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Abstract

Objective: Summarize evidence across six common pregnancy complications—gestational diabetes mellitus (GDM), hypertensive dis-
orders of pregnancy (HDP), thyroid dysfunction, intrahepatic cholestasis of pregnancy (ICP), hyperemesis gravidarum (HG), and preterm
birth (PTB)—and clarify short- and long-term consequences for mothers and their children. Mechanism: Adverse outcomes converge on
shared pathways: abnormal placental development and perfusion, inflammatory and oxidative stress signaling, endocrine and metabolic
dysregulation, and epigenetic remodeling at imprinted loci. These processes program fetal organ systems (brain, heart, lungs, kidneys)
and shape lifelong disease risk. Findings in Brief: GDM increases large-for-gestational-age birth, respiratory morbidity, and later
metabolic disease. HDP drive fetal growth restriction and enduring cardiovascular and neurocognitive sequelae. Thyroid dysfunction
worsens obstetric outcomes and may impair offspring neurocognition. ICP raises risks of PTB and stillbirth. HG is associated with low
birth weight and small for gestational age. PTB independently predicts lifelong cardio-respiratory, endocrine, and neurodevelopmental
disorders. Management spans glucose control; antihypertensive therapy and magnesium sulfate; levothyroxine or antithyroid drugs;
ursodeoxycholic acid; antiemetics and nutritional support; progesterone and antenatal corticosteroids. Emerging precision strategies
target angiogenic balance, inflammation, and the microbiome. Conclusions: Pregnancy complications are sentinel events with inter-
generational implications. Stage-appropriate screening, timely intervention, and longitudinal follow-up are essential, while multi-omics
research and placental-targeted trials are needed to validate strategies that mitigate offspring risk across the life course.
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1. Introduction

Pregnancy complications, as a significant issue in the
field of obstetrics and gynecology, have always been a
subject of widespread concern in the medical community.
Pregnancy complications not only affect the health of both
mother and infant but also have a profound impact on the
development of perinatal medicine. Although most preg-
nancies are considered normal medically and can be deliv-
ered safely without causing serious health problems for the
child, globally up to 15%–40% of pregnancies experience
a range of pregnancy and childbirth complications [1–3].
Pregnancy complications such as pre-eclampsia, preterm
birth (PTB), recurrent miscarriage, and fetal growth restric-
tion (FGR) affectmore than 12%of pregnant womenworld-
wide. These complications not only pose a threat to the
health of the pregnant woman but can also have long-term
effects on the development of the fetus. For example, pre-
eclampsia can lead to placental dysfunction (refers to the
placenta’s inability to properly perform its physiological
functions during pregnancy, thereby affecting the material
exchange between the mother and fetus), which in turn af-
fects the nutritional and oxygen supply to the fetus, increas-
ing the risk of PTB and low birthweight (LBW). Preterm in-
fants, due to immature organ development, are more prone

to respiratory distress, infections, and neurological devel-
opmental issues. Recurrent miscarriage may involve im-
mune system abnormalities or chromosomal abnormalities,
bringing significant psychological and financial burdens to
families. FGR can lead to postnatal growth retardation and
may even affect health in adulthood [4,5].

This article specifically addresses 6 common com-
plications encountered during pregnancy: gestational di-
abetes mellitus (GDM), hypertensive disorders of preg-
nancy (HDP), thyroid disorders during pregnancy, intra-
hepatic cholestasis of pregnancy (ICP), hyperemesis gravi-
darum (HG) and PTB. These conditions can significantly
complicate the course of pregnancy. These diseases have
complex mechanisms of action, involving multiple physi-
ological and biochemical pathways. The development of
pregnancy complications involves multiple fields including
genetics, epigenetics, and metabolism, and interacts with
lifestyle and environmental factors. They not only pose a
threat to the health of the mother but can also have profound
long-term effects on the health of the fetus. The intrauterine
environment (the biological and physiological conditions
within the uterus during pregnancy) has a profound impact
on the developing fetus, a phenomenon known as “develop-
mental programming”, which affects multiple systems [6].
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Furthermore, the dual effects of intrauterine adverse expo-
sures and environmental factors may increase the suscepti-
bility of individuals to future diseases and elevate the risk
of chronic illnesses later in life [7,8]. Exposure to preg-
nancy complications can affect the fetus in utero through
multiple pathways, including lipid metabolism, organ de-
velopment, and various aspects of developmental and en-
docrine diseases, which may further exacerbate the vicious
cycle of metabolic disorders [9,10]. Furthermore, preg-
nancy complications can also indirectly affect fetal growth
and development by altering placental function and mater-
nal metabolic status. Therefore, understanding the mecha-
nisms of these complications is crucial for developing ef-
fective prevention and treatment strategies.

Currently, there is insufficient understanding of the
short-term and long-term effects of complications during
pregnancy, especially those affecting the postpartum pe-
riod. This article delves into the pathophysiological mech-
anisms of pregnancy complications, providing a deeper
insight into how these diseases affect fetal health. The
manuscript offers a detailed analysis of the diagnostic cri-
teria for pregnancy complications, their impact on the fetus
during pregnancy, and the long-term effects of these com-
plications. The aim is to emphasize the importance of early
diagnosis and intervention, and to provide clinicians with
practical guidance to help them more effectively manage
these complex health issues during pregnancy, thereby sig-
nificantly improving the health outcomes for newborns.

2. Gestational Diabetes Mellitus
GDM is the most common complication during preg-

nancy and is defined as any degree of glucose intolerance
with onset or first recognition during pregnancy. The av-
erage prevalence of gestational diabetes worldwide is ap-
proximately 14% [11]. The observed variation in preva-
lence estimates primarily stems from heterogeneity in case-
finding methodologies, application of standardized diag-
nostic parameters (Table 1), and differential risk profiles
across study populations [12,13]. GDM changes the ma-
ternal metabolic and uterine environment, thus increasing
the risk for short- and long-term adverse outcomes for both
mother and child. GDM is correlated with various adverse
pregnancy outcomes, such as premature birth, cesarean de-
livery, and shoulder dystocia. Furthermore, offspring of
GDM are more prone to obesity and face a higher likeli-
hood of hormonal imbalances and metabolic complications
[14,15].

2.1 Macrosomia
About 15–45% of babies born to diabetic mothers can

have macrosomia, which is a 3-fold higher rate when com-
pared to normoglycemic controls [16]. During pregnancy,
fetuses of diabetic mothers often exhibit a specific char-
acteristic of overgrowth. These newborns typically have
larger circumferences of the shoulders and limbs, a dimin-

ished head-to-shoulder ratio, notably elevated body fat per-
centage, and augmented thickness of the skin folds on the
upper extremities. There is no increase in fetal head size,
yet the shoulder and abdominal circumference can undergo
significant enlargement, increasing the risk of Erb’s palsy,
shoulder dystocia, and brachial plexus trauma. Infants with
macrosomia face a sixfold increased risk of trauma during
delivery, and the likelihood of brachial plexus injury may
be as high as twenty times [17]. The hyperglycemic condi-
tion of the mother triggers a series of biological cascading
reactions, characterized by the excessive production of in-
sulin in the fetus. This condition leads to enhanced glucose
metabolism, which in turn stimulates the accelerated de-
velopment of fat cells, ultimately causing fetal overgrowth.
When the maternal glucose regulatory function is impaired
and blood glucose levels rise, this metabolic excess diffuses
through the placental barrier. Nevertheless, insulin derived
from the mother or administered exogenously does not per-
meate the placenta. Consequently, when the fetus’s pan-
creas starts to secrete insulin independently to manage high
blood sugar levels, no longer depending on glucose stimu-
lation, this simultaneous presence of hyperinsulinemia and
hyperglycemia fosters an increase in fetal fat and protein
reserves, ultimately resulting in macrosomia [18]. In this
population of newborns, the incidence of jaundice inmacro-
somia is twice that of infants born to normal mothers. Due
to their higher oxygen requirements, macrosomia may in-
crease the risk of fetal hypoxia, leading to a higher likeli-
hood of stillbirth and asphyxia at birth [19]. Additionally,
relative intrauterine hypoxia can promote the production of
erythropoietin, which in turn causes polycythemia and hy-
perbilirubinemia [20]. When these red blood cells are bro-
ken down, an increased amount of bilirubin is produced,
which raises the likelihood of neonatal jaundice [19,21].

