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Abstract

Cadmium (Cd), lead (Pb), mercury (Hg), and arsenic (As) are persistent environmental 

contaminants that can accumulate in human tissues and exert long-term biological effects. 

Although the acute toxicity of these metals is well established, increasing attention has focused 

on the effects of chronic, low-level exposure in the general population. These metals may disrupt 

endocrine and metabolic regulation through mechanisms including oxidative stress, mitochondrial 

dysfunction, immune activation, and interference with hormonal signaling pathways.

These mechanisms are relevant to endocrine and metabolic disorders affecting women, 

including polycystic ovary syndrome (PCOS), thyroid dysfunction, metabolic syndrome, and 

type 2 diabetes mellitus (T2DM). Hormonal transitions across the female life course may also 

influence responses to environmental exposures and disease expression.

This narrative review synthesizes epidemiological and mechanistic evidence published 

primarily between 2016 and 2024 and evaluates the relationships between exposure to Cd, 

Pb, Hg, and As and endocrine and metabolic disorders in women. Arsenic demonstrates the 

most consistent association with insulin resistance and T2DM. Cadmium has been associated 

with ovarian dysfunction, oxidative imbalance, and PCOS-related endocrine abnormalities. 

Lead and cadmium have also been linked to alterations in thyroid hormone levels, thyroid 

antibodies, and hypothyroid status. Findings regarding mercury remain less consistent.

Overall, current evidence supports a biologically plausible association between heavy metal 

exposure and the risk of endocrine and metabolic disorders in women. However, most available 

studies are observational. Longitudinal studies, standardized exposure assessments, and women- 

centered study designs are needed to clarify causal relationships and inform prevention strategies.

Keywords: Heavy metals, environmental exposure, polycystic ovary syndrome, thyroid 

dysfunction, metabolic syndrome, type 2 diabetes mellitus, women’s health

Introduction

Heavy metals are environmental contaminants 

found in air, water, soil, and food systems.
1,2

 Cadmium, 

lead, mercury, and arsenic are of particular concern 

because they persist in the environment, bioaccumu-

late, and may remain in human tissues for prolonged 

periods.
3,4

 These properties can result in continued 

internal exposure even when external exposure levels 

are low.

Earlier research focused primarily on acute poi-

soning and occupational exposure. More recent stud-

ies have examined the effects of chronic, low-level 
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exposure in the general population. Even at rela-

tively low levels, heavy metals may disrupt redox 

balance, mitochondrial function, endocrine signaling, 

and immune regulation.
5,6 

These effects may develop 

gradually and contribute to chronic endocrine and 

metabolic disorders.

The endocrine system is particularly sensitive to 

environmental disruption. Hormonal pathways depend 

on precise synthesis, transport, receptor binding, and 

feedback regulation. Heavy metals may interfere 

with several of these processes.
7,8 

Some effects may 

remain subclinical for years before contributing to clin-

ically measurable disease.

Women may be uniquely vulnerable to the 

effects of heavy metal exposure because endocrine 

function changes across puberty, the reproductive 

years, pregnancy, lactation, and menopause. These 

transitions may alter exposure patterns, metal dis-

tribution, and biological responses.
25,26

 Nutritional 

status, iron balance, reproductive physiology, 

and metabolic differences may further influence 

susceptibility.

PCOS, thyroid dysfunction, metabolic syndrome, 

and T2DM are common endocrine and metabolic dis-

orders affecting women. PCOS is associated with 

hyperandrogenism, ovulatory dysfunction, infertility, 

insulin resistance, and long-term cardiometabolic risk.
10 

Thyroid disorders are also more common in women 

and may affect reproductive, cardiovascular, and met-

abolic health. Metabolic syndrome and T2DM continue 

to increase globally and contribute substantially to the 

overall burden of disease.
9

Genetic predisposition and lifestyle factors remain 

central to the development of these disorders. However, 

environmental exposures are increasingly recognized 

as potentially modifiable contributors. Understanding 

how heavy metals affect endocrine and metabolic path-

ways may help identify preventable risks and inform 

public health strategies.

This review synthesizes current evidence on the 

associations between heavy metal exposure and endo-

crine and metabolic disorders in women. It focuses on 

biological mechanisms, disease-specific associations, 

women-specific vulnerability, clinical implications, and 

research gaps.

