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Abstract 

Background: Endocrine disrupting chemicals (EDCs) impact human health by modulating 

endogenous hormones. While linked to metabolic, oncological, and reproductive disorders, 

literature often focuses narrowly on specific aspects of male health. 

Objective: To provide a holistic analysis of EDC impact on male health (Homo sapiens) based 

on literature from 2000–2025, excluding in vitro and animal models. 

Methods: A three-stage review of PubMed identified 51 records. After rigorous screening, 34 

high-quality studies (systematic reviews, meta-analyses, and RCTs) addressing effects on the 

living male organism were synthesized. 

Results: EDC impact is multidirectional and highly dependent on exposure windows. The 

prenatal period is critical for testicular cancer development and adult semen quality. Exposure 

to BPA, phthalates, and PAHs correlates with increased risk of ADHD and autistic behaviors 

in boys. Metabolically, PFAS and bisphenols correlate with abdominal obesity and diabetes, 

showing strong sexual dimorphism. Pathophysiological mechanisms include disruption of the 

HPG/HPT axes, oxidative stress, and epigenetic modifications. 
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Conclusions: EDCs are a systemic risk factor extending far beyond reproduction. Key research 

barriers include methodological heterogeneity and the neglect of the "cocktail effect." There is 

an urgent need for standardized, longitudinal prospective studies starting from the prenatal 

period to assess real-world anthropogenic impacts. 

 

Keywords 

Endocrine disrupting chemicals; Men's health; Environmental health; Homo sapiens; 

Bisphenol A; Phthalates; PFAS; Polycyclic aromatic hydrocarbons (PAHs); Semen quality; 

Testicular neoplasms; Metabolic syndrome; Neuropsychological disorders; Prenatal exposure; 

Sexual dimorphism; Cocktail effect; Epigenetics 

 

Introduction 

Endocrine Disrupting Chemicals (EDCs) represent a diverse group of natural and synthetic 

substances prevalent in the environment that interfere with hormonal homeostasis. The 

potential deleterious effects of EDCs on human health stem from their ability to disrupt 

endocrine signalling pathways, thereby increasing the risk of metabolic disorders, impaired 

reproductive function, and congenital anomalies. The potency of EDCs is rooted in the 

fundamental nature of the endocrine system: since endogenous hormones act as chemical 

messengers at extremely low physiological concentrations, even trace exposure to EDCs can 

trigger significant cellular responses. These substances exert their effects by mimicking natural 

hormones or by modulating their synthesis, transport, receptor binding, and elimination. 

Throughout the life cycle, living organisms are chronically exposed to EDCs leaching from 

plastics, pharmaceuticals contaminating groundwater, or naturally occurring compounds such 

as phytoestrogens. Prolonged exposure leads to cumulative and complex interactions—

including synergistic, additive, or antagonistic effects—resulting in unpredictable outcomes for 

the individual organism. 

Notably, existing literature has predominantly focused on a narrow scope of male health, often 

limited to reproductive outcomes. Previous systematic reviews have addressed specific facets 

such as EDCs as carcinogens in prostate cancer [1], sex-specific impacts on cardiovascular 

health [2] and adipose tissue [3], or the systemic and fertile implications of specific agents like 

pesticides [4], bisphenols [5], and PFAS [6]. Furthermore, research has examined 

developmental origins of health and disease, including maternal exposure and subsequent male 

reproductive disorders [7,8], as well as the molecular mechanisms underlying these pathologies 

[9]. Despite these contributions, there remains a lack of comprehensive syntheses that integrate 

these diverse health outcomes into a holistic assessment of male health. 

Objective The objective of this study is to analyse comprehensive literature published over the 

last 25 years regarding the impact of EDCs on male health. This review focuses specifically on 

observations in Homo sapiens, excluding studies involving isolated cell lines, tissues, or organs, 

to prioritize clinically relevant evidence of systemic effects in the male organism. 

Methods 

The methodology of this review was divided into three distinct stages to ensure a structured 

approach to the available literature. 

Stage 1: Preliminary Search for Existing Syntheses Initially, the PubMed database was 

searched to identify existing reviews that holistically address the impact of various endocrine-

disrupting chemicals (EDCs) on male health, specifically looking for works not limited to 

reproductive aspects or single organ systems. The search period was restricted to the last five 

years (January 1, 2020, to December 20, 2025) to capture only the most current scientific 

syntheses and clinical consensus. The search terms included: "Endocrine disrupting chemicals" 

OR "EDCs" OR "Endocrine disruptors", with filters for English language, human studies, and 

male subjects. This stage yielded 236 results - Link to search parameters: 
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https://pubmed.ncbi.nlm.nih.gov/?term=Endocrine+disrupting+chemicals+OR+EDCs+OR+E

ndocrine+disruptors&filter=dates.2020%2F1%2F1-

2025%2F12%2F20&filter=simsearch2.ffrft&filter=pubt.review&filter=lang.english&filter=h

um_ani.humans&filter=sex.male&filter=other.excludepreprints&format=abstract&size=20 

A screening of these abstracts confirmed the absence of a comprehensive, up-to-date 

publication covering the full spectrum of EDCs' influence on general male health, which 

justified the need for the current review. 

Stage 2: Identification of High-Level Evidence To construct a robust synthesis of knowledge, 

the search strategy was subsequently refined to focus on high-quality evidence. This stage 

targeted specific study designs: Systematic Reviews, Meta-Analyses, Randomized Controlled 

Trials (RCTs), and Clinical Trials. Given the niche nature of the topic and the stringent 

requirements for study quality, the temporal scope was expanded to cover the period from 

January 1, 2000, to December 20, 2025. This expansion was necessary to ensure a sufficient 

volume of high-level evidence, as the oldest identified relevant studies dated back to 2010. This 

search was also limited to "Free Full Text" publications and resulted in 51 records – search 

parameters available via link:  

https://pubmed.ncbi.nlm.nih.gov/?term=Endocrine+disrupting+chemicals+OR+EDCs+OR+E

ndocrine+disruptors&filter=dates.2000%2F1%2F1-

2025%2F12%2F20&filter=simsearch2.ffrft&filter=pubt.clinicaltrial&filter=pubt.meta-

analysis&filter=pubt.randomizedcontrolledtrial&filter=pubt.systematicreview&filter=lang.en

glish&filter=hum_ani.humans&filter=sex.male&filter=other.excludepreprints&format=abstra

ct&size=20 

Stage 3: Selection and Analysis A detailed analysis of the 51 identified records was performed. 

Studies were excluded if they did not directly investigate substances recognized as EDCs (e.g., 

studies regarding COVID-19 vaccines) or if they were not conducted on living human subjects 

(e.g., animal models, cell lines, or isolated human tissues). Following this rigorous screening, 

34 studies were qualified for the final synthesis [10-44]. 

Limitations 

Several limitations of this review must be noted. First, the search was restricted exclusively to 

the PubMed database and limited to "Free Full Text" publications. This approach may have 

introduced a selection bias by omitting relevant studies indexed in other databases (e.g., Embase, 

Scopus) or those available only through paid subscriptions. Second, the search strategy utilized 

broad thematic keywords such as "Endocrine disrupting chemicals" and "EDCs". Consequently, 

publications focusing on specific chemical agents (e.g., particular phthalates or bisphenols) that 

did not include these general umbrella terms in their titles, abstracts, or keywords might have 

been overlooked. 

 

Abbreviations 

2-MPA :: 2-Methoxypropionic acid 

2,4-D :: 2,4-Dichlorophenoxyacetic acid 

2,4-DCP :: 2,4-Dichlorophenol 

2,4,5-T :: 2,4,5-Trichlorophenoxyacetic acid 

2,4,5-TP :: 2,4,5-Trichlorophenoxy 

2,5-DCP :: 2,5-Dichlorophenol 

2OH-MiBP :: Mono-(2-hydroxy-iso-butyl) phthalate 

3-PBA :: 3-Phenoxybenzoic acid 

3,4-DHB :: 3,4-Dihydroxy benzoic acid 

3OH-MnBP :: Mono-(3-hydroxybutyl) phthalate 

4-HB :: 4-Hydroxy benzoic acid 

4-OH-BP :: 4-Hydroxybenzophenone 

https://pubmed.ncbi.nlm.nih.gov/?term=Endocrine+disrupting+chemicals+OR+EDCs+OR+Endocrine+disruptors&filter=dates.2020%2F1%2F1-2025%2F12%2F20&filter=simsearch2.ffrft&filter=pubt.review&filter=lang.english&filter=hum_ani.humans&filter=sex.male&filter=other.excludepreprints&format=abstract&size=20
https://pubmed.ncbi.nlm.nih.gov/?term=Endocrine+disrupting+chemicals+OR+EDCs+OR+Endocrine+disruptors&filter=dates.2020%2F1%2F1-2025%2F12%2F20&filter=simsearch2.ffrft&filter=pubt.review&filter=lang.english&filter=hum_ani.humans&filter=sex.male&filter=other.excludepreprints&format=abstract&size=20
https://pubmed.ncbi.nlm.nih.gov/?term=Endocrine+disrupting+chemicals+OR+EDCs+OR+Endocrine+disruptors&filter=dates.2020%2F1%2F1-2025%2F12%2F20&filter=simsearch2.ffrft&filter=pubt.review&filter=lang.english&filter=hum_ani.humans&filter=sex.male&filter=other.excludepreprints&format=abstract&size=20
https://pubmed.ncbi.nlm.nih.gov/?term=Endocrine+disrupting+chemicals+OR+EDCs+OR+Endocrine+disruptors&filter=dates.2020%2F1%2F1-2025%2F12%2F20&filter=simsearch2.ffrft&filter=pubt.review&filter=lang.english&filter=hum_ani.humans&filter=sex.male&filter=other.excludepreprints&format=abstract&size=20
https://pubmed.ncbi.nlm.nih.gov/?term=Endocrine+disrupting+chemicals+OR+EDCs+OR+Endocrine+disruptors&filter=dates.2000%2F1%2F1-2025%2F12%2F20&filter=simsearch2.ffrft&filter=pubt.clinicaltrial&filter=pubt.meta-analysis&filter=pubt.randomizedcontrolledtrial&filter=pubt.systematicreview&filter=lang.english&filter=hum_ani.humans&filter=sex.male&filter=other.excludepreprints&format=abstract&size=20
https://pubmed.ncbi.nlm.nih.gov/?term=Endocrine+disrupting+chemicals+OR+EDCs+OR+Endocrine+disruptors&filter=dates.2000%2F1%2F1-2025%2F12%2F20&filter=simsearch2.ffrft&filter=pubt.clinicaltrial&filter=pubt.meta-analysis&filter=pubt.randomizedcontrolledtrial&filter=pubt.systematicreview&filter=lang.english&filter=hum_ani.humans&filter=sex.male&filter=other.excludepreprints&format=abstract&size=20
https://pubmed.ncbi.nlm.nih.gov/?term=Endocrine+disrupting+chemicals+OR+EDCs+OR+Endocrine+disruptors&filter=dates.2000%2F1%2F1-2025%2F12%2F20&filter=simsearch2.ffrft&filter=pubt.clinicaltrial&filter=pubt.meta-analysis&filter=pubt.randomizedcontrolledtrial&filter=pubt.systematicreview&filter=lang.english&filter=hum_ani.humans&filter=sex.male&filter=other.excludepreprints&format=abstract&size=20
https://pubmed.ncbi.nlm.nih.gov/?term=Endocrine+disrupting+chemicals+OR+EDCs+OR+Endocrine+disruptors&filter=dates.2000%2F1%2F1-2025%2F12%2F20&filter=simsearch2.ffrft&filter=pubt.clinicaltrial&filter=pubt.meta-analysis&filter=pubt.randomizedcontrolledtrial&filter=pubt.systematicreview&filter=lang.english&filter=hum_ani.humans&filter=sex.male&filter=other.excludepreprints&format=abstract&size=20
https://pubmed.ncbi.nlm.nih.gov/?term=Endocrine+disrupting+chemicals+OR+EDCs+OR+Endocrine+disruptors&filter=dates.2000%2F1%2F1-2025%2F12%2F20&filter=simsearch2.ffrft&filter=pubt.clinicaltrial&filter=pubt.meta-analysis&filter=pubt.randomizedcontrolledtrial&filter=pubt.systematicreview&filter=lang.english&filter=hum_ani.humans&filter=sex.male&filter=other.excludepreprints&format=abstract&size=20
https://pubmed.ncbi.nlm.nih.gov/?term=Endocrine+disrupting+chemicals+OR+EDCs+OR+Endocrine+disruptors&filter=dates.2000%2F1%2F1-2025%2F12%2F20&filter=simsearch2.ffrft&filter=pubt.clinicaltrial&filter=pubt.meta-analysis&filter=pubt.randomizedcontrolledtrial&filter=pubt.systematicreview&filter=lang.english&filter=hum_ani.humans&filter=sex.male&filter=other.excludepreprints&format=abstract&size=20
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4′-MAP :: 4′-Methoxyacetophenone 

