity. Thus,
more clinical trials are needed to explore the efficacy and safety of dietary patterns, pharma-
cological treatments, and other therapeutic interventions in this population. Additionally,
it is important to explore the feasibility and cost-effectiveness of these interventions in
different populations, taking into account ethnicity, healthcare access and socioeconomic
factors. Close monitoring and a personalized approach involving a multidisciplinary team
are essential to optimize outcomes for both mother and child. Further research and clin-
ical trials are needed to establish definitive guidelines and expand the safe and effective
treatment options for dyslipidemic pregnant women.
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