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What are endocrine disrupting chemicals?

• Endocrine disrupting chemicals (EDCs) 
interfere with hormonal signaling systems

• We now know of >1,000 synthetic chemicals 
that can disrupt hormonal functions and 
thereby contribute to disease and disability

• Mimic, block, or modulate the synthesis, 
release, transport, metabolism, binding, or 
elimination of natural hormones

• Brain, pituitary, gonads, thyroid, and other 
components of the endocrine system 
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Response to WHO/UNEP Report

WHO/UNEP report (2012) “welcomed” by all 

participant countries at 2015 Strategic Alliance for 

International Chemicals Management
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Mainstream recognition



Endocrine disruption and the developing brain

• Thyroid hormone has long been known to be critical to early brain development

• Predictable outcomes of its disruption include global IQ deficits, as well as neurodevelopmental 

disabilities such as autism spectrum disorder (ASD), and attention-deficit hyperactivity disorder 

(ADHD).

•  Interference with sex steroid and other hormonal modes of action may also adversely 

impair early brain development.
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• Consistent dose/response relationships of organophosphate pesticide exposures in 

pregnancy with intellectual quotient across three carefully conducted longitudinal birth 

cohorts

Bouchard et al EHP 2011; Engel et al EHP 2011; Chen et al 2015

• Prenatal OP exposure has been associated with magnetic resonance imaging findings in 

children including frontal and parietal cortical thinning

Rauh et al PNAS 2012
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Organophosphorus pesticides



• Polybrominated diphenyl ethers (PBDE) required for flammability standard from 1970s until 2013 

(California law TB-117)

• Not required in EU, banned there in 2008

• Four well-designed longitudinal birth cohorts have examined PBDE effects on child neurodevelopment

• Three (all US) identified consistent, exposure-response relationships with IQ, with carefully 

collected data on many potential confounders.

Chen et al EHP 2014; Eskenazi et al EHP 2013; Herbstman et al EHP 2010

• Fourth (from Spain), suffered from modest sample size, with few detectable PBDE levels, though 

this study showed substantial directionality towards cognitive and motor dysfunction at age 4.

• IQ was not measured

• Exposure levels in the US are much higher than in the EU. 

Gascon et al Environment International 2011
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Brominated flame retardants
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Environmental chemicals and endocrine mechanisms 
for adiposity and insulin resistance



Bisphenols

• Used in polycarbonate plastics and epoxy resins (aluminum cans, thermal paper 

receipts)

• Bisphenol A disrupts multiple metabolic mechanisms, at levels commonly seen in 

humans

• Increases fat cell size, disrupts adiponectin function and low-grade synthetic estrogen

• As concern has increased, ~40 chemically similar replacements now in use: bisphenol S 

(BPS), BPF, BPAF, BPZ, BPP…

• BPS: similar estrogenicity, embryotoxicity (potentially others)
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Masuno et al. J Lipid Res. 2002;43(5):676-684; Sakurai K et al. Br J Pharmacol. 

2004;141(2):209-214;



Phthalates

Low-molecular weight (LMW) phthalates used in shampoos, cosmetics, lotions and other 
personal care products to preserve scent

• Anti-androgenic properties (reduced transcription of the androgen receptor)

High molecular weight (HMW) phthalates used to produce vinyl plastic for flooring, clear 
food wrap and intravenous tubing.

• Mono-(2-ethylhexyl) phthalate (MEHP), a metabolite of one HMW phthalate used in 
food packaging, di-2-ethylhexylphthalate (DEHP), increases expression of receptors 
which play key roles in lipid and carbohydrate metabolism 
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Bornehag and Nanberg 2010; Colon et al. 2000; Engel et al. 2010; Miodovnik et al. 2011; Sathyanarayana 2008; Swan 

2008; Swan et al. 2005; Desvergne et al. 2009, Grun and Blumberg 2007, Philips et al Repro Tox 2019



• Pregnancy-averaged phthalic acid (PA, end metabolite of all phthalates; -0.08 SD: 

95% CI -0.14, -0.02) and LMW (-0.09 SD: 95% CI -0.16, -0.02): lower fetal weight 

through 40 weeks postpartum.