2.2 Diabetes Susceptibility
GDM is recognized as a significant disruptor of the in-

trauterine environment, predisposing offspring tometabolic
dysregulation [22]. The Pima Indian cohort study demon-
strated significantly elevated rates of metabolic sequelae in
GDM-exposed offspring compared with their non-exposed
counterparts. Longitudinal analysis of the Pima Indian
cohort revealed a 2.3-fold increase in metabolic seque-
lae among GDM-exposed progeny versus unexposed con-
trols. Complementary case-control data from this popula-
tion demonstrated birth order effects, with post-diagnosis
offspring exhibiting a 68% greater diabetes susceptibility
compared to pre-diagnosis siblings, persisting after adjust-
ment for genetic confounders [23,24]. Pathophysiological
mechanisms involve GDM-driven proinflammatory milieu
characterized by placental upregulation of tumour necrosis
factor-α (TNF-α) and interleukin (IL)-6, which synergis-
tically impair insulin signaling pathways through c-Jun N-
terminal kinase (JNK)/insulin receptor substrate-1 (IRS-1)
phosphorylation [25].
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Table 1. Diagnosis of gestational diabetes mellitus (GDM).

Diagnostic approaches
Glucose concentration, mg/dL

Fasting 1-hour 2-hour 3-hour

One-step All women complete a 75 g oral glucose tolerance test
(OGTT) after ≥8 hours of fasting

/

Two-step

GDM is defined as having ≥1 measurement above the criteria /
International association of diabetes and pregnancy study

group (plasma)a
92 180 153 NA

Initial screening involves a non-fasting 50 g glucose challenge
test (GCT) /

Women screening positive on the 50 g GCT (1-hour glucose
≥130–140 mg/dL) proceed to a fasting 100 g OGTT

GDM is defined as having ≥2 measurement above the criteria
O’ Sullivan (whole blood) 90 165 145 125

National diabetes data group (plasma) 105 190 165 145
Carpenter and coustan (plasma)a 95 180 155 140

a Currently recommended criteria from the Korean Diabetes Association for the diagnosis of GDM. NA, not appli-
cable.

Table 2. Diagnosis of hypertensive disorders of pregnancy (HDP).
Type of HDP Diagnosis standards

Gestational hypertension Blood pressure (BP) ≥140/90 mmHg; Negative quantitative
proteinuria testing; Return to normal within 12 weeks postpartum

Preeclampsia BP ≥140/90 mmHg; Proteinuria ≥0.3 g/24 h; Or proteinuria/creatinine
≥0.3; Or random proteinuria (+)

Eclampsia With the progression of preeclampsia, tonic-clonic seizures occur
Pregnancy with chronic
hypertension

History of primary or secondary hypertension; BP ≥140/90 mmHg
before 20 weeks of pregnancy; No significant worsening during

pregnancy or acute severe hypertension; Hypertension persists >12
weeks postpartum

Chronic hypertension
with superimposed
preeclampsia

Chronic hypertension in pregnancy; Negative quantitative proteinuria
before 20 weeks of pregnancy; Quantitative proteinuria ≥0.3 g/24 h or
random proteinuria ≥ (+) after 20 weeks of pregnancy; Or increased
proteinuria significantly after 20 weeks of pregnancy in those with

proteinuria before 20 weeks
+ positive.

2.3 Neonatal Respiratory Distress Syndrome

Neonatal respiratory distress syndrome (NRDS) rep-
resents a prevalent complication among neonates born to
mothers with GDM. A comprehensive systematic review
and meta-analysis provides strong evidence that there is a
significant positive correlation between GDM and NRDS.
The pathophysiological mechanisms underlying this asso-
ciation are multifaceted, involving complex interactions
between maternal hyperglycemia and fetal pulmonary de-
velopment. Central to this phenomenon is the impair-
ment of pulmonary maturation, where maternally derived
hyperglycemia has been implicated in delayed pulmonary
maturation through multiple pathways [25]. Fetal hyper-
glycemia may disrupt normal alveolarization processes by
interfering with the synthesis and secretion of pulmonary
surfactant—a critical lipoprotein complex responsible for

reducing alveolar surface tension, maintaining alveolar pa-
tency, and facilitating efficient gas exchange. Surfactant
deficiencymay precipitate alveolar collapse, culminating in
NRDS pathogenesis. Notably, the hyperglycemic intrauter-
ine environment exerts dual detrimental effects on fetal lung
development. Hyperglycemia-induced oxidative stress and
inflammatory responses in fetal pulmonary tissue have been
shown to disrupt cellular differentiation pathways and ex-
tracellular matrix remodeling [26]. Concurrently, GDM-
associated placental insufficiency may compromise fetal
oxygenation and nutrient delivery, creating a synergistic ef-
fect that exacerbates pulmonary developmental abnormal-
ities [27]. The cumulative impact of these mechanisms
significantly elevates neonatal susceptibility to respiratory
failure, particularly in late preterm and early term infants.
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2.4 Neurodevelopmental and Reproductive Health
Outcomes

Long-term consequences of GDM extend beyond
metabolic dysregulation to encompass neurodevelopmental
and reproductive health outcomes. Experimental and clin-
ical evidence indicates that intrauterine hyperglycemia in-
duces developmental programming alterations in fetal pan-
creatic β-cell function, establishing persistent susceptibil-
ity to glucose metabolism disorders including insulin resis-
tance and impaired glucose tolerance. Emerging neurode-
velopmental research reveals significant associations be-
tween maternal GDM and offspring cognitive profiles char-
acterized by deficits in expressive language competence,
episodic memory consolidation, and facial recognition acu-
ity. Furthermore, epidemiological data demonstrate a dose-
dependent relationship between maternal glycemic sever-
ity and subsequent risk of neuropsychiatric hospitalizations
in offspring, with particular elevation in autism spectrum
disorder (ASD) incidence [28–30]. Notably, recent lon-
gitudinal investigations have identified accelerated puber-
tal maturation patterns in female offspring exposed to ma-
ternal GDM. These individuals exhibit significantly ear-
lier thelarche initiation and accelerated pubarche progres-
sion compared to non-exposed controls. Mechanistic stud-
ies suggest this phenotypic acceleration may derive from
hyperglycemia-induced epigenetic modifications affecting
hypothalamic-pituitary-gonadal axis regulation [15].

3. Hypertensive Disorders of Pregnancy
HDP, a heterogeneous group of pregnancy-specific

conditions, primarily containing gestational hypertension,
preeclampsia, eclampsia, pregnancy with chronic hy-
pertension, and chronic hypertension with superimposed
preeclampsia [31]. Globally, HDP affects approximately
5–10% of pregnancies, though regional disparities exist,
with incidence rates ranging from 7.8% in high-income
countries to 15.2% in low-resource settings [32]. Clini-
cal diagnosis primarily relies on the presence of vasocon-
striction (manifested as hypertension), increased capillary
permeability (e.g., proteinuria, peripheral edema, cerebral
edema, hepatic congestion, pulmonary edema), and abnor-
mal endothelial/platelet interactions (e.g., thrombocytope-
nia, disseminated intravascular coagulation) among other
signs and symptoms (Table 2).

3.1 Fetal Growth Restriction
Approximately 30% to 50% of patients with early-

onset HDP also experience FGR growth restriction, primar-
ily due to impaired placental development and insufficient
uteroplacental blood flow [33]. In placental ischemia, an
imbalance between reactive oxygen species, including su-
peroxide anion (O2−) and hydrogen peroxide (H2O2), and
antioxidants results in oxidative stress, endothelial dysfunc-
tion, and fetal malnutrition [34]. Pregnant women with
HDP and FGR exhibit maladaptive cardiovascular changes,

including reduced heart rate and cardiac output [35], while
hypertension and placental dysfunction contribute to iatro-
genic PTB (43.7% of cases), increasing neonatal mortality,
morbidity, and long-term neurodevelopmental risks such as
cognitive deficits, cerebral palsy (CP), and sensory impair-
ments [36]. DNA methylation analysis of placental sam-
ples revealed placenta-specific hypomethylation atH19 im-
printed maternally expressed transcript (H19)-differentially
methylated region (DMR) and insulin-like growth factor 2
(IGF2)-DMR in FGR and HDP cases (incidence: 1.5%,
3/202 cases), leading to biallelic H19 expression and a sig-
nificantly elevated H19/IGF2 expression ratio. This sug-
gests that epigenetic dysregulation may contribute to the in-
tergenerational effects of pregnancy-related complications
[37]. These findings underscore that HDP-induced FGRnot
only compromises immediate neonatal outcomes but also
predisposes offspring to chronic diseases through placental
insufficiency and epigenetic dysregulation.

