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ABSTRACT

Introduction: Obesity and metabolic-associated fatty liver disease (MAFLD) during pregnancy consti-
tute significant problems for routine antenatal care, with increasing prevalence globally. Similar to
obesity, MAFLD is associated with a higher risk for maternal complications (e.g. pre-eclampsia and
gestational diabetes) and long-term adverse health outcomes for the offspring. However, MAFLD during
pregnancy is often under-recognized, with limited management/treatment options.

Areas covered: PubMed/MEDLINE, EMBASE, and Scopus were searched based on a search strategy for
obesity and/or MAFLD in pregnancy to identify relevant papers up to 2024. This review summarizes the
pertinent evidence on the relationship between maternal obesity and MAFLD during pregnancy. Key
mechanisms implicated in the underlying pathophysiology linking obesity and MAFLD during preg-
nancy (e.g. insulin resistance and dysregulated adipokine secretion) are highlighted. Moreover,
a diagnostic approach for MAFLD diagnosis during pregnancy and its complications are presented.
Finally, promising relevant areas for future research are covered.

Expert opinion: Research progress regarding maternal obesity, MAFLD, and their impact on maternal
and fetal/offspring health is expected to improve the relevant diagnostic methods and lead to novel
treatments. Thus, routine practice could apply more personalized management strategies, incorporat-
ing individualized algorithms with genetic and/or multi-biomarker profiling to guide prevention, early
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diagnosis, and treatment.

1. Introduction
1.1. Overview of obesity in pregnancy

Obesity is characterized by the accumulation of excess adi-
pose tissue in the body, with the World Health Organization
(WHO) defining overweight and obesity as a body mass index
(BMI) over 25 kg/m? and 30 kg/m?, respectively, for Caucasian
adults [1]. During pregnancy, weight gain is expected due to
changes in body composition and metabolism and the devel-
opment of the placenta, amniotic fluid, and the growing fetus
[2,3]. Guidelines for recommended gestational weight gain
have been developed based on WHO categories of maternal
BMI, as shown in Table 1 [4].

The increasing prevalence of obesity among women of
reproductive age is a significant public health concern. In

2018, nearly 40 million pregnant women worldwide had
a BMI in the overweight category [5]. This increasing
trend poses a significant disease burden since maternal
obesity and excessive gestational weight gain are linked
to numerous adverse outcomes for both affected mothers
and their offspring [6,7], including gestational diabetes
mellitus (GDM; with GDM risk exhibiting a dose-response
relationship with maternal obesity) [8,9], pre-eclampsia
[10,11], preterm birth [12,13], the need for cesarean deliv-
ery [14,15], susceptibility to infections, and postpartum
hemorrhage [16,17]. Moreover, long-term health compli-
cations for offspring include a higher risk of developing
cardio-metabolic diseases later in life such as type 2
diabetes (T2DM), hypertension, and coronary heart dis-
ease [18-20].
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e MAFLD is a growing concern among pregnant women, with preva-
lence rates which follow those of maternal obesity.

¢ Similarly to maternal obesity, MAFLD in pregnancy is also linked to
a higher risk of adverse outcomes such as gestational diabetes, pre-
eclampsia, and preterm birth, affecting both maternal and fetal
health.

o The adverse effects of maternal MAFLD extend beyond the preg-
nancy period, potentially predisposing the offspring to long-term
cardio-metabolic diseases, including obesity and type 2 diabetes.

e The complex pathophysiology of MAFLD involves insulin resistance,
dysregulated adipokine secretion, and chronic inflammation, which
are superimposed on normal pregnancy-related hormonal and meta-
bolic changes.

« Diagnosing MAFLD in pregnancy may pose challenges due to over-
lapping symptoms with those often noted during pregnancy, and the
limitations of current diagnostic methods. Non-invasive approaches
combining biomarkers, scoring systems, and imaging techniques are
key for diagnosing MAFLD in pregnancy.

o Research is needed to develop universally accepted diagnostic criteria
and safe, effective treatment modalities for pregnant women.
Advances in imaging, biomarker analysis, and understanding the gut-
liver axis hold promise for personalized management strategies.

o Considering MAFLD assessment in pre-conception family planning
and routine early screening during pregnancy could prompt timely
interventions, reducing the incidence of gestational diabetes and
other complications.

1.2. Overview of MAFLD in pregnancy

Metabolic dysfunction-associated fatty liver disease (MAFLD;
or nonalcoholic fatty liver disease, NAFLD; or metabolic dys-
function-associated steatotic liver disease, MASLD, as recently
proposed by a multi-society consensus statement) results from
excess fat accumulation in hepatocytes and ranges from sim-
ple steatosis to steatohepatitis (nonalcoholic steatohepatitis,
NASH; or metabolic dysfunction-associated steatohepatitis,
MASH) with or without fibrosis [21]. The global prevalence of
MAFLD parallels obesity rates, affecting up to 80-90% of
adults with obesity [22], and increases with age [23]. Meta-
analysis data suggest that MAFLD affects over 25% of the
general adult population, with recent estimates indicating
a prevalence of up to 22% in the 30-39 age range [24], further
highlighting its prevalence among women of childbearing
age [25].

Overall, MAFLD is the hepatic manifestation of central obe-
sity and metabolic syndrome, posing a significant risk factor
for cardiovascular disease (CVD) [26,27]. As with obesity, the
pathogenesis of MAFLD is multifactorial, involving genetic,
lifestyle, and other factors such as gut microbiota dysbiosis
and altered intestinal permeability [28]. These may overlap
with pregnancy, while it should be noted that the dynamic

hormonal and metabolic changes during pregnancy itself may
contribute to hepatic changes across the pregnancy trimesters
[25]. Thus, a fatty/steatotic liver during pregnancy is rather
common in the context of MAFLD, while this may rarely be
due to the acute fatty liver of pregnancy [25]. Data from the
United States National Inpatient Sample (18,574,225 pregnan-
cies, of which 5,640 had MAFLD) indicate a nearly three-fold
increase in MAFLD prevalence during pregnancy from 2007 to
2015 (10.5 to 28.9 per 100,000 pregnancies) [29]. This under-
scores the high and rising prevalence of MAFLD in pregnant
women, primarily driven by obesity, and the importance of
early diagnosis and management [25].

2. Pathophysiologic mechanisms linking maternal
obesity, MAFLD, and pregnancy

To better understand the underlying pathophysiology of
MAFLD in the context of pregnancy, it is important to high-
light key physiologic adaptations of the maternal metabolism
and the unique role of the placenta during this period.