5cx-MEPP :: Mono-(2-ethyl-5-carboxypentyl) phthalate 

5OH-MEHP :: Mono-(2-ethyl-5-hydroxyhexyl) phthalate (Alternative: MEHHP) 

5oxo-MEHP :: Mono-(2-ethyl-5-oxohexyl) phthalate (Alternative: MEOHP) 

6:2 diPAP :: 6:2 Polyfluoroalkyl phosphoric acid diesters 

7cx-MMeHP :: Mono(4-ethyl-7-carboxylheptyl)phthalate [metabolite of DiNP] 

8:2 diPAP :: 8:2 Polyfluoroalkyl phosphoric acid diesters 

As :: Arsenic 

BAA :: 2-Butoxyacetic acid 

BBP :: Benzyl butyl phthalate 

BBzP :: Butylbenzyl phthalate 

BDE :: Bromodiphenyl ether 

BDE-100 :: 2,2′,4,4′,6-Pentabromodiphenyl ether 

BDE-153 :: 2,2′,4,4′,5,5′-Hexabromodiphenyl ether 

BDE-154 :: 2,2′,4,4′,5,6′-Hexabromodiphenyl ether 

BDE-28 :: 2,4,4′-Tribromodiphenyl ether 

BDE-47 :: 2,2′,4,4′-Tetrabromodiphenyl ether 

BDE-99 :: 2,2′,4,4′,5-Pentabromodiphenyl ether 

BFRs :: Brominated flame retardants 

BMI :: Body mass index 

BP :: Butyl paraben 

BP-1 :: 2,4-Dihydroxybenzophenone 

BP-2 :: Benzophenone-2 

BP-2 :: 2,2′,4,4′-Tetrahydroxybenzophenone 

BP-3 :: Benzophenone-3 

BP-8 :: 2,2′-Dihydroxy-4-methoxybenzophenone 

BPA :: Bisphenol A 

BPA-G :: Bisphenol A-G 

BPAF :: Bisphenol AF 

BPE :: Bisphenol E 

BPF :: Bisphenol F 

BPS :: Bisphenol S 

BzBP :: Butyl benzyl phthalate 

BzP :: Benzyl paraben 

c-PAH :: Carcinogenic polycyclic aromatic hydrocarbons 

CI :: Confidence Interval 

CR :: Creatinine 

cx-MiNP :: Mono-(carboxy-iso-nonyl) phthalate (Alternative: MCiNP) 

cx-MiOP :: Mono-carboxy-iso-octyl phthalate (Alternative: MCiOP) 

DBP :: Dibutyl phthalate 

DDE :: Dichlorodiphenyldichloroethylene 

DDT :: Dichlorodiphenyltrichloroethane 

DEHP :: Di-(2-ethylhexyl) phthalate 

DEP :: Diethyl phthalate 

DiBP :: Di-isobutyl phthalate 

DiDP :: Diisodecyl phthalate 

DiNP :: Di-isononyl phthalate 

DMP :: Dimethyl phthalate 

DnOP :: Di-n-octyl phthalate 

EAA :: Ethoxyacetic acid 
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EDC/EDCs :: Endocrine Disrupting Compounds 

EEAA :: Ethoxyethoxyacetic acid 

EHMC :: Ethyl-hexyl methoxycinnamate 

EP :: Ethyl paraben 

EPTC :: Ethyl dipropylthiocarbamate 

Et-PFOSA-AcOH :: N-ethyl-perfluorooctane sulfonamido acetic acid 

HBCDD :: Hexabromocyclododecane 

HCB :: Hexachlorobenzene 

HCCH :: Hexachlorocyclohexane 

HCE :: Heptachlor epoxide 

HCH :: Hexachlorohexane 

Hg :: Mercury 

HP :: Heptyl paraben 

HRs :: Hazard ratios 

MAA :: Methoxyacetic acid 

MBP :: Monobutyl phthalate 

MBzP :: Mono-benzyl phthalate 

MCHP :: Mono-cyclo-hexyl phthalate 

MCiDP :: Mono(carboxyisononyl) phthalate 

MCiNP :: Mono(carboxyisooctyl) phthalate 

MCMHP :: Mono(2-carboxymethylhexyl) phthalate 

MCNP :: Mono-carboxynonyl phthalate 

MCOP :: Mono-carboxyoctyl phthalate 

MCPA :: Monochlorophenoxy acid 

MCPP :: Mono-3-carboxylpropyl phthalate 

Me-PFOSA-AcOH :: N-methyl-perfluorooctane sulfonamido acetic acid 

MEAA :: Methoxyethoxyacetic acid 

MECPP :: Mono(2-ethyl-5-carboxypentyl) phthalate 

MeFOSAA :: Methyl perfluorooctane sulphonamido acetic acid 

MEHP :: Mono-(2-ethyl-hexyl) phthalate 

MEOHP :: Mono(2-ethyl-5-oxohexyl) phthalate 

MEP :: Mono-ethyl phthalate 

MePB :: Methyl paraben 

MHiBP :: Mono(hydroxyisobutyl) phthalate 

MHiDP :: Mono(hydroxyisodecyl) phthalate 

MHiNP :: Mono(hydroxyisononyl) phthalate 

MHnBP :: Mono(hydroxybutyl) phthalate 

MHPP :: Mono-hydroxy-pentyl phthalate 

MHxP :: Mono-hexyl phthalate 

MiBP :: Mono-iso-butyl phthalate 

MiDP :: Mono-iso-decyl phthalate 

MiNP :: Mono-iso-nonyl phthalate 

MMP :: Mono-methyl phthalate 

MnBP :: Mono-n-butyl phthalate 

MnOP :: Mono-n-octyl phthalate 

MOiDP :: Mono(oxoisodecyl) phthalate 

MOP :: Monooctyl phthalate 

MP :: Methyl paraben 

N-EtFOSAA :: N-Ethylperfluorooctane sulfonamidoacetic acid 

N-MeFOSAA :: N-Methylperfluorooctane sulfonamidoacetic acid 



7 

n-NP :: n-Nonylphenol 

n-PFOA :: Linear perfluorooctanoic acid 

n-PFOS :: Linear perfluorooctanesulfonic acid 

NMHC :: Non-methane hydrocarbons 

NMOC :: Non-methane organic compounds 

NPE :: Nonylphenol epoxide 

o,p’-DDT :: o,p’-Dichloro-diphenyl-trichloroethane 

o,p′-DDT :: 1,1,1-Tricholoro-2-(p-chlororphenyl)-2-(o-chlorophenyl)ethane 

OCPs :: Organochlorine pesticides 

OD-PABA :: Ethylhexyl dimethyl PABA 

OH-Et-P :: Ethyl-protocatechuic acid 

OH-Me-P :: Methyl-protocatechuic acid 

OH-MiDP :: Mono-(hydroxy-iso-decyl) phthalate (Alternative: MHiDP) 

OH-MiNP :: Hydroxy-mono-iso-nonyl phthalate 

OH-MPHP :: Mono-hydroxy-propyl-heptyl phthalate 

OR :: Odds Ratio 

oxo-MiDP :: Mono-(oxo-iso-decyl) phthalate (Alternative: MOiDP) 

oxo-MiNP :: Mono-oxo-iso-nonyl phthalate (Alternative: MOiNP) 

p,p’-DDE :: p,p’-Dichlorodiphenyldichloroethylene 

p,p′-DDE :: 2,2-Bis(4-chlorophenyl)-1,1-dichloroethylene 

p,p′-DDT :: 1-Chloro-4-[2,2,2-trichloro-1-(4-chlorophenyl)ethyl]benzene 

p,p′-DDT :: 1,1,1-Trichloro-2,2-bis(p-chlorophenyl)ethane 

PA :: phthalic acid 

PAA :: n-Propoxyacetic acid 

PAEs :: Phthalates 

PAHs :: Polycyclic aromatic hydrocarbons 

PBB :: Polybrominated biphenyl 

PBBs :: Polybrominated biphenyls 

PBDE :: Polybrominated diphenyl ether 

PBDEs :: Polybrominated Diphenyl Ethers 

PBDEs/BDEs :: Polybrominated diphenyl ethers 

PCB :: Polychlorinated biphenyl 

PCBs :: Polychlorinated biphenyls 

PCDD :: Polychlorinated dibenzo-p-dioxins 

PCDD/Fs :: Polychlorinated dibenzo-p-dioxins/furans 

PCDF :: Polychlorinated dibenzo-p-furans 

PCDFs :: Polychlorinated dibenzofurans 

PFAS :: Per- and polyfluorinated alkyl substances 

PFAS / PFCs :: Perfluorinated compounds 

PFASs :: Perfluoroalkyl and polyfluoroalkyl substances 

PFBA :: Perfluorobutanoic acid 

PFBS :: Perfluorobutanesulfonic acid 

PFDA :: Perfluorodecanoic acid 

PFDeA :: Perfluordecanoic acid 

PFDoDA :: Perfluorododecanoic acid 

PFDoDA/PFDoA :: Perfluorododecanoic acid 

PFDS :: Perfluorodecane sulfonic acid 

PFHpA :: Perfluoroheptanoic acid 

PFHpS :: Perfluoroheptanesulfonic acid 

PFHxA :: Perfluorohexanoic acid 
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PFHxS :: Perfluorohexane sulfonate 

