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Abstract

Environmental stressors during the crucial period of fetal development can have a sub-
stantial impact on long-term health outcomes. A major concern is dietary exposure to
endocrine-disrupting chemicals (EDCs), which can readily cross the placenta and disrupt
fetal hormonal signaling and developmental programming. Examples of these chemicals in-
clude bisphenols, phthalates, pesticides, and persistent organic pollutants (POPs). Prenatal
exposure to EDC has been associated with long-term effects in children, including immune
disruption, metabolic dysregulation, impaired neurodevelopment, and reproductive al-
terations, as evidenced by human cohort studies and experimental models. Epigenetic
reprogramming, direct interference with endocrine signaling, and oxidative stress (OS) are
hypothesized pathways for these adverse consequences, which often combine to produce
long-lasting physiological changes. This narrative review summarizes current research
on maternal dietary exposure to EDCs during pregnancy, highlighting associations with
adverse child health outcomes. It also discusses the growing evidence of transgenerational
effects, the potential mechanisms linking prenatal exposure to long-term outcomes, and
the importance of understanding the roles of timing, dosage, and chemical type. By high-
lighting the necessity of focused interventions to lower maternal EDC exposure and lessen
threats to the health of offspring, the review concludes by discussing implications for future
research, preventive measures, and public health policy.

Keywords: endocrine disruptors; prenatal exposure; maternal diet; developmental origins
of health and disease (DOHaD); offspring health
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1. Introduction

Pregnancy is a critical period in an individual’s life, during which exposure to en-
vironmental factors can have lasting health consequences [1]. In addition to influencing
developmental programming, intrauterine circumstances may also increase the risk of
chronic diseases in adulthood, according to the DOHaD theory [2,3]. Nutritional deficien-
cies, psychological stress, and environmental pollutants during this critical window have
been linked to higher risks of obesity, type 2 diabetes, cardiovascular disease, neurodevelop-
mental disorders, and reproductive dysfunction in later life [4-6]. Unlike previous narrative
reviews that provided a broad overview of prenatal EDC exposure and developmental
outcomes, the current analysis specifically focuses on dietary exposure pathways, their
mechanistic underpinnings, and their transgenerational effects [7]. It integrates mechanistic
insights from experimental models with human epidemiological risk measures (OR, RR),
considers mixture effects and environmentally relevant exposures, and emphasizes long-
term offspring health outcomes [8]. Within the DOHaD paradigm, this comprehensive
approach offers a revised synthesis that links exposure biomarkers, food, and long-term
offspring health consequences, highlighting aspects not fully addressed in prior reviews [3].

Endocrine-disrupting chemicals (EDCs) have become an important contributor to
disruptions in normal developmental pathways. Exogenous EDCs can perturb endogenous
hormonal signaling, thereby affecting the endocrine regulation necessary for proper growth
and differentiation [9,10]. Although pregnant women are exposed to these toxins through
multiple environmental sources, diet represents one of the most significant and consistent
pathways of exposure. The food supply has been shown to contain EDCs, including
pesticide residues, phthalates, bisphenols, and persistent organic pollutants (POPs) [11].
For instance, phthalates can migrate from food packaging into fatty foods such as meat and
dairy, while bisphenol A (BPA) and its derivatives leach from plastic containers and the
epoxy linings of canned goods [12]. Although many countries have regulatory restrictions,
pesticide residues, especially those of organophosphates and organochlorines, continue to
be present on fruits, vegetables, and grains. Dioxins and polychlorinated biphenyls (PCBs)
are examples of POPs that bioaccumulate in the food chain and are frequently consumed
through meat, fish, and dairy products [13,14].

