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Plastics have transformed health care.



Plastics have transformed the world.
2 million tons produced each year in 1950s

Today: 400 million tons produced each year

Growing demand from emerging economies

Of the virgin plastics produced globally in 2020, 52% produced in Asia 
(32% in China), followed by North America (19%), Europe (17%), the 
Middle East and Africa (7%), and Latin America (4%)
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Plastics have created a crisis.
• Ecosystem effects

• Climate change

• Chemicals and human health

Footer can go here4



Wagner et al (2024)



Winning isn’t everything; it’s the only thing.
 

– UCLA Coach Henry Russell Sanders 
(not Vince Lombardi)
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The endocrine system isn’t everything; it’s the only 
thing.
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What are endocrine disrupting chemicals?

Endocrine disrupting chemicals 
(EDCs) interfere with hormonal 
signaling systems

• 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 





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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This is mainstream science.



Plastics are a crucial source of EDCs

Bisphenols (polycarbonate plastics, aluminum can linings)

Phthalates (food packaging)

Per- and polyfluoroalkyl substances (PFAS, nonstick cooking and 
fluoropolymer plastics)

Brominated and organophosphorus flame retardants (additives to 
reduced flammability)

Burning plastics  dioxins



Endocrine disruption and the developing 
brain
Thyroid hormone has long been known to be critical to early brain 
development

• Predictable outcomes of its disruption: IQ deficits, autism spectrum 
disorder (ASD), and attention-deficit hyperactivity disorder (ADHD).

• Brominated flame retardants have chemical structure similar to thyroid 
hormone itself (may directly inhibit its function and reduce its 
production)

 



Brominated flame retardants

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), despite modest sample size with few detectable 
PBDE levels, showed substantial directionality towards cognitive and 
motor dysfunction at age 4. 

Gascon et al Environment International 2011
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Reductions in total gray matter explain lower 
IQs due to phthalates

Ghassabian et al Mol 
Psychiatry. 2023 Nov; 
28(11): 4814–4822.



Chemical exposure and thyroid function in 
pregnancy
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Models were adjusted for age, educational levels, race and ethnicity, parity, insurance type, environmental exposure to tobacco, 
depressive symptoms, and gestational age at the time of thyroid measurement

Free T4 (ng/dL) Total T4 (ng/dL) Free T4/Free T3 (pg/mL) TSH (mU/L) TSH/Free T4 (ng/dL)
beta [95% CI] beta [95% CI] beta [95% CI] beta [95% CI] OR [95% CI]

∑Bisphenols -0.01 [-0.02, 0.00] -0.16 [-0.32, -0.00]* 0.00 [-0.00, 0.00] 0.05 [-0.03, 0.13] 0.06 [-0.03, 0.14]
OP pesticides ∑DM 0.01 [-0.01, 0.02] 0.12 [-0.06, 0.29] 0.00 [-0.00, 0.01] -0.08 [-0.16, 0.01] -0.12 [-0.23, -0.01]*

OP pesticides ∑DE 0.01 [-0.01, 0.02] 0.06 [-0.12, 0.23] 0.00 [-0.00, 0.01] -0.08 [-0.16, 0.01] -0.13 [-0.24, -0.02]*

OP pesticides ∑DAP 0.01 [-0.01, 0.02] 0.14 [-0.04, 0.31] 0.01 [0.00, 0.01]* -0.09 [-0.18, -0.00]* -0.15 [-0.26, -0.04]*

∑PAHs -0.01 [-0.02, 0.01] 0.04 [-0.14, 0.22] 0.00 [-0.01, 0.01] -0.03 [-0.12, 0.06] -0.03 [-0.14, 0.09]

Phthalates ∑LMW -0.01 [-0.02, 0.00] -0.08 [-0.24, 0.08] -0.00 [-0.01, 0.00] -0.01 [-0.09, 0.07] -0.02 [-0.11, 0.06]

Phthalates ∑HMW -0.02 [-0.03, -0.00]* -0.22 [-0.38, -0.06]* -0.00 [-0.01, 0.00] -0.01 [-0.09, 0.06] 0.00 [-0.08, 0.09]

Phthalates ∑DEHP -0.02 [-0.03, -0.01]* -0.32 [-0.48, -0.16]* -0.00 [-0.01, 0.00] -0.04 [-0.11, 0.04] -0.01 [-0.10, 0.08]

Phthalates ∑DnOP -0.02 [-0.03, -0.00]* -0.23 [-0.39, -0.08]* -0.00 [-0.01, 0.00] 0.07 [-0.01, 0.15] 0.09 [0.01, 0.18]*

Phthalates ∑DiNP -0.00 [-0.02, 0.01] -0.03 [-0.19, 0.12] -0.00 [-0.01, 0.00] 0.03 [-0.04, 0.11] 0.05 [-0.04, 0.13]



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

Trasande et al Lancet Planet Health
. 2024 Feb;8(2):e74-e85. doi: 10.1016/S2542-5196(23)00270-X.



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.

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



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.