Additionally, depending on the presence or absence
of concurrent maternal hypertensive disorders (such as
preeclampsia, gestational hypertension, or chronic hyper-
tension with superimposed preeclampsia), there are signifi-
cant differences in the pathophysiological mechanisms and
clinical management priorities. When early-onset FGR is
accompanied by maternal hypertensive disorders, the core
pathology is typically placental in origin, stemming from
severe placental ischemia due to shallow implantation and
inadequate spiral artery remodeling [38]. Systemic mater-
nal vascular endothelial dysfunction and inflammatory re-
sponses further exacerbate poor placental perfusion, creat-
ing a vicious cycle. This type often progresses rapidly, with
early and severe Doppler flow abnormalities (such as ele-
vated uterine artery pulsatility index or absent/reversed end-
diastolic flow in the umbilical artery), frequently accompa-
nied by prominent maternal symptoms (e.g., hypertension,
proteinuria). It is prone to iatrogenic preterm delivery and
carries an extremely high risk of neonatal complications. In
contrast, early-onset FGR without hypertensive disorders
is also primarily caused by placental insufficiency, but the
contributing factors may be more diverse, including but not
limited to placental structural abnormalities (e.g., small pla-
centa, infarctions), genetic or chromosomal anomalies, in-
fections, antiphospholipid syndrome, severe maternal mal-
nutrition, or chronic hypoxia. Although the degree of pla-
cental dysfunction in such cases may bemilder than in those
with concurrent hypertension and maternal risks are lower,
the harm to the fetus remains significant and can still lead
to adverse pregnancy outcomes, necessitating close moni-
toring and timely intervention [39].

3.2 Neurocognitive Impairments

HDP is associated with a spectrum of neurocogni-
tive impairments across developmental stages [40]. Meta-
analytic evidence indicates that offspring exposed to HDP,
particularly preeclampsia, face significantly elevated risks
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of neurodevelopmental sequelae. Term infants (≥37
weeks) born to preeclamptic mothers exhibit a threefold in-
creased risk of CP compared to normotensive pregnancies
[41]. Preschoolers with combined exposure to preeclamp-
sia and being small-for-gestational-age (SGA) demonstrate
reductions in verbal intelligence quotient (IQ) and full-scale
IQ relative to controls [40]. Longitudinal studies reveal per-
sistent deficits: preeclampsia-exposed children exhibit im-
paired motor function at ages 10–17 years, characterized
by reduced coordination and balance, potentially linked
to placental insufficiency-driven cerebellar dysmaturation
[42,43]. Cognitive limitations extend into adolescence,
with population-based cohorts showing HDP-exposed 11-
year-olds have a 2.5-fold higher likelihood of mild cogni-
tive impairment (IQ 50–85) [44]. Mechanistically, third-
trimester placental dysfunction in HDP may induce fetal
brain vulnerability through hypoxia-ischemia and oxida-
tive stress. The cerebellum—a critical hub for motor learn-
ing undergoing rapid development during late gestation—
is disproportionately affected by nutrient-glucose depriva-
tion, correlating with observed motor deficits [45]. Further-
more, prenatal HDP exposure elevates ASD risk by 32%,
likely mediated by oxidative damage to neuroprogenitor
cells and trace element deficiencies (e.g., zinc, selenium)
essential for synaptic pruning [46]. These findings collec-
tively implicate HDP-induced placental pathology and re-
sultant neuroinflammation as key pathways driving multi-
generational neurocognitive morbidity.

3.3 Neonatal Respiratory Distress Syndrome and
Bronchopulmonary Dysplasia

HDP significantly impairs offspring respiratory health
through placental dysfunction and systemic vascular dys-
regulation. HDP induces atherosclerotic changes in uter-
ine spiral arteries, reducing placental perfusion and caus-
ing chronic fetal hypoxia, which predisposes NRDS and
asphyxia [47]. Concurrently, HDP-triggered maternal in-
flammation and endothelial dysfunction disrupt trophoblast
microvillous exchange, limiting fetal oxygen/nutrient up-
take and increasing risks of LBW—a key contributor to res-
piratory morbidity [48,49]. Furthermore, HDP-exposed in-
fants exhibit elevated bronchopulmonary dysplasia (BPD)
incidence due to combined prenatal and postnatal insults.
Prenatally, impaired pulmonary angiogenesis and alveolar-
ization result from FGR, oxidative stress, and inflammatory
cascades [50]. Postnatally, prematurity-related interven-
tions (mechanical ventilation, oxygen toxicity) exacerbate
lung injury, particularly in early-gestation infants requiring
intensive respiratory support [50,51]. These multifactorial
disruptions in lung development underscore the persistent
cardiopulmonary sequelae observed in HDP offspring.

3.4 Cardiovascular Dysfunction

HDP, particularly preeclampsia, is closely linked to
the remodeling and dysfunction of the cardiovascular sys-

tem in offspring. Preeclampsia directly impairs fetal car-
diac function by increasing afterload and placental vascu-
lar resistance (elevated by 1.8-fold), leading to the redis-
tribution of left ventricular output. This condition clin-
ically presents as cardiomegaly, ventricular hypertrophy,
and dysfunction in both diastolic and systolic function [52].
Clinical observations highlight early functional abnormal-
ities in preeclampsia-exposed offspring: preterm infants
(29–35 weeks gestation) exhibit significantly higher sys-
tolic/diastolic blood pressure (BP) within the first 3 post-
natal days compared to controls [53], with BP differences
persisting from age 7 to 18 [54]. Maternal preeclampsia
demonstrates a significant association with congenital heart
disease (CHD) in offspring, exhibiting a 30% higher preva-
lence of severe CHD (35.0 vs. 26.9 per 10,000 births)
and a 15-fold elevated risk of atrioventricular septal de-
fects compared to normotensive pregnancies, suggesting
potential shared pathogenic pathways [55]. Offspring ex-
posed to early-onset preeclampsia had significantly higher
peripheral and central systolic BP. Notably, these children
also included preterm and SGA infants, which are also
associated with higher BP in childhood [56]. Mechanis-
tically, placental oxidative stress and angiogenic imbal-
ance [soluble fms-like tyrosine kinase-1 (sFlt-1)/placental
growth factor (PlGF) ratio] drive fetal cardiovascular mal-
adaptation through hypoxia-inducible factor-1α (HIF-1α)-
mediated myocardial remodeling and endothelial progeni-
tor cell depletion, directly linking hypoxic-ischemic injury
to persistent hypertension and cardiac structural anomalies
observed clinically [57].

The placenta plays a central mechanistic role in
mediating these adverse developmental programming ef-
fects. Pathological changes in HDP/preeclampsia, includ-
ing chronic uteroplacental insufficiency, reduced perfusion,
and oxidative stress, trigger a cascade of placental dys-
function. This involves aberrant inflammation (elevated
pro-inflammatory cytokines like TNF-α, IL-6), excessive
production of anti-angiogenic factors (sFlt-1), diminished
pro-angiogenic factors [(PlGF, vascular endothelial growth
factor (VEGF)], and endothelial damage [58]. These pla-
cental alterations compromise nutrient/oxygen transfer, ex-
pose the developing fetus to a hostile biochemical milieu,
and induce epigenetic modifications (e.g., DNA methyla-
tion) in key genes regulating cardiovascular development
and function [e.g., those involved in the renin-angiotensin-
aldosterone system (RAAS), nitric oxide signaling, and
glucocorticoid response]. Consequently, fetal adaptive re-
sponses lead to permanent structural and functional changes
in the heart and vasculature, predisposing the offspring to
early-onset cardiovascular disease. Moreover, prolonged
hypoxia and insufficient nutrient supply, compounded by
the dual impact of inadequate placental perfusion during
uterine contractions, can lead to intrapartum fetal distress.
Its manifestations include pathological cardiotocography
(CTG) patterns, fetal acidosis (umbilical artery pH <7.20,
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elevated lactate levels), and meconium-stained amniotic
fluid (MSAF) [59].

3.5 Renal Dysplasia and Dysfunction
Numerous studies indicate that children born to moth-

ers with preeclampsia may face risks of fetal kidney un-
derdevelopment and abnormal function. Adverse factors
within the intrauterine environment can impair the growth
and development of the kidneys, resulting in renal dysfunc-
tion and hypertension in adulthood. Khalsa et al. [60] con-
firmed that adolescents with a history of PTB, particularly
those with LBW, more frequently exhibit elevated BP and
a reduced estimated glomerular filtration rate. Their study
focused on evaluating the kidney function of children with
extremely LBW compared to a control group at the ages
of 7 and 11 years. The results indicated that children with
extremely LBW had significantly smaller kidney volumes
and elevated levels of cystatin C, providing evidence of
early signs of kidney dysfunction that hasmanifested during
childhood [61]. Alterations in the renin-angiotensin sys-
tem have been confirmed to play a key role in cardiovas-
cular diseases and in the programming of hypertension in
offspring experiencing HDP or fetal programming due to
prenatal environmental insults [62].