PFHxS :: Perfluorohexanesulfonic acid 

PFNA :: Perfluorononanoate 

PFNA :: Perfluorononanoic acid 

PFOA :: Perfluorooctanoic acid 

PFOS :: Perfluorooctane sulfonic acid 

PFOS :: Perfluorooctane sulfonate 

PFOS :: Perfluorooctane sulphonic acid 

PFOSA :: Perfluorooctane sulfonamide 

PFPeA :: Perfluoropentanoic acid 

PFTeDA :: Perfluorotetradecanoic acid 

PFTrDA :: Perfluorotridecanoic acid 

PFUnDA/PFUA :: Perfluoroundecanoic acid 

PG :: Propylene glycol 

PhAA :: Phenoxyacetic acid 

PM10 :: Particulate matter 

PM2.5 :: Fine particulate matter 

PP :: Propyl paraben 

PPAR :: Peroxisome proliferator-activated receptor 

PrPB :: Propyl paraben 

PVC :: Polyvinyl chloride 

REACH :: Registration, Evaluation, Authorisation and Restriction of Chemicals 

Sb-PFOA :: Sum of branched isomers of perfluorooctanoic acid 

Sm-PFOS :: Sum of perfluoromethylheptane sulfonate isomers 

SVHC :: Substances of Very High Concern 

t-OP :: t-Octylphenol 

TCBPA :: Tetrachlorobisphenol A 

TCC :: Triclocarban 

TCDD :: 2,3,7,8-Tetrachlorodibenzo-p-dioxins 

TCEP :: Tris(2-chloroethyl) phosphate 

TCS :: Triclosan 

THC :: Total hydrocarbons 

TSNAs :: Tobacco-specific nitrosamines 

α-HCCH :: Alfa-Hexachlorocyclohexane 

β-HCB :: Beta-hexachlorobenzene 

β-HCCH :: Beta-Hexachlorocyclohexane 

β-HCCH/β-HCH :: Beta-hexachlorocyclohexane 

β-HCH :: Beta-hexachlorocyclohexane 

γ-HCCH :: Gamma-Hexachlorocyclohexane 

ΣDEHP :: Molar sum of di-ethyl-hexyl phthalate metabolites 

ΣDiNP :: Molar sum of di-iso-nonyl phthalate metabolites 

ΣDnOP :: Molar sum of di-n-octyl phthalate 

ΣHMWP :: Sum of high molecular weight phthalates 

ΣLMWP :: Sum of low molecular weight phthalates 

ΣMBP :: Sum of MiBP and MnBP 

 

List of EDCs from analysed publications 

[10] BDE, BPA, BPAF, BPE, DEHP, DDT, DDE, MEHHP, MEHP, MEOHP, NPE, PCB, 

PFOA, PFOS, TCEP, Agent Orange, Atrazine, Chlordane, DDE/DDT, Heptachlor, 

Lindane, Malathion, Metalaxyl, Nonachlor, PCB 118, PCB 138, PCB 153, PCB 180, 
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Arsenic, Cadmium, Mercury, Strontium, Plastic, PVC, Benzene, BPA, BPAF, BPE, 

Perchloroethylene, Styrene, Tetrachloroethylene, Toluene, Xylene, Silica dust, BDE-28, 

BDE-47, BDE-153, BDE-209, PBB-153, Hexachlorodibenzofuran, 

Octachlorodibenzofuran, NPE, Perchlorate 

[11] PAEs, BPA, Parabens, Pesticides, Dioxins, Furans, PCBs, Benzophenones, Metalloids, 

Pharmaceuticals, Triclosan, PFASs, Other phenols 

[12] EDC, REACH, SVHC, BP-2, BP-3, EHMC, 4′-MAP, OD-PABA, BPA, BPA-G, PCDD, 

PCDF, TCDD, PBB, BDE-28, BDE-47, BDE-99, BDE-100, BDE-153, BDE-154, 

MePB, PrPB, MMP, MEP, MiBP, 2OH-MiBP, MnBP, 3OH-MnBP, MBzP, MEHP, 

5OH-MEHP, MEHHP, 5oxo-MEHP, MEOHP, 5cx-MEPP, MECPP, MCPP, MiNP, 

OH-MiNP, MHiNP, oxo-MiNP, MOiNP, cx-MiOP, MCiOP, OH-MiDP, MHiDP, oxo-

MiDP, MOiDP, cx-MiNP, MCiNP, PCB, 2,4-DCP, 2,5-DCP, DDE, p,p′-DDE, DDT, 

p,p′-DDT, HCB, β-HCB, β-HCH, 3-PBA, PFHxS, PFNA, PFOA, PFOS, PFOSA, Et-

PFOSA-AcOH, Me-PFOSA-AcOH, PFCs, PFAS, TCS. 

[13] DDT, p,p’-DDT, o,p’-DDT, p,p’-DDE, HCCH, β-HCCH, α-HCCH, γ-HCCH, BDEs 

(hexa-BDEs), PFAS, PFOA, PFOS, 3M, BBzP, PVC, EU, BPA 

[14] APCs, BFRs, BPA, EDC, PAHs, Polychlorinated organic compounds, Pesticides, 

Phthalates, Organic solvents,  Metals, Miscellaneous chemicals 

[15] BPA, MBP, DBP, DDE, o,p′-DDT, p,p′-DDT, DEHP, HCB, HCE, HCC, MEHP, 5cx-

MEPP, 7cx-MMeHP, DiNP, n-NP, t-OP, PBB, PBDE, PCB, PCDD/Fs, PFOS, PFOA, 

TCDD 

[16] MBP, MEP, MBzP, MMP, MCPP, MEHP, PCB-153, ΣPCB, PCB-138, DDE, DDT, 2,4-

D 

[17] Aldrin, DDE, DDT, Dieldrin, Endosulfan, HCB, HCH, Heptachlor, Heptachlor epoxide, 

Mirex, Oxychlordane, Trans-nonachlor, HBCDD, PBBs, PBDEs/BDEs, PCBs, PCDFs, 

TCDD, EtFOSAA, MeFOSAA, PFDA, PFDeA, PFDoDA, PFHpS, PFHxS, PFNA, 

PFOA, PFOS, PFOSA, PFTrDA, PFUnA/PFUnDA 

[18] MBzP, MCHP, MCMHP, MCNP, MCOP, MCPP, MECPP, MEHHP, MEHP, MEOHP, 

MEP, MiBP, MiNP, MMP, MnBP, MOP, BPA, TCS, TCC, BP-1, BP-2, BP-3, BP-8, 4-

OH-BP, BP, BzP, EP, HP, MP, OH-Et-P, OH-Me-P, PP, 3,4-DHB, 4-HB, BAA, EAA, 

EEAA, MAA, MEAA, PAA, PhAA, 2-MPA 

[19] Soya isoflavones 

[20] BPA, PAEs, PAHs, PFAS 

[21] Triclosan  

[22] PM2.5, PM10, SO2, NO2, O3 

[23] 6:2 diPAP, 8:2 diPAP, N-EtFOSAA, N-MeFOSAA, n-PFOA, n-PFOS, PFBA, PFBS, 

PFDA, PFDoDA/PFDoA, PFDS, PFHpA, PFHpS, PFHxA, PFHxS, PFNA, PFOA, 

PFOS, PFOSA, PFPeA, PFTeDA, PFTrDA, PFUnDA/PFUA, Sb-PFOA, Sm-PFOS 

[24] DEHP, MEHP, MEHHP, MEOHP, MECPP, DiNP, MiNP, MHiNP, MOiNP, MCiNP, 

DiDP, MiDP, MHiDP, MOiDP, MCiDP, DnOP, MnOP, MCPP, BBP, MBzP, DMP, 

MMP, DEP, MEP, DBP, MnBP, MHnBP, DiBP, MiBP, MHiBP 

[25] LMW, HMW, MnBP, MEP, MiBP, MMP, MCNP, MCOP, MiNP, MCPP, MBzP, 

ΣDEHP, MECPP, MEHHP, MEHP, MEOHP, MCMHP, DBP, DEP, DiBP, DMP, 

DiDP, DiNP, DnOP, BzBP, DEHP 

[26] BPA, BPS, BPF, BPAF, Phtalathes, PFOS, PFOA, Mercury, Selenium, Zinc, MEP, 

Parabens, BP3, BDE-154, BDE-153, BDE-100, BDE-28 

[27] Fossil fuel mixtures 

[28] 2,4,5-T, 2,4,5-TP, As, DDT, DEHP, EPTC, HCB, Hg, PBDEs, β-HCCH/β-HCH 

[29] PCB, Dioxin 
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[30] BBzP, BPA, BPF, BPS, DEHP, MBzP, MCNP, MCOP, MCPP, MECPP, MEHP, 

MEHHP, MEOHP, MEP, MHPP, MHxP, MiBP, MiDP, MiNP, MMP, MnBP, OH-

MiNP, OH-MPHP, oxo-MiNP, PA, ΣDEHP, ΣDiNP, ΣDnOP, ΣHMWP, ΣLMWP, 

ΣMBP 

[31] BPA 

[32] Et-PFOSA-AcOH, Me-PFOSA-AcOH, PFASs, PFHxS, PFNA, PFOA, PFOS 

[33] Malathion, Paraquat, Methylparathion, Metamidiphis, Endosulfan, Dimethoate, 

Diazinon, Cadusaphos, Ethoprophos, Isazophos, Pyrimiphos-ethyl, Terbulos, 

Methamidophis, Fentothion, Dichlorvos, Chlorpyrifos, Chlorpyrifos-methyl, 

Propetanphis, Ethyl parathion, Methyl parathion 

[34] BPA 

[35] PM2.5, PM10, SO2, NO2, O3, CO2, CH4, CO, H2S, NMHC, NMOC, sulphur, THC, c-

PAH, PMcoarse, NOx, PM2.5, PM25-10, PM25 

[36] Nicotine, PG, Glycerol, Vegetable glycerine, Formaldehyde, Acetaldehyde, 

Methylglyoxal, Acrolein, Acetone, Benzaldehyde, Benzene, Toluene, Ethylbenzene, 

Xylenes, Lead, Chromium, Tin, Silver, Nickel, Copper, Aluminum, Cadmium, Mercury, 

TSNAs, Hydroxycarbons, PAHs, Phenols, Aldehydes, Pesticides, Vanillin, Ethyl 

Maltol, Ethyl vanillin, Menthol. 

[37] Caffeine, Alcohol, Heavy metals, Xenobiotics, Estrogen, Lead, Arsenic, Mercury, 

Organic solvents, Pesticides 

[38] PFOS, PFOA, PFHxS, EtFOSAA, MeFOSAA, PFNA 

[39] Chloropicrin, Chlorothalonil, Triforine, Myclobutanil, Ziram, MCPA, Carbofuran, 

Formetanate hydrochloride, Methomyl, Aldicarb, Endosulfan, Diazinon, Dimethoate, 

Phosmet, Methyl parathion, Phorate, Methidathion, Cacodylic acid, Sodium cacodylate, 

Fenbutatin-oxide, Aluminum phosphide, Petroleum distillates, Paraffin-based petroleum 

oil, Polyoxyethylene sorbitol, mixed ethyl ester, α-(p-Nonylphenyl)-omega-

hydroxypoly (oxyethylene) with an average of 4.2 mol of ethylene oxide, Cyhalothrin, 

Bifenthrin, Streptomycin, Benomyl, Oxyfluorfen , Copper hydroxide, Copper sulfate 

(basic), Acephate, Nonyl phenoxy poly (ethylene oxy) ethanol 

[40] BPA, BPF, BPS, BPAF, TCBPA 

[41] PFAS, PFDA, PFHxS, PFNA, PFOA, PFOS 

[42] Lead 

[43] BPA 

[44] PCBs, DDE 

 

EDCs and Carcinogenesis 

The impact of Endocrine Disrupting Chemicals (EDCs) on cancer development is characterized 

by significant heterogeneity, yet several trends emerge across meta-analyses and systematic 

reviews. Research indicates that the strongest associations between EDC exposure and 

malignancy are observed in the thyroid (up to 67% of studies showing positive correlations) 

and male reproductive organs, specifically the prostate (48%) and testes (47%) [10]. Notably, 

the risk for male-specific cancers often mirrors or slightly exceeds that of female reproductive 

cancers, such as uterine (44%) or ovarian (43%) [10]. 

Specific Substances and Risk Magnitudes 

Certain chemical classes demonstrate a more pronounced carcinogenic potential: 

• Phthalates and Heavy Metals: Phthalates (63% positive results) and heavy metals 

(54%) are among the most frequently implicated substances [10]. 