2.1. Key physiologic hormonal/metabolic adaptations
during a normal pregnancy

Pregnancy involves profound and dynamic physiological
changes in the maternal metabolism and the endocrine sys-
tem (e.g. modified nutrient metabolism, energy homeostasis,
and tissue sensitivity to insulin) to support the normal devel-
opment and growth of the fetus through complex hormonal
and metabolic pathways [30,31]. Initially, pregnancy is an
‘anabolic phase’ favoring energy storage, primarily in lipids,
to meet the demands of the developing fetus and breastfeed-
ing. During the first trimester, maternal glucose homeostasis is
regulated by insulin, estrogen, and cortisol, prolonging blood
glucose clearance, promoting adipose tissue deposition, and
suppressing energy expenditure [32,33]. Gradually, pregnancy
transitions into a ‘catabolic phase,’ or ‘fetal anabolic phase,’
using stored energy to nourish the growing baby. This meta-
bolic shift is characterized by reduced insulin sensitivity, allow-
ing glucose and free fatty acids to cross the placenta
[31,34,35].

Overall, this gradual development of maternal insulin resis-
tance during the progression of pregnancy is critical for secur-
ing an ample and continuous supply of glucose to the
developing fetus, particularly during the third trimester
[31,36]. A 50-60% reduction in insulin sensitivity occurs with
advancing gestation in women with normal glucose tolerance
and those with GDM [36,37]. Blood glucose levels decline as

Table 1. Guidelines regarding recommended gestational weight gain during pregnancy [4]. These guidelines are based on the World Health Organization (WHO)
cutoff values for the different body mass index (BMI) categories, which were generated based on data mostly from Caucasian populations, and are intended for use
among women in the USA (these may be applicable to women in other developed countries, but not to all women) [4].

Pre-pregnancy body mass index (BMI)

Underweight Normal weight Overweight Obesity
BMI (kg/m?) <18.5 18.5-24.9 25-29.9 >30
Total weight gain (range in kg) 12.5-18 11.5-16 7-11.5 5-9

Rates of weight gain (mean and range in kg/week) during the second and
third trimester

0.51 (0.44-0.58) 0.42 (0.35-0.5) 0.28 (0.23-0.33)  0.22 (0.17-0.27)




pregnancy progresses, exacerbated by fasting, particularly
during the third trimester, while fasting insulin levels signifi-
cantly increase [31,38]. Maternal hepatic glucose production
remains elevated, primarily through gluconeogenesis, as evi-
denced by a 30% rise in basal endogenous glucose production
at 34-36 weeks compared to 12-14 weeks of gestation [31].

Moreover, pregnancy also induces significant physiologic
changes in the maternal lipid metabolism, including adipose
tissue accumulation and hyperlipidemia [39]. Elevated estro-
gen, progesterone, and insulin levels promote lipid deposition
in early and mid-pregnancy, with increased fatty acid synthesis
and lipoprotein lipase expression. Consequently, circulating
levels of fatty acids, triglycerides, cholesterol, and phospholi-
pids rise throughout pregnancy, peaking in the third trimester
[31]. The catabolic state of the third trimester ceases further
adipose tissue deposition, utilizing stored energy reserves to
meet fetal demands, marked by increased hormone-sensitive
lipoprotein lipase activity and enhanced lipolysis, particularly
in fasting conditions [31,40]. Consequently, circulating free
fatty acids levels rise, becoming the primary source of energy
for the mother [31,40].

2.2. Key placental functions during a normal pregnancy

The placenta is a transient organ crucial for maternal and fetal
well-being, adapting to the physiological needs of both [41].
To that aim, specialized trophoblast cells are positioned within
the maternal-fetal interface in the placenta to sustain fetal
viability by mirroring the physiological status of both the
mother and the fetus, and continually responding to environ-
mental cues [9]. Thus, the placenta facilitates nutrient
exchange, oxygen provision, and waste elimination, including
carbon dioxide [33]. It regulates fetal growth by synthesizing
numerous hormones and signaling molecules (e.g. estrogen,
progesterone, human chorionic gonadotropin, human placen-
tal lactogen, leptin, and relaxin) [42]. The production of estro-
gen and progesterone increases exponentially after the sixth
week of pregnancy as ovarian production of these sex steroids
declines. Estrogen effects play a critical role in pregnancy by
enhancing the receptor-mediated uptake of low-density lipo-
protein cholesterol, a precursor for placental steroids [43].
Additionally, estrogen increases the uteroplacental blood
flow, which facilitates nutrient and oxygen delivery to the
growing fetus, and stimulates endometrial prostaglandin
synthesis, which helps maintain the pregnancy and prepare
the uterine lining for childbirth [36].

Crucially for a healthy pregnancy, glucose serves as the
primary energy substrate for the fetal-placental unit, with
fetal energy provision depending on placental glucose trans-
port [33,44]. This transport is primarily achieved via diffusion
mediated by the glucose transporter-1 (GLUT1), which shows
a 3-fold greater density in the microvilli membrane [45,46].
Furthermore, the placenta also plays a key role in the devel-
opment of insulin resistance during pregnancy through the
placental lactogen secretion, modulating insulin sensitivity
and contributing to physiological hyperglycemia [47]. This
hormone also exhibits lipolytic properties, peaking in
the second half of pregnancy [47].
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2.3. Interplay between maternal obesity, insulin
resistance, inflammation and MAFLD

Building upon the aforementioned physiologic adaptations of
the maternal metabolism during pregnancy, a complex inter-
play of underlying pathophysiologic mechanisms/pathways
appears to link adipose tissue accumulation with MAFLD and
other related cardio-metabolic complications (e.g. GDM) in
pregnant women with obesity. Indeed, although the full spec-
trum of links between maternal obesity, MAFLD, and subse-
quent hyperglycemia are not fully understood, insulin
resistance appears to be a cornerstone in the pathophysiology
of both hepatic steatosis and central obesity, which subse-
quently impacts on glucose metabolism during pregnancy
and even postpartum (Figure 1) [48].

Further potential pathophysiologic mechanisms include the
development of a persistent, low-grade inflammation that can
follow excess adipose tissue accumulation centrally and in the
liver [49,50]. As such, increased circulating levels of pro-
inflammatory adipokines, chemokines, and cytokines (e.g.
tumor necrosis factor-a, and interleukin-6) from the adipose
tissue and the liver are associated with the development and
the severity of insulin resistance, MAFLD, and GDM [51].
Leptin, the prototype adipokine, plays a crucial role in linking
obesity and MAFLD by regulating appetite and energy balance
[52]. Elevated leptin levels characterize obesity and are con-
sidered to contribute to hepatic steatosis and inflammation
[52]. A summary of key adipokines that are considered to play
a role in MAFLD pathogenesis is presented in Table 2 [51].
Interestingly, the triggering of pro-inflammatory pathways and
immune cell infiltration of the expanded adipose tissue in
obesity appears to be also mirrored in the steatotic liver
where chemokines/cytokines promote hepatic infiltration by
circulating immune cells (e.g. neutrophils, monocytes, and
T-lymphocytes) and the activation of local Kupffer and hepatic
stellate cells. The latter appears to play a key role in the
development of fibrosis in the context of MAFLD [51].