Me Thods

This narrative review synthesizes current evidence 

on the associations between heavy metal exposure 

and endocrine and metabolic disorders in women. 

Literature searches were conducted in PubMed, 

Scopus, and Google Scholar to identify relevant stud-

ies published between January 2016 and June 2024. 

Earlier landmark studies were also included when 

they provided important mechanistic insights or foun-

dational evidence.

Search terms included combinations of “cadmium,” 

“lead,” “mercury,” “arsenic,” “heavy metals,” “envi-

ronmental exposure,” “polycystic ovary syndrome,” 

“thyroid dysfunction,” “metabolic syndrome,” “insulin 

resistance,” and “type 2 diabetes mellitus.” Reference 

lists of relevant articles were also reviewed to identify 

additional studies.

The initial search retrieved more than 350 records. 

Titles and abstracts were screened for relevance, fol-

lowed by full-text review of potentially relevant arti-

cles. Approximately 80 studies were included in the 

final synthesis.

Eligible studies included epidemiological, clinical, 

experimental, and review articles examining associa-

tions between heavy metal exposure and endocrine 

or metabolic outcomes. Greater emphasis was placed 

on studies with robust methodologies, larger sample 

sizes, prospective designs when available, and par-

ticular relevance to women’s health. Mechanistic stud-

ies were included to help elucidate potential biological 

pathways.

Because this was a narrative review, a formal 

risk-of-bias assessment was not performed. Instead, 

the evidence was interpreted by considering study 

design, consistency of findings, exposure assess-

ment methods, and biological plausibility.

This review was intended to provide an overview 

of the current evidence and was not designed as a 

formal systematic review.
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Exposure Pathways And Bioaccumulation

Human exposure to heavy metals occurs through 

several pathways. Arsenic exposure is commonly asso-

ciated with contaminated groundwater and, in some 

regions, contaminated food crops. Mercury exposure 

is primarily dietary, particularly through the consump-

tion of fish and seafood containing methylmercury. 

Cadmium exposure is strongly associated with tobacco 

smoke and dietary sources. Lead exposure continues 

to occur through industrial contamination, aging infra-

structure, older paint, and contaminated soil.
1,2

After absorption, these metals differ in their distri-

bution and retention within the body. Lead accumu-

lates primarily in bone, where it can remain stored 

for decades. Cadmium accumulates mainly in the 

kidneys and liver and has a long biological half-life. 

Mercury distribution depends on its chemical form; 

methylmercury can cross biological membranes and 

accumulate in soft tissues, including the central nerv-

ous system. Arsenic is metabolized and excreted pri-

marily in urine, although continuous exposure may 

sustain its biological effects.
3,4

A major concern is that safe exposure thresholds 

remain uncertain for several metals, particularly lead. 

Even low-level exposure may contribute to cumula-

tive biological effects over time. This is particularly 

relevant to endocrine and metabolic disorders, which 

often develop gradually through interactions among 

genetic, lifestyle, and environmental factors.

Biomonitoring methods vary according to the metal 

and exposure window being assessed. Blood levels 

often reflect recent exposure, whereas urinary meas-

ures may reflect cumulative body burden for some 

metals, such as cadmium. Bone lead measurements 

can provide an estimate of long-term exposure but are 

not commonly used in clinical practice. These differ-

ences are important when interpreting findings from 

epidemiological studies.

Heavy metals and PCOS

PCOS is a complex endocrine disorder character-

ized by hyperandrogenism, ovulatory dysfunction, and 

metabolic abnormalities. Genetic predisposition and 

lifestyle factors remain central to its pathogenesis, 

although environmental exposures may also influence 

disease expression and severity.

Table 1. Common Biomarkers of Heavy Metal Exposure and Associated Endocrine and Metabolic Effects in Women

This table summarizes commonly used biomarkers of heavy metal exposure and reported endocrine and metabolic effects. 
Reference values vary according to the biomarker, population, and agency guidance. For several metals, particularly lead, 
no clearly safe exposure level has been established.