4. Thyroid Disease in Pregnancy
Thyroid disorders constitute prevalent endocrine dis-

turbances during gestation, with epidemiological studies in-
dicating a 4% prevalence of hypothyroidism and 2.4% in-
cidence of hyperthyroidism in pregnant populations. The
diagnosis of gestational thyroid diseases mainly relies on
serum thyroid function tests. This includes, but is not
limited to, the measurement of indicators such as thyroid-
stimulating hormone (TSH), free triiodothyronine (FT3),
and free thyroxine (FT4). When TSH levels are abnor-
mal, combined with changes in FT4, the state of thyroid
function can be preliminarily determined (Table 3) [63].
Mounting evidence highlights the dual clinical ramifica-
tions of maternal thyroid dysregulation: immediate obstet-
ric risks (e.g., preterm delivery, preeclampsia) and endur-
ing developmental sequelae in offspring. Mechanistically,
fetal exposure to altered maternal thyroid hormone concen-
trations during critical periods of organogenesis (weeks 8–
20 gestation) disrupts neurogenesis, cortical layering, and
hypothalamic-pituitary-thyroid axis programming [51,64].
Longitudinal cohort studies demonstrate that untreated ma-
ternal hypothyroidism correlates with a 7–10-point reduc-
tion in offspring IQ scores, while uncontrolled hyperthy-
roidism increases risks of intrauterine growth restriction by
3.2-fold [65,66].

4.1 Perinatal Outcomes
Maternal thyroid dysfunction during pregnancy exerts

profound effects on perinatal outcomes, with distinct patho-
physiological mechanisms and clinical risks depending on

the type of thyroid disorder. Regarding PTB and LBW, un-
controlled maternal hyperthyroidism amplifies uterine con-
traction frequency through β-adrenergic receptor overac-
tivation, elevating preterm delivery risk by 2-fold com-
pared to euthyroid pregnancies [67]. Conversely, hypothy-
roidism characterized by insufficient FT4 levels reduces
placental blood perfusion, strongly correlating with FGR
and LBW [68]. For miscarriage and stillbirth, overt hy-
pothyroidism demonstrates a 60% increased miscarriage
risk and 4-fold higher stillbirth incidence, attributable to
thyroid hormone deficiency-induced embryonic implanta-
tion defects and placental insufficiency. Although the clin-
ical significance of subclinical hypothyroidism remains de-
bated, studies confirm a statistically significant rise in mis-
carriage risk when maternal TSH exceeds 4.0 mIU/L [50].

4.2 Abnormal Thyroid Function in Offspring

Maternal thyroid disorders during gestation exert pro-
found effects on offspring thyroid homeostasis through dis-
tinct mechanisms involving antibody transfer, pharmaco-
logic interference, and hormonal dysregulation. Neona-
tal thyrotoxicosis predominantly originates from maternal
Graves’ disease, where placental transfer of TSH receptor
antibodies stimulates fetal thyroid receptors, affecting 1–
5% of neonates with manifestations including tachycardia,
heart failure, and even craniosynostosis [69]. Furthermore,
excessive use of antithyroid drugs during late pregnancy
may suppress fetal thyroid function, with subsequent with-
drawal leading to rebound thyrotoxicosis due to compen-
satory hormone hypersecretion. Conversely, neonatal hy-
pothyroidism demonstrates strong associations with mater-
nal thyroid status and therapeutic interventions. Untreated
maternal hypothyroidism increases the risk of congenital
hypothyroidism in offspring, which is attributed to insuf-
ficient placental thyroxine (T4) transport [70]. Notably,
transplacental passage of maternal thyroid autoantibodies,
particularly thyroid peroxidase antibodies (TPOAb), may
induce immune tolerance dysregulation in offspring, pre-
disposing them to lifelong risks of autoimmune thyroid dis-
orders such as Hashimoto’s thyroiditis [71].

4.3 Neurodevelopment and Cognitive Function

Maternal thyroid dysfunction during pregnancy ex-
erts profound and stage-specific impacts on offspring
neurodevelopment and cognitive function. During the
first trimester, a critical window for fetal brain develop-
ment, insufficient maternal T4 levels—particularly FT4
deficiency—are associated with a 7–10 point reduction
in offspring IQ, with pronounced deficits in language ac-
quisition and executive function [72]. Mechanistically,
early gestational T4 inadequacy disrupts neuronal migra-
tion and impairs synaptic formation in the hippocampus and
cerebral cortex, compromising structural brain maturation
[73,74]. In later pregnancy, maternal hyperthyroidism may
perturb fetal neurodevelopment via suppression of cere-
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Table 3. Classification and diagnosis of thyroid disease in pregnancy.
Type of thyroid dysfunction Definition of thyroid dysfunction Diagnosis standards

Hhyperthyroidism Group of clinical syndromes resulting
from insufficient synthesis, secretion, or
biological action of thyroid hormones for

various reasons.

Thyroid-stimulating hormone (TSH) >
upper reference range (or 4.0 mU/L in
early pregnancy), and free thyroxine
(FT4) < lower reference range.

Subclinical hyperthyroidism Mild hypothyroidism. Elevated TSH but
FT4 in the normal range.

TSH > upper reference range (or 4.0
mU/L in early pregnancy), and FT4 in the

normal range.
Hypothyroidism Thyroid gland synthesizes and secretes

too much thyroid hormone for various
reasons, resulting in a series of
hypermetabolic syndromes and

sympathetic excitations.

TSH < lower limit of reference range (or
<0.1 mU/L in early pregnancy), FT4 or
free triiodothyronine (FT3) > upper limit

of reference range.

Subclinical hypothyroidism Reduced serum TSH from various causes
with normal FT3 and FT4 levels.

TSH < lower limit of reference range (or
<0.1 mU/L in early pregnancy), and

normal FT4 and FT3.

bral deiodinase type 3, reducing local triiodothyronine (T3)
bioavailability and impairing myelination processes criti-
cal for neural circuit integrity [75]. Conversely, persis-
tent maternal hypothyroidism during mid-to-late gestation
correlates with elevated risks of neurodevelopmental disor-
ders in offspring, including a 1.4-fold increase in attention-
deficit/hyperactivity disorder and ASD incidence, likely
mediated by chronic cerebral hypothyroidism [76].

5. Intrahepatic Cholestasis of Pregnancy
ICP, an obstetric-specific condition, is characterized

by pruritus (usually localized to the palms and soles with-
out a rash) (Table 4) during the mid-to-late gestational
period and elevated serum total bile acid (TBA) levels
(≥10 µmol/L). Its pathogenesis involves abnormal estrogen
metabolism, dysfunctional hepatocyte bile transport pro-
teins [e.g., ATP-binding cassette subfamily B member 4
(ABCB4) gene mutations], and genetic susceptibility. Glob-
ally, ICP affects 0.3–5% of pregnancies, demonstrating sig-
nificant geographic variation influenced by genetic and en-
vironmental factors [77,78]. Emerging evidence indicates
that ICP not only increases the risk of adverse perinatal out-
comes but may also exert long-termmetabolic and neurode-
velopmental sequelae in offspring.

5.1 Preterm Birth

ICP is strongly associated with an elevated risk of
PTB, with reported rates ranging from 11.7% to 60%, pre-
dominantly occurring between 32 and 36 weeks of gesta-
tion. While a substantial proportion of preterm deliver-
ies result from iatrogenic interventions due to deteriorating
maternal or fetal conditions, emerging evidence highlights
the role of spontaneous preterm labor in ICP pathophysiol-
ogy. A dose-response meta-analysis further revealed that
maternal serum TBA levels ≥20 µmol/L significantly ele-
vate spontaneous PTB risk [79]. Mechanistically, bile acids

(BAs) exhibit a dose-dependent pro-contractile effect on the
myometrium, as evidenced by rodent models and human
tissue studies. Bas upregulate oxytocin receptor expression
in uterine smoothmuscle cells and enhancemyometrial sen-
sitivity to oxytocin. In vitro experiments using myometrial
cells from ICP patients demonstrate a 2.3-fold increase in
oxytocin-induced contractility compared to controls, sug-
gesting that BAs-driven hyperresponsiveness promotes un-
regulated uterine activity, thereby predisposing to sponta-
neous preterm labor. This pathway is further potentiated
by BAs-induced placental oxidative stress and inflamma-
tory cytokine release (e.g., IL-8 and TNF-α), which may
synergistically disrupt uterine quiescence [80].

5.2 Stillbirth

ICP is associated with an elevated risk of stillbirth,
with reported rates of 0.1–0.3% beyond 37 weeks of
gestation—a 3–5 fold increase compared to the general ob-
stetric population. While the precise pathophysiological
mechanisms remain incompletely elucidated, postmortem
examinations of affected fetuses demonstrate acute anoxic
insults without characteristic features of chronic uteropla-
cental insufficiency [81]. Histopathological analysis of
ICP placentas reveals abrupt vascular changes, suggest-
ing rapid-onset catastrophic events rather than progressive
placental dysfunction [82]. Emerging evidence implicates
BAs-induced cardiac toxicity as a critical pathway. Clinical
observations document fetal arrhythmias in ICP pregnan-
cies [83], corroborated by in vitro experiments demonstrat-
ing BAs’ dose-dependent arrhythmogenic effects on neona-
tal rat cardiomyocytes, including reduced contractility and
disrupted electrophysiological stability [84].