It is also noteworthy that, in response to obesity and high-
fat diets, hepatocytes exhibit a dysregulated lipid metabolism,
which is primarily characterized by enhanced free fatty acid
uptake and de novo lipogenesis, as well as diminished fatty
acid B-oxidation and very low-density lipoprotein secretion
[53-55]. Indeed, the pathophysiology of MAFLD is intricately
linked to adipose tissue dynamics, with the expansion of white
adipose tissue depots in obesity leading to adipocyte dysfunc-
tion and insulin resistance, which further trigger lipolysis [50].
This results in higher circulating fatty acid levels, which,
together with the aforementioned dysregulated adipokines,
favor pro-steatogenic effects and intrahepatic fat accumula-
tion [51]. Furthermore, a high intake of dietary fat and carbo-
hydrates, which is common in obesity, further amplifies de
novo lipogenesis and fat accumulation in the liver [55,56].
Notably, ectopic accumulation of triglyceride-derived toxic
metabolites may result in lipotoxicity and cellular dysfunction
marked by endoplasmic reticulum, oxidative stress, and mito-
chondrial defects. Subsequently, lipotoxic effects and/or
increased endoplasmic reticulum stress in the liver can trigger
hepatocellular injury with inflammation, apoptosis, autophagy,
and fibrosis [57,58]. Interestingly, MAFLD seems to frequently
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Figure 1. Simplified representation of key mechanisms which appear to be implicated in the pathogenesis of metabolic-associated fatty liver disease (MAFLD);
adopted from Kyrou et al., 2018 [50], and Francisco et al., 2022 [51]. Excess white adipose tissue accumulation in obesity promotes adipocyte dysfunction and
systemic insulin resistance, leading to increased lipolysis. Consequently, increased and/or dysregulated circulating fatty acids (FA) and adipokine levels
contribute to intrahepatic fat accumulation (steatosis). Hepatic steatosis can be further amplified by dietary factors, such as a high fat and carbohydrate intake,
augmenting de novo lipogenesis (DNL). Excess/ectopic accumulation of triglycerides (TGs) and their derived toxic metabolites induces lipotoxicity, cellular
dysfunction (including endoplasmic reticulum stress, oxidative stress, and mitochondrial defects), lipoapoptosis, and activation of inflammatory pathways
locally. Adipose tissue expansion also increases chemoattractants and promotes immune cell infiltration, which together with dysregulated adipokine secretion,
contribute to the development of a chronic low-grade inflammation both locally (e.g. within adipose tissue depots and the liver) and systemically. In addition,
hepatic infiltration by circulating immune cells (neutrophils, monocytes, T-lymphocytes) occurs, alongside activation of resident liver cells such as Kupffer
cells (KCs), dendritic cells (DCs), and hepatic stellate cells (HSCs). Persistent inflammation can ultimately trigger fibrogenesis, with HSCs playing a key role

in this process.

precede the development of skeletal muscle lipid deposition
and macrophage infiltration, as well as extrahepatic insulin
resistance and hyperglycemia, thereby positioning hepatic
steatosis as one of the initial dominos in the cascade of the
cardio-metabolic disorders comprising the metabolic syn-
drome [55,59].

It is evident that superimposing this complex pathophysio-
logic interplay between maternal obesity and MAFLD on the
dynamic physiologic adaptations during pregnancy creates an
environment that may further favor insulin resistance, dyslipi-
demia, and chronic low-grade inflammation, which may, in
turn, lead to complications such as GDM.

Current research aims to clarify the spectrum of mediating
factors within this interplay, and thus potentially lead to novel
interventions against MAFLD. For example, recent research
suggests a link between the gut microbiota and chronic liver
diseases, including MAFLD [60]. Indeed, gut microbiota imbal-
ances may result in increased intestinal permeability, further
exposing the liver to pro-inflammatory factors. This is sup-
ported by clinical studies which have shown correlations
between MAFLD and circulating levels of endotoxin (or lipo-
polysaccharide, a component of the exterior cell wall of gram-
negative bacteria which is a known pyrogen), suggesting
a link between the gut microbiome and hepatic health [61].
Moreover, animal studies have demonstrated that prebiotic
supplementation may mitigate MAFLD by inhibiting the fatty

acid synthesis pathway [61]. Modifying the gut microbiota
with probiotics has also shown positive outcomes in MAFLD
mice [62], while encouraging results have also been documen-
ted in both adults and children with MAFLD who responded
favorably to interventions with probiotics [63]. Interestingly,
meta-analysis data from 15 randomized controlled trials invol-
ving 782 patients with MAFLD demonstrated that
a combination of probiotics and prebiotics might have
a significant impact on reducing insulin resistance and hepatic
steatosis and stiffness, as well as tumor necrosis factor-a
expression and transaminase, low-density lipoprotein, trigly-
ceride, and cholesterol levels [64]. Overall, the exact role of the
gut microbiota in MAFLD pathophysiology is still under inves-
tigation, aiming to offer novel insight into the underlying
pathophysiologic mechanisms and the potential use of pre-
biotics and probiotics for MAFLD treatment.

3. MAFLD diagnosis during pregnancy

The alarming rise of MAFLD prevalence globally highlights the
need for early MAFLD detection with reliable diagnostic tools
in pregnant women, especially in the presence of obesity.
Currently, liver biopsy is the gold standard for diagnosing
and staging MAFLD, but its invasiveness and associated risks
make it unsuitable for routine screening and use during preg-
nancy [65]. Consequently, noninvasive diagnostic methods are
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Table 2. Selected adipokines with a potential role in the pathophysiology of metabolic-associated fatty liver disease (MAFLD) [51].

Adipokine Description

Receptor/Signaling

Functions

Leptin Cytokine-like hormone encoded by the

LEP gene, secreted by various tissues

Adiponectin Encoded by the ADIPOQ gene,
homologous to C1q, collagen VIII, and
collagen X; it exists in various forms

Resistin Found as dimers in human blood, Potential receptors include ROR-1, IGF-1R,
produced in macrophages, and CAP1; TLR4 mediates pro-inflammatory
mononuclear leukocytes, bone marrow  cytokines secretion
cells, and spleen

RBP4 Member of the lipocalin family, expressed Bound to TTR in circulation, STRA6 mediates
in various tissues retinol influx

Visfatin Homodimeric cytokine-like peptide with  Unidentified specific receptor; iNAMPT
intracellular and extracellular forms modulates cellular metabolism, and

eNAMPT induces pro-inflammatory
cytokine production

Chemerin Secreted as an inactive precursor,
activated by various proteases and CCRL2 bind chemerin

AFABP Belongs to the lipocalin family, abundant Unidentified receptor, induced by various

cytosolic protein in mature adipocytes factors

LEP-R (encoded by LEPR) with multiple
isoforms; signals via JAK-STAT, p38 MAPK,
JNK, ERK1/2, PI3K/Akt, or PKC

Controls appetite and body weight, regulates insulin
secretion, thermogenesis, lipid homeostasis,
reproductive functions, inflammation, infection,
angiogenesis, and cartilage/bone homeostasis