Metal
Common 
biomarkers

Common reference or 
guidance level Key endocrine–metabolic effects References

Arsenic (As) Urine, blood ≤10 µg/L for drinking water Insulin resistance, impaired glucose 
metabolism, and type 2 diabetes 
mellitus (T2DM)

11–14, 27

Lead (Pb) Blood, bone No safe blood lead level 
established

Thyroid dysfunction, hormonal 
imbalance

19–22

Mercury (Hg) Blood, hair Guideline-based; varies by 
mercury species and exposure 
source

Dyslipidemia and metabolic alterations; 
evidence remains inconsistent

23, 24

Cadmium (Cd) Urine, blood Varies by biomarker and agency 
guidance

PCOS-related features, oxidative stress, 
and insulin resistance

15–18, 29

Abbreviations: As, arsenic; Pb, lead; Hg, mercury; Cd, cadmium; T2DM, type 2 diabetes mellitus.
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Cadmium is among the environmental toxicants 

increasingly studied in relation to female reproductive 

health and PCOS-related phenotypes. Evidence from 

reproductive toxicology and epidemiological reviews 

suggests that cadmium may interfere with ovarian func-

tion, steroidogenesis, and follicular development.
15,16

 

Cadmium-induced oxidative stress may also affect 

ovarian tissue and contribute to hormonal imbalance.
6

Human studies suggest a possible association 

between cadmium exposure and PCOS-related endo-

crine features, although findings remain inconsistent. A 

prospective cohort study of healthy reproductive-aged 

women found that higher blood cadmium concentra-

tions were associated with higher testosterone and 

anti-Müllerian hormone concentrations, as well as mild 

PCOS-like phenotypes.
43 

Another study of women with 

PCOS reported associations between heavy metal bur-

den and insulin resistance, hirsutism, and other meta-

bolic abnormalities.
44 

These findings do not establish 

causality but suggest that toxic metal exposure may 

modify disease severity in susceptible women.

Oxidative stress is a plausible mechanism link-

ing cadmium exposure to reproductive dysfunction. 

Cadmium can increase reactive oxygen species, 

weaken antioxidant defenses, and impair mitochon-

drial function.
6,45

 Granulosa cells may be particularly 

vulnerable to oxidative injury, potentially affecting folli-

cular maturation, oocyte quality, and steroid hormone 

production.
46

 Because oxidative stress and chronic 

inflammation are also implicated in PCOS, cadmium 

may exacerbate pre-existing endocrine and meta-

bolic vulnerability rather than independently initiate 

PCOS.
47

These findings have important reproductive and 

metabolic implications. Even subtle endocrine alter-

ations may affect ovulation, fertility, and long-term 

cardiometabolic risk. Further longitudinal studies are 

needed to determine whether cadmium exposure 

contributes to PCOS progression or influences repro-

ductive outcomes over time.
44,45

Heavy Metals and Metabolic Syndrome

Metabolic syndrome is characterized by a cluster of 

metabolic abnormalities, including insulin resistance, 

central obesity, dyslipidemia, and hypertension. These 

conditions often occur together and increase the risk 

of T2DM and cardiovascular disease. Environmental 

exposures may also interact with dietary factors, obe-

sity, inflammation, and genetic susceptibility in the 

development of metabolic syndrome.

Arsenic exposure has been consistently associ-

ated with impaired glucose metabolism and insulin 

resistance across diverse populations.
11–14 

Cadmium 

has also been linked to metabolic abnormalities, 

including altered lipid metabolism and inflammatory 

changes.
18 

 Mercury exposure has been associated 

with dyslipidemia and metabolic syndrome in some 

studies, although the overall evidence remains incon-

sistent.
23, 24

Several mechanisms may explain these associ-

ations. Heavy metals can increase oxidative stress, 

impair mitochondrial function, and promote low-grade 

inflammation.
5,6 

 These processes may disrupt insu-

lin signaling, lipid metabolism, and vascular function. 

However, metabolic syndrome is a multifactorial con-

dition, and heavy metal exposure should be viewed 

as one potential contributor rather than a single pri-

mary cause.

Heavy Metals and Type 2 Diabetes

Among the metals reviewed, arsenic shows the most 

consistent association with T2DM. Epidemiological 

studies and reviews have linked arsenic exposure to 

insulin resistance, impaired glucose tolerance, and 

an increased risk of diabetes.
11–14 

 Proposed mecha-

nisms include oxidative stress, pancreatic β-cell dys-

function, altered insulin signaling, and inflammation. 

