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Rachel Carson: Matron of the Modern Environmental Movement

The unintended impacts
of DDT on vertebrates
nearly led to the extinction
of the brown pelican and
the bald eagle.

1947

DDT causes eggshell
thinning in bald eagles

1953

DDT found to be
estrogenic

1972

EPA bans DDT

1962: Silent Spring

Rachel Carson

The DES Tragedy

Infertility

*Palmer, 2001

5-10 million people exposed

40 x increase; 1:1000

Ectopic Pregnancy
3-5 x increase

Endocrine System
• Chemical signals controlling
many biological responses
•
•
•
•
•
•

Reproduction
Development
Neurological
Cardiovascular
Metabolism/Maintenance
Cancer

• 3 major components -glands,
hormones, target and immune
systems

Major Hormones Types
• Four structural groups, with members of each group
having many properties in common:
• Peptides and proteins

• Luteinizing hormone (LH), follicle stimulating hormone (FSH),
prolactin, growth hormone, many many others

• In females, FSH stimulates the growth/maturation of ovarian follicles,
and LH triggers ovulation
• In males, FSH enhances production of androgen binding protein by
sertoli cells of the testes; critical for spermatogenesis. LH stimulates
leydig cell production of testosterone

• Amino acid derivatives

• Thyroid hormones, catecholamines

Major Hormones Types
• Steroids

• Derived from cholesterol
• Differ only in the ring structure and side chains
attached to it
• Androgens, estrogens, progestogens, others
• Enzymes that produce steroid hormones are located
in mitochondria and smooth ER
• Steroids are lipid soluble and thus are freely
permeable to membranes so are not stored in cells
• Since not water soluble, have to be carried in the
blood complexed to specific binding globulins
• Sex steroid binding globulin carries testosterone and
estradiol

Endocrine Disrupting Chemicals: A Global Health Problem
• “An exogenous substance or mixture
that alters function(s) of the endocrine
system and consequently causes
adverse health effects in an intact
organism, or its progeny, or (sub)
populations.”
• The United Nations Environment
Programme (UNEP) and the World
Health Organization (WHO), “State of the
Science of Endocrine Disrupting Chemicals”
• EDCs are becoming a "global threat"
that needs to be addressed

Hormones
EDCs

Nuclear
Receptors

Endocrine disruptor action is life-stage specific
Adult Effects
(Activational)

Developmental Effects
(Organizational)

• Usually higher doses
• Effects as long as EDC present
• Can augment
developmental effects

• Most sensitive exposure window
• Persistent effects
• Latent periods

A bad start…lasts a lifetime!

Low Doses of Hormones Can Induce Permanent Alterations in Development

“From the day of conception
until an individual is born or
hatched, the development of
each stage of life is fully
under the control of
hormones.
Changes that happen during
development are far less
reversible [than those
occurring in an adult]; you
can't go back and rewire the
brain.”
-Theo Colborn, zoologist, writer

Theo Colborn: Pioneer
on EDCs (1927-2014)

Exposure and associated effects in wildlife
• Lake Apopka Florida (90’s)
Alligators afflicted with disabled
genitalia and fewer eggs
• Great Lakes (70’s -90’s)
Herring gull chicks dying in eggs,
mink stop reproducing
• Great Lakes (40’s -80’s)
Lake trout extirpation in Lake
Ontario due to dioxin
• England (90’s)
Fish found with both male and
female organs

L. Gillette

Reports Supporting Importance of EDCs in Human Health
• Endocrine Society Statements on EDCs (2009, 2012, 2015)
• WHO/UNEP State of the Science of EDCs (2012)
• SAICM Nairobi (2012), Mexico City (2013), Geneva (2015)
• Royal College of Obstetricians and Gynecologists (2013)
• American Society for Reproductive Medicine/American Congress of
Obstetricians and Gynecologists (2013)
• FIGO Opinion: Reproductive Health Impacts of Exposure to Toxic
Environmental Chemicals (2015)
• Royal College of Obstetricians and Gynecologists
• Endocrine Society
• American Society of Reproductive Medicine
• European Society of Human Reproduction and Embryology
• Society of Obstetricians and Gynecologists of Canada