• Pregnancy-averaged MEOHP (DEHP metabolite): increased risk of preterm birth (OR 

1.43; 95% CI: 1.03-1.97)

• Prenatal phthalate exposures: largely null for body mass outcomes at ages 6 and 10.

• Pregnancy averaged total bisphenol: lower BMI (0.10, 95% CI: -0.17, -0.03) at 10, 

associations stronger in girls, significant after multiple testing correction.

• First trimester BPS: decreased bone mineral density (6.13 mg/cm2; 95% CI: -10.02, -

2.23) and content (0.12 g, 95% CI: -0.20, -0.04) at age 10 (no sex specific differences, 

endured multiple testing). (van Zwol-Janssens et al Env Res 2020)

13

Phthalates and bisphenols in Generation R First: fetal 
and postnatal growth



• 5006 mother–child dyads from 13 cohorts in the ECHO Program

• Phthalic acid, diisodecyl phthalate (DiDP), di-n-octyl phthalate (DnOP), and diisononyl 

phthalate (DiNP) were most strongly associated with gestational age, birth length, and 

birthweight, especially compared with DEHP or other metabolite groupings. 

• Although DEHP was associated with preterm birth (odds ratio 1·45 [95% CI 1·05–2·01]), 

the risks per log10 increase were higher for phthalic acid (2·71 [1·91–3·83]), DiNP (2·25 

[1·67–3·00]), DiDP (1·69 [1·25–2·28]), and DnOP (2·90 [1·96–4·23]). 

• We estimated 56 595 (sensitivity analyses 24 003–120 116) phthalate-attributable 

preterm birth cases in 2018 with associated costs of US$3·84 billion (sensitivity analysis 

1·63– 8·14 billion).
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Phthalates and preterm birth: NIH ECHO Program

Trasande et al Lancet Planet Health

. 2024 Feb;8(2):e74-e85. doi: 10.1016/S2542-5196(23)00270-X.



Phthalates and bisphenols in Generation R First: fat 
mass, insulin resistance and BP

• First trimester PA: 0.13 (95% CI: 0.04, 0.21) SD deviation score increase in pericardial fat 
index (stronger among boys, significant after multiple comparison). (Sol et al Int J Obesity 
2020)

• Second trimester maternal urine total bisphenol and BPA: higher systolic BP (0.13; 95% CI 
0.03, 0.23 and 0.14; 95% CI 0.04; 0.23) among boys.

• Third trimester PA: 0.20 (95% CI 0.07, 0.34) SD higher triglycerides among boys at age 10. 
(Sol et al Env Int 2020)

• Some opposite (beneficial) sexually-dimorphic effects:

• Second trimester maternal HMW and DEHP: (0.19; 95% CI 0.31-0.07 and 0.18; 95% CI 
0.31-0.06) lower glucose concentration among boys. 

• Third trimester BPF: lower non-fasting insulin and glucose concentrations (-0.22; 95% CI -
0.35, -0.09 and 0.19; 95% CI 0.32; 0.05) among boys. (Sol et al Env Int 2020)
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• Low T either predictor of or marker of cardiovascular mortality in adult men

• High molecular weight phthalates were associated with lower total, free, and bioavailable 

testosterone among men age ≥60.

• Attina et al Lancet Diab Endo 2016; Hauser et al JCEM 2015

Cardiovascular mortality was significantly increased in relation to a prominent DEHP 

metabolite, mono-(2-ethyl-5-oxohexyl)phthalate.

• Extrapolating to the population of 55-64 year old Americans, 50,200 attributable deaths 

and $23.4 billion in lost economic productivity.

Trasande et al Env Pollution 2021
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Phthalates → cardiovascular mortality



BPA associated with:

• Reduced carotid intima-media thickness of 12-30 and >70 year 
olds

Lin et al Atherosclerosis 2015, Lind et al Atherosclerosis 2011)

• Severity of coronary artery disease in angiography

Melzer et al PLOS One 2012

• Reduced heart rate variability in adults

Bae et al Hypertension 2012

• All-cause mortality, and cardiovascular disease mortality

Bisphenols → cardiovascular mortality

Bao et al JAMA Network Open 2020

Ranciere et al EHP 2019



Synthetic organic fluorinated compounds with high stability and thermal resistance

Detectable in blood of  >98% of the US population.