Some opposite (beneficial) sexually-dimorphic effects (Sol et al Env Int 
2020)

Footer can go here19



Plastics: Diabetes Impact
Recent Meta-Analyses:

• Bisphenol A: OR of 1.28 (95%CI: 1.14-1.44) for T2DM among 
those with highest vs. lowest exposure. (Hwang et al., BMC Endo Dis, 
2018)

• Phthalates: OR of 2.15 (95%CI: 1.18-4.85) for diabetes for the 
summation of DEHP metabolites. (Zhang et al., Environ Res, 2022)

• PFAS: OR of 1.10 (95%CI: 1.01-1.19) for GDM. (Yao et al., Chemosphere, 
2023)

• PBDE: OR of 1.32 (95%CI: 1.15-1.53) for GDM. (Yan et al., Environ Health, 
2022)

• Dioxins: OR of 1.91 (95%CI: 1.44-2.54) for T2DM. (Song et al., J 
Diabetes, 2016)



PFAS and Breast Cancer

Chang CJ et al. Exposure to per- and polyfluoroalkyl substances and 
breast cancer risk: a systematic review and meta-analysis of 
epidemiologic studies. AJE 2024



Widely detected in human samples to date

One study of adults and kids found polyethylene and polycarbonate 
microplastics in most (PET) or all (PC) adult stool samples but at 
concentrations an order of magnitude lower than in infants for PET MPs 
(<LOQ–16,000 ng/g, median, 2600 ng/g). 

The estimated mean daily exposures from the diet of infants to PET and PC 
MPs were 83,000 and 860 ng/kg body weight per day, respectively, which 
were significantly higher than those of adults (PET: 5800 ng/kg-bw/day; PC: 
200 ng/kg-bw/d). 
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Microplastics in humans



23

Plasticenta

Ragusa et al 2021 
Jan:146:106274. doi: 
10.1016/j.envint.2020.106274. Ep
ub 2020 Dec 2. 



Early findings raise serious 
concerns

Cautions

Particle size
Assays not harmonized yet
Chemicals on lining of microplastics 

may vary

Footer can go here24

What do we know about microplastics and human 
health?



BPA  cardiovascular mortality

BPA associated with:
• increased carotid intima-media thickness of 12-30 and >70 year 

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

• BPA associated with 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
Bao et al JAMA Network Open 2020



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

Footer can go here26

Phthalates  cardiovascular mortality



PFAS restrict fetal growth and increase childhood 
obesity
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 PFOA

Steenland et al Epidemiology 2018

A later study including newer cohorts from the ECHO consortium still 
confirmed the findings, with multiple PFAS associated with lower 
birthweight-for-gestational-age Z-score, and a failure of perceived stress 
to modify the observed associations.

Padula et al EHP 2024

Meta-analysis of 10 studies: 25% increase in childhood overweight 
and 0.10 unit increase in BMI z-score per ng/mL PFOA in maternal 
blood

Liu et al 2018



PFAS contribute to adult weight gain/diabetes

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



EDCs in plastic reduce fertility

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)
• Shortened adult AGD is associated with reduced semen quality 

and testosterone level
Swan et al EHP 2005, Bornehag et al EHP 2014

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



What is the burden of disease burden and are 
the health costs due to plastics?
Expert panels identified conditions where the evidence is strongest 
for causation due to EDCs

• 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 IPCC approach to integrate epidemiology and toxicology 
evidence and estimate probability of causation

Trasande et al J Clin Endo Metab 2015





Attina et al Lancet Diab Endo 2016



How much disease burden 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 here33

• 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



Global costs of plastics

Likely similar as industrializing nations become predominant 
consumers and producers of chemicals as expected by OECD by 
2030

Data from 70 countries suggest exposure to PFOA 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



Reduce, reuse or recycle?
Recycled plastics themselves present health 
threats.

Recycling itself is energy intensive and more 
expensive than creating plastic from fossil 
fuels.

Recycled polyethylene plastic bottles also have 
been identified to contain higher levels of 
bisphenols, phthalates and metals than 
newly-produced bottles due to cross-
contamination during disposal, collection and 
reprocessing.

Footer can go here35



Plant- and other bio-based plastics have also been 
touted as a planet-friendly alternative and form of 
sustainable innovation.  

However, they require high temperature to be 
recycled, and when the high costs force bioplastics 
into landfills, they produce methane, which is more 
potent than carbon dioxide in driving climate change.
  
Laboratory studies also suggest greater oxidative 
stress and antiandrogenicity of chemicals found in 
liquids obtained from bioplastic bottles.
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Bioplastics?



Independent science tells us that we need to:

Reduce plastic production

Recognize hazards posed by recycling and use of bioplastics

Uses hazard rather than risk to evaluate and remove endocrine disrupting chemicals from 
plastic

Expand biomonitoring globally

Establish an independent scientific body to evaluate hazards of endocrine disrupting 
chemicals
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Summary

There is clear and extensive evidence of the 
human health impacts of many chemicals in 
common plastics.

This isn’t solely a waste problem – it’s a use 
problem.  Exposures will continue to 
increase unless reductions in production and 
consumption are achieved (complemented 
by needed increases in recycling).

We need to pivot to essentiality rather than 
circularity.



Thank you
leotrasande.com

leonardo.trasande@nyulangone.org
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