The proposed dual-pathway model encompasses two
distinct mechanisms: BAs-mediated vasoconstriction of
placental chorionic vessels inducing acute anoxia [85], syn-
ergistically interacting with direct cardiotoxic effects that

7

https://www.imrpress.com


Table 4. Diagnosis and severity classification of intrahepatic cholestasis of pregnancy (ICP).
Diagnostic methods Grade based on severity

Be alert to ICP if there is itching of the skin that cannot be
explained by other causes during pregnancy (Highly recom-
mended with strong evidence support).

Mild ICP diagnostic criteria:
(1) Fasting serum total bile acid (TBA) level

10–39 µmol/L or postprandial serum TBA level
19–39 µmol/L;

(2) Clinical symptoms are mainly skin itching,
without obvious other symptoms.

(strongly recommended, high evidence level)

Fasting TBA ≥10 µmol/L or postprandial TBA ≥19 µmol/L
in pregnant women can be diagnosed as ICP (Strong recomm-
endation supported by strong evidence).

Severe ICP diagnostic criteria:
(1) Pregnant women serum TBA level 4–99

µmol/L;
(2) Serum bilirubin level higher than normal;
(3) Accompanied by other conditions, such as

multiple pregnancy, preeclampsia, recurrent ICP,
has caused perinatal death due to ICP;

(4) Early-onset ICP.
(strongly recommended, evidence level medium)

Serum transaminase can be utilized as a biochemical reference
index for the diagnosis of ICP, but it is not an essential criterion
for ICP diagnosis (Weak recommendation, low level of evidence).

Extremely severe ICP diagnostic criteria:
Pregnant women serum TBA level ≥100 µmol/L.
(strongly recommended, evidence level medium)

To establish a diagnosis of ICP, abnormalities in laboratory indi-
cators such as skin itching or elevated serum TBA levels caused
by other causes must be ruled out. It is recommended to perform
routine ultrasound to rule out hepatobiliary diseases in pregnant
women (Highly recommended with strong evidence support).

/

trigger lethal ventricular arrhythmias through myocardial
potassium channel inhibition [86]. Notably, fetal myocar-
dial dysfunction severity correlates strongly with maternal
serum TBA concentrations, with significant myocardial de-
formation observed exclusively in severe ICP cases (TBA
≥40 µmol/L) [87].

5.3 Meconium-Stained Amniotic Fluid

MSAF complicates 10–44% of ICP cases, represent-
ing a 2–3 fold increased risk compared to non-ICP preg-
nancies [88]. While the pathophysiology remains par-
tially defined, 2 predominant hypotheses emerge: (1) tradi-
tional fetal hypoxic stress triggering defecation reflex, and
(2) direct BAs-mediated stimulation of fetal colonic motil-
ity. Experimental models provide compelling evidence
for BAs-specific mechanisms. In ex vivo rabbit colonic
strips, cholic acid exposure (50–200 µmol/L) induced dose-
dependent increases in smooth muscle contraction ampli-
tude [89]. These findings challenge the conventional hy-
poxia paradigm and suggest BAs toxicity alone may suffice
to induce meconium passage.

5.4 Neonatal Respiratory Distress Syndrome

A prospective multicenter cohort study (N = 504) of
gestational age-matched pregnancies (ICP = 77, controls =
427) demonstrated that ICP confers significant neonatal res-

piratory morbidity, with adjusted analyses revealing a 2.1-
fold increased risk of NRDS and a 0.2% incremental NRDS
probability per 1 µmol/L rise in maternal serum BAs after
controlling for prematurity and delivery mode [90].

6. Hyperemesis Gravidarum
HG, a severe pregnancy complication characterized

by intractable nausea, vomiting (>3 episodes/day), and
metabolic disturbances (e.g., ≥5% prepregnancy weight
loss, ketonuria, or electrolyte imbalances), affects 0.3–
3.6% of pregnancies globally, with variability attributed
to heterogeneous diagnostic criteria and ethnic disparities
(Table 5) [91]. Although maternal deaths due to HG re-
main extremely rare (<0.1%) in high-income countries, re-
search evidence indicates that this condition can have trans-
generational persistent effects through mechanisms such as
placental-endocrine disruption and epigenetic reprogram-
ming [92].

6.1 Impact of Offspring Birth Outcomes

The impact of HG on offspring birth outcomes has
been substantiated by multiple prospective studies and
mechanistic investigations. A recent meta-analysis demon-
strated that HG significantly elevates the risk of LBW and
SGA incidence, primarily attributed to placental dysfunc-
tion caused by chronic maternal nutritional deficiencies and
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Table 5. Diagnosis of hyperemesis gravidarum (HG).
Type of diagnostic methods Diagnostic criterion

Fairweather criteria (1968) More than 3 episodes of vomiting a day
Weight loss
Ketonemia
Electrolyte imbalance
Volume depletion
Onset usually at 4–8 weeks of pregnancy

Windsor definition (2021) Compulsory features
At least one of nausea and vomiting is severe
Incapability of normal drinking or eating substan-
tially impacts on daily living activities Initiation
of symptoms in early pregnancy (Early pregnancy
was defined as before a gestational age of 16
weeks)

Contributory features
Symptoms of dehydration

metabolic disturbances [93]. Pathological studies of pla-
cental tissue have revealed that under hyperglycemic condi-
tions during pregnancy, common variations in genes encod-
ing placental proteins [namely growth differentiation factor
15 (GDF15) and insulin-like growth factor binding protein
7 (IGFBP7)] and hormone receptors [namely GDNF fam-
ily receptor alpha like (GFRAL) and progesterone receptor
(PGR)] are involved, along with decreased levels of placen-
tal angiogenic factors such as PlGF. These changes directly
restrict the fetus’s access to nutrients and oxygen [94].

6.2 Neurodevelopmental and Behavioral Abnormalities in
Offspring

The association between HG and neurodevelopmen-
tal/behavioral abnormalities in offspring has emerged as a
critical focus of research, with recent evidence uncovering
a multifactorial pathogenic network. A Dutch birth cohort
study demonstrated that prenatal HG exposure elevates the
risk of ASD in offspring by 1.6-fold, exhibiting a dose-
dependent relationship with the duration of ketosis during
early gestation [95]. Mechanistically, maternal thiamine
(vitamin B1) deficiency induced by HG disrupts mitochon-
drial function in the fetal hippocampus and prefrontal cor-
tex, impairing neuronal synaptic plasticity via suppression
of alpha-ketoglutarate dehydrogenase activity and subse-
quent reduction in acetyl-CoA production [96]. Further-
more, elevated human chorionic gonadotropin (hCG) lev-
els associated with HG may dysregulate fetal cortical T4
homeostasis by hyperactivating maternal thyroid hormone
receptor-beta, triggering microglial activation and neuroin-
flammation [97–99]. Researchers from the United States
and Denmark have noted that children exposed to HG in
utero show signs of reduced cortical area and volume in the
brain. Additionally, they found an association between ab-
normal neurodevelopment and a decrease in brain size. Fur-
thermore, fetal head growth in HG patients is positively cor-

related with maternal weight gain in the second trimester,
indicating that malnutrition related to HG in the first half of
pregnancy may affect the growth and development of the
fetal brain, explaining the increased risk of neurodevelop-
mental delays in childhood [100,101].

6.3 Respiratory Diseases
Additional research has revealed a possible connec-

tion between HG experienced by mothers during pregnancy
and an increased risk of respiratory diseases in their children
during early childhood [102]. The study revealed a dual
risk of HG: on one hand, it may cause intrauterine dam-
age, affecting the normal development of the fetus’s lungs;
on the other hand, HG may lead to malnutrition in preg-
nant women, which hinders the normal growth of the fetus
and consequently restricts the growth and development of
the fetal lungs. This includes reduced lung capacity, fewer
branching airways, fewer alveoli, and reduced blood ves-
sel formation [103]. In addition, malnutrition during preg-
nancy may indirectly affect the development of the fetal
lungs due to deficiencies in key micronutrients such as vi-
tamin A, vitamin C, and vitamin D. Hormones involved in
metabolic regulation play a crucial role in the development
of the lungs during pregnancy, and impaired function of
these hormones can also lead to incomplete lung develop-
ment. Mechanistically, HG-induced maternal micronutri-
ent deficiencies—particularly vitamins A and D—disrupt
fetal lung branching morphogenesis and alveolarization.