Cadmium may also contribute to glucose dysregu-

lation, although the evidence is less consistent than 

that for arsenic. Some studies suggest that cadmium 

may affect β-cell function and insulin secretion, but 

findings vary according to population characteristics, 

exposure levels, and biomarker type.
18

 

Mercury-related findings are more variable, and 

current evidence does not support a clear or con-

sistent association between mercury exposure and 

T2DM.
23,24



5The Southwest Journal of Medicine 2026;14(61):1–11

Heavy Metal Exposure and Women’s Endocrine–Metabolic Disorders	 Zaman et al.  

Overall, the available evidence indicates the 

strongest concern for arsenic in relation to T2DM. The 

association with cadmium remains biologically plausi-

ble but less certain, whereas mercury requires further 

investigation with improved exposure characterization.

Heavy Metals and Thyroid Disorders 

The thyroid gland is sensitive to environmental 

toxicants because thyroid function depends on tightly 

regulated hormone synthesis, iodine handling, and 

feedback mechanisms. Lead and cadmium exposure 

have been associated with alterations in thyroid hor-

mone levels, thyroid antibodies, and hypothyroid sta-

tus in population-based studies.
19–22

These effects may occur through several mech-

anisms. Heavy metals may interfere with thyroid hor-

mone synthesis, iodine utilization, thyroid peroxidase 

activity, and immune regulation.
19–22,48,49

 Cadmium 

may also contribute to oxidative stress and immune 

dysregulation relevant to thyroid autoimmunity.
48 

Although these mechanisms are biologically plausi-

ble, the available human evidence remains predomi-

nantly observational.

Women are disproportionately affected by thyroid 

disorders, especially autoimmune thyroid disease. 

This makes environmental thyroid disruptors an 

important consideration in women’s health. Hormonal 

fluctuations, immune differences, pregnancy, and 

menopause may further modify thyroid vulnerability. 

Future studies should examine whether the effects 

of heavy metal exposure on thyroid outcomes differ 

according to reproductive stage, iodine status, and 

autoimmune predisposition.

Shared Biological Mechanisms Across 

Heavy Metal Exposure 

Several biological mechanisms may link heavy 

metal exposure to endocrine and metabolic dysfunc-

tion. Oxidative stress is a central mechanism that dis-

rupts redox balance and can damage proteins, lipids, 

and DNA.
3,5,6

 Mitochondrial dysfunction is closely 

related to oxidative stress and may impair energy 

metabolism and increase cellular vulnerability.
6
 Heavy 

metals may interfere with hormone synthesis, recep-

tor signaling, and intracellular pathways.
7,8 

Cadmium 

and arsenic may be relevant to endocrine and 

Figure 1.  Proposed biological 
pathways linking heavy metal 
exposure to endocrine and metabolic 
disorders in women.
Heavy metals may contribute to 
endocrine and metabolic dysfunction 
through several interconnected 
mechanisms, including oxidative 
stress, mitochondrial dysfunction, 
inflammation, immune dysregulation, 
and disruption of hormonal signaling. 
These pathways may influence 
the development or progression of 
conditions such as PCOS, thyroid 
dysfunction, metabolic syndrome, 
and type 2 diabetes mellitus.
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metabolic disruption through these mechanisms.
15–18 

Inflammation may further contribute to metabolic dys-

function by impairing insulin signaling and promoting 

chronic metabolic stress.
18

 Immune dysregulation may 

also contribute to thyroid autoimmunity in association 

with lead and cadmium exposure.
19–22

These pathways overlap and may help explain 

why different metals can affect multiple systems, 

including ovarian function, thyroid regulation, insulin 

sensitivity, and lipid metabolism. However, the same 

mechanisms may not apply equally across all metals 

or all women. Exposure dose and timing, nutritional 

status, and genetic susceptibility likely influence the 

resulting clinical outcomes. 

Discussion

This review supports a biologically plausible asso-

ciation between heavy metal exposure and endo-

crine and metabolic disorders in women. However, 

the strength of the evidence varies across metals 

and disease outcomes. Most available studies are 

observational, making causal relationships difficult to 

establish.