Many of these substances are lipophilic, which means that they can easily pass through
the placental barrier and build up in the tissues of the mother, exposing the fetus directly at
crucial developmental times [15]. Prenatal exposure may affect endocrine and metabolic
processes, with some impacts perhaps manifesting later in life, according to evidence from
human studies and experimental models [16]. While there is currently no evidence for such
impacts in people, evidence from both epidemiological research and experimental models
further shows that these developmental disturbances may be mediated through epigenetic
processes, increasing the prospect of transgenerational transfer of risk [17,18].

Adding to these concerns, new research shows that dietary exposure to EDCs occurs
worldwide, including in countries with strict food safety laws, where levels of bisphenols,
phthalates, and pesticide residues can be detected [19]. The necessity for a targeted exami-
nation of maternal food intake is highlighted by the abundance of these chemicals as well
as their ability to disrupt immunological, metabolic, hormonal, and neurodevelopmental
pathways. Prenatal food is a particularly significant element for public health interventions
because exposure timing during sensitive windows of fetal development is a crucial driver
of long-term health outcomes [20].

It should be noted that associations do not always imply causality, and the majority
of the human research cited in this study is observational. In contrast to single chemicals,
real-world exposures take the form of complex mixes of numerous EDCs, which may result
in additive or synergistic effects that are not observed in single-chemical research [21].
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Furthermore, many mechanistic and animal studies employ dosages that are higher than
those commonly found in human exposures; hence, dose-response relationships, appropri-
ate controls, and environmental relevance should be considered when interpreting these
findings [22]. The review highlights the advantages and disadvantages of the existing
research while offering a thorough synthesis of dietary EDC exposure, mechanistic data,
and long-term offspring health effects by taking these considerations into consideration
up front.

Understanding the health effects of foodborne EDCs has become a top public health
concern due to their prevalence and the developing fetus’s increased vulnerability. This
narrative review summarizes results from animal experiments and human epidemiological
research that have been published in peer-reviewed publications over the last 20 years, pay-
ing special attention to the effects of dietary EDC exposure during pregnancy on the health
of the fetus. Instead of conducting a systematic study, this review critically synthesizes the
most important data, mechanistic understandings, and policy considerations to help reduce
the long-term health effects of endocrine disruptor exposure during pregnancy. To provide
researchers, clinicians, and policymakers with a thorough understanding, this review also
attempts to compare experimental and human data, identify potential risk mitigation
techniques through dietary and regulatory measures, and highlight information gaps.

Methodological Note

A systematic search approach was employed to find pertinent literature, despite the
narrative aspect of this review. Combinations of the following terms were used to search
PubMed, Scopus, and Web of Science databases for peer-reviewed research published

oo /a

between 2005 and 2025: “endocrine disruptors”, “prenatal exposure”, “maternal diet”,
“offspring health”, “epigenetics”, “neurodevelopment”, “metabolic”, “reproductive” and
“immune outcomes”. Recent experimental research, comprehensive reviews, and human
epidemiological studies that specifically addressed prenatal dietary exposure to EDCs were
preferred. To ensure comprehensiveness, important policy and toxicology papers were
added to the references. The inclusion criteria were limited to English-language publica-
tions, and studies with statistically documented relationships and clearly defined exposure

measurements (such as blood, urine, or dietary intake biomarkers) were given priority.