Exposures to Endocrine Disruptors Are Ubiquitous
Agricultural Chemicals
(pesticides/herbicides/fungicides),
Food Additives, Packaging (plastics)
Industrial Chemicals and By-Products
(Air Pollutants, solvents, PCBs)
Waste Products
(Dioxin, PAHs)

Some
bioaccumulate
and/or are persistent

Pharmaceutical Products
Phytochemicals
Personal Care Products, Flame Retardants,
Coatings (BPA, phthalates, parabens,
PFOA/PFOS)
Graphics by Paul Volden

Disease Risk Increased by Developmental EDC Exposures
Brain/Nervous System

Reproductive/ Endocrine
• Breast/prostate cancer (BPA)
• Endometriosis (Dioxin, PCBs)
• Infertility (Phthalates, Estrogens,
Pesticides)
• Diabetes/metabolic syndrome (BPA,
PCBs)
• Early puberty (Estrogens, BPA)
• Obesity (BPA, Tributyltin,
Organochlorine pesticides)

• Alzheimer’s disease (Lead)
• Parkinson’s disease (Pesticides)
• ADHD/learning disabilities , IQ (PCBs,
Lead, Ethanol, Organochlorine
pesticides)

Pulmonary/Cardiovascular

Immune/Autoimmune
• Susceptibility to infections (Dioxin,
Perfluorinated compounds, Arsenic
• Autoimmune disease (Dioxin)
Street et al. 2018; Barouki et al. 2018; WHO 2012

•

Asthma (Air Pollution)

•

Heart disease/hypertension (BPA)

•

Stroke (PCBs)

Examples of EDC exposures in Humans
Smoking during
pregnancy
Mercury
contamination in
Minamata Bay

PCB contamination
of rice oil in Japan

PBB contamination
of livestock feed

Lead in gasoline
and paint

DES used as a
drug to prevent
miscarriages

Arsenic contamination
of drinking water

EDC Exposure and Immune Response
Effect on antibody concentrations at ages 5 years (pre-booster) and 7 years was
associated with PFC exposures reflected by the serum concentration at
18 months after multiple imputation to allow for missing observations among the
587 members of a Faroese birth cohort.
Antibody Measure

Change (%)

95% CI

Tetanus
5 years

-11.9

-30.0 to 10.9

7 years

-23.8

-33.1 to -8.2

5 years

-16.0

-34.9 to 8.3

7 years

-27.6

-45.8 to -3.3

Diphtheria

Results are from regression model adjusted for age and sex; 7 yr.
olds were adjusted for booster status

Very similar results were seen in children who were exposed to PCBs
Grandjean et al., 2012 and 2010

Decline in Human Sperm Quality
• Meta-analysis shows significant decline in sperm counts (1973-2011), driven by a 50–60% decline
among men unselected by fertility from North America, Europe, Australia and New Zealand.

Mean sperm concentration by year

Mean total sperm count by fertility and geographic
groups

*sample collection in 244 estimates collected in 1973–2011
Levine et al. 2017

FETAL ORIGIN OF ADULT DISEASE:
TESTICULAR CANCER

Decreasing Age of Female Puberty
Age of Menarche in Europe and
the US from 1790 to 1980

Euling, S. Y. et al. Pediatrics 2008;121:S167-S171

2008 – U.S. Governmentcommissioned Expert Panell:
• Earlier breast development and
menarche
• “Suggest … endocrine-disrupting
chemicals …and body fat are
important factors associated”
with the change
• African American and Mexican
American girls enter puberty
earlier than white girls

Endometriosis Increasing
• Affects ~176M women worldwide with impacts on quality of life
• Environmental exposures may increase risk: soy formula feeding,
BPA, dioxin
• Often co-occurs with fibroids (nonmalignant uterine tumors)
• May be linked to ovarian and uterine cancers
• EDC exposure linked to pathogenesis of endometriosis