AdipoR1 (skeletal muscle) and AdipoR2 (liver); Augments fatty acid oxidation and glucose uptake in
signals through AMPK, PPAR, or PPAR

muscle, decreases glucose synthesis in the liver, and
affects obesity, metabolic syndrome, lipodystrophy,
and cardiovascular disease

Regulates blood glucose levels and lipid metabolism,
promotes insulin resistance, induces pro-
inflammatory cytokines secretion, and monocytes
differentiation into macrophages

Transports retinol, contributes to insulin resistance,
dyslipidemia, T2DM, and cardiovascular dysfunction

Modulates cellular metabolism, differentiation, and
stress response; associates with metabolic and
inflammatory diseases

CMKLR1 mediates chemotactic activity, GPR1, Regulates adipocyte differentiation, insulin sensitivity,

glucose, and lipid metabolism; bridges innate and
adaptive immunity through CMKLR1

Modulates adipocyte lipolysis, promotes cholesterol
esters accumulation and foam-cell formation, and
induces endothelial dysfunction

ADIPOQ: Adiponectin; AdipoR1: Adiponectin Receptor 1; AdipoR2: Adiponectin Receptor 2; AFAB: Adipocyte Fatty Acid-Binding Protein; AMPK: AMP-activated Protein
Kinase; CAP1: Cyclase-associated Protein 1; CCRL2: Chemokine Receptor-Like 2; CMKLR1: Chemokine-Like Receptor 1; eNAMPT: Extracellular Nicotinamide
Phosphoribosyltransferase; ERK1/2: Extracellular signal-Regulated Kinases 1 and 2; GPR1: G Protein-Coupled Receptor 1; IGF-1R: Insulin-like Growth Factor 1
Receptor; iINAMPT: Intracellular Nicotinamide Phosphoribosyltransferase; JAK-STAT: Janus Kinase-Signal Transducer and Activator of Transcription; JNK: c-Jun
N-terminal Kinase; LEP: Leptin; LEP-R: Leptin Receptor; MAPK: Mitogen-Activated Protein Kinase; PI3K/Akt: Phosphoinositide 3-Kinase/Protein Kinase B; PKC: Protein
Kinase C; PPAR: Peroxisome Proliferator-Activated Receptor; RBP4: Retinol-Binding Protein 4; ROR-1: Receptor Tyrosine Kinase-like Orphan Receptor 1; STRA6:
Stimulated by Retinoic Acid Gene 6; TLR4: Toll-Like Receptor 4; TTR: Transthyretin.

typically utilized during pregnancy. These methods include
various biomarkers, scoring systems, and imaging techniques
which can be combined based on clinical indications and
availability within clinical practice pathways and antenatal
care [65]. The use of such noninvasive methods is essential
to minimize risk to both mother and fetus.

In this context, a noninvasive multi-step diagnostic
approach considers medical history (e.g. maternal obesity,
gestational diabetes) and employs MAFLD biomarkers and
scoring systems. Key biomarkers and scoring systems include
the NAFLD Activity Score (NAS), the Enhanced Liver Fibrosis
(ELF) test, the Fibrosis-4 index (FIB-4), the NAFLD Fibrosis
Score (NFS), and the aspartate aminotransferase to platelet
ratio index (APRI) [66-69]. Imaging techniques such as ultra-
sonography and the ultrasound-based controlled attenuation
parameter (CAP) integrated into FibroScan are utilized for risk
stratification and diagnosis [66-69].

Additional MAFLD-related scores/indices used in clinical
practice and/or research settings include the Fatty Liver
Index (FLI), the NAFLD Liver Fat Score (NLFS), and the Lipid
Accumulation Product (LAP) [70-74]. These are typically inex-
pensive and easy to obtain/calculate based on available clin-
ical and laboratory data, and can be used with available
imaging methods. For instance, the FLI has been proposed
as a screening tool for MAFLD in the general population and is
being tested for predicting MAFLD in pregnancy, particularly
during the first trimester [75]. Current research also focuses on
novel biomarkers such as thrombospondin 2 [65], non-coding
RNAs (e.g. miR-122) [65], and urinary peptides [76]. A summary
of additional biomarkers/indices used for MAFLD is presented
in Table 3.

Despite advances in biomarker development, these nonin-
vasive methods have limitations in sensitivity and specificity,
particularly for detecting early and moderate fibrosis.
Therefore, imaging methods are often employed to comple-
ment biomarker data [69,77-80]. Among these, b-mode ultra-
sonography is the most widely used imaging method due to
its ease of operation and cost-effectiveness [65], though its
accuracy is limited in detecting hepatic fat (<20), particularly in
obese patients [69,79]. To address this limitation, ultrasono-
graphy-based scoring systems have been developed, demon-
strating better diagnostic performance in individuals with
obesity [65]. Furthermore, the controlled attenuation para-
meter (CAP), derived from ultrasound signals, is increasingly
applied - depending on availability — to detect hepatic stea-
tosis, albeit with varying accuracy depending on the experi-
ence/skills of the operator and the presence of severe obesity
[65]. In addition, computed tomography (CT) provides rela-
tively broad availability and high accuracy, but its use is
limited by radiation exposure [65,69]. Finally, proton magnetic
resonance spectroscopy and magnetic resonance imaging
(MRI) based methods, such as the MRI-proton density fat frac-
tion (MRI-PDFF, which reflects the triglyceride concentration
within the hepatic tissue), offer high accuracy and sensitivity in
diagnosing all stages of steatosis [69]; however, their use is
restricted due to their high cost and the requirement for
specialized equipment, sophisticated algorithms, and expert
operators [65].

Overall, selecting an accurate and safe diagnostic
approach for early MAFLD diagnosis in pregnant women is
challenging. A summary of the diagnostic methods is pre-
sented in Table 4.
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Table 3. Selected biomarkers/indices used in the context of metabolic-associated fatty liver disease (MAFLD) [65].

Biomarkers/Indices/Factors

Category Biomarker Type
General fatty liver diagnosis Indices and Serum/
Plasma
Omics-based

Steatohepatitis/Inflammation Serum/Plasma

specific
Omics-based
Noncoding RNA
Fibrosis Indices and Serum/

Plasma

Noncoding RNA

ALT/AST, BMI, sex, type 2 diabetes presence

Waist circumference, BMI, triglycerides, y-glutamyl transferase

Triglycerides, cholesterol, y-glutamyl transferase, ALT, AST

Basal hemoglobin

Bile acids/glutathione

Short-chain fatty acids/eicosanoids
Cytokeratin-18

Fibroblast growth factor 12, CK-18

C-reactive protein, TNF, IL-6, IL-1, IL-1RA, CXCL10
Activated plasminogen activator inhibitor 1

Hydroxyoctadecadienoic acid 9 and 13, oxo-octadecadienoic acids

Linoleic acid/hydroxyoctadecadienoic acid 13

miR-122, miR-192, miR-16, miR-21, miR-27b, miR-197, miR-34a, miR-375, miR-451, etc.