• Odds Ratios (OR): High-risk correlations have been identified for heavy metals (OR > 

10) and specific compounds like PCB 153, particularly in patients with elevated PSA levels 

(OR = 30.3) [10]. 
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• Organohalogens: These compounds show a strong link to non-seminoma testicular 

cancers (OR = 2.96), while organochlorine compounds are associated with both seminoma and 

non-seminoma types [13]. 

The Role of Timing: Prenatal vs. Adult Exposure 

A critical factor in EDC-induced carcinogenesis is the window of exposure. Evidence suggests 

a significant two-fold increase in genital cancer risk (specifically seminomas) for men exposed 

prenatally to EDCs; however, this association is often absent when exposure occurs only during 

adulthood [13]. The stronger impact on non-seminoma risks may be attributed to their later 

clinical presentation (approximately 10 years later than seminomas), allowing long-lived 

EDCs—measured in maternal blood—more time to exert pathological effects [13]. While most 

single compounds show statistically insignificant trends, p,p′-DDE remains a notable exception, 

showing moderate risk particularly during prenatal stages [15]. 

Industry-Specific Risks and Thyroid Health 

Environmental and occupational exposure related to the fossil fuel industry is linked to a 

moderately increased risk of prostate cancer [27]. Furthermore, long-term exposure to 

agricultural chemicals significantly impacts the thyroid, particularly the papillary subtype. 

Fungicides (OR = 1.21) and herbicides (OR = 1.1) show stable negative effects across 

populations, whereas the evidence for insecticides remains contradictory [28]. Interestingly, the 

thyroid cancer risk appears lower in men than in women, likely due to the mediating role of 

estrogenic receptors [28]. 

Proposed Biological Mechanisms 

The transition from EDC exposure to malignancy is driven by several complex pathways: 

1. Hormonal Interference: Primarily through the antagonism of androgen and 

progesterone receptors, and mixed agonist/antagonist effects on estrogenic receptors [10, 27, 

28]. 

2. Cellular Dysregulation: Disruption of intracellular signalling pathways and the 

induction of oxidative stress and inflammatory responses [10, 28]. 

3. Genotoxicity: Direct damage to genetic material and disruption of the Hypothalamic-

Pituitary-Thyroid (HPT) axis [10, 28]. 

Methodological Limitations in Current Research 

The reliability of these findings is frequently hampered by common limitations across the 

literature: 

• Exposure Assessment: A lack of objective, quantified measurements; many studies 

rely on subjective questionnaires or environmental proxies rather than individual biomarkers 

[10, 27, 28]. 

• The "Cocktail Effect": Most research focuses on single, persistent EDCs (often 

ignoring fast-metabolizing substances), failing to account for the synergistic effects of chemical 

mixtures [13, 15, 27]. 

• Study Design: Significant methodological heterogeneity, small sample sizes, and the 

failure to control for variables such as family history or breastfeeding duration [10, 13]. 

 

EDCs and Semen quality 

The relationship between exposure to Endocrine Disrupting Chemicals (EDCs) and male 

fertility remains a subject of complex debate due to methodological inconsistencies across 

studies. While some systematic reviews and meta-analyses have failed to demonstrate 

statistically significant correlations between general EDC exposure and key semen parameters 

(such as concentration, total count, motility, and morphology), these results are often hindered 

by the inclusion of diverse substances and varying clinical endpoints [11]. Consequently, 

researchers emphasize the necessity of structured studies focusing on chemical mixtures rather 

than isolated substances to better reflect real-world exposure [11, 37]. 
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Specific Substances and Observed Effects 

Despite the lack of a universal consensus, specific categories of EDCs and pollutants have 

shown distinct negative impacts on reproductive health: 

• Persistent Organic Pollutants and Plasticizers: Exposure to PCB-153 is associated 

with reduced sperm motility, while DDE/DDT negatively affects concentration, motility, and 

morphology. Similarly, phthalate metabolites such as MBP and MBzP are linked to lower 

sperm concentration and motility [16]. 

• Heavy Metals and Pesticides: Lead exposure significantly reduces ejaculate volume, 

sperm concentration, total count, motility, and the percentage of normal morphology [42]. 

Organophosphorus pesticides are linked to substantial decreases in count, concentration, 

motility, and morphology, alongside a non-significant increase in seminal leukocyte levels [33]. 

• Atmospheric Pollutants: Air pollutants, including PAHs (Polycyclic Aromatic 

Hydrocarbons), PM2.5, NO2, and SO2, impair overall human fertility. Specifically, PM10, 

PM2.5, and SO2 significantly reduce the success rates of in vitro fertilization [22]. While 

EDCs in the air adversely affect morphology (particularly head defects), motility, and vitality, 

their impact on sperm concentration and total count remains inconclusive [22]. 

• Industrial and Lifestyle Factors: Fossil fuel industry-related EDCs present a moderate 

risk of declining sperm concentration, motility, and vitality, though quantifying these risks is 

difficult due to the lack of exposure quantification in many studies [27]. Furthermore, e-

cigarette "e-liquids" have been shown to increase the risk of decreased testosterone levels and 

lower sperm count, vitality, and motility [36]. 

• Phytoestrogens: In contrast to synthetic EDCs, studies on soy isoflavones have not 

found a significant impact on testosterone, estrogen levels, or semen quality, nor have they 

demonstrated feminizing effects in men [19]. 

Pathophysiological Mechanisms 

The literature identifies several primary pathways through which these substances exert their 

deleterious effects: 

1. Oxidative Stress: A recurring mechanism across various exposures (pesticides, heavy 

metals, e-cigarettes, and fossil fuel EDCs) is the induction of reactive oxygen species (ROS), 

leading to DNA fragmentation and cellular damage [27, 33, 36, 42]. 

2. Hormonal and Signal Disruption: EDCs interfere with androgen and estrogenic 

receptors, disrupt steroidogenesis, and may impair the hypothalamus-pituitary-gonadal 

(HPG) axis [16, 42]. Notably, some pesticide-induced damage appears to be testosterone-

independent, suggesting direct suppressive toxicity or altered intracellular signalling and gene 

regulation [33]. 

3. Structural Damage: Several substances, particularly lead and organophosphorus 

pesticides, compromise the integrity of the blood-testis barrier and induce endoplasmic 

reticulum stress or systemic inflammation [16, 33, 42]. 

Critical Periods and Limitations 

The timing of exposure is a crucial factor; foetal exposure to EDCs is particularly significant 

and has been linked to both diminished semen quality in adulthood and the feminization of male 

foetuses [18]. 

However, the field faces significant research challenges. Many studies suffer from high 

heterogeneity, small sample sizes, a lack of standardized methodologies, and a failure to 

account for multi-component (mixture) exposures [16, 27, 33, 42]. The absence of 

comprehensive exposure quantification remains a major barrier to establishing definitive causal 

relationships [27, 33]. 
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EDCs and Reproductive Health 

The relationship between exposure to Endocrine Disrupting Chemicals (EDCs) and 

reproductive outcomes is characterized by significant complexity and heterogeneity. Meta-

analytical data indicates that while statistically significant correlations between general EDC 

exposure and reproductive disorders are sometimes elusive, prenatal exposure often yields 

stronger effects. A notable exception is p,p'-DDE, which is consistently associated with an 

increased risk of reproductive dysfunction [15]. 

Impact on Female Fertility and Pregnancy Outcomes 

Research highlights a significant link between exposure to Polychlorinated Biphenyls (PCBs) 

and Brominated Flame Retardants (BFRs) and a prolonged Time to Pregnancy (TTP) in women. 

Conversely, Organochlorine pesticides (OC) and Perfluoroalkyl substances (PFAS) have not 

shown a clear impact on TTP [17]. Further evidence suggests that while Bisphenol A (BPA), 

Triclosan (TCS), and Triclocarban (TCC) have negligible effects on TTP, parabens and glycol 

ethers are negatively associated with female fertility [18]. Beyond conception, EDCs 

significantly impair overall fecundity by increasing the rates of miscarriage and stillbirth, likely 

through damage to the embryo, placenta, and the uterine environment [35]. Notably, a delayed 

TTP serves not only as a marker of subfecundity but also as a predictor for metabolic syndrome, 

cardiovascular disease, and increased overall mortality [17]. 

Male Reproductive Health and Semen Quality 

The impact of EDCs on male fertility is frequently observed through changes in semen quality 

rather than TTP [17, 35]. Exposure—particularly during the critical foetal period—is linked to 

a decline in semen parameters and the feminization of male foetuses [18]. Specific substances 

such as Benzophenone have been identified as potential drivers of male infertility [18]. 

BPA, even at low doses, negatively affects male reproductive health by reducing sperm motility 

and count, inhibiting Leydig cells, and contributing to clinical dysfunctions such as decreased 

libido, premature ejaculation, and erectile dysfunction [34]. Phthalate exposure is similarly 

linked to sex hormone imbalances (reduced testosterone and oestradiol) and poor semen quality 

[24]. Furthermore, air pollutants—including Polycyclic Aromatic Hydrocarbons (PAHs), PM2.5, 

NO2, and SO2—adversely affect general fertility, with PM10, PM2.5, and SO2 specifically 

reducing the success rates of in vitro fertilization (IVF) [22]. 

Physiological Mechanisms 

The literature identifies several overlapping pathways through which EDCs and pollutants exert 

their effects: 

1. Hormonal Disruption: Mimicry of oestrogens (e.g., BPA), interference with the 

hypothalamus-pituitary-testis axis, and general endocrine signalling imbalance [22, 24, 34, 35]. 

2. Oxidative Stress and Cellular Damage: Induction of reactive oxygen species leading 

to DNA damage and apoptosis [22, 24, 34]. 

3. Epigenetic and Structural Changes: Alterations in gene expression and structural 

damage to reproductive organs [22, 24, 35]. 

4. Developmental Timing: Phthalate exposure shows a dimorphic effect on puberty, 

delaying maturation in boys while accelerating it in girls [24]. 

Methodological Challenges and Future Directions 

A recurring theme across studies is the difficulty in establishing definitive causal links due to 

high biological variability and methodological limitations [37]. Many substances, such as 

phthalates and certain EDCs, have short half-lives (measured in hours), making accurate 

exposure assessment difficult without high-frequency sampling [15, 18, 24]. Furthermore, 

many reviews suffer from: 

• A lack of standardization in quantifying concentrations and defining infertility [17, 18, 

35]. 
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• Failure to account for "cocktail effects" (simultaneous exposure to multiple EDCs) [17, 

22, 24]. 

• Inadequate stratification for confounding factors such as age and workplace versus 

home exposure [17, 35, 37]. 

To address these gaps, authors advocate for standardized, long-term prospective studies that 

begin in childhood. Such research should utilize high-frequency sampling, account for EDC 

mixtures, and evaluate both partners simultaneously to treat fertility as a shared reproductive 

unit [17, 18, 24, 34]. 

 

EDCs and Pubertal Development 

A systematic review and meta-analysis investigating the effects of prenatal and postnatal 

exposure to Endocrine Disrupting Chemicals (EDCs) found no statistically significant 

correlation between EDC exposure and pubertal disorders in the male population. Furthermore, 

the analysis was unable to identify a specific developmental window of heightened sensitivity 

to these substances. 

In the female population, a weak trend suggests that prenatal exposure may be associated with 

accelerated maturation. However, the strength of these findings is limited by several critical 

factors: 

• Inconsistent Data: Conflicting directions of influence for the same chemical 

compounds across different studies. 