Trends in Reproductive Health in USA

Sharpe and Irvine,2004

Prenatal Exposure to EDCs and Cancer
Animals

• DES – uterine carcinoma in mice
• Genistein – uterine
adenocarcinoma in
• Tamoxifen – breast cancer in rats
• PBBs – liver tumors in rats and
mice
• TCDD – breast cancer following
DMBA in rats

Humans

• DES

• Vaginal adenocarcinomas in young
women

• Natural Estrogens

• Increase in breast cancer

• DDT/DDE

• Breast cancer

Classical Pathway for Estrogens
(and other nuclear receptors)

Activity Direct Gene Induction

Membrane Receptors
(protein hormones)

Membrane

Nucleus

Modes of EDC Action
• Receptor binding

• ER, AR, AhR, GR, GABA
• Agonists and Antagonists

• Enzyme Inhibition

• Steroidogenesis, thyroid peroxidase

• Enzyme induction

• CYP450s, thyroxine conjugation

• Signal transduction pathways

• Phosphatases/kinases, transcription factors

• “The mechanisms by which hormones and EDCs exert specific actions
are dependent on specific actions at the cellular and tissue levels as
well as on circadian rhythms, seasonal changes, life stage and sex”

Key characteristics of endocrine-disrupting chemicals

KCs of EDCs

La Merrill, M.A., et al. (2020)
Nat Rev Endocrinol 16, 45–57

Key Questions
• What Natural Hormones?

• Estrogens, Androgens, Thyroid (“EAT”)
• Others – Steroids (Glucocorticoids, Vit. D, Non-Steroids (Prolactin, Insulin), NonClassical (Vit. A)

• What Responses?

• Cancer, Reproductive, Developmental, Neurological, Cardiovascular, Immunological,
Bone, Others…

• What Exposures?

• Timing (Critical Windows, Latency [DOHaD], Ongoing vs. Past History), Mixtures
(additive at Environmental Levels?), Measurement (analytical issues, targeted vs.
untargeted)

• What Doses?

• “Low Dose” (Definition)? Non-monotonic Dose Response (multiple mechanisms)?

Key Concepts
• Cross-talk
• Context is everything
• Combinatorial Complexity
• Population Risk
•
•
•
•

Distribution of susceptibility
Distribution of Response
Distribution of Dose
What is with the “normal” for one person may be outside the “normal” for
another

• Sex matters!

Major Uncertainties
• Chemical diversity

• Structures and potency
• Multiple mechanisms of action
• >1 receptor, co-factors and co-repressors
• Dissimilar modes and similar phenotypes

• Cumulative exposures and effects
• Do EDCs need special consideration in risk
assessment?

Some “EAT” Endocrine Disrupting Chemicals
HERBICIDES
2,4,-D
2,4,5,-T
Alachlor
Amitrole
Atrazine
Linuron
Metribuzin
Nitrofen
Trifluralin

FUNGICIDES

Benomyl
Ethylene thiourea
Fenarimol
Hexachlorobenzene
Mancozeb
Maneb
Metiram - complex
Tri-butyl-tin
Vinclozolin
Zineb
Testosterone synthesis inhibitor
Thyroid hormone disruptor

INSECTICIDES

Aldicarb
beta-HCH
Carbaryl
Chlordane
Chlordecone
DBCP
Dicofol
Dieldrin
DDT and metabolites
Endosulfan
Heptachlor / H-epoxide
Lindane (gamma-HCH)
Malathion
Methomyl
Methoxychlor
Oxychlordane
Parathion
Synthetic pyrethroids
Transnonachlor
Toxaphene
Estrogen receptor agonist
Androgen receptor antagonist

INDUSTRIAL CHEMICALS

Bisphenol - A
Polycarbonates
Butylhydroxyanisole (BHA)
Cadmium
Chloro- & Bromo-diphenyl
Dioxins
Furans
Lead
Manganese
Methyl mercury
Nonylphenol
Octylphenol
PBDEs
PCBs
Pentachlorophenol
Penta- to Nonylphenols
Perchlorate
PFOA
p-tert-Pentylphenol
Phthalates
Styrene