AST/ALT, AST/platelet ratio
Age, AST, ALT, platelet count
BMI, AST/ALT, diabetes presence

Age, diabetes presence, BMI, platelets, albumin, AST/ALT

Hyaluronic acid, metalloprotease-1 inhibitor, procollagen Ill amino-terminal peptide

Pro-C3, Laminin

miR-122, miR-192, miR-16, miR-21, miR-27b, miR-197, miR-30¢c, IncRNA APTR, IncRNA RP11-128N14.5,

IncRNA GAS5

ALT:Alanine Aminotransferase; AST: Aspartate Aminotransferase; BMI: Body Mass Index; CK-18: Cytokeratin-18; CXCL10: C-X-C Motif Chemokine Ligand 10; FGF12:
Fibroblast Growth Factor 12; IL-1: Interleukin 1: IL-1RA: Interleukin 1 Receptor Antagonist; IL-6: Interleukin 6; INcRNA: Long Noncoding RNA; miR: microRNA; PAI-1:
Plasminogen Activator Inhibitor 1; TNF: Tumor Necrosis Factor; y-GT: Gamma-Glutamyl Transferase.

Table 4. Diagnostic approaches for MAFLD during pregnancy.

Test Type Method Description Limitations
Imaging B-mode Ultrasonography Widely available, easy to operate, cost-effective Limited accuracy in obesity, low hepatic fat
detection
CAP Uses ultrasound signals to detect hepatic steatosis Varies with operator skill, less accurate in
severe obesity
MRI-Proton Density Fat Fraction  High accuracy and sensitivity for all steatosis stages High cost, requires specialized equipment
(MRI-PDFF) and expertise
CT scan Broad availability, high accuracy Limited by radiation exposure

Biomarkers/
Scoring

NAFLD Activity Score (NAS)
Enhanced Liver Fibrosis (ELF) Test
Fibrosis-4 Index (FIB-4)

NAFLD Fibrosis Score (NFS)

AST to Platelet Ratio Index (APRI)
Fatty Liver Index (FLI)

NAFLD Liver Fat Score (NLFS)
Lipid Accumulation Product (LAP)

Novel
Biomarkers

Thrombospondin 2
Non-coding RNAs (e.g. miR-122)

Urinary peptides

Composite score based on liver biopsy findings

Blood test measuring fibrosis markers

Non-invasive scoring based on age, AST, ALT, platelet count

Composite score using clinical and laboratory data

Simple blood test combining AST and platelet count

Estimates hepatic steatosis based on BMI, waist circumference,
triglycerides, GGT

Uses AST, AST/ALT ratio, fasting insulin levels

Surrogate index for central obesity using waist circumference,
triglycerides

Emerging biomarker for liver fibrosis

Potential for noninvasive MAFLD diagnosis

Biomarkers for liver fibrosis

Invasive, not suitable for routine screening

Limited availability, cost

Moderate accuracy for fibrosis detection

Moderate accuracy, can miss early/
moderate fibrosis

Limited sensitivity/specificity for early
fibrosis

Being tested for use in pregnancy,
moderate accuracy

Requires fasting sample, limited by patient
compliance

May be less reliable in varying populations

Early research stage, limited validation

Early research stage, requires further
validation

Early research stage, limited clinical
application

ALT:Alanine Aminotransferase; AST: Aspartate Aminotransferase; BMI: Body Mass Index; CAP: Controlled Attenuation Parameter; GGT: Gamma-Glutamyl Transferase;
MAFLD: metabolic-associated fatty liver disease; NAFLD: nonalcoholic fatty liver disease.

Ultrasound is the most common first-line choice, followed
by transient liver elastography and noninvasive scores,
depending on availability. MAFLD severity can also be
assessed using surrogate steatosis, inflammation, and fibrosis
biomarkers alongside routine antenatal care tests. However,
there is no consensus on the optimal timing for assessing
MAFLD during pregnancy. This lack of standardized guidelines
highlights the need for further research to determine the most
appropriate periods for screening and diagnosis. Early identi-
fication of MAFLD can potentially improve management

strategies and outcomes, emphasizing the importance of
establishing clear protocols for timing assessments.

3.1. Considering other abnormal findings of liver disease
in pregnancy

For MAFLD diagnosis as part of antenatal care pathways, certain
aspects of potential liver disease during the gestation period
should also be considered, as outlined in the following sections.
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Table 5. Reference ranges for routine liver function tests for non-pregnant women and each pregnancy trimester [81].

LFTs Non-pregnant 1** pregnancy trimester 2nd pregnancy trimester 31 pregnancy trimester
ALT (IU/L) 0-40 6-32 6-32 6-32

AST (IU/L) 7-40 10-28 11-29 11-30
Bilirubin (umol/L) 0-17 4-16 3-13 3-14

GGT (IU/L) 11-50 5-37 5-43 3-41

ALP (IU/L) 30-130 32-100 43-135 133-418
Albumin (g/L) 35-46 28-37 - -

ALP: Alkaline Phosphatase; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; GGT: Gamma-Glutamyl Transferase; IU/L: International Units

per Liter; LFTs: Liver Function Tests.

3.2.1. Abnormal liver function tests in pregnancy
Abnormal liver function tests (LFTs) are of limited diagnostic
value for MAFLD during pregnancy since these are not
MAFLD-specific. Indeed, LFTs are not routinely performed dur-
ing pregnancy unless clinically indicated, since the normal
levels of LFTs range depending on the pregnancy trimester,
as presented in Table 5 [81,82]. For example, ALT and GGT are
about 20% lower in pregnant women, while alkaline phospha-
tase increases due to placental production [83].

Abnormal maternal LFTs during pregnancy are often associated
with obstetric complications, such as the HELLP (Hemolysis-
Elevated Liver enzymes-Low Platelets) syndrome, pre-eclampsia,
acute fatty liver, intrahepatic cholestasis, and hyperemesis gravi-
darum [81]. Furthermore, infectious hepatitis, primarily by hepato-
tropic viruses, may cause abnormal LFTs in pregnant women (e.g.
hepatitis B can cause elevated ALT levels during pregnancy) [84],
while other non-obstetric causes include drug-induced liver injury
and autoimmune hepatobiliary diseases [81]. Interestingly, some
studies link elevated liver enzymes in pregnancy with adverse
outcomes, such as GDM (e.g. increased gamma-glutamyl transfer-
ase and alanine aminotransferase levels may correlate with GDM
risk) [63-66] and pre-eclampsia (e.g. elevated transaminase levels
may be associated with severe pre-eclampsia) [85].

3.2.2. Acute fatty liver of pregnancy

In contrast to MAFLD, which is common in pregnant women with
obesity, the acute fatty liver of pregnancy (AFLP) is a rare liver
disease during pregnancy [25]. AFLP constitutes a serious compli-
cation that may develop primarily in the third pregnancy trimester,
although it may also manifest in the second trimester or postpar-
tum [25,86]. The incidence of AFLP is relatively low (approximately
5-20 cases per 100,000 pregnancies), presenting more frequently
in pregnant women with a history of AFLP in prior pregnancies or
multiple gestations [87].