7. Preterm Birth
PTB, clinically defined as delivery occurring between

24+0 and 36+6 weeks of gestation [World Health Organi-
zation (WHO) criteria], imposes a significant global health
burden with profound interregional disparities. However,
defining PTB solely by gestational age fails to reflect the
highly heterogeneous pathophysiological mechanisms un-
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Table 6. Etiology-based classification and diagnosis of preterm birth (PTB) phenotypes.
Type of phenotype Pathophysiological mechanisms Diagnostic markers

Infectious/Inflammatory 1. Microbial invasion (chorioamnionitis,
deciduitis or systemic infection)

1. Maternal C-reactive protein (CRP)/interleukin
(IL)-6 ↑

2. Sterile inflammation (e.g., alarmin-mediated) 2. Positive amniotic fluid culture
3. Placental histopathology: chorioamnionitis

Vascular/Ischemic 1. Placental insufficiency 1. Uterine artery Doppler abnormalities
2. Maternal vascular disorders (e.g.,

preeclampsia)
2. Increased soluble fms-like tyrosine kinase-1
(sFlt-1)/placental growth factor (PlGF) ratio

3. Thrombophilia 3. Placental infarction pathology
4. Placental abruption

Endocrine/Stress 1. Premature activation of
hypothalamic-pituitary-adrenal (HPA) axis

1. Elevated maternal salivary cortisol

2. Maternal physiological/psychological stress 2. Dynamic cervical shortening (without
contractions)

Cervical insufficiency 1. Structural/functional cervical defects 1. Transvaginal ultrasound: cervical length <25
mm (second trimester)

2. History of second-trimester miscarriage

Iatrogenic/Indicated 1. Medically indicated delivery for maternal/fetal
compromise

1. Maternal indications: severe
preeclampsia/heart failure

2. Fetal indications: Fetal growth restriction
(FGR)/abnormal fetal heart rate

↑ indicates that the indicator level is in an “elevated” state.

derlying this condition. Modern clinical practice empha-
sizes etiology-based classification, which is critical for un-
derstanding risks and guiding tailored prevention and treat-
ment strategies (Table 6). Global estimates indicate an inci-
dence of 10.6% of live births, translating to approximately
15 million cases annually, of which over 80% occur in
low- and middle-income countries (LMICs) where limited
healthcare access exacerbates outcomes [104,105]. It is a
common and serious complication during pregnancy, pos-
ing a major threat to the newborn’s quality of survival and
long-term health, and is the leading cause of perinatal death.

7.1 Neurodevelopmental Outcomes

PTB, particularly occurring before 32 weeks of gesta-
tion, poses significant risks of lifelong neurological deficits
by disrupting normal brain development through multiple
pathways. Cohort studies demonstrate stronger correlations
between smaller gestational ages and adverse outcomes:
Infants born before 28 weeks have a 30%–40% probabil-
ity of developing severe disabilities (compared to 5%–8%
in full-term controls), including CP, intellectual disabil-
ity, and ASDs [106–108]. This dramatically increases the
risk of neurodevelopmental impairments, with negative ef-
fects persisting throughout childhood and into adulthood,
forming the characteristic “premature neurodevelopmental
phenotypic spectrum”. The core mechanisms underlying
these long-term impacts involve forced interruptions dur-
ing critical brain development phases (mid-to-late gesta-
tion) and exposure to adverse uterine conditions (such as

inflammation, hypoxia-ischemia, nutritional stress, and ab-
normal sensory stimulation). These factors lead to white
matter damage [particularly periventricular leukomalacia
(PVL)], gray matter developmental abnormalities, and im-
paired construction of complex neural networks [109,110].
The manifestations are multidimensional functional im-
pairments: In motor domains, CP risk increases dramati-
cally (extremely preterm infants face 20–40 times higher
risks than full-term infants), with developmental coordi-
nation disorder becoming more prevalent [111]. Cogni-
tive domains exhibit an age-of-birth gradient effect, marked
by declining average IQ levels, particularly pronounced
executive dysfunction, attention deficits, slowed process-
ing speed, and learning difficulties, significantly increas-
ing special education needs [112]. Behavioral and mental
health aspects show that PTB is one of the strongest en-
vironmental risk factors for attention deficit/hyperactivity
disorder (ADHD) (with 2–5 times increased risk, predom-
inantly in attention deficit variants), substantially elevat-
ing ASD prevalence (extremely preterm infants face 4–10
times higher risks than full-term infants), while also rais-
ing risks for anxiety, depression, social-emotional difficul-
ties, and behavioral regulation disorders [113]. Sensory
function domains demonstrate markedly elevated incidence
rates of sensorineural hearing loss, retinopathy of prema-
turity (ROP), refractive errors, strabismus, cortical visual
impairment (CVI), and sensory processing disorder (SPD,
characterized by abnormal sensory regulation) [114,115].
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7.2 Cardiovascular Conditions
PTB, particularly very preterm (<32 weeks) and ex-

tremely preterm (<28 weeks) delivery, is increasingly rec-
ognized as a significant risk factor for lifelong cardiovas-
cular morbidity. Cohort studies with extended follow-up
demonstrate a gestational age-dependent gradient in car-
diovascular risk, persisting into adulthood. Adults born
preterm exhibit a 1.5- to 2.5-fold increased incidence of es-
sential hypertension compared to term-born controls, with
alterations in 24-hour BP profiles (e.g., reduced nocturnal
dipping) detectable as early as adolescence [116]. This
predisposition is mechanistically linked to developmental
programming perturbations: Premature extrauterine tran-
sition during critical windows of cardiovascular develop-
ment (mid-to-late gestation) induces permanent structural
and functional adaptations, including impaired vascular en-
dothelial function, accelerated arterial stiffening, and aber-
rant left ventricular remodeling [117,118]. Concurrently,
dysregulation of neurohormonal axes—specifically hyper-
activity of the RAAS and sympathetic nervous system—
further amplifies cardiovascular risk [119]. Epidemiologi-
cal data further associate PTB with a 1.6-fold elevated risk
of ischemic heart disease, a 2.1-fold risk of heart failure
(predominantly preserved ejection fraction phenotype), and
early-onset metabolic syndrome (insulin resistance, dys-
lipidemia), which synergistically accelerate atherogenesis
[120]. Importantly, these effects persist after adjustment
for conventional risk factors and intrauterine growth restric-
tion, establishing PTB as an independent determinant of
cardiovascular health.

7.3 Respiratory Conditions
PTB imposes profound and persistent burdens on res-

piratory health by disrupting critical developmental pro-
cesses. Infants born before 37 weeks of gestation exhibit
structural lung immaturity, characterized by impaired alve-
olar septation, deficient pulmonary surfactant synthesis,
and dysregulated angiogenesis due to aberrant VEGF sig-
naling. These defects can acutely manifest as respiratory
distress syndrome, and more than 60% of newborns born
before 28 weeks of gestation are affected by atelectasis due
to insufficient surfactant [121]. Iatrogenic interventions—
including mechanical ventilation-induced volutrauma and
oxygen toxicity—further drive nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-κB)-mediated cy-
tokine release (IL-6, IL-8), culminating in BPD, defined as
oxygen dependency at 36 weeks postmenstrual age [122].

7.4 Endocrine Conditions
PTB confers enduring endocrine dysfunction through

disruption of hypothalamic-pituitary axis maturation and
metabolic programming [123]. Epidemiological studies
consistently demonstrate that individuals born preterm ex-
hibit an elevated risk of developing endocrine disorders
across the life course. Notably, systematic reviews and

meta-analyses reveal a 1.5- to 3-fold increased incidence
of insulin resistance, type 2 diabetes mellitus (T2DM), and
metabolic syndrome in adulthood compared to term-born
counterparts [124,125]. This predisposition is mechanis-
tically linked to developmental programming alterations
in hypothalamic-pituitary-adrenal (HPA) axis function and
pancreatic β-cell maturation.

8. Discussion
Pregnancy complications—including GDM, HDP,

ICP, HG, PTB and thyroid dysfunction—are pivotal deter-
minants of global maternal morbidity (affecting 15–20% of
pregnancies) and offspring health trajectories, with inter-
generational consequences spanning cardiometabolic, neu-
rodevelopmental, and epigenetic domains [103,126]. Ro-
bust evidence from the developmental origins of health and
disease (DOHaD) consortium demonstrates that unman-
aged GDM increases offspring obesity risk by 3-fold, while
HDP elevates childhood hypertension incidence by 40%
(Table 7) [127,128]. Thus, optimizing antenatal care tran-
scends clinical obligation, emerging as a public health im-
perative to disrupt cycles of transgenerational disease trans-
mission.