Bisphenol A (BPA)
• Widely used to make polycarbonate plastics and epoxy resins
• Low human exposure (<1 µg/kg body weight/day) primarily from food
contact materials
• Considerable debate over risk as an endocrine disruptor
• Guideline rodent studies conducted under Good Laboratory Practices (GLP)
show no effects of concern at “low doses”
• Academic hypothesis-driven studies report that BPA induces effects in a
variety of model systems at low exposures
• Suggestive findings from human epidemiology studies
• Widespread agreement that there is disagreement on human health
significance
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CLARITY-BPA Inception
• Consortium Linking Academic and Regulatory Insights on
BPA Toxicity (CLARITY-BPA)
• Developed by NIEHS and FDA in response to the FDA
Science Board recommendation
• Elements
• “Core Study” 2-year chronic study conducted under GLP at FDA/NCTR

• Designed in accordance with accepted guidelines for assessing chronic toxicity and
carcinogenicity
• Draft report peer reviewed April, final Report released September 2018

• “Grantee Studies”

• 14 Academic investigators selected from applications
• Focus on a range of molecular, structural, and functional endpoints not usually
assessed in guideline-compliant GLP studies
• Used siblings born to Core Study females and raised in the same conditions and
exposed to the same doses as for the Core Study

• Final Reports

• Findings from both the Core Study and the academic investigational studies
• Enhancements to detect endocrine-related effects in guideline studies
33

“Core Study” Conclusions (Peer-reviewed)
• In conclusion,… statistical differences between BPA treatment groups,
particularly below 25,000 μg/kg bw/day, and the vehicle control group
detected by the low-stringency statistical tests applied to histopathology
lesions, were not dose responsive, sometimes occurring in only one low
or intermediate dose group, and did not demonstrate a clear pattern of
consistent responses within or across organs within the stop- and
continuous-dose arms and sacrifice times.
• In contrast, the high EE2-dose elicited several estrogenic effects in
females in a clearly interpretable and biologically plausible manner.
• Several observations at 25,000 μg BPA/kg bw/day may be treatment
related, including effects in the female reproductive tract (ovary, uterus,
and vagina) and in the male pituitary.
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Second Report (in preparation)
“While the study is expected to contribute to our understanding of potential
effects of BPA, it also has ramifications beyond this specific focus.” Schug et al
(2013)
“By drawing upon the strengths of academic and regulatory expertise and
research approaches, CLARITY-BPA represents a potential new model for
filling knowledge gaps, enhancing quality control, informing chemical risk
assessment, and identifying new methods or endpoints for regulatory
hazard assessments.”

Compare findings and methods from the core and academic CLARITY-BPA
consortium studies with prior published studies on BPA by participants in the
consortium.
Identify technologies or enhanced endpoint measures that may improve our
capacity to detect endocrine-related effects in guideline studies.
Discuss strengths and limitations of the CLARITY-BPA approach to an
academic-regulatory partnership.

Major International Efforts for Screening EDCs
• OECD
• EU Framework Programs
• UK
• Netherlands
• Scandinavia
• France
Models Developed:

• US EPA
• Canada
• Japan
• WHO
• OTHERS…..

In vitro screens
In vivo screens
Whole animal Models
Computational Approaches

Evolution of the Endocrine Disruptor Screening Program
(EDSP)

EDSP Chemical Universe
10,000 chemicals
(FIFRA & SDWA)

EDSP List 2
107 Chemicals

HTS data for
3000
chemicals

EDSP List 1
67 Chemicals

New Approach: EDSP + Tox21 = EDSP21
• Pathway-based predictive models
• Multiple high-throughput in vitro assays
• Validate to replace selected Tier 1 screening assays

Scientific and Non-scientific Challenges
Moving to NAMs

• Animal methods currently provide the
reference data for evaluating alternatives

• Results are variable
• Many testing strategies outperform the animal
tests in predicting human outcomes (i.e. skin
sensitization)