• Methodological Heterogeneity: Variations in the methods used to quantify EDC 

exposure and differing clinical definitions of puberty. 

• Chemical Complexity: A general failure to account for the synergistic or antagonistic 

effects inherent in mixtures of EDCs and other substances [12]. 

Regarding dietary components, current evidence does not support a causal link between 

isoflavone intake and the onset of precocious puberty [19]. 

 

EDCs and Prenatal Health 

The cumulative evidence from recent systematic reviews and meta-analyses underscores a 

significant correlation between exposure to Endocrine Disrupting Chemicals (EDCs) and 

adverse prenatal outcomes, most notably reductions in birth weight and increased risks of 

preterm birth. 

Impact on Birth Weight and Gestational Age 

Meta-analytical data indicate that prenatal exposure to EDCs is associated with a decrease in 

foetal birth weight [14]. This association appears to be modulated by socioeconomic and 

lifestyle factors; the stability and strength of these observations are more pronounced among 

mothers with lower educational attainment and those who smoke tobacco [14]. Notably, the 

risk profile follows a dose-response pattern regarding chemical variety: the risk of low birth 

weight doubles when the mother is exposed to four or more different EDCs [14]. 

While some studies report inconsistent results regarding the magnitude of birth weight 

reduction for specific substances, others quantify these effects more precisely. For instance, a 

ten-fold increase in exposure to Per- and polyfluoroalkyl substances (PFAS) was linked to an 

average weight reduction of 11g, while Lead (Pb) and Dimethyl phthalate (DMP) were 

associated with reductions of 45g and 57g, respectively [44]. Furthermore, exposure to 

Bisphenol A (BPA) and substances related to the fossil fuel industry has been specifically linked 

to an increased risk of preterm birth and miscarriage [27, 34]. 

Pathophysiological Mechanisms 

The detrimental effects of EDCs on the foetus are thought to be driven by several complex 

biological pathways: 
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• Hormonal Disruption: EDCs act via estrogenic mimicry and the disruption of the 

hypothalamus-pituitary-gonadal (HPG) axis, interfering with endocrine signalling and lipid 

metabolism [34, 44]. 

• Oxidative Stress and DNA Integrity: A primary proposed mechanism is the induction 

of oxidative stress through reactive oxygen species (ROS), which compromises DNA integrity 

and causes direct cellular toxicity [27, 34]. 

• Adipose Tissue Development: Some substances may interfere with the normal 

development of foetal adipose tissue [44]. 

Interestingly, across multiple studies, no significant differences in vulnerability based on foetal 

sex have been established [14, 27]. 

Methodological Limitations in Current Research 

The synthesis of data on EDCs remains challenging due to several systemic limitations in the 

existing literature: 

• Exposure Quantification: Many studies lack rigorous quantification of exposure, often 

relying on self-reported questionnaires rather than standardized biomarkers [27, 34]. 

• Chemical Complexity: The vast number of EDCs—particularly those derived from the 

fossil fuel industry—makes it difficult to isolate the impact of individual substances or assess 

synergistic "cocktail effects" [27, 44]. 

• Standardization: Variations in study protocols and population groups hinder the ability 

to conduct robust meta-analyses [34]. 

• Research Scope: Most current data focuses on exposition during conventional fossil 

fuel extraction, potentially overlooking newer industrial processes [27]. 

 

EDCs and Congenital Abnormalities 

The relationship between exposure to Endocrine Disrupting Chemicals (EDCs) and the 

incidence of congenital malformations remains a complex area of research characterized by 

significant heterogeneity and methodological challenges. 

 

Meta-Analysis Findings and Specific Substances 

Current meta-analyses generally report a lack of statistically significant associations between 

EDC exposure and the risk of hypospadias or cryptorchidism for most investigated substances. 

A notable exception is p,p′-DDE, which demonstrates a moderate risk, particularly when 

prenatal exposure is involved [15]. However, the impact of individual EDCs varies widely. 

Research is often limited by a failure to account for chemicals with short half-lives and the 

difficulty of determining precise prenatal exposure levels [15]. 

Regarding Bisphenol A (BPA), maternal exposure is linked to an increased risk of several 

congenital defects, including: 

• Male feminization: Hypospadias, cryptorchidism, and reduced anogenital distance[34]. 

• Organ-specific changes: Testicular hypertrophy or atrophy (including the epididymis) 

and prostate enlargement [34]. 

The proposed mechanisms for these effects include oestrogen mimicry, disruption of the 

hypothalamus-pituitary-testicular axis, induction of oxidative stress, and direct cellular toxicity 

[34]. 

Industrial and Environmental Exposure 

Research into the fossil fuel industry suggests a likely increased risk of birth defects, though 

findings across studies remain inconsistent. These negative effects appear to stem from both 

environmental and occupational exposure, with no clear consensus on which sex is more 

vulnerable [27]. Evaluation is further complicated by the vast number of EDCs produced by the 

fossil fuel industry, making it difficult to isolate the effects of single substances or assess 

specific endpoints due to small sample sizes for individual diseases [27]. 
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In agricultural contexts, studies on male neonates (e.g., in Central California) have largely 

found no correlation between general environmental EDC exposure and hypospadias frequency. 

However, specific exceptions exist where certain substances correlate with varying degrees of 

severity: 

• Mild severity: Associated with specific EDCs. 

• Significant severity: Linked to herbicides from the monochlorophenoxyacetic acid or 

ester groups, aldicarb, dimethoate, phorate, paraffin-based petroleum oil, and 

polyoxyethylenesorbitol [39]. 

Methodological Limitations and Future Directions 

A recurring theme in the literature is the lack of standardized exposure quantification. Many 

studies rely on environmental measurements rather than tissue-based analysis [39] or use self-

reported questionnaires, which introduces significant variability and hinders robust meta-

analysis [34]. Furthermore, previous research on fossil fuels has focused primarily on 

conventional extraction methods and may have missed relevant data due to incomplete search 

terminology [27]. 

To address these gaps, authors emphasize the need for long-term, standardized studies that 

move beyond single-substance analysis (like BPA) to evaluate the cumulative impact of the full 

spectrum of EDCs and other hazardous materials [34]. 

 

EDCs and Mental Health 

Recent meta-analytical data confirms that exposure to endocrine-disrupting chemicals (EDCs) 

significantly elevates the risk of Attention-Deficit/Hyperactivity Disorder (ADHD), with a 

notably more pronounced effect observed in males. The strength of this association varies by 

chemical class, with the highest risks linked to Polycyclic Aromatic Hydrocarbons (PAHs; OR 

= 1.40), Bisphenol A (BPA; OR = 1.35), and Phthalates (PAEs; OR = 1.11)[20]. Furthermore, 

prenatal exposure to these substances is linked to an increase in autistic behaviours and general 

hyperactivity across both genders [20, 34]. 

Exposure Windows and Compound-Specific Risks 

The developmental impact of EDCs is highly sensitive to the timing of exposure: 

• PAHs and PAEs: These compounds demonstrate a significant association with ADHD 

risk primarily during the prenatal period, with Odds Ratios (OR) of 1.52 and 1.13, respectively 

[20]. 

• BPA: Increased risk is persistent across both prenatal (OR = 1.22) and postnatal (OR = 

1.18) windows [20]. Beyond ADHD, maternal urinary BPA levels are specifically correlated 

with increased anxiety and depression in boys by age seven [34]. 

• PFAS: Conversely, Per- and polyfluoroalkyl substances (PFAS) have shown an inverse 

correlation with ADHD risk, highlighting the complexity of chemical interactions with the 

nervous system [20]. 

Pathophysiological Mechanisms 

The neurotoxic effects of EDCs on the developing nervous system are driven by several key 

biological pathways: 

1. Endocrine Disruption: Alteration of thyroid and sex hormone homeostasis. 

2. Neurotransmitter Interference: Dysregulation of the dopaminergic system and a 

reduction in Brain-Derived Neurotrophic Factor (BDNF) expression. 

3. Epigenetic Modifications: Potential for transgenerational effects through altered gene 

expression. 

4. Cellular Stress: Induction of oxidative stress pathways [20]. 

Methodological Considerations 

Despite these findings, the current body of evidence is constrained by high study heterogeneity, 

particularly regarding varying ADHD diagnostic criteria. Furthermore, there is a critical 
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shortage of data addressing co-exposure with heavy metals or particulate matter. Future 

prospective longitudinal studies are essential to fully evaluate the long-term cumulative effects 

of EDCs on mental health [20]. 

 

EDCs and Endocrine Health 

The influence of Endocrine Disrupting Chemicals (EDCs) on the hypothalamic-pituitary-

thyroid (HPT) axis remains a complex area of study, characterized by varying results across 

different compounds and life stages. While certain substances like isoflavones show no 

discernible impact on T4 or T3 levels in euthyroid individuals—even those with marginal 

iodine intake [19]—other synthetic compounds such as triclosan and bisphenols suggest more 

significant disruption. 

Triclosan and Thyroid Regulation 

Research regarding triclosan has yet to yield a definitive consensus on its impact on the human 

thyroid system at current exposure levels [21]. However, studies have indicated a slight 

association between triclosan exposure and a decrease in T3 and T4 levels alongside a 

concomitant increase in TSH, with these effects appearing more pronounced in females. 

The interpretation of these findings is complicated by the presence of other EDCs and the ethical 

impossibility of controlled administration in human subjects. Methodological limitations, such 

as the use of single-point urine or blood samples, often fail to account for the dynamic nature 

of the HPT axis. This is particularly relevant during pregnancy, which is hypothesized to be a 

window of heightened vulnerability. Proposed mechanisms for triclosan-induced disruption 

include: 

• Structural Mimicry: Mimicking T3 and T4 to trigger negative feedback loops in the 

pituitary and hypothalamus. 

• Receptor Antagonism: Blocking TSH and TRH receptors. 

• Enzymatic Inhibition: Inhibiting deiodinases and transporters [21]. 

Bisphenol A (BPA) and Related Bisphenols 

The impact of bisphenols, particularly BPA, demonstrates significant correlation with altered 

thyroid markers, though the directionality of these changes often varies by study and sex. 

Increased BPA exposure generally correlates with a decrease in TSH levels, while its effect on 

T3 and T4 remains inconsistent across systematic reviews [31]. 

The susceptibility to bisphenols is highly dependent on the developmental window, with the 

third trimester of pregnancy and early childhood identified as critical periods. Observed effects 

include: 

• Maternal and Neonatal Impact: BPA is linked to decreased total thyroxine in pregnant 

women and lower TSH levels in male neonates [34]. 

• Sex-Specific Variability: General bisphenol exposure has been associated with TSH 

reduction in both sexes; however, it may lead to an increase in T3 in girls while causing a 

decrease in boys [40]. 

• Dosage Thresholds: High exposure to bisphenol mixtures (>1.5 µg/g creatinine) is 

associated with a decrease in FT3 levels in offspring of both sexes [40]. 

Mechanistically, bisphenols are thought to interfere with the HPT axis due to their structural 

similarity to T3, T4, and TSH. This similarity allows them to influence receptors in the 

pituitary and hypothalamus—promoting negative feedback—and to inhibit iodine uptake by 

interacting with the sodium-iodide symporter (NIS). Furthermore, bisphenols may alter the 

expression of genes essential for thyroid hormone synthesis [31, 40]. 

Conclusion and Future Directions 

While an association between BPA and thyroid autoimmunity in children remains inconclusive, 

a correlation begins to emerge after the age of 15 [31]. Given the current limitations in data, 
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there is a clear necessity for large-scale cohort studies utilizing multi-point exposure 

measurements and considering the cumulative effects of EDC mixtures [21]. 