2. Prenatal Dietary Sources of Endocrine Disruptors
2.1. Bisphenols

Among the dietary endocrine disruptors that have been investigated the most are
bisphenols, especially bisphenol A (BPA) [23,24]. These substances are utilized in the
production of epoxy resins and polycarbonate plastics, which are frequently found in
food containers, drink bottles, and the linings of canned goods. Consequently, they may
infiltrate food and drink, particularly in hot or acidic environments [25]. Numerous food
products have been found to contain BPA and its structural equivalents, bisphenol S (BPS)
and bisphenol F (BPF), which have also been tested in human biological samples, such as
maternal urine and, in certain investigations, amniotic fluid [26]. Research suggests that
during crucial stages of development, BPA might directly expose the growing embryo by
passing through the placental barrier. Birth weight, metabolic indices, and neurobehavioral
outcomes in children have all been linked to changes in maternal urine BPA concentrations.
For instance, 1.4-fold greater odds of lower birth weight and 1.6-fold higher chances of
neurobehavioral changes in children were linked to maternal urine BPA concentrations
in the top quartile (95% CI: 1.1-1.9) [27,28]. According to pooled analyses from recent
meta-reviews, every doubling of maternal urinary BPA concentration is associated with a
0.2-0.3 kg decrease in birth weight when compared to the groups with the lowest exposure
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levels and raises the odds of negative neurobehavioral outcomes by roughly 25-35% (pooled
OR = 1.3; 95% CI: 1.1-1.6) [27,28]. Early cohort results indicate similar relationships with
changed birth size and behavioral indices (OR = 1.2-1.4; 95% CI: 1.0-1.8), notwithstanding
the paucity of epidemiologic data on BPS and BPF [29,30]. Although many nations have
implemented regulatory restrictions on BPA, the increasing use of substitute chemicals like
BPS and BPF raises concerns regarding “regrettable substitutions”, particularly since these
counterparts might have comparable endocrine-disrupting qualities [29,30].

2.2. Phthalates

Phthalates are another significant class of dietary EDCs that are frequently employed
as plasticizers to make plastics more flexible in processing materials, storage equipment,
and food packaging. These substances can readily seep into foods, especially those high in
fat, such as meat, dairy products, and oils, because they are not chemically bonded to plas-
tics [31,32]. The identification of phthalate metabolites in maternal urine across populations
globally indicates that pregnant women are exposed to phthalates on a large scale.

Elevated maternal phthalate metabolite levels have been associated in epidemiologi-
cal studies with impaired male offspring reproductive development, and other research
has suggested links with a higher risk of childhood respiratory illnesses, such as asthma
and wheeze [33]. For instance, according to cohort data, offspring who had maternal
urine concentrations of di(2-ethylhexyl)phthalate (DEHP) metabolites in the highest ex-
posure quartile were nearly 1.9 times more likely to have impaired male genital devel-
opment (OR = 1.87; 95% CI: 1.12-3.12) and were twice as likely to wheeze (OR = 2.03;
95% CI: 1.15-3.57) [27,34]. According to similar results from other perspective studies,
children of mothers who were exposed to high levels of phthalates during pregnancy
had a 30-60% higher chance of developing asthma and rhinitis [29,35]. These conclusions
are supported by experimental evidence indicating that phthalates may disrupt immune
regulation, metabolic programming, and steroid hormone production. Phthalates can be
anti-androgenic or estrogenic substances that mechanistically disrupt endocrine signaling,
change gene expression through epigenetic alterations, and cause OS. These effects can
impact multiple organ systems during critical fetal developmental stages [36].

Diet is the primary cause of exposure due to the pervasiveness of phthalate contamina-
tion in the food chain [36]. Prenatal exposure to phthalates is a major public health concern
due to their widespread presence and ability to cross the placental barrier. Therefore,
dietary modifications, safer packaging, and continuous monitoring of food phthalate levels
are essential strategies to reduce fetal exposure and minimize long-term health risks.