• Data requirements vary across U.S. and global
regulatory authorities, and are often
ambiguous/subjective
• Coverage of chemical space
• Limited commercial availability of alternatives
• Overcoming regulatory and institutional
inertia
• Education and training

New Approach to Validation:
Creating Fit-for-Purpose Methods

Computational Toxicology (Tox21/ToxCast)
• Too many chemicals, not enough data
• Prioritize compounds for more extensive
toxicological evaluation
• Develop predictive models for biological
response in humans/eco

• Use NAMs to reduce reliance on animal
models

From Assays to Pathways
• Identify targets or pathways linked to
toxicity/adverse outcomes
• Identify/develop high-throughput
screening (HTS) or in vitro assays for
these targets or pathways
• Develop predictive systems models:
in silico/in vitro → in vivo

• Use predictive models (qualitative):
•
•

Prioritize chemicals for targeted testing
Suggest / distinguish possible AOPs

• Use predictive models (quantitative):
•
•

Screen chemicals for hazard
Green chemistry design

http://www.ncats.nih.gov/

Validation: Fit for Purpose
OECD GD 34, Validation and International Acceptance of New or
Updated Test Methods
Validation is a process by which the reliability and relevance of a
test method are established for a specific purpose.
EDSP Tier 1
For the purposes of prioritization and screening, identify chemicals
with the potential to disrupt estrogen, androgen, or thyroid
receptor signaling.

Performance Based Validation Approach
Estrogen Receptor Pathway Model: Fit for Purpose

Judson et al. 2015, Tox Sci: “Integrated Model of Chemical
Perturbations of a Biological Pathway Using 18 In Vitro High
Throughput Screening Assays for the Estrogen Receptor"

Kleinstreuer et al. 2015, EHP: “A Curated Database of
Rodent Uterotrophic Bioactivity"

Browne et al. 2015, ES&T: “Screening Chemicals for Estrogen
Receptor Bioactivity Using a Computational Model"

Tox21/ToxCast ER/AR Pathway Models
Combine results from multiple ToxCast in vitro assays
 Orthogonal assays on pathway
• Different technologies
• Different points in pathway
 No assay is perfect
• Assay Interference
• Noise
 Use mathematical model to
integrate assays
 For each chemical, the model summarizes results from all assays
with a composite dose-response curve, which is used to calculate an
AUC relative to 17β-estradiol
Judson et al. 2015 Tox Sci

Adopting Alternative EDSP Assays

July 2018

EDSP Tier 1 Battery of Assays

Model Alternative Development

Estrogen Receptor (ER) Binding
Estrogen Receptor Transactivation (ERTA)
Rodent Uterotrophic
Androgen Receptor (AR) Binding
Rodent Hershberger
Aromatase
Steroidogenesis (STR)
Female Rat Pubertal
Male Rat Pubertal
Fish Short Term Reproduction
Amphibian Metamorphosis

ER Model FY 2015
ER Model FY 2015
ER Model FY 2015
AR Model FY 2017
AR Model FY 2017
STR Model FY 2017
STR Model 2017
ER, STR & THY Models FY 2018
AR, STR & THY Models FY 2018
ER, AR & STR Models FY 2018
THY Model FY 2018

June 19, 2015
FRL-9928-69

“Use of High Throughput Assays and
Computational Tools; Endocrine Disruptor
Screening Program; Notice of Availability and
Opportunity for Comment”

Integrated Chemical Environment: ICE

• Data integrator:

• Workflows:

• Structured format designed for ease of use
• Property predictions, Chemical space
characterization, IVIVE, Mechanistic models,
• Allows access to data for multiple regulatory
AOP mapping
endpoints
• Query by CASRN or established reference
chemical lists
https://ice.ntp.niehs.nih.gov/
• Flexible, exportable results

CompTox Chemistry Dashboard
https://comptox.epa.gov/dashboard

Global QSAR Modeling Collaboration
https://github.com/NIEHS/OPERA

CoMPARA
Collaborative Modeling Project
for Androgen Receptor Activity

Mansouri et al. EHP (2017)

Mansouri et al. EHP (2020)

EC launches public consultation on EDCs
(December 16, 2019)

• “To address public concerns and needs with respect to endocrine
disruptors in the EU.
• To evaluate to which extent current EU legislation meets the concerns
and needs of citizens.
• To identify opportunities for improvement in the way endocrine
disruptors are assessed, managed, and potential risks
communicated.”