 

EDCs and Metabolic Health 

The Impact of PFAS on Body Composition and Metabolism 

Research regarding the association between prenatal exposure to Per- and Polyfluoroalkyl 

Substances (PFAS) and metabolic outcomes remains largely inconsistent. However, a relatively 

stable negative correlation has been observed between childhood concentrations of PFOA and 

PFOS and BMI, particularly up to the age of three. Sex-specific effects have also emerged: 

newer compounds such as PFBA and PFBS appear to negatively impact only girls, while PFNA 

shows a similar effect in boys [23]. In adult populations (ages 40–60), higher PFAS levels are 

associated with longitudinal increases in body weight and hip circumference, though these 

effects are mitigated by diet and physical activity. Notably, higher concentrations have been 

recorded in Black men [32]. 

PFAS also appear to interfere with weight management by exacerbating the "yo-yo effect." 

High concentrations are linked to a decrease in resting metabolic rate (RMR) during weight 

loss and a slower RMR recovery during weight regain, an effect more pronounced in women 

than men. Proposed mechanisms include oestrogen mimicry, activation of PPARα and PPARγ 

receptors, and interference with proteins regulated by hepatocyte nuclear factor 4α [41]. 

PFAS and Glycaemic Regulation 

Exposure to specific PFAS compounds significantly influences diabetes risk. For instance, Sb-

PFOA is associated with a 14% increase in diabetes risk compared to placebo, though this risk 

can be reduced to 1% through lifestyle interventions. Conversely, EtFOSAA and PFHxS 

increase the risk of microangiopathy by 17% and 18%, respectively, regardless of behavioural 

interventions [38]. Postulated mechanisms for these effects include enhanced fatty acid 

oxidation, increased glycogenolysis, and pancreatic inflammation [38]. 

Phthalates and Bisphenols: Sex-Specific Observations 

Phthalates have been shown to increase the risk of metabolic syndrome (MetS), with high-

molecular-weight compounds (MBzP: 16%, DEHP: 16%, MCOP: 12%, MCPP: 9%) showing 

a slightly stronger influence than low-molecular-weight ones (e.g., MMP, which shows an 89% 

association in men) [25]. The proposed mechanisms involve the activation of PPARγ induction 

of insulin resistance via FoxO1 overexpression, activation of angiotensin-converting enzyme 

(ACE), and inhibition of the bradykinin-nitric oxide pathway [25]. 

Regarding prenatal exposure to BPA and BP3, strong positive correlations with BMI, waist 

circumference, and subscapular skinfold thickness have been noted in girls, while results for 

boys remain ambiguous or negative. In contrast, parabens and PBDEs appear to 

disproportionately affect boys. During childhood and adolescence, bisphenols correlate with 

abdominal obesity specifically in boys, whereas phthalates affect body mass in both sexes. A 

specific susceptibility window for boys has been identified between 4 months and 3 years of 

age [26]. 

Persistent Organic Pollutants (PCBs and Dioxins) 

Exposure to Polychlorinated Biphenyls (PCBs) shows a high correlation with diabetes 

(particularly in Asian countries) and hypertriglyceridemia (in North America). While dioxins 

are also linked to MetS, the limited number of studies prevents definitive confirmation. It is 

suggested that PCBs induce individual components of MetS sequentially rather than the full 

syndrome simultaneously. Underlying mechanisms may include adipocyte hypertrophy, 

impaired differentiation, activation of NF- κ/β signalling leading to systemic inflammation, 

disruption of leptin signalling, and mitochondrial damage [29]. 

Limitations and Methodological Challenges 

These researches faces several significant limitations: 



19 

• Sample Size and Diversity: Small cohorts in certain studies and a lack of analysis 

regarding the synergistic effects of EDC mixtures [23, 26]. 

• Study Design: Many studies, such as those regarding BPA and lipid levels, are cross-

sectional, preventing the establishment of causality. Furthermore, single-spot urine samples 

may not accurately reflect long-term exposure [43]. 

• Population Specificity: Several PFAS studies focused exclusively on individuals who 

were already overweight or prediabetic, which may limit generalizability [32, 38]. 

• Confounding Factors: Inconsistent definitions of overweight, inaccurate exclusion of 

dietary factors, and measurement errors in physical activity assessments (e.g., self-reported 

questionnaires) [23, 41]. 

While EDCs clearly exert sex-specific effects, it is currently impossible to determine which sex 

is more vulnerable due to these methodological gaps. Future research must include both sexes 

and account for both biological sex and socio-cultural gender factors [26]. 

 

EDCs and Pulmonological Health 

A systematic review and meta-analysis of 15,123 subjects indicated weak associations between 

specific endocrine-disrupting chemicals (EDCs)—namely MBzP, MEOHP, and MCNP—and 

reduced lung function parameters (FEV1, FVC, FEF25-75, PEF). Although the observed 

declines were below the clinical significance threshold (100–140 mL or >10% for FEV1), such 

early-life impairments may irreversibly alter long-term respiratory trajectories. 

The impact of EDCs appeared to be sex- and age-dependent, with males and those postnatally 

exposed showing higher susceptibility. Proposed biological mechanisms include: 

• Immunomodulation: Promotion of Th2-driven pro-allergic responses. 

• Oxidative Stress: Induction of airway inflammation and remodelling via the p38 

MAPK pathway. 

• Hormonal Pathways: Interactions with oestrogen receptors expressed in immune cells. 

However, the findings are limited by significant methodological constraints, including exposure 

misclassification (due to single spot-urine sampling), reverse causation (EDCs in inhalation 

medications), and inadequate adjustment for confounders like height and socioeconomic status. 

Future research should prioritize longitudinal data, repeated exposure measurements, and 

cohorts of children under four years of age to strengthen causal inferences.[30] 

Conclusions 

EDCs influence on male health: 

Endocrine Disrupting Chemicals (EDCs) collectively exert a distinct influence on 

carcinogenesis, particularly regarding thyroid and reproductive organ malignancies. However, 

the available literature lacks meta-analyses or systematic reviews concerning cancers other than 

those of the reproductive system, sex-specific organs, and the thyroid—a gap resulting from the 

paucity of original research on other types of neoplasms [10]. A very strong impact has also 

been reported for heavy metals and certain PCBs [13], where prenatal exposure is associated 

with a twofold higher risk, notably for testicular cancer [15]. The risk of reproductive system 

cancers is slightly higher in men, in contrast to thyroid cancer, where women are more 

susceptible—a phenomenon attributed to the modulation of susceptibility by oestrogens [28]. 

The impact of EDCs on male fertility has been confirmed for specific substances; however, 

the general assessment of this phenomenon remains a subject of debate due to methodological 

heterogeneity across studies [11, 37]. A negative impact has been observed for PCBs, phthalates, 

metals, pesticides, and air pollutants [16, 42, 33, 22, 27, 36], while a neutral effect was noted 

for phytoestrogens (specifically soy isoflavones) [19]. Furthermore, foetal exposure is critical, 

as it leads to the feminization of male foetuses and a permanent reduction in semen quality in 

adulthood [18]. 
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The influence of EDCs on the reproductive system is well-documented but characterized by 

significant complexity. The key factors determining the severity of effects are the exposure 

window (particularly the prenatal period) and the specific type of substance. Notably, female 

fertility is often utilized as a studied endpoint representing couple fertility. Research in this field 

distinguishes between the impact on couple fertility through the male factor (semen quality, 

libido, and erectile dysfunction) [17, 18, 22, 24, 34, 35] and the impact where the male partner's 

role is not specified, resulting in a dominance of female factors: prolonged time to pregnancy 

(TTP), reduced fecundity, and pregnancy complications (e.g., miscarriage, placental damage) 

[17, 18, 35]. The strength of evidence remains mixed, with few exceptions: p,p'-DDE [15], 

PCBs and BFRs [17], and BPA, phthalates, and benzophenone [18, 24, 34]. 

The effect of EDCs on puberty remains uncertain; no significant correlation has been 

established in boys, whereas a weak trend toward accelerated maturation is observable in 

girls—likely linked to the estrogenic mimicry of EDCs [12]. Notably, a diet rich in soy 

isoflavones does not appear to influence this process [19]. Conversely, a strong correlation 

exists between birth weight, premature birth, and EDC exposure [14, 27, 44], with higher 

concentrations of EDCs correlating with an increased risk of low birth weight [14]. 

The relationship between exposure to EDCs and the occurrence of developmental 

malformations is complex and ambiguous, primarily due to the methodological diversity of 

studies. Within this context, exposure to EDCs derived from agricultural activities shows low 

significance for certain compounds [39], similar to exposure related to fossil fuel processing 

[27]. Nevertheless, the potentially stronger impact of the full environmental mixture must be 

considered, given the limitations of studies that evaluate only a fraction of possible EDCs [34, 

39]. For p,p′-DDE, a moderate risk of hypospadias/cryptorchidism is noted, while for BPA, 

there is a clear association with the feminization of male foetuses and alterations in genital 

organs [15, 34]. 

A significant influence of EDCs on the increased risk of ADHD, autistic behaviours, and 

anxiety has been confirmed in relation to PAHs, BPA, and phthalates, with this dependency 

being markedly more pronounced in boys [20]. PAHs and phthalates are dangerous primarily 

during foetal exposure, whereas BPA also poses risks postnatally [20]. Foetal BPA exposure 

results in negative consequences almost exclusively in male offspring [34]. 

The influence of EDCs on thyroid hormonal function is probable but remains inconclusive; 

while biological mechanisms suggest disruption, human studies are often contradictory or dose-

dependent. Triclosan is reported to cause a decrease in T3/T4 and an increase in TSH, an effect 

stronger in women [21]. In contrast, prenatal exposure to bisphenols leads to a decrease in TSH 

[31, 40], and high doses result in decreased T3 in offspring [40]. For hormonal functions of 

organs other than the thyroid, there is a lack of meta-analyses and systematic reviews. 

The impact of EDCs on metabolic health is evident, although the level of confirmation varies 

by substance and research area. A common phenomenon is strong sexual dimorphism in 

response to exposure. Effects are confirmed for PCBs (diabetes, hypertriglyceridemia) and 

dioxins (the latter being presumptive due to limited sources) [29]. Phthalates and bisphenols 

are linked to an increased risk of metabolic syndrome and abdominal obesity: in girls, a 

correlation exists between BPA/BP3 and BMI, while boys show sensitivity to parabens, PBDEs, 

and bisphenols (specifically regarding abdominal obesity) [25, 26]. Conversely, PFAS 

exposure leads to either a decrease in BMI (up to age 3) or weight gain and disturbances in 

resting metabolic rate (RMR) in adults. Susceptibility is sex-dominant for girls (PFBA, PFBS) 

and boys (PFNA), with women also being more susceptible to RMR disturbances [23, 32, 41]. 

PFAS exposure increases the risk of diabetes and microangiopathy without showing a stronger 

influence in either sex [38]. 

Finally, a weak association exists between exposure to selected phthalates (MBzP, MEOHP, 

MCNP) and a reduction in lung functional parameters (FEV1, FVC, FEF25-75, PEF). Although 
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this association is clinically non-significant regarding acute symptoms, it may have significant 

implications for cumulative lifelong exposure. Men demonstrate greater susceptibility in this 

regard [30]. 