2.3. Pesticides and Agricultural Chemicals

Particularly in areas with extensive agricultural operations, dietary exposure to pesti-
cides is still a concern [37]. Despite regulatory limitations intended to prevent exposure,
organophosphates, carbamates, and organochlorines are among the most often found
groups of pesticide residues in fruits, vegetables, and grains [38]. These substances may
expose the fetus during pregnancy due to their accumulation in maternal tissues and persis-
tence in the food chain. Exposure to pesticides during pregnancy has been linked to lower
birth weight, endocrine disruption, and neurocognitive impairments such as attention
problems and reduced IQ [7]. Measurable neurodevelopmental effects have been linked
to maternal exposure to organophosphate insecticides in large prospective birth cohorts.
For instance, children exposed to the highest tertile of prenatal chlorpyrifos had a 5.5-point
drop in IQ at age 7 (95 percent CI: 2.8-8.2) and 1.4-fold increased chances of attention-deficit
symptoms [39]. The risk of cognitive delay is also increased by about 20-40% when prenatal
organophosphate metabolite levels double (OR = 1.2-1.4; 95% CI: 1.05-1.8), according to
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pooled analyses of U.S. and European cohorts [40,41]. These quantitative results support
causal inference by highlighting the consistency of relationships found in separate human
research. Experimental studies indicate that even low-level gestational exposure can dis-
rupt neural differentiation and endocrine signaling, while large birth cohort studies provide
strong evidence linking maternal dietary pesticide exposure to adverse developmental
outcomes [42].

In addition to cognitive effects, prenatal pesticide exposure has been linked to im-
munological and metabolic changes in the offspring, including insulin resistance, altered
glucose metabolism, and increased susceptibility to infections and allergic diseases. Genetic
vulnerability, co-exposure to other EDCs, and maternal nutrition are among the factors that
may influence the risk. Overall, these findings suggest that dietary pesticide exposure re-
mains a significant public health concern, particularly for pregnant women and developing
fetuses, despite existing regulatory controls. They also highlight the necessity of ongoing
monitoring and risk-reduction strategies.

2.4. Persistent Organic Pollutants (POPs)

PCBs, dioxins, and several banned pesticides are examples of POPs that remain
a global concern due to their high lipophilicity and resistance to degradation. These
substances are predominantly found in dietary sources such as meat, fish, and dairy
products [13,43], where they accumulate in fatty animal tissues. Dairy products may also
contain natural estrogens in addition to POPs, as pregnant cows are frequently milked,
resulting in detectable quantities of estrogen in the milk [44].

Epidemiological research has connected prenatal exposure to POPs to several harmful
health outcomes in children, including immunotoxicity, thyroid hormone abnormalities,
and metabolic abnormalities that may increase the risk of obesity and diabetes in the fu-
ture [45,46]. These associations have been supported by quantitative evidence from human
cohorts. For example, according to data from the Norwegian Mother and Child Cohort
(MoBa), children whose mothers were exposed to the highest quartile of PCBs during
pregnancy were 1.5 times more likely to be overweight or obese at age 5 (RR = 1.52; 95%
CI: 1.12-2.07) [45]. Similarly, a meta-analysis of 21 studies found that the risk of childhood
obesity increased by 22% for every doubling of maternal serum POP concentrations (pooled
OR = 1.22; 95% CI: 1.10-1.36) [46]. Other research has shown that neonates with increased
prenatal dioxin or PCB exposure are 1.4-1.6 times more likely to have changed thyroid
hormone levels and immunological biomarkers [47].

Mechanistic studies suggest that even minimal prenatal exposure to POPs and dietary
estrogens may have long-lasting impacts on a child’s health. Long-term physiological
changes may result from POPs’ disruption of lipid and glucose metabolism, interference
with endocrine signaling, modification of epigenetic programming, and induction of OS,
according to mechanistic studies. While their environmental stability permits exposure to
continue long after their usage has stopped, their prolonged biological half-lives raise the
possibility of cumulative and transgenerational effects [48].

Thus, in addition to being a route of exposure in the present, the dietary channel also
bears the legacy of previous industrial and agricultural practices. Regulations to prevent
exposure, promotion of dietary advice to reduce exposure, and ongoing monitoring of
POP levels in food. Table 1 provides an overview of common EDC classes, their maternal
exposure evidence, and reported health effects on offspring [35-42].
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Table 1. Major dietary sources of EDCs during pregnancy and associated offspring health outcomes.