AFLP is characterized by impaired fatty acid metabolism, lead-
ing to oxidative damage in the maternal liver. The initial symptoms
of AFLP are often nonspecific (e.g. nausea and abdominal pain),
but can progress to signs/symptoms indicative of acute liver fail-
ure, including jaundice, hypoglycemia, and hepatic encephalopa-
thy, and significant bleeding, with potentially fatal complications
for both the mother and the fetus. Laboratory findings in AFLP
typically include elevated aminotransferases and bilirubin levels, as
well as leukocytosis and coagulopathy, underscoring the urgency
for prompt diagnosis and treatment [25,88]. As noted for MAFLD,
research is currently directed to improving diagnostic techniques/
methods for AFLP (e.g. liver stiffness assessment via noninvasive
methods) in order to enhance early AFLP detection in clinical
practice [25,86].

3.2.3. Cirrhosis in pregnancy

As the prevalence of MAFLD among pregnant women is increas-
ing, a parallel increase has been noted in the rates of cirrhosis
during pregnancy [89]. However, estimates specific to MAFLD-
related cirrhosis in pregnancy are broadly lacking [90].
Interestingly, a recent population-based retrospective cohort
study by Sarkar et al. [90] showed that the incidence rate of
pregnancies with MAFLD cirrhosis increased from 1/1,000 in 2000
to 1.7/1,000 in 2016, while non-MAFLD cirrhosis exhibited a less
marked rise from 48.6/100,000 in 2000 to 53.7/100,000 in 2016.
Furthermore, MAFLD accounted for the majority (72.5%) of preg-
nancies with cirrhosis by the end of that study, suggesting that the
increase of cirrhosis in pregnancy is largely driven by MAFLD [90]. It
should be noted that in that study, compared to those with non-
MAFLD cirrhosis, women with MAFLD-related cirrhosis were
slightly younger at conception, more likely to be rural-based, and
less likely to have prior decompensation, while more often had
obesity, dyslipidemia, and hypertension. Moreover, MAFLD cirrho-
sis was associated with a higher relative risk of hypertensive com-
plications, although this was attenuated in multivariate analysis
[90]. Finally, regarding infant outcomes in the same study, MAFLD
cirrhosis was associated with a lower relative risk of preterm birth
and small for gestational-age infants but with an increased risk of
large for gestational-age infants [90]. As MAFLD-related cirrhosis in
pregnancy is expected to follow the increasing prevalence of
MAFLD, such liver complications should not be underestimated
in the care of pregnant women with maternal obesity and MAFLD.
Varices are a significant complication in cirrhotic patients, with an
estimated prevalence of 30-40% at the time of depending on
location and diagnosis [91]. The development of varices in MAFLD-
related cirrhosis may be influenced by factors such as the severity
of liver fibrosis and the presence of metabolic risk factors, including
obesity and diabetes [92]. Regular screening through endoscopy is
recommended to detect varices early and prevent bleeding, which
can be life-threatening [93,94]. The prognosis for patients with
MAFLD-related cirrhosis and varices depends on effective control
of bleeding episodes and management of the underlying liver
disease and associated metabolic conditions [95].

4. MAFLD, obesity, and pregnancy complications

The existing body of research illustrates that obesity and
related metabolic dysfunctions, such as those seen in
MAFLD, exacerbate pregnancy complications. There is a dose-
response relationship between increasing obesity severity and
severe maternal morbidity; women with class Il and more
severe obesity (BMI =50 kg/m?) face significantly higher risks,
including renal failure, air and thrombotic embolism, blood



342 (&) B.M.LECAET AL

transfusion, heart failure, and mechanical ventilation [96].
Additionally, increasing maternal weight is linked to a higher
risk of late-onset preeclampsia with severe features [97] and
women with extreme obesity (pre-pregnancy BMI =50 kg/m?)
have heightened risks of gestational hypertension, GDM,
Caesarean section, prolonged hospital stays, and adverse neo-
natal outcomes such as macrosomia [98]. These complications
are exacerbated by the presence of MAFLD, which further
impairs metabolic regulation and liver function [97,98].
Indeed, pregnant women with MAFLD exhibit an increased
risk of GDM, hypertensive complications, cesarean delivery,
and postpartum hemorrhage, as well as higher rates of pre-
term and small or large for gestational age births [99,100].
Overall, the risk of adverse pregnancy outcomes appears to be
higher in pregnant women with maternal obesity and MAFLD
(Figure 2), highlighting the importance of considering meta-
bolic health in pregnant women, particularly when maternal
obesity is noted during the first antenatal care visit [101].
Therefore, the significant overlap between obesity, metabolic
syndrome, MAFLD, and adverse pregnancy outcomes empha-
sizes the need for comprehensive preconception counseling
and targeted interventions to manage MAFLD and related
metabolic conditions to improve pregnancy outcomes.

4.1. MAFLD and GDM risk

It is particularly noteworthy that a bidirectional association
appears to exist between MAFLD and GDM. As such, MAFLD
predicts the development of GDM during pregnancy, with this
relationship remaining significant even after adjusting for mul-
tiple confounders [25]. Moreover, a meta-analysis by El Jamaly
et al. [102], which included 22 studies and 13,641 female

patients with MAFLD, showed that MAFLD exhibits a positive
association with significantly increased maternal diabetic com-
plications. This is in accord with meta-analysis data from Dyah
et al. [103], which also revealed that MAFLD was linked to an
increased risk of hyperglycemia. Similarly, a prospective cohort
study by Koralegedara et al. [104] identified MAFLD as
a significant predictor of GDM, with the cumulative incidence
of GDM increasing with the severity of fatty liver even after
adjusting for age and other known risk factors. Therefore,
routine early identification of MAFLD during pregnancy may
help prompt early screening for GDM.

