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Introduction

Human fertility rates are declining globally. It has
been below the population replacement rate in many
countries for decades.’ One in six people globally will
experience involuntary infertility at some point in
their lives.!

A recent study report lists about 350,000 different
synthetic chemicals on the market today.* Roughly
70% of these chemicals have not been adequately
assessed for toxicity.” Even when testing is conducted,
the reliability of standard tests in predicting effects on
human reproduction remains a subject of debate.

Beyond the commonly discussed impacts of
environmental toxins on respiratory or cardiovascular
systems, one of the most critical and yet underexplored
aspects is the effect on reproductive health. Modern
life exposes individuals to a range of pollutants—
whether through air, water, or even food. Over time,
exposure to these toxins disrupts the body’s natural
hormonal processes, with lasting repercussions for
fertility, pregnancy outcomes, and the health of future
generations. Understanding how these environmental
toxins, particularly endocrine-disrupting chemicals
(EDCs), affect reproductive systems at the cellular
level is essential for both medical practice and public

health policies.
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This review explores the connection between
environmental pollutants and reproductive health,
diving into the cellular mechanisms of endocrine
disruption and highlighting the pressing need for
policy intervention to reduce exposure risks.

Environmental Pollutants and Human
Exposure

Environmental pollution, once viewed as a peripheral
concern, is now recognized as a major driver of various
health conditions. The World Health Organization
(WHO) attributes nearly 24% of global disease
burden to environmental factors, with children
bearing a disproportionate load. Among the most
concerning pollutants are airborne chemicals, heavy
metals, pesticides, and synthetic compounds that
mimic or interfere with hormonal function.

Many of these chemicals are endocrine disrupting
chemicals (EDCs) (i.e., chemicals or
of chemicals that affect any stage of human
development).> EDCs are part of environmental
chemical contaminants that are present in all the
populations studied, and it has been said that “babies
are born pre-polluted”.*

mixtures

Everyday items such as plastics, industrial chemicals,
cosmetics, and pesticides contain EDCs like bisphenol
A (BPA), phthalates, and polychlorinated biphenyls
(PCBs). While exposure levels are often low, the
cumulative effect over time can result in significant

health problems.

EDCs are especially harmful because they mimic
or block hormonal signals, often disrupting the
endocrine system’s delicate balance. These chemicals
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also interfere with metabolic pathways, often
contributing to obesity, diabetes, and cardiovascular

conditions.

The impact of these pollutants, however, becomes
particularly severe when exposure occurs during
critical developmental windows, such as prenatal
or early childhood periods. During these stages,
exposure to toxins can result in long-term or even
transgenerational health issues, affecting not only
those directly exposed but also their offspring. We will
discuss these in detail in the following text.

Cellular Mechanisms of Endocrine
Disruption

EDC:s are distributed widely, contaminating our air,
water, soil, and food. EDCs work by mimicking or
blocking the action of natural hormones. EDCs like
BPA and phthalates, bind to hormone receptors, often
causing hormonal signals to go awry. Some EDCs act
as agonists, mimicking natural hormones like estrogen
or testosterone and overstimulating hormonal
pathways. Others act as antagonists, blocking the
action of hormones, resulting in decreased signalling.
A third group interferes with the synthesis, transport,
or metabolism of hormones, disrupting hormonal
balance without directly binding to hormone
receptors.’

The damage caused by these disruptions can be
profound, especially when exposure occurs during
critical periods of reproductive development. Prenatal
exposure to EDCs, for example, has been shown
to increase the risk of developing reproductive
abnormalities, such as cryptorchidism in males or
polycystic ovary syndrome (PCOS) in females.

Impact on Reproductive Health

The reproductive system is particularly sensitive
to disruptions caused by environmental toxins. As
the body’s reproductive processes are regulated by
hormones, any interference with the hormonal balance
can have serious repercussions for fertility, pregnancy
outcomes, and the health of future generations.