Class of Common Dietary Evidence of Maternal Reported Offspring Key Notes
EDCs Sources Exposure Health Outcomes
Bisphenols Canned foods Detected in maternal Altered neurobehavior, = BPA restrictions led to
Bottled beverages urine changes in birth weight, substitution with
Plastic food Serum, amniotic fluid; metabolic alterations [49] BPS/BPF, which may
containers crosses placenta have similar
effects [50]
Phthalates Packaged and Maternal urinary Altered reproductive Ubiquitous in food
processed foods metabolites widely development, increased packaging; migrate
High-fat foods detected asthma and wheeze risk, easily into food [35]
(dairy, meat, oils) endocrine
disruption [34,35]
Pesticides Fruits, Detected in maternal Reduced birth weight, Exposure continues
Vegetables, blood and urine impaired neurocognitive despite regulatory
Grains development, endocrine controls; cumulative
dysfunction [39,40] effects possible [41]
Persistent Fish, meat Long biological half-life; Thyroid disruption, Persistent in
Organic Dairy detected in maternal immunotoxicity, environment;
Pollutants (bioaccumulation blood, placenta, and metabolic disorders transgenerational
in fat) breast milk (obesity, diabetes) [47] effects of concern [47]

3. Mechanistic Insights

Interpreting the various results seen in both human and experimental investigations
require an understanding of the processes by which prenatal dietary exposure to EDCs
impacts the health of the offspring. Current research identifies many interconnected pro-
cesses, including placental failure, OS and inflammation, disruption of hormonal signaling,
and epigenetic reprogramming [7,51,52]. Together, these processes form a complex web of
interactions that shape fetal development and may produce lasting health consequences
throughout the life course and, in some cases, across generations. Notably, in real-world
situations, prenatal exposure usually involves combinations of several EDCs rather than
individual compounds. Thus, the following molecular pathways—hormonal disruption,
oxidative stress, placental malfunction, and epigenetic reprogramming—may be impacted
by synergistic or combined effects that differ from those reported from single-chemical
experimental investigations [16,53].

3.1. Epigenetic Reprogramming

Epigenetic reprogramming, which causes heritable modifications in gene expression
without changing the underlying DNA sequence, is one of the main ways that EDCs may
have long-lasting impacts [54,55]. Experimental models have demonstrated that EDCs
like BPA, phthalates, and certain pesticides can cause DNA methylation, histone modifi-
cations, and changes in the production of non-coding RNA during crucial stages of fetal
development. These changes have the potential to last long after pregnancy, successfully
“programming” patterns of gene expression that impact vital biological processes [56,57].

Such epigenetic modifications have far-reaching downstream effects that may modify
gene networks that control immune system regulation, neurodevelopmental processes,
metabolic balance, and reproductive health [47,48]. Despite the lack of direct human
data, experimental research indicates that some of these epigenetic changes might be
transgenerational—that is, they could be passed on to future generations without further
exposure. This hypothesis presents serious concerns since it suggests that dietary exposure
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to EDCs during pregnancy may have an impact on future generations” health in addition
to the immediate children [49,50].

3.2. Hormonal Signaling Disruption

Through imitating, inhibiting, or altering endogenous hormones, EDCs can disrupt
the endocrine system’s regular operation. POPs may change thyroid hormone homeostasis,
while substances like phthalates and bisphenols might have estrogenic or anti-androgenic
effects [19,58]. Hormonal transmission is essential for coordinating organogenesis, brain
development, and the development of the reproductive system during the prenatal stage,
which makes these abnormalities especially dangerous [59].

Because hormones act as precise molecular signals that guide developmental pro-
gramming, interference during this sensitive window may result in long-lasting or even
permanent alterations [60]. Consequences can manifest across multiple domains, includ-
ing impaired growth trajectories, abnormal neurobehavioral programming, altered stress
responses, and disturbances in reproductive maturation. By dysregulating key pathways
such as estrogen, androgen, thyroid, and glucocorticoid signaling, prenatal EDC expo-
sure may predispose offspring to a spectrum of adverse outcomes that can persist into
adolescence and adulthood [13,53].

