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ABSTRACT

The thyroid gland regulates metabolism, growth, and neurodevelopment through thyroid hormones, and even a minor disruption can
cause significant health consequences. Globally, around 200 million people are affected by thyroid disease annually, with growing
concern about environmental toxins as emerging threats. Industrial pollutants, heavy metals, pesticides, and endocrine-disrupting
chemicals interfere with iodine uptake, hormone synthesis, transport, metabolism, and receptor signaling. The dependence of thyroid on
iodine, its rich blood supply, and tightly regulated hypothalamic-pituitary-thyroid axis makes it especially vulnerable. Key disruptors
include heavy metals, persistent organic pollutants, bisphenol-a, phthalates, flame retardants, and agricultural chemicals. The vulnerable
groups include pregnant women, children, occupationally exposed workers, and iodine-deficient populations, particularly in low- and
middle-income countries. Therefore, prevention requires integrated regulatory, environmental, public health, and individual strategies.
Major research gaps remain regarding chemical mixtures, low-dose effects, and long-term outcomes, underscoring the need for advanced
exposomic and analytical approaches.

Keywords: Environmental Toxins; Global Health; Thyroid Hormones.

This editorial may be cited as: Soomro MH, Magsi M, Memon S. The impact of environmental chemical toxins on thyroid gland:
challenges to public health. ] Rehman Med Inst. 2026 April-June;12(02):56-58. https://doi.org/10.52442/jrmi.v12i2.1117

Conflict of Interest: The authors declare no conflict of interest regarding the publication Correspondence:

of this manuscript. Munawar Hussain Soomro,

Funding: None. DePan@ent of Pediatrics,
University of Calgary,

Author Contribution: A/l authors contributed substantially to the planning of research, Owerko Centre, Child

data collection, data analysis and write-up of the article, and agreed to be accountable for Development Centre,

all aspects of the work. 2500 University Dr. NW Calgary,

Alberta, Canada, T2N 1N4

Email: munawar.soomro@ucalgary.ca

INTRODUCTION i.e., industrial pollutants, heavy metals, pesticides, and other
endocrine disrupting chemicals (EDCs) as shown in figure 1. The
widespread, cumulative and subclinical nature of their
interference pose significant global health crisis.’> The thyroid
gland is highly susceptible to toxic chemicals due to its several
physiological and biochemical characteristics. Its dependence on
iodine uptake makes it vulnerable to chemicals such as
perchlorate, nitrate, and thiocyanate, which can compete with or
disrupt iodine transport.* The gland has rich blood supply, which

The thyroid gland is a small butterfly-shaped organ located in the
front of neck, beneath the larynx and around the trachea. It plays
an important role in regulation of human physiological processes
to produce thyroid hormones i.e., thyroxine (T4) and
triiodothyronine (T3), and regulates the metabolism, growth,
neurodevelopment, and a wide range of homeostatic functions.
Therefore, a minute disruption in thyroid hormone synthesis and

metabolism can lead to significant health consequences, . . . . .
further increases its exposure to circulating toxicants.

Additionally, the hypothalamic-pituitary-thyroid (HPT) axis
functions through a finely regulated feedback loop: therefore, the

including the developmental delays in children, metabolic
disorders in adults, leading to reduced quality of life. Globally,
around 200 million people are affected by thyroid disease
annulally.' Recent studies show that in iodine sufficient regions,
the prevalence of overt hyperthyroidism ranges from 0.2% to
1.3%, while hypothyroidism affects approximately 1% to 2% of

disruption at any step from hypothalamic thyrotropin releasing

hormone (TRH) to thyroid stimulating hormone (TSH) secretion

can alter hormonal balance.> Moreover, thyroid hormone

. activation (T4 and T3) and deactivation involve enzymes

the population.? o . . .. .
(deiodinases), which are highly sensitive to oxidative stress and

In recent decades, focus has turned towards the environmental chemical inhibition, making thyroid a key target for

toxins, which are a broad range of natural and synthetic chemicals environmental chemical-led disruption.®

and act as emerging threats to thyroid health.? Thyroid function

is vulnerable to disruption by diverse environmental chemicals
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Several key environmental toxins have been identified as major
disruptors of thyroid health. Heavy metals such as mercury (Hg),
lead (Pb), cadmium (Cd), and arsenic (As) can pose significant
health risks i.e., interfere with hormonal production enzymes to
alter thyroid levels and potentially trigger autoimmune
responses.’ Despite the global bans, persistent organic pollutants
remain prevalent in many developing countries and disrupt
thyroid function. Polychlorinated biphenyls (PCBs) affect
hormone transport proteins and deiodinase enzyme activity;
dioxins and furans alter metabolism via receptor binding, while
the organochlorine pesticides, including DDT are linked to
hypothyroidism and neonatal thyroid dysfunction.® ?

Top Thyroid-Disrupting Toxins

Heavy Metals
(Mercury, Lead, Cadmium)
Found in industrial pollution

and old paint; they intorfere
with hormone production.

Endocrine Disrupting
Chemicals (BPA, Phthalates)
Used in plastics and personal
care products; they can

block or mimic thyroid
hormones.

Industrial & Agricultural
Pollutants (Perchlorate,
Pesticides)

Contaminate drinking water
and food; they inhibit the
thyrold's use of essential
iodine.