8.1 Predisposing Factors
GDM is strongly associated with maternal metabolic

dysfunction, including obesity [body mass index (BMI)
≥25 kg/m2], advanced maternal age (≥35 years), family
history of diabetes, and ethnic predisposition (e.g., South
Asian, Hispanic, or African ancestry). Genetic polymor-
phisms in transcription factor 7 like 2 (TCF7L2), melatonin
receptor 1B (MTNR1B), and glucose transporter type 4
(GLUT4) genes impair insulin secretion or sensitivity. Ad-
ditional risks include polycystic ovary syndrome (PCOS),
prior macrosomia, and sedentary lifestyle, which exac-
erbate insulin resistance through inflammatory pathways
[129,130].

HDP arise from a combination of maternal vascular
susceptibility (pre-existing hypertension, diabetes, or au-
toimmune diseases), placental dysfunction (defective spi-
ral artery remodeling, elevated anti-angiogenic factors like
sFlt-1) [131], and genetic predisposition [angiotensinogen
(AGT), Fms-related tyrosine kinase 1 (FLT1) polymor-
phisms] [132]. Demographic factors, multifetal gestation,
and lifestyle factors (high-sodium diet, vitamin D defi-
ciency) further amplify risks. A history of prior HDP or
placental insufficiency (e.g., FGR) significantly increases
recurrence likelihood.

Gestational Thyroid Dysfunction (hypothyroidism or
hyperthyroidism) is influenced by autoimmune disorders
(e.g., Hashimoto’s thyroiditis, Graves’ disease), iodine im-
balance (deficiency or excess), and genetic susceptibility
[TSH receptor (TSHR), thyroglobulin (TG) gene variants]
[69]. Advanced maternal age, obesity, and prior thyroid
disease are significant risks.
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Table 7. Key clinical management points for high-prevalence diseases during pregnancy.
Type of disease Management strategies Pharmacotherapy key Critical considerations

GDM 1. Lifestyle modification: Medical nutrition therapy + 30 min/day
moderate exercise.

1. Insulin: Aspart/Detemir (dose adjusted to
glucose levels).

1. Avoid hypoglycemia/ketoacidosis.

2. Glycemic control: Insulin (1st-line) or metformin (2nd-line). 2. Oral agents: Metformin (limited safety data in
pregnancy).

2. Postpartum OGTT at 6–12 weeks.

3. Fetal surveillance: Growth ultrasound + amniotic fluid assessment. 3. Long-term type 2 diabetes mellitus (T2DM)
risk counseling.

HDP 1. BP control: Target <140/90 mmHg (severe: <160/110 mmHg). 1. Antihypertensives: Labetalol (1st-line),
nifedipine, hydralazine.

1. Monitor for hemolysis, elevated liver enzymes,
and low platelets (HELLP) syndrome [platelets

<100 k, lactate dehydrogenase (LDH) ↑].
2. Eclampsia prophylaxis: Magnesium sulfate (for severe

hypertension).
2. MgSO4: 4–6 g IV loading dose, then 1–2 g/h

(monitor reflexes/urine output).
2. Postpartum BP monitoring for 6 weeks.

3. Delivery timing: Based on gestational age and severity.
Thyroid disease
in pregnancy

1. Hypothyroidism: Levothyroxine (LT4) adjusted to
trimester-specific TSH targets [Trimester 1 (T1): <2.5 mIU/L;

Trimester 2 (T2)/Trimester 3 (T3): <3.0 mIU/L].

1. Hypothyroidism: LT4 dose ↑ by 25–30% at
conception.

1. Monitor for fetal thyroid dysfunction
(hyperthyroidism overtreatment).

2. Hyperthyroidism: Propylthiouracil (PTU) (1st-line in T1) or
methimazole (T2 onward), aiming for FT4 at upper-normal range.

2. Hyperthyroidism: PTU (50–150 mg/day) or
methimazole (5–15 mg/day); avoid overtreatment.

2. Postpartum thyroiditis screening [if particularly
thyroid peroxidase antibodies (TPOAb)+].

ICP 1. Symptom relief: Ursodeoxycholic acid (UDCA, 10–15 mg/kg/day). 1. UDCA: First-line. 1. BAs >40 µmol/L ↑ stillbirth risk.
2. Fetal surveillance: Daily fetal movement + cardiotocography

(CTG).
2. S-Adenosyl methionine (SAMe): Adjunctive

therapy.
2. Avoid estrogen-containing medications.

3. Delivery: Recommended at 34–36 weeks if bile acids (BAs) ≥40
µmol/L.

3. Vitamin K: Prophylaxis if coagulopathy.

HG 1. Rehydration: IV fluids with thiamine + electrolyte correction. 1. First-line: Pyridoxine + doxylamine. 1. Exclude thyroid dysfunction/gastrointestinal
(GI) disorders.

2. Antiemetics: Pyridoxine (10–25 mg q8h) + doxylamine (12.5 mg
q8h); ondansetron (refractory cases).

2. Second-line: Ondansetron. 2. Psychological support (high anxiety/depression
risk).

3. Nutrition: Enteral/parenteral support if severe. 3. Refractory cases: Methylprednisolone
(short-term).

PTB 1. Prevention: Vaginal progesterone if corpus luteum (CL) ≤25 mm. 1. Tocolytics: Nifedipine (1st-line); indomethacin
(<32 weeks).

1. Avoid >48 h tocolysis.

2. Promote fetal lung maturation: Antenatal corticosteroids (ACS) 2. ACS: Betamethasone 12 mg intramuscular
(IM) × 2.

2. Complete ACS >24 h pre-delivery.

3. Neuroprotection and infection prophylaxis 3. Neuroprot: MgSO4 (<32 weeks). 3. Delayed cord clamping ≥60 s.
↑ indicates that the indicator level is in an “elevated” state.
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ICP is linked to hormonal dysregulation (elevated
estrogen/progesterone), genetic mutations [ABCB4, ATP-
binding cassette subfamily B member 11 (ABCB11) bile
transporter genes], and environmental triggers (low sele-
nium levels) [133]. Multiparity, advanced maternal age,
and geographic factors are notable risks. A history of ICP in
prior pregnancies or gallbladder disease also elevates sus-
ceptibility.

HG is driven by hormonal hyperstimulation, particu-
larly elevated hCG and TSH, often exacerbated by thyroid
dysfunction. Genetic variants (GDF15, IGFBP7) affecting
nausea pathways, young maternal age, primigravidity, obe-
sity, and psychosocial stress are key contributors [94]. A
history of motion sickness or prior HG further predisposes
to severe symptoms.

PTB is strongly associated with maternal biological
vulnerability, including cervical insufficiency (e.g., short
cervical length <25 mm), infection/inflammation (gen-
itourinary tract infections, subclinical chorioamnionitis),
and environmental stressors (low socioeconomic status,
chronic psychological distress) [134,135]. Demographic
factors (extremes of maternal age <18 or >35 years), mul-
tifetal gestation, and behavioral risks (smoking, short in-
terpregnancy interval <6 months) further amplify risks
[136,137]. Critically, PTB rarely results from a single insult
but represents a final common pathway wherein infectious,
mechanical, vascular, endocrine, and immune perturbations
synergistically precipitate premature activation of the par-
turition cascade.

8.2 Latest Treatment Advances

Recent advances in GDM management focus on pre-
cision therapeutics and technological integration to op-
timize maternal-fetal outcomes. Emerging microbiome-
targeted interventions, exemplified by Lactobacillus and
Bifidobacterium probiotic supplementation combined with
dietary modulation, demonstrate enhanced insulin sensitiv-
ity [138,139]. Pharmacological innovation includes ultra-
long-acting insulin analogs such as degludec, which, when
paired with rapid-acting aspart, reduce hypoglycemia risk
through stabilized glycemic profiles and minimized peak-
trough fluctuations [140]. Additionally, anti-inflammatory
strategies targeting IL-6 signaling and omega-3 fatty acid
supplementation show promise in trials, addressing sub-
clinical inflammation implicated in placental insulin resis-
tance [141,142]. These multimodal approaches underscore
a paradigm shift toward individualized, pathophysiology-
driven therapies, though long-term efficacy and safety war-
rant further validation in diverse cohorts.