Among the metals reviewed, arsenic demon-

strates the most consistent association with metabolic 

outcomes, including insulin resistance and T2DM.
11-14 

 

Epidemiological studies across diverse populations 

have repeatedly linked arsenic exposure to impaired 

glucose metabolism. Although residual confounding 

cannot be excluded, the consistency of these find-

ings, together with supporting mechanistic evidence, 

strengthens the argument that arsenic may contribute 

to metabolic dysfunction.

Cadmium has emerged as another metal of con-

cern. Evidence suggests that cadmium exposure may 

affect both reproductive and metabolic health. Studies 

examining PCOS-related outcomes have reported 

associations with hormonal alterations, insulin resist-

ance, oxidative stress, and other metabolic abnor-

malities.
15–18,43–47

 However, these findings should be 

interpreted cautiously, as current evidence does not 

support a direct causal role for cadmium in the devel-

opment of PCOS. Rather, cadmium may exacerbate 

Table 2. � Heavy Metals and Endocrine and Metabolic Disorders in Women: Proposed Mechanisms and Strength of 
Evidence

This table summarizes the major disorders discussed in this review, the metals most frequently implicated, proposed 
mechanisms, and the qualitative strength of the evidence. Strength of evidence was assessed narratively based on the 
consistency of epidemiological findings, biological plausibility, and the availability of mechanistic support.

Disorder Metal(s) 
implicated

Proposed mechanisms Strength of evidence References

PCOS Cadmium Oxidative stress, altered ovarian function, 
steroidogenic disruption, granulosa cell injury

Moderate; mainly 
observational

15–18, 43–47

Thyroid 
dysfunction

Lead, 
cadmium

Altered thyroid hormone regulation, iodine 
pathway disruption, immune activation, thyroid 
antibodies

Moderate 19–22, 48, 49

Metabolic 
syndrome

Arsenic, 
cadmium, 
mercury

Insulin resistance, mitochondrial dysfunction, 
inflammation, lipid disruption

Moderate 11–14, 18, 23, 24

T2DM Arsenic, 
cadmium

Impaired glucose metabolism, β-cell dysfunction, 
oxidative stress, altered insulin signaling

Moderate-to-strong 
for arsenic; limited for 
cadmium

11–14, 18

Abbreviations: PCOS, polycystic ovary syndrome; T2DM, type 2 diabetes mellitus.
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existing endocrine and metabolic vulnerabilities in 

susceptible individuals.

The thyroid findings are also noteworthy. Population-

based studies have associated lead and cadmium 

exposure with alterations in thyroid hormone levels, 

thyroid antibody concentrations, and hypothyroid sta-

tus.
19–22  

Experimental evidence further suggests that 

cadmium may disrupt thyroid homeostasis through oxi-

dative stress, immune dysregulation, and interference 

with iodine-dependent pathways.
48,49

  Because thyroid 

disorders disproportionately affect women, the poten-

tial influence of environmental exposures on thyroid 

function warrants greater attention in future endocrine 

research.

Mercury remains the metal with the least consistent 

evidence among those examined in this review. Some 

studies have reported associations between mercury 

exposure and dyslipidemia or metabolic syndrome, 

whereas others have found limited or no significant 

associations.
23,24

 Differences in exposure assessment, 

dietary habits, geographic variation, and the specific 

forms of mercury studied may partly account for these 

conflicting findings.

An important consideration is the complexity of 

real-world exposure patterns. Individuals are rarely 

exposed to a single environmental contaminant; 

instead, they encounter multiple chemicals simultane-

ously through food, drinking water, consumer products, 

occupational settings, and the surrounding environ-

ment. These exposures may interact through additive 

or synergistic mechanisms that are difficult to capture 

using traditional single-exposure models.
36–38 

The 

exposome framework provides a broader approach 

by considering cumulative environmental influences 

across the life course.
38–40,50,51

 

Women-specific factors may further modify sus-

ceptibility to heavy metal toxicity. Pregnancy, lactation, 

and menopause are accompanied by physiological 

changes that can influence mineral metabolism and 

toxicant distribution. Lead stored in bone may be mobi-

lized during periods of increased calcium demand, 

potentially increasing internal exposure even in the 

absence of recent environmental exposure.
31,32

 Iron 

deficiency may also enhance cadmium absorption, 

increasing vulnerability among women of reproductive 

age.
33 

These observations highlight the importance of 

considering sex-specific biological factors when eval-

uating environmental health risks.