Food packaging is a major route of exposure (nonstick cooking, microwaveable popcorn bags)

Meta-analysis of 24 studies: −10·5 g (95% CI: −16·7, −4·4) birth weight per ng/ml increase in maternal or 

cord blood PFAS

Steenland et al Epidemiology 2018
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Per- and polyfluoroalkyl substances (PFAS)



Diabetes Prevention Program lifestyle intervention trial:

• Total PFAS were associated with increased weight gain exclusively among the control group.

Cardenas et al 2018

Follow-up of the successful POUNDS LOST trial:

• Perfluorooctane sulfonate (PFOS) and perfluorononanoic acid (PFNA), were associated with 

reductions in resting metabolic rate.

Liu et al 2018

PIVUS (Sweden), Nurses (US), DPPOS (US):

• PFAS associated with incident diabetes

Cardenas et al 2019, Sun et al 2018, Lind et al 2014
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PFAS and adult weight gain/diabetes



• Fertility is a condition of a couple, where reproductive health of both sexes plays a role

Louis et al 2013

• Fetal exposure to phthalates with reduced infant anogenital distance (AGD)

Swan et al EHP 2005, Bornehag et al EHP 2014

• Shortened adult AGD is associated with reduced semen quality and testosterone level

• Multiple studies have identified reduced male fertility and poor semen quality with 

multiple EDCs, including phthalates, bisphenol A, and polyfluorinated chemicals

Juul et al Nat Rev Endo 2014
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Endocrine disruption and fertility



What is the burden of disease 
burden and are the health costs 
due to EDCs?

• Expert panels identified conditions where 

the evidence is strongest for causation

• Developed ranges for fractions of disease 

burden that can be attributed for EDCs

• Adapted GRADE Working Group and WHO 

criteria for evaluating epidemiologic evidence

• Adapted Danish EPA criteria for evaluating 

toxicology evidence

• Adapted IPCC approach to integrate 

epidemiology and toxicology evidence and 

estimate probability of causation
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Fewer than 5% of EDCs

Subset of diseases due to EDCs selected

Subset of costs due to conditions examined

Severe underestimate of total costs



• Costs in US higher than EU

• Largely due to PBDE legacy

• Lower costs due to pesticides in US

• Thanks to the Food Quality Protection Act!
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Policies predict exposure.

Exposure contributes to disease.

Disease affects us all.



PFAS disease burden and costs

PFAS-attributable disease costs in the US: $5.52-62.6 billion/year across 13 conditions

Data from 70 countries suggest exposure to PFAS contributed to approximately 461,635 (95% CI: 

57,418-854,645) cases per year of LBW during the past two decades, predominantly from Asian 

regions.

Fan et al ES&T 2022

Obsekov et al Exposure and Health 2022

• LBW due to prenatal exposure

• childhood obesity due to prenatal exposure

• kidney cancer due to lifetime exposure

• testicular cancer due to lifetime exposure

• hypothyroidism in females due to lifetime 

exposure

• adult obesity due to exposure over the lifespan

• T2D in females due to exposure over the lifespan

• GDM due to exposure measured in pregnancy

• endometriosis due to exposure over the lifespan

• PCOS due to exposure over the lifespan

• couple infertility due to lifetime exposure in 

females

• female breast cancer due to lifetime exposure, 

and

• pneumonia in children due to prenatal exposure



How much of the disease burden 
due to EDCs is related to plastic?

• 97.5% for bisphenol A (96.25-98.75% for 

sensitivity analysis)

• 98% (96%-99%) for di-2-

ethylhexylphthalate

• 100% (71%-100%) for butyl phthalates and 

benzyl phthalates, 

• 98% (97%-99%) for PBDE-47

• 93% (16%-96%) for PFAS

Footer can go here24

• In total, we estimate $249 billion (sensitivity analysis: 
$226 billion-$289 billion) in plastic-attributable disease 
burden in 2018. 