 

Integrative Pathophysiological Mechanisms of EDC Action 

The transition from environmental exposure to clinically observable pathology is driven by a 

complex, multi-layered network of biological mechanisms. Central to these effects is the 

capacity of Endocrine Disrupting Chemicals (EDCs) to act as molecular mimics or antagonists, 

primarily targeting the hypothalamic-pituitary-gonadal (HPG) and thyroid (HPT) axes, thereby 

disrupting hormonal homeostasis and steroidogenesis. Beyond classical endocrine signalling, 

EDCs exert significant cellular toxicity through the induction of oxidative stress and reactive 

oxygen species (ROS), which results in DNA fragmentation, epigenetic modifications, and the 

triggering of pro-inflammatory pathways such as NF-κ/β and p38 MAPK. Furthermore, 

metabolic dysregulation is facilitated through the activation of nuclear receptors (e.g., PPARγ) 

and the impairment of mitochondrial function, while neurodevelopmental impacts are 

characterized by altered neurotransmitter expression and reduced neurotrophic support. 

Collectively, these mechanisms demonstrate that EDCs do not merely interfere with isolated 

hormonal signals but fundamentally alter intracellular signaling, genetic integrity, and 

structural barriers across multiple organ systems. 

Methodological Synthesis and Recommendations 

The evidence synthesized across these domains reveals a consistent pattern of methodological 

constraints that limit the establishment of definitive causal links between endocrine disrupting 

chemical (EDC) exposure and adverse health outcomes. A primary concern is exposure 

misclassification, arising from a reliance on subjective questionnaires or single "spot-urine" 

samples, which fail to capture the high kinetic variability and short half-lives of many non-

persistent EDCs. Furthermore, analysed publications are predominantly characterized by a 

"single-compound" focus, which neglects the "cocktail effect"—the synergistic and 

antagonistic interactions of chemical mixtures that more accurately reflect real-world 

environmental exposure. High levels of study heterogeneity, particularly regarding clinical 

diagnostic criteria (e.g., for ADHD or infertility) and environmental proxies rather than direct 

biomarkers, further dilute the statistical power of meta-analytical findings. 

To overcome these barriers, authors advocate for a fundamental shift toward standardized, 

longitudinal prospective studies that begin in early childhood or the prenatal period. Future 

research must prioritize high-frequency bio sampling and the utilization of tissue-based 

analysis to improve quantification accuracy. There is a critical need for multi-component 

exposure models that account for chemical mixtures and integrate potential confounders such 

as socioeconomic status, lifestyle factors, and co-exposure to heavy metals or particulate matter. 

Finally, researchers emphasize that fertility and metabolic health should be evaluated as shared 

units—accounting for both partners and both biological and socio-cultural gender factors—to 

provide a more holistic understanding of the anthropogenic impact on human physiology. 

 

DISCLOSURE 

Author Contributions 

Conceptualization: D. Bezara; Methodology: A. Żak; Resources: A. Adamczyk; Formal 

analysis: M. Gut, M. Ważny, J. Toporowska-Kaźmierak, A. Gancarz, M. Sowińska, M. 

Tworek; Investigation: M. Gut, M. Ważny, J. Toporowska-Kaźmierak, A. Gancarz, M. 

Sowińska, M. Tworek; Writing – original draft preparation: M. Gut, M. Ważny, J. 

Toporowska-Kaźmierak, A. Gancarz, M. Sowińska, M. Tworek; Writing – review and 

editing: D. Bezara, M. Banasik; Supervision: D. Bezara, M. Banasik. 

All authors have read and agreed to the published version of the manuscript. 



22 

Funding Statement 

This research received no external funding. 

Institutional Review Board Statement 

Not applicable. 

Informed Consent Statement 

Not applicable. 

Data Availability Statement 

Not applicable. 

Conflict of Interest 

The authors declare no conflict of interest. 

Declaration of the Use of Generative AI and AI-Assisted Technologies in the Writing 

Process 

During the preparation of this work, the authors used Gemini 3.0 Flash for the purpose of 

improving the stylistic quality of the text. After using this tool, the authors reviewed and 

edited the content as needed and take full responsibility for the substantive content of the 

publication. 

References 

1. Feijó M, Carvalho TMA, Fonseca LRS, Vaz CV, Pereira BJ, Cavaco JEB, Maia CJ, 

Duarte AP, Kiss-Toth E, Correia S, Socorro S. Endocrine-disrupting chemicals as prostate 

carcinogens. Nat Rev Urol. 2025 Sep;22(9):609-631. doi: 10.1038/s41585-025-01031-9. Epub 

2025 May 16. PMID: 40379948. 

2. Assenza MR, Gaggi G, Di Credico A, Ghinassi B, Barbagallo F. The effect of endocrine 

disruptors on the cardiovascular system: does sex matter? Environ Res. 2025 Jul 15;277:121612. 

doi: 10.1016/j.envres.2025.121612. Epub 2025 Apr 14. PMID: 40239736. 

3. Le Magueresse-Battistoni B. Adipose Tissue and Endocrine-Disrupting Chemicals: 

Does Sex Matter? Int J Environ Res Public Health. 2020 Dec 15;17(24):9403. doi: 

10.3390/ijerph17249403. PMID: 33333918; PMCID: PMC7765367. 

4. Uwamahoro C, Jo JH, Jang SI, Jung EJ, Lee WJ, Bae JW, Kwon WS. Assessing the 

Risks of Pesticide Exposure: Implications for Endocrine Disruption and Male Fertility. Int J 

Mol Sci. 2024 Jun 25;25(13):6945. doi: 10.3390/ijms25136945. PMID: 39000054; PMCID: 

PMC11241045. 

5. Xue S, Li X, Zhou S, Zhang J, Sun K, Peng X, Chen N, Dong M, Jiang T, Chen Y, Yan 

W. Effects and mechanisms of endocrine disruptor bisphenol AF on male reproductive health: 

A mini review. Ecotoxicol Environ Saf. 2024 May;276:116300. doi: 

10.1016/j.ecoenv.2024.116300. Epub 2024 Apr 6. PMID: 38583312. 

6. Maxwell DL, Petriello MC, Pilsner JR. PFAS Exposure and Male Reproductive Health: 

Implications for Sperm Epigenetics. Semin Reprod Med. 2024 Dec;42(4):288-301. doi: 

10.1055/s-0044-1801363. Epub 2025 Jan 9. PMID: 39788533; PMCID: PMC11893235. 

7. Sharpe RM. Endocrine disruption and male reproductive disorders: unanswered 

questions. Hum Reprod. 2024 Sep 1;39(9):1879-1888. doi: 10.1093/humrep/deae143. PMID: 

38926156; PMCID: PMC11373384. 

8. Holmboe SA, Beck AL, Andersson AM, Main KM, Jørgensen N, Skakkebæk NE, 

Priskorn L. The epidemiology of cryptorchidism and potential risk factors, including endocrine 

disrupting chemicals. Front Endocrinol (Lausanne). 2024 Apr 3;15:1343887. doi: 

10.3389/fendo.2024.1343887. PMID: 38633762; PMCID: PMC11021654. 

9. Lahimer M, Abou Diwan M, Montjean D, Cabry R, Bach V, Ajina M, Ben Ali H, 

Benkhalifa M, Khorsi-Cauet H. Endocrine disrupting chemicals and male fertility: from 

physiological to molecular effects. Front Public Health. 2023 Oct 10;11:1232646. doi: 

10.3389/fpubh.2023.1232646. PMID: 37886048; PMCID: PMC10598475. 



23 

10. Macedo S, Teixeira E, Gaspar TB, Boaventura P, Soares MA, Miranda-Alves L, Soares 

P. Endocrine-disrupting chemicals and endocrine neoplasia: A forty-year systematic review. 

Environ Res. 2023 Feb 1;218:114869. doi: 10.1016/j.envres.2022.114869. Epub 2022 Nov 30. 

PMID: 36460069. 

11. Martínez MÁ, Marquès M, Salas-Huetos A, Babio N, Domingo JL, Salas-Salvadó J. 

Lack of association between endocrine disrupting chemicals and male fertility: A systematic 

review and meta-analysis. Environ Res. 2023 Jan 15;217:114942. doi: 

10.1016/j.envres.2022.114942. Epub 2022 Nov 24. PMID: 36436552. 

12. Uldbjerg CS, Koch T, Lim YH, Gregersen LS, Olesen CS, Andersson AM, Frederiksen 

H, Coull BA, Hauser R, Juul A, Bräuner EV. Prenatal and postnatal exposures to endocrine 

disrupting chemicals and timing of pubertal onset in girls and boys: a systematic review and 

meta-analysis. Hum Reprod Update. 2022 Aug 25;28(5):687-716. doi: 

10.1093/humupd/dmac013. PMID: 35466359; PMCID: PMC9434240. 

13. Bräuner EV, Lim YH, Koch T, Uldbjerg CS, Gregersen LS, Pedersen MK, Frederiksen 

H, Petersen JH, Coull BA, Andersson AM, Hickey M, Skakkebæk NE, Hauser R, Juul A. 

Endocrine Disrupting Chemicals and Risk of Testicular Cancer: A Systematic Review and 

Meta-analysis. J Clin Endocrinol Metab. 2021 Nov 19;106(12):e4834-e4860. doi: 

10.1210/clinem/dgab523. PMID: 34270734; PMCID: PMC8864757. 

14. Birks L, Casas M, Garcia AM, Alexander J, Barros H, Bergström A, Bonde JP, Burdorf 

A, Costet N, Danileviciute A, Eggesbø M, Fernández MF, González-Galarzo MC; Regina 

Gražulevičienė; Hanke W, Jaddoe V, Kogevinas M, Kull I, Lertxundi A, Melaki V, Andersen 

AN, Olea N, Polanska K, Rusconi F, Santa-Marina L, Santos AC, Vrijkotte T, Zugna D, 

Nieuwenhuijsen M, Cordier S, Vrijheid M. Occupational Exposure to Endocrine-Disrupting 

Chemicals and Birth Weight and Length of Gestation: A European Meta-Analysis. Environ 

Health Perspect. 2016 Nov;124(11):1785-1793. doi: 10.1289/EHP208. Epub 2016 May 6. 

PMID: 27152464; PMCID: PMC5089886. 

15. Bonde JP, Flachs EM, Rimborg S, Glazer CH, Giwercman A, Ramlau-Hansen CH, 

Hougaard KS, Høyer BB, Hærvig KK, Petersen SB, Rylander L, Specht IO, Toft G, Bräuner 

EV. The epidemiologic evidence linking prenatal and postnatal exposure to endocrine 

disrupting chemicals with male reproductive disorders: a systematic review and meta-analysis. 

Hum Reprod Update. 2016 Dec;23(1):104-125. doi: 10.1093/humupd/dmw036. Epub 2016 Sep 

21. PMID: 27655588; PMCID: PMC5155570. 

16. Wang C, Yang L, Wang S, Zhang Z, Yu Y, Wang M, Cromie M, Gao W, Wang SL. 

The classic EDCs, phthalate esters and organochlorines, in relation to abnormal sperm quality: 

a systematic review with meta-analysis. Sci Rep. 2016 Jan 25;6:19982. doi: 10.1038/srep19982. 

PMID: 26804707; PMCID: PMC4726156. 

17. Kahn LG, Harley KG, Siegel EL, Zhu Y, Factor-Litvak P, Porucznik CA, Klein-

Fedyshin M, Hipwell AE; program collaborators for Environmental Influences on Child Health 

Outcomes Program. Persistent organic pollutants and couple fecundability: a systematic review. 

Hum Reprod Update. 2021 Feb 19;27(2):339-366. doi: 10.1093/humupd/dmaa037. PMID: 

33147335; PMCID: PMC7903116. 