Infertility is perhaps the most obvious impact of
EDC exposure. Both male and female fertility can be
compromised by the hormonal disruptions caused by
environmental toxins. In males, exposure to phthalates

and other EDCs has been linked to reduced sperm

counts, abnormal sperm morphology, and decreased
sperm motility. In females, toxins like BPA can
interfere with ovulation, leading to fewer viable eggs
and an increased risk of infertility.®

Endometriosis: Studies suggest that EDCs such as
dioxins and PCBs may contribute to the development
of endometriosis by disrupting the body’s hormonal
These trigger  inflammatory
responses and interfere with the normal functioning
of the uterine lining, leading to endometriosis.”

balance. chemicals

Additionally, there is increasing evidence that exposure
to EDCs can raise the risk of hormone-sensitive
cancers, such as breast, ovarian, and prostate cancer.
These cancers are driven by hormonal imbalances,
and the chronic exposure to chemicals that mimic
estrogen or androgen can lead to uncontrolled cell
growth and tumor development. For example, BPA
has been shown to increase the risk of breast cancer
by promoting abnormal cell growth in breast tissue.

Long-Term Health Implications and
Transgenerational Effects

Recent research has shown that exposure to certain
chemicals, particularly during pregnancy, can cause
epigenetic changes that alter gene expression. These
changes can increase the risk of reproductive disorders
and other health problems not only in the person
exposed but also in their descendants.®

For example, prenatal exposure to phthalates has been
linked to reduced sperm quality in male offspring, a
condition that can persist into adulthood. Similarly,
exposure to BPA during pregnancy has been shown to
affect fetal development, leading to abnormal hormone
levels and an increased risk of reproductive health
issues later in life. The possibility of transgenerational
effects raises serious concerns about the long-term
impact of environmental pollution, particularly
as these chemicals continue to accumulate in the
environment.

Beyond reproductive  health, the
consequences of EDC exposure extend to
metabolic disorders, cardiovascular disease, and
neurodevelopmental issues. EDCs are now recognized
as a major contributing factor for diabetes, with many
chemicals interfering with insulin signaling and

glucose metabolism. Persistent exposure to pollutants

long-term
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like BPA and PCBs has been linked to increased rates

of obesity, insulin resistance, and type 2 diabetes.”

The brain and nervous system are also vulnerable
to the long-term effects of EDCs. Prenatal and
early childhood exposure to chemicals like BPA,
dioxins, and heavy metals has been associated with
neurodevelopmental disorders, including attention-
deficit/hyperactivity disorder (ADHD), autism, and

reduced cognitive function.
Prevention and Policy Implications

Given the growing body of evidence linking
environmental toxins to reproductive and long-term
health problems, it is crucial that both policymakers
and healthcare professionals take action to mitigate
these risks. One of the most effective ways to reduce
the impact of EDCs is through stricter regulation and
control of industrial chemicals. Governments must
prioritize the reduction of toxic emissions and ensure
that industries adhere to environmental standards
that limit the release of harmful pollutants into the
air, water, and soil.

Public awareness campaigns are equally important
in educating individuals about the dangers of EDCs
and how to reduce their exposure. Simple actions
like avoiding plastics that contain BPA, using natural
or organic personal care products, and reducing
consumption of processed foods can significantly
lower the levels of these chemicals in the body.
Healthcare professionals also play a critical role in
advising patients on how to minimize exposure to
environmental toxins, particularly during pregnancy

and early childhood.

In addition to public health initiatives, more
research is needed to fully understand the long-term
effects of EDCs on reproductive health and other
systems. Future studies should focus on identifying
the most harmful chemicals, understanding their
mechanisms of action, and developing strategies to
reverse or mitigate their effects. Policymakers must
also push for international cooperation in addressing
environmental pollution, as these issues are global in
scope and require a coordinated response.

Conclusion

Environmental toxins pose a growing threat to
reproductive health, demanding urgent action.

Healthcare professionals must recognize this impact
and advocate for stronger regulations. Preventing
exposure is a global public health priority requiring
collaboration among governments, industries, and
individuals. By enforcingstricter policies, raising public
awareness, and advancing research on endocrine-
disrupting chemicals, we can mitigate risks and protect
future generations. Prevention is paramount; while
past damage cannot be reversed, decisive action now
can prevent further harm. The responsibility lies with
policymakers, healthcare professionals, organizations,
and the public to safeguard the well-being of current
and future generations. The time to act is now.
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