4.2. MAFLD and risk of cardiovascular pregnancy
complications

Physiological changes during pregnancy, such as increases in
circulatory volume and insulin resistance, as well as pro-
inflammatory responses and dyslipidemia, can predispose to
the development of cardiovascular complications during preg-
nancy [102]. Pregnant women with MAFLD face an even greater
risk of such complications, especially in the presence of mater-
nal obesity, as documented by multiple systematic reviews and
meta-analyses [100,102,103]. For instance, a prospective study
by Jung et al. examined the relationship between MAFLD and
pregnancy-associated hypertension, including gestational
hypertension, preeclampsia, or eclampsia, and found
a significantly higher risk in pregnant women with MAFLD,
with grade 2-3 steatosis remaining a significant predictor
even after adjusting for other known metabolic risk factors
[105]. Similarly, a cross-sectional study in Sri Lanka by Herath
et al. [106] showed that pregnant women with MAFLD hold
a twofold higher risk of developing gestational hypertension
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Type 2 diabetes

e Pregnancy-associated
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Preterm delivery
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Figure 2. Summary of maternal and offspring complications associated with maternal obesity and metabolic-associated fatty liver disease (MAFLD) during
pregnancy. MAFLD predisposes pregnant women to metabolic dysregulation, including hyperglycemia, GDM, and pregnancy-associated hypertensive disorders.
In addition, there is an increased of obstetric complications, such as instrumental delivery and cesarean section, alongside preterm delivery, miscarriage, and
postpartum hemorrhage. Moreover, offspring exposed to MAFLD in utero experience increased susceptibility to adverse cardio-metabolic programming, manifesting
as early weight gain, hypertriglyceridemia, hepatic inflammation, and fibrosis later in life with increased risk for obesity, MAFLD, type 2 diabetes, cardiovascular and

kidney disease.



and pre-eclampsia, even after controlling for variables such as
BMI, age, and hyperglycemia in pregnancy. Collectively these
findings suggest that sonographic evidence of MAFLD early
during pregnancy may independently predict the risk of devel-
oping gestational hypertension, preeclampsia, or eclampsia.

These emerging data may have further implications for
routine practice. For example, clinical guidelines recommend
low-dose aspirin initiation in the late first trimester for preg-
nant women at high risk of pre-eclampsia, considering factors
such as history of pre-eclampsia, multifetal gestation, chronic
hypertension, preexisting diabetes, renal disease, and autoim-
mune diseases [107]. Thus, based on the aforementioned
findings, such as those by Jung et al., it could be suggested
that pregnant women with MAFLD may also benefit from low-
dose aspirin prophylaxis [105]. However, well-designed rando-
mized controlled studies are needed to validate whether such
interventions with low-dose aspirin administration early in
pregnancy may be effective against pregnancy-associated
hypertension in pregnant women with MAFLD.

4.3. MAFLD and other pregnancy complications

Pregnant women with MAFLD exhibit an increased risk of
additional adverse fetal outcomes, such as preterm birth, pri-
marily linked to maternal obesity [99,100]. Thus, macrosomia
and large for gestational age infants may be the result of fetal
overgrowth due to increased maternal levels of glucose and
free fatty acids. The meta-analysis by Dyah et al., which
included six studies with 20,535,994 pregnant women (5,964
with MAFLD), showed that maternal MAFLD was significantly
associated with increased risk of preterm birth and the need
for Caesarean section but not with the large for gestational
age risk [103]. Notably, pregnant women with MAFLD have
been shown to also exhibit a greater incidence of postpartum
hemorrhage compared to those without (6% vs. 3-5%, respec-
tively) [108]. Furthermore, fatty liver on ultrasound scan has
been reported as a significant risk factor for early pregnancy
miscarriages [104]. Finally, another study by Hagstrém et al.
[100] using data from the Swedish Medical Birth Register
showed that women with MAFLD exhibited increased risk
not only for GDM and pre-eclampsia, but also for preterm
birth, low birth weight, and the need for Caesarean section,
independently of BMI and diabetes [100]. This highlights the
potential independent impact of MAFLD on these adverse
pregnancy outcomes. Thus, although further data are still
required, MAFLD emerges as a significant risk factor for key
obstetric complications, prompting considerations for pre-
conception counseling and tailored monitoring during antena-
tal care.

4.4. Maternal obesity, MAFLD, and risks/complications
for the offspring

Maternal obesity and/or excess weight gain during pregnancy
have been linked to various long-term health risks and adverse
outcomes for the affected offspring, including weight gain,
obesity, and obesity-related cardio-metabolic complications
[20,108]. Of note, gestational exposure to an obesogenic
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diet - especially when high in fat and sugar — appears to
predispose the offspring to severe weight gain and hypertri-
glyceridemia, as well as to the development of hepatic inflam-
mation and fibrosis, when exposed to a similar diet later in life
[108]. Interestingly, the combined effect of prenatal and post-
natal obesogenic diets appears more than additive regarding
hepatic fat accumulation [108].

Exposure to the intrauterine environment associated with
maternal obesity is considered to have profound and lasting
effects on the metabolic health of the offspring, irrespective of
genetic predisposition and postnatal influences [109,110].
Human observational data and animal model studies collec-
tively demonstrate the role of fetal programming in chronic
disease risk. Indeed, offspring exposed to maternal obesity
have a higher risk of developing obesity, T2DM, CVD, and
MAFLD later in life [109,110]. This is also reflected in the results
of a large cohort analysis based on a database of pregnancy
data (the Aberdeen Maternity and Neonatal Databank) linked
to national death/morbidity records (1,323,275 person years of
follow-up), which revealed a 35% increased mortality, primar-
ily from CVD causes, in such offspring [109]. Animal studies
further support these associations by showing that maternal
obesity in various species consistently programs cardio-
metabolic diseases in the offspring, exacerbating the impact
of diet-induced obesity in adulthood [111,112], Additionally,
animal studies have shown that maternal obesity influences
the development of a dysmetabolic and MAFLD phenotype,
which is highly dependent on the early postnatal period and
may involve changes in hypothalamic appetite signaling due
to maternal breast milk and neonatal adipose tissue-derived
leptin [113].

A link between maternal obesity and MAFLD in the off-
spring has also been documented in longitudinal studies,
suggesting that perinatal obesity or exposure to an obeso-
genic diet can predispose to MAFLD later in life [114]. For
example, data from the Western Australian Pregnancy
(Raine) Cohort study demonstrated an association of mater-
nal pre-pregnancy obesity with a substantially increased risk
for MAFLD in adolescents, independently of a Western diet-
ary pattern at 17years of age [115]. Canadian data by
Soullane et al. [116] also demonstrated that offspring
exposed to maternal obesity have an increased risk of
developing MAFLD during childhood. Similar associations
were observed in UK and USA studies, where elevated
maternal pre-pregnancy BMI was independently linked to
a higher risk of MAFLD in the exposed offspring [117,118].
Notably, a UK prospective pregnancy cohort study reported
an adjusted odds ratio of 2.72 for ultrasound-diagnosed
hepatic steatosis in the offspring (at a mean age of 17.8
years) of mothers with increased maternal pre-pregnancy
BMI, which increased to 6.74 in the presence of maternal
diabetes or glycosuria and was not mediated by the off-
spring’s concurrent adiposity or birth weight [117]. In
accord with these findings, the data from a prospective
cohort study of 254 mother-child pairs in Colorado showed
that maternal pre-pregnancy obesity was significantly asso-
ciated with increased adolescent the hepatic fat fraction as
assessed by MRI [118]. Finally, data based on biopsy-verified
MAFLD from the ESPRESSO cohort study in Sweden also
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support this association between maternal obesity and
future MAFLD development in the exposed offspring [119].
Severe MAFLD (fibrosis or cirrhosis) was more common in
the offspring of mothers with overweightness/obesity, inde-
pendently of socio-economic and metabolic parameters,
highlighting the role of maternal obesity as an independent
risk factor for MAFLD in the offspring [119]. This feed-
forward cycle emerges where maternal obesity and MAFLD
during pregnancy fuel the development of obesity and
MAFLD in the exposed offspring from an early age, thus
leading to more women of childbearing age already having
these problems when becoming pregnant.