Several limitations should be acknowledged. First, 

most human studies included in this review were 

cross-sectional, limiting the ability to establish tem-

poral relationships between exposure and disease 

development. Second, exposure assessment methods 

varied substantially across studies. Biomarkers meas-

ured in blood, urine, and hair reflect different exposure 

windows and may not accurately represent long-term 

tissue accumulation. Third, variability in diagnostic cri-

teria for conditions such as PCOS and metabolic syn-

drome may contribute to inconsistencies in findings 

across studies.

Future research should prioritize prospective 

cohort studies with repeated exposure measurements 

and standardized endocrine and metabolic outcomes. 

Greater attention should also be given to exposure 

mixtures, women-centered study designs, and vul-

nerable stages across the life course. Integrating 

environmental epidemiology with advances in bio-

monitoring, exposomics, and multi-omics technol-

ogies may improve understanding of the pathways 

linking environmental toxicants to endocrine and met-

abolic disorders.
39,40,50,51

 

Women-specific Vulnerability Across  

the Life Course

Women may experience unique patterns of 

exposure and susceptibility because physiological 

transitions can influence both toxicant distribution 

and biological responses. Pregnancy, lactation, and 

menopause are accompanied by alterations in bone 

turnover and mineral metabolism that may affect the 

release and redistribution of stored metals. Lead pro-

vides a well-recognized example. Bone serves as 

a long-term reservoir for lead, and increased bone 

resorption during pregnancy and lactation may release 

previously stored lead into the circulation.
31,32

 Similar 

processes may also occur during menopause. As a 

result, cumulative lifetime exposure may be more rele-

vant to health outcomes than measurements of recent 

exposure alone.
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Micronutrient status may also influence toxic 

metal absorption. Iron deficiency has been asso-

ciated with increased cadmium uptake because 

both(?) iron and cadmium share common intestinal 

transport mechanisms.
33

 Women of reproductive 

age are more susceptible to iron deficiency, which 

may increase vulnerability to cadmium accumula-

tion. Deficiencies in calcium, zinc, and selenium 

may further affect toxicokinetics and toxicodynamic 

responses.
34

 Behavioral and social factors may also 

contribute to variability in exposure. Dietary practices, 

occupational factors, use of personal care products, 

and socioeconomic conditions can influence envi-

ronmental exposure. Future studies should adopt a 

life-course perspective and incorporate reproductive 

history, nutritional status, and social determinants of 

health when evaluating exposure-related disease risk 

among women.
35

 

Mixture Toxicology and the  

Exposome Perspective 

Traditional environmental health research has 

often focused on individual chemicals. However, this 

approach may not adequately reflect real-world expo-

sure scenarios. Most individuals encounter multiple 

contaminants simultaneously through air, water, food, 

consumer products, and occupational settings.

Combined exposures may produce additive, syn-

ergistic, or antagonistic biological effects.
36

 These 

interactions may influence oxidative stress pathways, 

mitochondrial function, endocrine signaling, and inflam-

matory responses.
37

 Consequently, evaluating individ-

ual chemicals in isolation may underestimate the overall 

environmental contribution to endocrine and metabolic 

disorders.

The exposome concept has emerged as a frame-

work for understanding the cumulative impact of envi-

ronmental exposures across the life course.
38,39

 This 

approach extends beyond chemical exposures to 

include behavioral, physical, and social determinants 

of health. Applying exposome-based methodologies 

to women’s endocrine and metabolic health may help 

identify susceptible populations and clarify exposure–

disease relationships.