In the pharmacological management of HDP, labetalol
and nifedipine sustained-release tablets remain the first-
line antihypertensive agents. However, methyldopa is
newly recommended as a safer alternative for pregnant
women with coexisting FGR. For patients with moderate-
to-severe preeclampsia, magnesium sulfate must be admin-

istered during the antenatal period and within 24 hours
postpartum to prevent eclamptic seizures, regardless of
the presence of neurological symptoms. Concurrently, the
guidelines have clarified adjustments to contraindicated
medications: angiotensin-converting enzyme (ACE) in-
hibitors/angiotensin receptor blockers (ARBs) are strictly
prohibited (due to their teratogenic risk), and diuretics are
restricted to cases complicated by pulmonary edema or
heart failure. However, the current management model
for HDP is gradually shifting from traditional therapies to
novel treatment approaches targeting placental dysfunction
and inflammatory pathways. Leading advancements in-
clude anti-angiogenic therapies and sFlt-1 apheresis (e.g.,
Apharesis), which reduces circulating sFlt-1 and prolongs
gestation by 7–10 days in trials [143]. Immunomodula-
tory strategies show promise: complement inhibitors (e.g.,
eculizumab) mitigate refractory cases associated with com-
plement overactivation [144], and pravastatin reduces the
risk of early-onset preeclampsia by upregulating PlGF and
suppressing sFlt-1 [145]. While these innovations high-
light a shift toward precision medicine, rigorous evalua-
tion of fetal safety and long-term efficacy remains essen-
tial. Future directions emphasize multi-omics integration
and placental-targeted drug delivery to optimize outcomes.

The management of thyroid dysfunction during preg-
nancy has advanced beyond conventional approaches, such
as levothyroxine (LT4) for hypothyroidism and propy-
lthiouracil (PTU) for hyperthyroidism. Recent innova-
tive studies have focused on optimizing hormone delivery
systems, modulating autoantibody activity, and develop-
ing personalized nutritional regimens. Evidence confirms
that thyroid hormone analogs, including nanoformulated
LT4 [(e.g., Tirosint-solution (SOL)], enhance bioavailabil-
ity while reducing interpatient dosage variability compared
to conventional formulations [146]. TSH receptor mono-
clonal antibodies (such as K1-70) are currently in Phase I
clinical trials and may potentially block maternal TSH re-
ceptor autoantibodies to protect thyroid function in fetuses
with Graves’ disease [147].

Current management of ICP primarily involves ur-
sodeoxycholic acid (UDCA) to reduce BAs toxicity, of-
ten combined with cholestyramine for pruritus relief. Re-
cent advances aim to address BAs dysregulation and ge-
netic underpinnings: novel BAs modulators, such as the
Farnesoid X receptor (FXR) agonist obeticholic acid, can
inhibit BAs synthesis. Research findings indicate that oral
BAs preparations can improve fetal BAs metabolism [148].
Gut microbiota-targeted therapies, including fecal micro-
biota transplantation, reshape BAs-metabolizing bacteria
(e.g., Bacteroides), lowering serumBAs in preclinical mod-
els [149].

Current management of HG relies on conventional ap-
proaches, including antiemetics (e.g., ondansetron), corti-
costeroids, intravenous hydration, and nutritional support.
Recent advances have introduced targeted therapies ad-
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dressing underlying molecular and neuroendocrine mech-
anisms. Neurokinin-1 receptor antagonists such as aprepi-
tant suppress central vomiting reflexes, showing efficacy in
refractory HG cases. Additionally, gut microbiota modula-
tion via probiotic formulations may attenuate vomiting fre-
quency through gut-brain axis regulation, though requiring
validation in large-scale trials [150].

Recent advances in PTB prevention and management
emphasize targeted molecular interventions and precision
risk stratification to mitigate neonatal morbidity. In mon-
itoring technology, the innovative application of electro-
physiological sensing platforms tracks real-time electro-
physiological activities and intracellular calcium transients,
enabling dynamic monitoring of uterine cellular behav-
ior during inflammation-associated PTB [151]. This fa-
cilitates investigation into mechanisms of inflammation-
driven PTB and further development of targeted ther-
apies. Emerging anti-inflammatory strategies—such as
the use of a small peptide, HSJ633, which antagonizes
the IL-6 receptor to block IL-6 signaling—inhibit the in-
flammation cascade associated with PTB and mitigate ad-
verse neonatal outcomes [152]. Novel microbiome-based
interventions include vaginal microbiota transplantation
from Lactobacillus-dominant donors, reducing PTB recur-
rence in bacterial vaginosis [153,154]. Despite these ad-
vances, clinical translation confronts persistent barriers:
real-time electrophysiological monitoring techniques are
prohibitively costly for routine screening, and novel anti-
inflammatory agents lack robust human safety data.

8.3 Crosstalk of Pregnancy Complications

Gestational metabolic and endocrine disorders, in-
cluding GDM, HDP, ICP, HG, and thyroid dysfunction,
exhibit intricate pathophysiological crosstalk mediated by
shared mechanisms such as inflammatory activation, ox-
idative stress, placental dysfunction, and hormonal dysreg-
ulation. Insulin resistance in GDM activates NF-κB sig-
naling, exacerbating systemic inflammation and endothelial
dysfunction, which synergize with anti-angiogenic factors
(e.g., sFlt-1) from HDP placentas to impair β-cell function
and glucose metabolism [155]. Elevated BAs in ICP trigger
Toll-like receptor 4-mediated placental oxidative stress and
pro-inflammatory cytokine release (e.g., IL-6, TNF-α), ag-
gravating vascular endothelial damage in HDP [156]. Thy-
roid dysfunction further modulates this network: hypothy-
roidism reduces antioxidant enzyme activity [e.g., superox-
ide dismutase (SOD), glutathione peroxidase (GPx)], wors-
ening metabolic disturbances in GDM and HDP [157,158].

Placental dysfunction serves as a central hub for
crosstalk. HIF-1α activation in HDP suppresses in-
sulin receptor substrate signaling, intensifying insulin re-
sistance, while hyperglycemia in GDM dysregulates pla-
cental VEGF, exacerbating defective vascular remodeling
[159,160]. BAs accumulation in ICP damages syncytiotro-
phoblasts, impairing placental barrier integrity and pro-

moting transplacental transfer of inflammatory mediators,
thereby elevating long-term risks of GDM and cardiovas-
cular diseases [161]. Maternal hypothyroidism, via reduced
placental VEGF expression, worsens HDP and FGR [162].

Hormonal interplay further links these disorders: HG-
associated hyperemesis elevates hCG, which cross-reacts
with TSH receptors to induce transient gestational thyro-
toxicosis, while malnutrition from severe vomiting disrupts
thyroid hormone synthesis [163]. GDM-driven hyperin-
sulinemia suppresses thyroid peroxidase activity via phos-
phoinositide 3-kinase (PI3K)/v-akt murine thymoma viral
oncogene homolog (Akt) signaling, increasing subclinical
hypothyroidism risk [164]. Adipokine imbalances (e.g., el-
evated leptin/adiponectin ratios) in GDM and HDP perturb
TSH secretion through hypothalamic-pituitary-thyroid axis
dysregulation [165].

9. Conclusion
In conclusion, our review discussed that pregnancy

complications function not only indicate perinatal risks but
may also exert transgenerational impacts on offspring lifes-
pan health through mechanisms including epigenetic regu-
lation, placental dysfunction, and maternal-fetal metabolic
interactions. However, these mechanisms remain incom-
pletely elucidated, such as the interactive mechanisms un-
derlying comorbid pregnancy complications. Meanwhile,
tracking of offspring long-term outcomes predominantly
terminates at adolescence, lacking life-course multi-omics
longitudinal data. Future research is expected to provide
further insights into both the independent pathogenesis of
pregnancy complications and their cross-talking interac-
tion mechanisms. This mechanistic clarity will catalyze
the development of precision screening modalities and tar-
geted therapeutic strategies. However, while current clin-
ical guidelines provide frameworks for complication man-
agement, interventions capable of reducing or blocking off-
spring impacts remain unvalidated—to improve the long-
term health effects on offspring of pregnancy complications
globally, these areas still require in-depth research.

In the future, by focusing on genetic and epige-
netic regulatory networks, we will systematically investi-
gate the genetic susceptibility genes and the critical roles
of epigenetic modifications (e.g., DNA methylation and
non-coding RNAs) in pregnancy complications, aiming to
elucidate their biological basis in mediating transgenera-
tional health effects on maternal and offspring outcomes.
Building on this foundation, we will delve into metabolic
interaction mechanisms, employing multidimensional ap-
proaches to unravel the molecular linkages between ges-
tational metabolic dysregulation (such as bile acid imbal-
ance and insulin resistance) and these complications, with
a particular emphasis on the dynamic metabolic crosstalk at
the placental-maternal-fetal interface, thereby establishing
a robust theoretical foundation for targeted interventions.
Furthermore, through the integration of multi-omics tech-

14

https://www.imrpress.com


nologies (metabolomics, proteomics, andmicrobiome anal-
ysis), we will identify early-stage specific biomarkers re-
flecting pathological progression, develop high-sensitivity
and high-specificity screening models for pregnancy com-
plications, and drive the transformation of clinical diagnos-
tic paradigms from a “symptom-driven” to a “prevention-
oriented” framework.
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