3.3. OS and Inflammation

Increased OS and inflammatory reactions in both maternal and fetal tissues have also
been linked to prenatal exposure to EDCs [61,62]. Experimental evidence demonstrates
that BPA and several pesticides can raise levels of pro-inflammatory cytokines and reactive
oxygen species (ROS) in the placenta and fetal organs, which may contribute to cellular
injury, impaired organogenesis, and modified metabolic programming [63,64]. Chronic
OS during development can disrupt multiple organ systems, contributing to outcomes
such as poor neurodevelopment, insulin resistance, and cardiovascular alterations in
offspring [65,66]. Crucially, inflammation and OS frequently work in tandem with other
processes like placental malfunction and hormone imbalance. The systemic character of
EDC consequences on the growing organism is shown by this interaction, which makes it
challenging to separate individual effects.

3.4. Placental Dysfunction

EDCs may affect the placenta’s structure and function, which is crucial for fetal growth
and nutrient delivery. Endocrine signaling abnormalities, reduced nutrition transport, and
altered placental vascularization have all been associated with exposure to bisphenols,
phthalates, and POPs across observational and experimental studies [7,23]. These placental
alterations may limit the fetus’s access to oxygen and nutrition, which could affect growth
patterns, thus setting the newborn up for long-term health issues, metabolic disorders,
and low birth weight [67,68]. The capacity of EDCs to influence placental efficiency raises
the possibility of long-lasting physiological and metabolic impacts, which may have both
direct and indirect effects on fetal development [69]. Since the placenta is the vital link
between the surroundings of the mother and the fetus, its disturbance can directly threaten
the fetus as well as exacerbate other harmful processes like hormonal imbalance and OS.
Because of this, a key node in the molecular pathways of prenatal EDC exposure is placental
malfunction [70].

4. Offspring Health Outcomes

In offspring, prenatal exposure to EDCs has been associated with potential adverse
effects on immune function, metabolism, reproduction, and neurodevelopment. Depending
on the kind, timing, and amount of EDC exposure during pregnancy, these effects can
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persist throughout adolescence and adulthood [71,72]. The key offspring health outcomes
associated with prenatal EDC exposure are summarized in Table 2.

Table 2. Effects of prenatal exposure to EDC on the health of the offspring, including the systems,
mechanisms, and results that are impacted.

System/Outcome EDCs Implicated Mechanisms Observed Effects in Offspring
Neurodevelopment [73,74] Bisphenols Hormonal disruption, ADHD,
Phthalates (08 ASD-like traits
Epigenetic reprogramming Cognitive decline
Lower IQ
Altered synapse formation
Metabolic Health [75] BPA Epigenetic changes Obesity
Phthalates Endocrine signaling Insulin resistance
POPs disruption Metabolic syndrome
Pancreatic 3-cell
alterations
Reproductive BPA Hormonal disruption Males: lower sperm count,
Outcomes [76,77] Phthalates Epigenetic alterations disrupted testicular architecture,

reduced motility
Females: altered ovarian follicles,
disrupted estrous cycles, hormonal

changes
Immune Function [78] POPs oS Weaker vaccine response
Bisphenols Epigenetic modifications ~ Higher susceptibility to infections
Cytokine and immune cell Increased allergies, eczema, asthma

dysregulation

4.1. Neurodevelopment

Neurodevelopment is particularly vulnerable to prenatal exposure to EDCs because
the fetal brain’s development depends on tightly regulated hormonal and communication
networks [79]. Human cohort studies have found that maternal exposure to bisphenols and
phthalates is associated with behavioral outcomes such as attention-deficit/hyperactivity
disorder (ADHD), traits associated with autism spectrum disorders, and cognitive per-
formance declines, including lower IQ scores [73,80]. These findings are supported by
experimental animal models indicating that prenatal BPA exposure can alter neuronal
development, synapse formation, and neurotransmitter systems. These findings suggest
that EDCs may influence critical neurodevelopmental processes through epigenetic re-
programming, OS, and hormonal disruption [81-83]. Research indicates that long-term
cognitive and behavioral trajectories can be changed by even slight disturbances during
critical phases of brain development. These results highlight the possibility that prenatal
EDC exposure may be a factor in the rising prevalence of neuropsychiatric and cognitive
impairments seen in contemporary societies, given that neurodevelopmental abnormalities
can last a lifetime.

