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Objectives

· Define endocrine disrupting chemicals (EDCs)

· Identify potential physiologic pathways for EDCs

· Recognize how EDCs may contribute to development of 

obesity/diabetes

· Discuss strategies for preventing EDC exposures to 

benefit health and the economy



ñScientific societies such as the Endocrine Society should 

partner with other organizations with the scientific and 

medical expertise to evaluate effects of endocrine 

disrupting chemicals in humansò

Endocrine Society Statement

Diamanti-KandarisE et al.  2009.  Endocrine-Disrupting Chemicals:  An 
Endocrine Society Scientific Statement.  Endocrine Reviews  30(4):293-34



While diet and physical activity remain the leading drivers of 

obesity, dietary contaminants are increasingly recognized as 

contributors.

Obesogen hypothesis:

· Xenobiotic chemical exposure in early life can disrupt 

normal developmental and homeostatic controls over 

adipogenesis/energy balance and predispose individuals to 

gain fat mass (Grun/Blumberg 2006)

Safer alternatives and strong policy can produce health and 

economic benefits

Summary



Endocrine Disrupting Chemicals (EDCs)

An agent that interferes with 

natural hormones in the body 

responsible for the 

maintenance of reproduction, 

development, homeostasis, 

and behavior.

Transgenerational effects



Types of EDCs

Natural
ÅSoy

ÅFungal estrogens

Synthetic
ÅHormones

ÅDES

ÅPhthalates

ÅBisphenol A

ÅSome pesticides

ÅIndustrial by-products

ÅSome persistent organic 
pollutants (POPs) 



· Dose ïlow dose vs. high dose

· Timing of Exposure ïsensitive windows of vulnerability

· Half-life ïshort vs. persistent

· Biological Availability  - body storage, circulation

· Toxicity ïa standard battery of animal studies

· Genetics 

· Risk Assessment -ñSafe Doseò determined by formula 
that uses NOAEL (No Observed Adverse Effect Level) 
and multiplies by a safety factor

Toxicologic Principles



Fetal Origins of Adult Disease: 

The Barker Hypothesis

Env
Exposure



Found in all of us

MEHHP MEHP MEOHP 

MBP

DEHP

DBP





ÅMale reproductive tract 

abnormalities like smaller 

anogenital distance, smaller 

penile width, reduced testicular 

descent

ÅObesity/insulin resistance

ÅNeurodevelopmental changes in 

young children

Swan 2008, Braun 2010, Sathyanarayana 2012, Trasande 

2013, Soto 2008, Newbold 2007

Phthalates 

(DEHP/DBP) ï

anti-androgens

PPAR-Ὓ

Bisphenol A 

(BPA) ï

estrogen

ÅDevelopment of tumors in the 

breast/prostate, 

obesity/metabolism changes, 

significant impacts on 

neurodevelopment (animal 

studies, low dose)

ÅNeurodevelopmental changes in 

children and adverse 

cardiovascular outcomes in adults 

Prenatal exposure associated with:



Mechanisms

GR = Glucocortocoid

receptor

AhR = Aryl hydrocarbon 

receptor

PPAR = Peroxisome 

proliferator activated 

receptor

TR = thyroid hormone 

receptor

RXR = retinoid X receptor

PXR = Pregnane receptor



Bisphenol A ïweak estrogen

Phthalates ïanti-androgen, PPAR-Ὓ activator

PCBs/Dioxin ïAhR activator, thyroxine

Chemicals



Diethylstilbestrol

Synthetic estrogen used to prevent 
miscarriage, premature labor

1st Gen: 40x incr risk of breast cancer

2nd Gen: vaginal adenocarcinoma in 
females, hypospadias in male

3rd Gen: possible increased risk of 
ovarian cancer, hypospadias



Bisphenol A



Comprehensive, cross-sectional study of dust, indoor and 

outdoor air, and solid and liquid food in preschool age children 

suggested that dietary sources constitute 99% of BPA exposure

Short half-life, excreted rapidly

Ubiquitous exposure ïover 90% of persons exposed in 

NHANES

Banned from baby bottles and sippy cups by US Food and 

Drug Administration

Bisphenol A



Bisphenol A and Obesity

Bisphenol A and DES ïpromotes adipogenesis at LOW DOSES

DES ïsynthetic potent estrogen

Exposure in utero Ą obese offspring that continued to be obese 
with restricted caloric intake/increased exercise Ą 3rd generation 
also obese (increases in leptin, adiponectin, TG)

Bisphenol A ïweak estrogen

Alonso-Magdalena, P, S Morimoto, C Ripoll, E Fuentes and 

A Nadal. 2006. The Estrogenic Effect of Bisphenol-A Disrupts the 

Pancreatic ß-Cell Function in vivo and Induces Insulin 

Resistance.  Env. Health Perspect.