5. Expert opinion

Advancements in research linking maternal obesity and
MAFLD in pregnancy can profoundly impact real-world out-
comes in antenatal care, given the increasing global preva-
lence of these conditions and their significant adverse effects
on both mothers and offspring. Understanding the complex
underlying pathophysiology - particularly the pathways and
mediators linking adipose tissue dysfunction, insulin resis-
tance, and hepatic inflammation and fibrosis — can enhance
the sensitivity and specificity of diagnostic algorithms and lead
to more effective treatments for MAFLD.

Pregnancy can indeed exacerbate MAFLD due to the metabolic
and hormonal changes that occur during this period. Most women
likely had MAFLD before pregnancy, particularly in relationship to
obesity, which becomes more noticeable and is detected during
pregnancy because of the closer routine follow-up during antena-
tal care. The postpartum period can see some improvement in
MAFLD symptoms as the metabolic demands and hormonal levels
stabilize, but this varies among individuals. Long-term manage-
ment and follow-up are crucial to address the underlying meta-
bolic dysfunctions that may persist beyond pregnancy.

Currently, improvements are needed in noninvasive diag-
nostic methods and personalized treatment strategies for
MAFLD. Technological advancements, particularly in imaging
and biomarker analysis, could enhance early detection and
management of MAFLD in pregnancy. However, the integra-
tion of these advances into clinical practice may be delayed by
economic constraints, healthcare policies, and the need for
further validation of emerging diagnostic methods and treat-
ments, especially in the context of pregnancy.

The development of universally accepted diagnostic criteria
and safe, effective treatment modalities for pregnant women
should be a primary focus of future clinical research. Large-
scale, long-term studies are essential to establish evidence-
based guidelines for managing MAFLD in pregnancy, which
could significantly improve maternal and fetal health out-
comes. Routine early identification of MAFLD during preg-
nancy could also prompt early screening for GDM, since
GDM risk increases with the severity of MAFLD even after
adjusting for age and other known risk factors.

Considering MAFLD assessment as part of pre-conception
family planning could be beneficial. Although direct evidence
for this specific recommendation is limited, existing literature
indicates that 60-90% of adults with obesity have MAFLD. This

high prevalence supports the need for pre-pregnancy discus-
sions and interventions to identify and manage MAFLD,
potentially improving maternal and fetal outcomes.

Furthermore, MAFLD may increase the risk for the develop-
ment and progression of several cardio-metabolic conditions,
such as T2DM, cardiovascular disease, and pre-eclampsia.
Therefore, MAFLD could be considered both a marker and
a mediator of metabolic dysfunction, highlighting the need
for targeted interventions to mitigate these risks.

Despite the increasing global incidence of MAFLD and its
associated morbidity and mortality, specific drugs for steato-
hepatitis are now being developed/approved. Current clinical
guidelines recommend lifestyle changes, including exercise
and diet modifications, as the primary approach to managing
MAFLD. When these interventions are insufficient for the non-
pregnant population, options include bariatric surgery or
pharmacotherapy (primarily for weight loss) to address under-
lying metabolic complications. Emerging pharmaceutical stra-
tegies aim to enhance metabolic function, reduce steatosis,
decrease inflammation, and halt or reverse fibrosis progres-
sion. However, they are currently recommended to address
coexisting metabolic complications such as obesity, T2DM,
dyslipidemia, and hypertension. In pregnant women, drug
treatment remains cautious due to safety concerns, with met-
formin and insulin being the primary approved drugs for
managing GDM. GLP-1 receptor agonists have shown promise
in improving metabolic parameters and reducing liver fat in
non-pregnant patients, but their use is contraindicated in
pregnancy. In pregnant women with obesity, avoiding exces-
sive weight gain during pregnancy, preventing GDM, and
controlling hyperglycemia are key strategies to combat the
risks of maternal obesity and MAFLD for both the mother and
the offspring. These strategies may also help break the appar-
ent feed-forward cycle between obesity and MAFLD in young
women of reproductive age, thereby reducing the increasing
prevalence of maternal obesity and MAFLD during pregnancy.

Particularly promising is research on the axis between the liver,
gut, and adipose tissue, as well as the role of gut microbiota
dysregulation in MAFLD pathogenesis. In the next five to ten
years, progress in this field is likely to offer a better understanding
of MAFLD and its impact on maternal and fetal/offspring health.
Consequently, routine practice may shift from a generalized
approach to more personalized management strategies, incorpor-
ating individualized algorithms with genetic, multi-biomarker, and
gut microbiota profiling to guide prevention, early diagnosis, and
treatment.

Such personalized management could lead to a decreased
incidence of MAFLD and its adverse outcomes during pregnancy
and later in life, thus limiting the feed-forward cycle that appears to
further fuel the transmission of cardio-metabolic disorders from
affected mothers to their offspring. Developing universally
accepted diagnostic criteria, as well as safe and effective treatment
modalities for pregnant women, should remain a focus of future
clinical research to support these advancements.

Overall, addressing the challenges and seizing the oppor-
tunities in this research area could significantly improve
antenatal care and long-term health outcomes for both
mothers and their children.



6. Conclusion

Maternal obesity and MAFLD during pregnancy are signifi-
cant health concerns in antenatal care due to their increas-
ing global prevalence and substantial adverse effects on
both mothers and offspring. MAFLD, often under-
recognized during pregnancy, is associated with an ele-
vated risk of complications such as GDM, pre-eclampsia,
and long-term cardio-metabolic diseases in the offspring.
Current clinical guidelines emphasize lifestyle modifications
as the primary management strategy, with cautious phar-
macotherapy to address coexisting metabolic conditions
due to safety concerns during pregnancy. Emerging treat-
ments and diagnostic advancements show promise, but
require further validation and integration into clinical
practice.

The pathophysiology of MAFLD in pregnancy involves com-
plex interactions between insulin resistance, adipokine dysre-
gulation, and chronic low-grade inflammation, combined with
normal pregnancy-related hormonal and metabolic changes.
Research into the gut-liver axis and the role of gut microbiota
offers new paths for understanding and managing MAFLD.

Future research should focus on developing noninvasive
diagnostic methods and personalized treatment strategies,
incorporating genetic and biomarker profiling. Early identifi-
cation and management of MAFLD, potentially starting with
pre-conception family planning, could mitigate risks and
improve outcomes for both mothers and their children.
Establishing universally accepted diagnostic criteria and safe
treatment modalities for pregnant women is essential to
advancing clinical care. By addressing these challenges,
antenatal care could be significantly enhanced, breaking
the cycle of metabolic dysfunction transmission across
generations.
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