• The majority of these costs arose as a result of PBDE 
exposure, though $66.7 billion ($64.7 billion-67.3 billion) 
was due to phthalate exposure and $22.4 billion was due 
to PFAS exposure (sensitivity analysis: $3.85-$60.1 
billion).

Trasande et al J Endo Soc 2024



• EDC exposure levels and associated burden of disease and costs higher in non-Hispanic 

Blacks ($56.8 billion; 16.5% of total costs) and Mexican Americans ($50.1 billion; 14.6%) 

compared with their proportion of the total population (12.6% and 13.5%, respectively).

• Associated costs among non-Hispanic whites comprised 52.3% of total costs ($179.8 

billion) although they comprise 66.1% of the US population.

Footer can go here25

Disparities in high-income countries



What can we do limit EDC exposures?

• Fortunately, there are safe and simple steps families can take at home to limit 

these exposures.

• We can also advocate for proactive policies that limit exposures to common dietary 

contaminants.

Footer can go here26
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Pesticide exposures are preventable in high SES 
populations…

Lu et al EHP 2006
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Organic diet intervention in Mexican-American children

• 3-6 years of age, California urban and agricultural communities

• Adjusted geometric mean concentrations were significantly lower for total 

dialkylphosphates (DAPs) and dimethyl DAPs (DMs; metabolites of OP insecticides) and 

2,4-D (2,4-dichlorophenoxyacetic acid, a herbicide), with reductions of 40%, 49%, and 

25%, respectively (p < 0.01).

…and low-resource communities as well

Bradman et al EHP 2015
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Bisphenol and phthalate exposures are preventable (also in 
high SES populations)…

Rudel et al EHP 2011



• Youth-led, community-based participatory research intervention

• 100 Latina girls using personal care products whose labels stated they did not contain 

these chemicals for 3 days 

• Urinary concentrations of monoethyl phthalate decreased by 27.4% (95% CI: –39.3, –

13.2) on average over the 3-day intervention

Footer can go here30

…and low-resource communities as well

Harley et al EHP 2016



• 15 PFAS, 8 PBDEs, and 19 organophosphorus esters (PBDE replacements) measured in 

dust from offices, common areas, and classrooms having undergone:

• no intervention (conventional rooms in older buildings meeting strict fire codes)

• full “healthier” materials interventions (rooms with “healthier” materials in buildings constructed 

more recently or gut-renovated), or

• partial interventions (other rooms with at least “healthier” foam furniture but more potential 

building contamination). 

• Rooms with full “healthier” materials interventions had 78% lower dust levels of PFAS than 

rooms with no intervention (p<0.01).

• Rooms with full “healthier” interventions also had 65% lower OPE levels in dust than rooms 

with no intervention (p<0.01) and 45% lower PBDEs than rooms with only partial 

interventions (p<0.1), adjusted for covariates related to insulation, electronics, and furniture. 

Young et al Env Int 2020

31

Household environment matters too!



Safe and simple steps to limit exposure

• Avoid canned foods.  Bisphenol A (BPA) doesn’t discriminate by the type of can – soda, 
vegetables, tuna.  Acidity is probably the biggest driver of absorption into food, but all types of 
canned food have detectable levels of BPA.

• Don’t microwave plastic containers or put them in the dishwasher.  Heat and harsh cleaning agents 
are effective at getting the chemicals out of plastic.

• Avoid plastic bottles with the numbers 3, 6 or 7. 

• If plastic bottles were meant for single use, keep them that way.  Besides, reusing them raises the 
chance of bacterial contamination.

• If plastic food containers are etched, it’s time to throw them away.  Etching increases the odds of 
leaching.

• Use stainless steel or cast iron cookware.

• Vacuum regularly with a HEPA filter and mop with a wet mop to prevent dust from accumulating.



What can we do limit EDC exposures?

• Fortunately, there are safe and simple steps families can take at home to limit these 

exposures.

• We can also advocate for proactive policies that limit exposures to common 

dietary contaminants.