Masuno, H, T Kidani, K Sekiya, K Sakayama, T Shiosaka,

H Yamamoto and K Honda. 2002. Bisphenol A in combination 

with insulin can accelerate conversion of 3T3-L1 fibroblasts to 

adipocytes. J. Lipid Research.



Association of Urinary Bisphenol A Concentration With 

Medical Disorders and Laboratory Abnormalities in Adults

In NHANES adults, high urinary 

BPA associated with increased 

incidence of:

1. Cardiovascular diagnoses

2. Diabetes

Iain A. Lang, PhD; Tamara S. Galloway, PhD; Alan 

Scarlett, PhD; William E. Henley, PhD; Michael 

Depledge, PhD, DSc; Robert B. Wallace, MD; David 

Melzer, MB, PhD JAMA. 2008;300(11):1303-1310. 

Published online September 16, 2008 

(doi:10.1001/jama.300.11.1303). 



Adjusted for: age group (6-11 and 12-19 years), Gender,Racial/ethnic group, Socioeconomic status, 
Caregiver education, Serum cotinine level (tobacco smoke exposure), Television watching, Caloric intake, 
Urinary dilution (creatinine)

Trasande et al. JAMA 2012

Study of NHANES Urinary BPA and Obesity 

in Children (6-19)

Quartile

(Percentile)

Odds of Obesity Prevalence BMI Z-score

1 (0-24%) Reference 10.3% (7.5-13.1%) Reference

2 (25-49%) 2.24 (1.54-3.24)*** 20.1% (14.5-25.6%) 0.12 (-0.02 to 0.27)

3 (50-74%) 2.08 (1.46-2.96)*** 19.0% (13.7-24.2%) 0.16 (0.01 to 0.30)*

4 (Ó75%)2.57 (1.72-3.83)*** 22.1% (16.6-27.9%) 0.22 (0.06 to 0.39)*

Odds of Obesity BMI Z-score

Log-transformed

BPA concentration

1.24 (1.08-1.44)** 0.06 (0.001 to 

0.11)*



Phthalates - plasticizer



Parent Compound Metabolite

Benzyl butyl phthalate 

(BzBP)

Mono-n-butyl phthalate (MBP)

Monobenzyl phthalate (MBzP)

Dibutyl phthalate (DBP) Mono-n-butyl phthalate (MBP)

Di-isobutyl phthalate (DiBP) Mono-isobutyl phthalate (MiBP)

Diethyl phthalate (DEP) Monoethyl phthalate (MEP)

Di-2-ethylhexyl phthalate 

(DEHP)

Mono-2-ethylhexyl phthalate (MEHP)

Mono-2-ethyl-5-hydroxyhexyl phthalate 

(MEHHP)

Mono-2-ethyl-5-oxohexyl phthalate 

(MEOHP)

Di-n-octyl phthalate (DnOP) Mono-3-carboxypropyl phthalate (MCPP)

Dimethyl phthalate (DMP) Mono-methyl phthalate (MMP)



· High production volume chemical ïover 1 million pounds 
produced/used, over 90% of population exposed

· Short half-lives, <24 hours

· Di-2-ethylhexylphthalate (DEHP) is of particular interest because 
industrial processes to produce food frequently use plastic products 
containing DEHP.

· Strong evidence of anti-androgenic effects in animal and human studies

· Evidence for phthalates as potential obesogens

Hauser and Calafat 2005; Sathyanarayana 2008; Sathyanarayana et al. 2008; Schettler2006; 
Fromme et al. 2007; Wormuth et al. 2006

Phthalates - plasticizer



Phthalate Exposure in Utero

Parks et al. 2000 Toxicol. Sci., 58:339

Maternal Phthalate

Exposure
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