Recent advances in biomonitoring, data integra-

tion, and multi-omics technologies have expanded 

opportunities for exposome research.
40,50,51  

These 

approaches may enable more precise characteriza-

tion of internal dose, biological responses, and indi-

vidual susceptibility. Ultimately, exposome-informed 

Figure 2.  Women-specific susceptibility 
to heavy metal exposure across the life 
course.
Physiological changes during puberty, the 
reproductive years, pregnancy, lactation, 
and menopause may influence how 
women respond to heavy metal exposure. 
These factors may affect susceptibility 
to endocrine and metabolic disorders, 
including PCOS, thyroid dysfunction, 
metabolic syndrome, and type 2 diabetes 
mellitus. Reducing exposure and supporting 
women’s health throughout the life course 
may help reduce the risk of these disorders.
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studies may help inform prevention strategies and 

contribute to precision public health initiatives.

Clinical and Public Health Implications 

Routine screening for heavy metal exposure is 

not currently recommended for most endocrine or 

metabolic disorders. However, environmental factors 

should not be overlooked during clinical assessment. 

In selected patients, obtaining a focused environmen-

tal exposure history may provide valuable information.

Clinicians may consider asking about occupa-

tional exposures, tobacco use, drinking water sources, 

dietary habits, residence near industrial areas, and 

exposure to older housing infrastructure.
41

 Identifying 

potential sources of exposure may help guide patient 

counseling and risk-reduction strategies.

From a public health perspective, prevention 

remains essential. Reducing environmental con-

tamination, strengthening regulatory standards, and 

improving community awareness may help reduce 

the burden of exposure-related disease. Nutritional 

interventions aimed at correcting micronutrient defi-

ciencies may represent an additional strategy for 

reducing susceptibility to toxic metal accumulation.
34

Addressing environmental determinants of wom-

en’s health requires collaboration across multiple 

sectors. Healthcare professionals, researchers, policy-

makers, and public health agencies all have important 

roles in promoting safer environments and reducing 

preventable exposures. Continued investment in envi-

ronmental surveillance and public health initiatives 

may help reduce disparities and improve long-term 

health outcomes among vulnerable populations.
42

Conclusion

Heavy metal exposure represents a biologically 

plausible and potentially modifiable contributor to 

endocrine and metabolic disorders in women. Among 

the metals reviewed, arsenic shows the most consist-

ent association with insulin resistance and T2DM.
11–14  

Cadmium has been linked to reproductive and met-

abolic disturbances, including endocrine features 

relevant to PCOS.
15–18,43–47

 Lead and cadmium have 

also been associated with alterations in thyroid hor-

mone levels and thyroid autoimmunity.
19–22 

In contrast, 

evidence regarding mercury remains inconsistent.
23,24

These findings should be interpreted with caution. 

Most available studies are observational and cannot 

establish causality. Differences in exposure assess-

ment methods, study populations, and disease defini-

tions further contribute to variability in findings across 

the literature. Nevertheless, the convergence of epide-

miological observations and mechanistic evidence sup-

ports the biological plausibility of these associations.

From a clinical perspective, environmental expo-

sures may represent an additional layer of risk beyond 

traditional genetic and lifestyle factors. Although routine 

heavy metal screening is not warranted for most endo-

crine and metabolic disorders, targeted environmental 

exposure history-taking may help identify potentially 

preventable exposures in selected patients.
41

 Greater 

awareness among healthcare professionals may facil-

itate earlier recognition of environmental contributors 

to disease risk.

The public health implications are equally impor-

tant. Efforts aimed at reducing environmental contam-

ination, strengthening regulatory oversight, promoting 

nutritional adequacy, and addressing environmental 

inequities may help reduce the burden of exposure-re-

lated disease.
34,42

 Because women experience unique 

physiological transitions throughout the life course, 

prevention strategies should account for sex-specific 

vulnerabilities and reproductive health considerations.

Several research gaps remain. Future investiga-

tions should prioritize prospective cohort studies with 

repeated exposure measurements and standardized 

endocrine and metabolic outcomes. Greater empha-

sis should also be placed on exposure mixtures, 

life-course approaches, and women-centered study 

designs. Integrating traditional epidemiology with 

emerging fields such as exposomics and multi-omics 

may provide deeper insight into the complex interac-

tions between environmental toxicants and endocrine 

and metabolic health.
39,40,50,51

 

In conclusion, heavy metals should be considered 

among the environmental factors that may influence 
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endocrine and metabolic health in women. A clearer 

understanding of these relationships may help inform 

prevention efforts, improve risk assessment, and sup-

port more comprehensive approaches to women’s 

health across the lifespan.
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