18. Hipwell AE, Kahn LG, Factor-Litvak P, Porucznik CA, Siegel EL, Fichorova RN, 

Hamman RF, Klein-Fedyshin M, Harley KG; program collaborators for Environmental 

influences on Child Health Outcomes. Exposure to non-persistent chemicals in consumer 

products and fecundability: a systematic review. Hum Reprod Update. 2019 Jan 1;25(1):51-71. 

doi: 10.1093/humupd/dmy032. PMID: 30307509; PMCID: PMC6295794. 

19. Messina M, Mejia SB, Cassidy A, Duncan A, Kurzer M, Nagato C, Ronis M, Rowland 

I, Sievenpiper J, Barnes S. Neither soyfoods nor isoflavones warrant classification as endocrine 

disruptors: a technical review of the observational and clinical data. Crit Rev Food Sci Nutr. 



24 

2022;62(21):5824-5885. doi: 10.1080/10408398.2021.1895054. Epub 2021 Mar 27. PMID: 

33775173. 

20. Xu Y, Xu J, Aris AZ, Peng C, Pan K, Wang C, Zeng Y, Yu J. The association between 

environmental endocrine disruptors and the risk of attention deficit and hyperactivity disorder 

in children: A systematic review and meta-analysis. Ecotoxicol Environ Saf. 2025 Sep 

15;303:118845. doi: 10.1016/j.ecoenv.2025.118845. Epub 2025 Aug 12. PMID: 40803269. 

21. Homburg M, Rasmussen ÅK, Ramhøj L, Feldt-Rasmussen U. The Influence of 

Triclosan on the Thyroid Hormone System in Humans - A Systematic Review. Front 

Endocrinol (Lausanne). 2022 Jun 2;13:883827. doi: 10.3389/fendo.2022.883827. PMID: 

35721761; PMCID: PMC9202756. 

22. Carré J, Gatimel N, Moreau J, Parinaud J, Léandri R. Does air pollution play a role in 

infertility?: a systematic review. Environ Health. 2017 Jul 28;16(1):82. doi: 10.1186/s12940-

017-0291-8. PMID: 28754128; PMCID: PMC5534122. 

23. Frigerio G, Ferrari CM, Fustinoni S. Prenatal and childhood exposure to per-

/polyfluoroalkyl substances (PFASs) and its associations with childhood overweight and/or 

obesity: a systematic review with meta-analyses. Environ Health. 2023 Aug 14;22(1):56. doi: 

10.1186/s12940-023-01006-6. PMID: 37580798; PMCID: PMC10424367. 

24. Moghazy M, Papathanasiou M, Tzoupis H, Papavasileiou KD, Xing C, Lauschke VM, 

Afantitis A, Melagraki G. A Systematic Literature Review of Reproductive Toxicological 

Studies on Phthalates. Int J Mol Sci. 2025 Sep 9;26(18):8761. doi: 10.3390/ijms26188761. 

PMID: 41009332; PMCID: PMC12469734. 

25. Mérida DM, Moreno-Franco B, Marquès M, León-Latre M, Laclaustra M, Guallar-

Castillón P. Phthalate exposure and the metabolic syndrome: A systematic review and meta-

analysis. Environ Pollut. 2023 Sep 15;333:121957. doi: 10.1016/j.envpol.2023.121957. Epub 

2023 Jun 14. PMID: 37328121. 

26. D'Archivio M, Coppola L, Masella R, Tammaro A, La Rocca C. Sex and Gender 

Differences on the Impact of Metabolism-Disrupting Chemicals on Obesity: A Systematic 

Review. Nutrients. 2024 Jan 5;16(2):181. doi: 10.3390/nu16020181. PMID: 38257074; 

PMCID: PMC10818535. 

27. Balise VD, Meng CX, Cornelius-Green JN, Kassotis CD, Kennedy R, Nagel SC. 

Systematic review of the association between oil and natural gas extraction processes and 

human reproduction. Fertil Steril. 2016 Sep 15;106(4):795-819. doi: 

10.1016/j.fertnstert.2016.07.1099. Epub 2016 Aug 25. PMID: 27568524; PMCID: 

PMC7528095. 

28. Yang X, Yu J, Yao H, Sun H, Li F, Xu J. Association between pesticide exposure and 

thyroid cancer: A systematic review and meta-analysis. Ecotoxicol Environ Saf. 2025 Nov 

1;306:119282. doi: 10.1016/j.ecoenv.2025.119282. Epub 2025 Oct 27. PMID: 41151286. 

29. Mohd Efendy Goon MD, Zulkifli S, Abdullah Soheimi SS, Ab Rahim S, Abd Latip N, 

Hashim N, Kerisnan ND, E M Yahaya NK, Mohamed A, Sheikh Abdul Kadir SH. Association 

between polychlorinated biphenyl (PCB) and dioxin with metabolic syndrome (METS): a 

systematic review and meta-analysis. Sci Rep. 2024 Aug 2;14(1):17941. doi: 10.1038/s41598-

024-68369-9. PMID: 39095444; PMCID: PMC11297331. 

30. Boissiere-O'Neill T, Lee WR, Blake TL, Sly PD, Vilcins D. Exposure to endocrine-

disrupting plasticisers and lung function in children and adolescents: A systematic review and 

meta-analysis. Environ Res. 2024 Feb 15;243:117751. doi: 10.1016/j.envres.2023.117751. 

Epub 2023 Dec 5. PMID: 38061586. 

31. Koutaki D, Paltoglou G, Vourdoumpa A, Charmandari E. The Impact of Bisphenol A 

on Thyroid Function in Neonates and Children: A Systematic Review of the Literature. 

Nutrients. 2021 Dec 30;14(1):168. doi: 10.3390/nu14010168. PMID: 35011041; PMCID: 

PMC8746969. 



25 

32. Cardenas A, Hauser R, Gold DR, Kleinman KP, Hivert MF, Fleisch AF, Lin PD, Calafat 

AM, Webster TF, Horton ES, Oken E. Association of Perfluoroalkyl and Polyfluoroalkyl 

Substances With Adiposity. JAMA Netw Open. 2018 Aug 3;1(4):e181493. doi: 

10.1001/jamanetworkopen.2018.1493. PMID: 30646133; PMCID: PMC6324277. 

33. Hamed MA, Akhigbe TM, Adeogun AE, Adesoye OB, Akhigbe RE. Impact of 

organophosphate pesticides exposure on human semen parameters and testosterone: a 

systematic review and meta-analysis. Front Endocrinol (Lausanne). 2023 Oct 24;14:1227836. 

doi: 10.3389/fendo.2023.1227836. PMID: 37964951; PMCID: PMC10641273. 

34. Isa CPM, Schmidt GB, Jesus RG, Sturmer J, Castilhos JP, Chapochnicoff LR, Dornelles 

VC, Hentschke MR, Petracco A, Badalotti M. Bisphenol A and human fertility: a systematic 

review. JBRA Assist Reprod. 2025 Dec 10;29(4):806-811. doi: 10.5935/1518-0557.20250029. 

PMID: 40986713; PMCID: PMC12694960. 

35. Checa Vizcaíno MA, González-Comadran M, Jacquemin B. Outdoor air pollution and 

human infertility: a systematic review. Fertil Steril. 2016 Sep 15;106(4):897-904.e1. doi: 

10.1016/j.fertnstert.2016.07.1110. Epub 2016 Aug 8. PMID: 27513553. 

36. Szumilas K, Szumilas P, Grzywacz A, Wilk A. The Effects of E-Cigarette Vapor 

Components on the Morphology and Function of the Male and Female Reproductive Systems: 

A Systematic Review. Int J Environ Res Public Health. 2020 Aug 24;17(17):6152. doi: 

10.3390/ijerph17176152. PMID: 32847119; PMCID: PMC7504689. 

37. Cocuzza M, Esteves SC. Shedding light on the controversy surrounding the temporal 

decline in human sperm counts: a systematic review. ScientificWorldJournal. 2014 Feb 

2;2014:365691. doi: 10.1155/2014/365691. PMID: 24672311; PMCID: PMC3929517. 

38. Cardenas A, Hivert MF, Gold DR, Hauser R, Kleinman KP, Lin PD, Fleisch AF, Calafat 

AM, Ye X, Webster TF, Horton ES, Oken E. Associations of Perfluoroalkyl and 

Polyfluoroalkyl Substances With Incident Diabetes and Microvascular Disease. Diabetes Care. 

2019 Sep;42(9):1824-1832. doi: 10.2337/dc18-2254. Epub 2019 Jul 11. PMID: 31296647; 

PMCID: PMC6702604. 

39. Carmichael SL, Yang W, Roberts EM, Kegley SE, Wolff C, Guo L, Lammer EJ, English 

P, Shaw GM. Hypospadias and residential proximity to pesticide applications. Pediatrics. 2013 

Nov;132(5):e1216-26. doi: 10.1542/peds.2013-1429. Epub 2013 Oct 28. PMID: 24167181; 

PMCID: PMC3813401. 

40. Liu J, Tian M, Qin H, Chen D, Mzava SM, Wang X, Bigambo FM. Maternal bisphenols 

exposure and thyroid function in children: a systematic review and meta-analysis. Front 

Endocrinol (Lausanne). 2024 Jul 1;15:1420540. doi: 10.3389/fendo.2024.1420540. PMID: 

39010904; PMCID: PMC11246848. 

41. Liu G, Dhana K, Furtado JD, Rood J, Zong G, Liang L, Qi L, Bray GA, DeJonge L, 

Coull B, Grandjean P, Sun Q. Perfluoroalkyl substances and changes in body weight and resting 

metabolic rate in response to weight-loss diets: A prospective study. PLoS Med. 2018 Feb 

13;15(2):e1002502. doi: 10.1371/journal.pmed.1002502. PMID: 29438414; PMCID: 

PMC5810983. 

42. Adisa VI, Ashonibare PJ, Adegbola CA, Akhigbe TM, Kolawole OR, Omole IA, Fidelis 

FB, Adeogun AE, Oluwole RP, Akorede BA, Ogunkola BD, Adekunle AO, Hassan SA, Mansur 

SS, Ajeigbe SB, Oyedokun PA, Ashonibare VJ, Adelowo OE, Oyesetan RI, Oladipo AA, 

Akhigbe RE. Lead exposure is associated with increased lead bioaccumulation and a decline in 

semen quality: a systematic review and meta-analysis. JBRA Assist Reprod. 2025 Dec 

10;29(4):764-782. doi: 10.5935/1518-0557.20250163. PMID: 41370422; PMCID: 

PMC12695014. 

43. Dunder L, Lejonklou MH, Lind PM, Lind L. Urinary bisphenol A and serum lipids: a 

meta-analysis of six NHANES examination cycles (2003-2014). J Epidemiol Community 



26 

Health. 2019 Nov;73(11):1012-1019. doi: 10.1136/jech-2019-212555. Epub 2019 Sep 24. 

PMID: 31551308; PMCID: PMC6877710. 

44. Govarts E, Nieuwenhuijsen M, Schoeters G, Ballester F, Bloemen K, de Boer M, 

Chevrier C, Eggesbø M, Guxens M, Krämer U, Legler J, Martínez D, Palkovicova L, Patelarou 

E, Ranft U, Rautio A, Petersen MS, Slama R, Stigum H, Toft G, Trnovec T, Vandentorren S, 

Weihe P, Kuperus NW, Wilhelm M, Wittsiepe J, Bonde JP; OBELIX; ENRIECO. Birth weight 

and prenatal exposure to polychlorinated biphenyls (PCBs) and 

dichlorodiphenyldichloroethylene (DDE): a meta-analysis within 12 European Birth Cohorts. 

Environ Health Perspect. 2012 Feb;120(2):162-70. doi: 10.1289/ehp.1103767. Epub 2011 Oct 

13. PMID: 21997443; PMCID: PMC3279442. 

 