Who Is Most Vulnerable?

Pregnant Women, Fetuses, and Children
Thyroid hormones are critical for fetal brain
development and healthy childhood growth.

Those in mining, agriculture, and recycling
face chronic, high-level toxin exposure.

Populations with
lodine Deficiency
Inadequate iodine intake
significantly worsens the
health impact of toxin
e4posure.

The EDCs are ubiquitous in the environment and pose substantial
risks to thyroid health. Bisphenol A (BPA), can mimic or block
thyroid hormones via receptor binding,” while phthalates are
linked to reduced T4 in pregnant women and children.!?
Polybrominated diphenyl ethers (PBDEs) flame retardants
disrupt thyroid balance, especially in infants exposed to dust.
Additionally, industrial and agricultural chemicals such as
perchlorate, nitrates, and pesticides impair iodine uptake,
hormone synthesis and receptor signaling.!!

A Multi-Level Protection Plan

Government & Policy
Ban harmful chemicals, enforoe strict safety
standards, and roemediste contaminated sites.

Run awsreness campaigns, monitor exposure,
and support iodine supplementation programmes.

Individual Actions

Filter drinking water, limit consumption of mercury-
rich fish, and choose safer consumer products.

Figure 1: An overview of how environmental toxins affect thyroid health, most vulnerable populations and preventive approaches.

Collectively, these environmental toxins act through multiple
mechanisms and interfere with iodine metabolism, hormone
synthesis, and receptor activity. One major pathway involves
iodine transport inhibition, where chemicals such as perchlorate,
nitrate, and thiocyanate block the sodium-iodide symporter,
reducing the thyroid gland’s ability to absorb iodine- an essential
element for thyroid hormone synthesis.*!! Another mechanism is
thyroid peroxidase (TPO) inhibition; and toxicants like Cd, Hg
and pesticides suppress this critical enzyme responsible for
converting iodide into active thyroid hormones.’> Additionally,
Some EDCs can also interfere at the receptor level, mimicking or
blocking natural thyroid hormones, thereby modulating gene
expression and downstream biological responses.®!® Finally,
autoimmune activation is another mechanism through which
environmental toxins, particularly heavy metals such as Cd and
Hg induce oxidative stress and immune system dysregulation,
and may potentially lead to autoimmune thyroiditis.'? Together,
pathways illustrate how diverse environmental
contaminants can impair thyroid hormone synthesis, regulation,

these

signaling ultimate disturbance in endocrine homeostasis.

Pregnant women, fetuses and children are more vulnerable to
thyroid disruption from environmental toxins, because thyroid
hormones are essential for early fetal brain development, and
even a mild maternal hypothyroxinemia has been associated with
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reduced offspring 1Q and increased risk of neurodevelopmental
disorders. Occupationally exposed groups, including mine
workers, pesticide applicators, and electronics recycling workers,
often face chronic high-level exposure to heavy metals,
pesticides, and industrial chemicals that can impair thyroid
function over time. Nutritional vulnerable groups, particularly
iodine deficient population, and those in low- and middle-income
countries face compounded risks due to higher contamination and
limited healthcare.

To prevent thyroid disruption from environmental toxins requires
multifaceted approaches that integrate policy, environmental,
public health, and individual actions. Regulatory measures
should restrict hazardous chemicals, enforce environmental
safety standards and ensure occupational protections through
monitoring and education. Environmental remediation is equally
crucial, involving cleanup of contaminated sites and reduced
industrial emissions. Public health strategies i.e., iodine
supplementation in deficient regions, community education on
reducing household exposures and training healthcare providers
to identify exposure related thyroid disorders. Individually, risk
can be reduced through antioxidant-rich diet, filtering drinking

water and limiting consumption of Hg-rich fish.

Despite growing evidence linking environmental toxins to
thyroid dysfunction, several critical research gaps persist that
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limit comprehensive understanding and effective intervention.
Most studies examine single chemicals and overlook real world
mixture and cumulative effects.” Another challenge lies in
understanding low-dose and non-monotonic responses, since
EDCs can exert significant biological effects even at extremely
low concentrations, often with unpredictable dose-response
patterns. Longitudinal studies are needed to establish causality
and clarify epigenetic mechanisms leading to persistent thyroid
dysfunction. Future research should integrate emerging
technologies, including high-resolution mass spectrometry for
comprehensive exposomic profiling, advanced machine learning
approaches (i.e., Bayesian Kernel Machine Regression (BKMR),
Weighted Quantile Sum (WQS), and least absolute shrinkage and
selection operator (LASSO)) for mixture modeling to analyze
combined chemical effects and inform targeted prevention
strategies.

CONCLUSION

To protect thyroid health from environmental toxins is an
important yet often overlooked public health priority.
Coordinated global action through stronger regulation,
environmental cleanup, public health monitoring, and public
education is vital to curb these exposures. Special attention must
be given to vulnerable populations such as pregnant women,
children, and occupationally exposed groups, who face the
greatest risks. In parallel, ongoing research must refine our
understanding of exposure pathways, susceptibility factors, and
long-term outcomes. Ultimately, safeguarding the environment is
inseparable from safeguarding human health; protecting the
thyroid today is an investment in healthier generations and a more
sustainable future.
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