In addition to cognitive and behavioral outcomes, prenatal EDC exposure may also
have lasting effects on reproductive function and social behaviors. According to research
on humans and animal models, EDCs can interfere with the limbic and hypothalamic areas’
development, changing later-life social interactions, fertility, and sexual maturation [84-86].
These effects likely involve changes in hormone signaling, neural circuitry, and epigenetic
programming, further emphasizing the critical vulnerability of the developing brain to
even subtle endocrine disturbances.
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4.2. Metabolic Health

Maternal dietary exposure to EDCs has been linked to alterations in offspring
metabolic programming. Evidence suggests that prenatal exposure may increase the
risk of obesity, insulin resistance, and metabolic syndrome in both childhood and adult-
hood [87,88]. These effects could be caused by changes in the formation of pancreatic (3-cells,
alterations in the endocrine signaling pathways that govern hunger and fat deposition, and
epigenetic changes in the genes that control energy metabolism, according to mechanistic
studies. These findings suggest a potential link between prenatal EDC exposure and the
global increase in obesity and metabolic disorders [9,89,90]. Given that metabolic disor-
ders are currently the largest cause of illness and mortality worldwide, this connection
is particularly troubling from the standpoint of public health. Interventions focusing on
maternal diet and exposure reduction during pregnancy may be effective strategies for
disease prevention at the population level if prenatal exposures can predispose people to
obesity and type 2 diabetes [91-93].

4.3. Reproductive Outcomes

Prenatal EDC exposure also affects the reproductive system. In animal studies, male
offspring of BPA-exposed mothers exhibited lower sperm counts, disrupted testicular
architecture, and reduced sperm motility [94]. In females, prenatal exposure has been
associated with altered ovarian follicle development, disrupted estrous cycles, and changes
in hormone levels [95,96]. Human research, however limited, indicates that maternal
exposure to EDC may be linked to changes in the timing of pubertal development and the
levels of reproductive hormones in offspring. These results demonstrate how early-life
endocrine disturbance may affect fertility and reproductive health in the long run [97,98].
These findings have wide-ranging societal implications since reproductive health influences
both population-level fertility patterns and individual well-being. Reduced ovarian reserve,
decreased sperm quality, and altered puberty timing may be factors in the increased
incidence of infertility and subfertility, supporting the notion that dangers to reproductive
health start much younger than previously thought [99,100].

4.4. Immune System Changes

Prenatal exposure to EDCs, particularly POPs, may alter the function of the offspring’s
immune system. According to research, children exposed to EDCs may exhibit weaker
vaccine responses, increased susceptibility to infections, and higher rates of allergic con-
ditions, including eczema and asthma [79,101]. Mechanistic evidence suggests that EDCs
may affect cytokine synthesis, immune cell differentiation, and inflammatory pathways
through OS and epigenetic modifications. These early immunological alterations may
impact an individual’s susceptibility to disease in the future and have long-term conse-
quences [102-104]. Prenatal exposures might weaken immunological resilience, making
children more susceptible to infections and non-communicable diseases, according to this
line of data. Since the early years of life are crucial for the development of the immune
system, perturbations at this time may lay the groundwork for autoimmune diseases,
chronic inflammation, and compromised host defenses that persist into adulthood [105].