33



• Testing and identifying

• Evaluating exposures

• Limiting exposures through regulation

• An International Agency for Research on EDCs
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Change is needed



• Currently available/validated tests do not cover all endocrine modes of action

• US regulations require testing for estrogen agonist activity only for pesticides and 
drinking water contaminants

• Even for estrogen and androgen signaling, validated tests too insensitive, working best for 
endogenous hormones (e.g., uterotrophic assay)

• EU ECHA/EFSA guidance document: estrogenic, androgenic, thyroid and 
steroidogenic modalities

• Sensitive assays exist to test a broader number of nuclear receptors

• Assays to examine receptor expression, hormone transport, hormone synthesis, and 
epigenetic alterations, should soon be validated for inclusion in regulatory 
requirements. 

Footer can go here35

Testing and identifying EDCs



• Two-tiered pre-market testing system to prevent regrettable substitutes and new hazards

• Tier 1: High-throughput in vitro screening methods for agonist and antagonist activities 

of a broad range of receptors (not limited to nuclear types), as well as receptor-

independent mechanisms

• Tier 2: More sensitive in vivo assays focusing on endpoints relevant to human 

diseases, and relevant critical windows

• Non-mammalian vertebrate models have great potential

Footer can go here36

Testing and identifying EDCs: a proposal



• If persist with risk based approach, need broader and stronger human biomonitoring 

platform

• Particularly to address gaps in low- and middle-income countries

• Can also inform educational campaigns about safe and simple steps to limit exposure

• Disclosure of ingredients also crucial (right-to-know)

Footer can go here37

Evaluating exposures



• For many EDCs, data are lacking to support using risk-based approaches, hampering other 
regulatory actions

• Lag from identifying new exposures to completing human studies of effects, especially for 
disease outcomes with longer latencies such as diabetes or cancers

• Non-monotonic exposure-response relationships exist for many synthetic chemicals 
including EDCs → inability to extrapolate to no adverse effect levels

• While some risk-based approaches try to account for age-related vulnerability, they falsely 
presume that the population sensitivity can be quantified a priori

• Precedents in EU: Carcinogens; Persistent, bioaccumulative and toxic; very 
bioaccumulative; EDCs (pesticides and biocides only)

Footer can go here38

Shifting to a hazard-based paradigm



• We suggest the establishment of a new international agency, or a broadening of the International Agency for Research 
on Cancer (IARC)’s scientific charge, to include endocrine disruption

• Established in 1965, IARC tasked with evaluating the evidence of carcinogenesis due to environmental hazards

• Monographs describe three streams of evidence (mechanistic, animal, and epidemiological studies)

• Autonomous body like IARC can bring together diverse experts for international collaborative reports on EDCs 
would foster global movement on regulations

• An International Agency for Research in Endocrine Disruption would further support post-2020 process of Strategic 
Alliance for International Chemicals Management

Footer can go here39

An International Agency for Research on EDCs



The role of health care providers

• The health care system itself has contributed to the EDC crisis and is part of the 

solution.

• Some polyvinylchloride and polycarbonate plastics are essential for the proper 

functioning of medical devices such as blood bags, nutrition pockets, tubing, 

umbilical venous catheters, hemodialysis equipment, newborn incubators, syringes 

and nebulizers.  

• But many uses in patient care are optional!



The role of health care providers

Fortunately, health care facilities have begun to support sustainability initiatives that 

reduce the use of chemical hazards.  

• Practice Greenhealth, a network of over 1,400 hospitals in the US, has implemented 

sustainability initiatives and climate-smart strategies in their facilities.  The network 

also includes industry partners (manufacturers, suppliers, service providers, and other 

supply chain partners).  

• Health Care without Harm supports hospital partners in recommending safer medical 

products and other materials that health care organizations and hospitals should 

adopt.
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Summary

Endocrine disruption by synthetic chemicals is costly to human health and the 

environment

Urgent needs for:

• Establishment of global biomonitoring programs

• Mandatory provision of chemical composition for marketed substances

• Inclusion of economic costs associated with EDC-related morbidities

• Hazard-based approach to regulation of EDCs

• Establishment of International Agency for Research on EDCs



Thank you

leotrasande.com

leonardo.trasande@nyulangone.org
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