5. Public Health Implications

The prevalence of EDCs in the food supply emphasizes how crucial preventive mea-
sures are to safeguarding the health of both the mother and the fetus [106,107]. Modern
societies make dietary exposure virtually inevitable, therefore public health interventions
should take a multifaceted strategy, encompassing behavioral, educational, and regulatory
measures [108].
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Stricter regulation of chemicals used in food processing, storage, and packaging is
crucial at the regulatory level. Reducing the transfer of EDCs into food products can
be achieved through policies that restrict the use of phthalates, bisphenols, and other
potentially hazardous additives [12,109]. Improved monitoring of POPs and pesticide
residues in agricultural products can reduce prenatal exposure and assist in guaranteeing
adherence to safety regulations. Since POPs remain in the environment and bioaccumulate
in the food chain across national boundaries, international cooperation may be especially
beneficial for their regulation [43,110].

Campaigns for public education are also essential. It is important to educate women
of reproductive age and pregnant women about the sources of dietary EDCs and doable
ways to limit exposure [111,112]. Recommendations include consuming fresh, minimally
processed foods; avoiding the use of plastic containers to heat or store fatty foods; main-
taining a varied diet to reduce the accumulation of specific toxins; and limiting the intake
of canned or packaged products [113,114]. During delicate stages of fetal development,
educational interventions might decrease cumulative exposure and enable consumers to
make educated selections [115].

Research-based guidelines should be developed to support medical professionals in
advising patients on environmental exposures and prenatal nutrition. Beyond the standard
recommendations for maternal nutrition and lifestyle, incorporating EDC risk information
into prenatal care programs may help ensure that expectant mothers receive evidence-based
advice on minimizing exposure [116,117].

Reducing dietary EDC exposure during pregnancy requires a multifaceted strategy
that combines clinical guidance, public education, and regulatory action. Such initiatives
could support the long-term health of the next generation and reduce the risk of adverse
developmental outcomes [118-120]. Table 3 outlines key strategies, their targets, and
potential benefits for minimizing maternal dietary exposure to EDCs [4,97,100-102].

Table 3. Public health strategies to reduce prenatal dietary exposure to EDCs.

Strategy Target Description/Examples Potential Benefits
Regulatory Governments, Restrict use of bisphenols, phthalates, Reduces maternal and fetal
Measures [118,121] Regulatory and other harmful chemicals in food exposure; ensures safer food
agencies packaging; enforce pesticide residue products
limits; monitor POPs in the food supply
Public Pregnant women, Inform about dietary sources of EDCs; Empowers consumers to
Education [122] General public promote consumption of make safer dietary choices;

fresh/minimally processed foods; avoid lowers cumulative exposure
heating food in plastic containers

Clinical Healthcare Integrate EDC risk awareness into Enhances patient knowledge;
Guidance [4] providers prenatal care; provide practical advice supports informed
on minimizing exposure decision-making during
pregnancy
Research and Scientists, Conduct studies on EDC exposure, Informs policy and
Monitoring [123] Public health mixture effects, and long-term outcomes; ~ prevention strategies; fills
agencies develop exposure guidelines knowledge gaps

6. Conclusions

The health of the offspring may be at risk due to prenatal dietary exposure to EDCs,
which can impact immunological function, metabolism, neurodevelopment, and reproduc-
tion. Even low-level, prolonged exposure can affect prenatal programming, cause epigenetic
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alterations, and disrupt hormonal signaling, according to evidence from human and experi-
mental studies. These effects may sometimes last into maturity or across generations.

There are still significant gaps in spite of these discoveries. Long-term effects, dose—
response relationships at doses that are important to the environment, and the cumulative
effects of chemical combinations are not well understood. Additional research is also
needed to examine interactions with maternal nutrition, lifestyle, and other environmen-
tal factors.

Multidisciplinary research, as well as aggressive public health and regulatory actions,
will be needed to address these issues. Protecting vulnerable groups and promoting
healthier developmental paths for future generations may be possible by lowering prenatal
dietary EDC exposure through stronger chemical restrictions, improved monitoring, and
consumer education.
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