Helping Medical Professionals and Patients Understand Endocrine
Disruptors: New Video Resources from the Endocrine Society
(January 28, 2020)

In Conclusion • Endocrine disrupting compounds will have different effects in various
tissues or at various life stages.
• Historically, as EDC research advances for a given chemical, we see:
• More varied effects;
• At lower doses;
• Targeting multiple biologic pathways.

• NAMs are giving hope to not only screen and prioritize large numbers
of chemicals, but to predict their effects

Thanks to some of my NIEHS colleagues, especially John Bucher, Nicole Kleinstreuer, and Amy Wang

Thank you to everyone here!!!!

QUESTIONS?????

Exposure to Bisphenols Nearly Ubiquitous in
U.S. Population

Left image: Structural similarities between BPA, BPF, and BPS
Right image: Urinary concentrations of BPA, BPF, and BPS in NHANES, 2013-2014
Lehmler et al., ACS Omega, 2018

PRENATAL-NEONATAL EXPOSURE OF MICE AND RATS TO BPA
AT HUMAN EXPOSURE LEVELS IN RELATION TO HUMAN
HEALTH ASSOCIATIONS
EFFECTS IN MICE & RATS

HUMAN HEALTH TRENDS

Abnormal urethra

Abnormal penis+urethra

Prostate hyperplasia & cancer

Prostate cancer increase

Mammary gland hyperplasia

Breast cancer increase

Sperm count decrease

Sperm count decrease

Early puberty in females

Early sexual maturation

Hyperactivity/Impaired learning

ADHD, anxiety, agrression

Abnormal oocytes
and
Body weight increase

Miscarriage*
Obesity&Type2 Diabetes Increase

Per- and Polyfluoroalkyl Substances (PFAS)
• Group of nearly 5,000 chemicals
• Mobile, persistent, and
accumulate in the environment
• Resistant to grease, water,
and oil
• One way we are exposed is
through food contact materials

PFOS

PFOA

PFMOAA

• Emergence of alternatives which
are less well studied
GenX

Consumer Applications of PFAS
Fabric coatings
Carpet coatings
Paper coatings
Floor polish/wax
Alkaline cleaners
Denture cleaners
Shampoos
Insecticides
(ant/roach)

Fire-fighting foam
Airplane gear lubricant
Mining/oil well surfactants
Acid rust/dust suppressants
Metal electroplating
Electronic etching bath
Polymer additives
Emulsifiers for polymer
production

We All Have PFAS in Our Bodies
• Detected in humans
globally

PFOA

PFOS

PFDeA

PFHxS

• >98% of people in the
U.S. have measurable
amounts of PFAS
• Levels of PFOA and PFOS
have declined following
phase-outs
• Changes in exposure to
other PFAS are less
pronounced
PFAS exposure trends in NHANES 2003 – 2014
Sunderland et al., J Expos Sci & Epidemiol, 2019
Dong et al., Ecotox and Environ Safety, 2019

PFAS exposure has been
linked to:
• Altered immune function

Sun et al., Environ Health Perspect, 2018

OR (95% CI) of T2D

PFAS Health Effects

Positive relationship between PFOS
concentrations and risk of type 2 diabetes.

• Cancer
• Decreased birthweight

PFOS (ng/mL)

• Liver effects
• Metabolic outcomes
• Neurodevelopmental
outcomes

Higher PFNA
concentrations was
associated with poorer
executive functioning.

• Thyroid disruption

Savitz et al., Environ Health Perspect, 2012;
Sunderland et al., J Expos Sci & Epidemiol, 2019

Vuong et al., Environ Int, 2018

Measure of executive function

PFAS Alters Thyroid Homeostasis
Humans

• Repeated measures of
serum PFOS associated
with increased thyroid
stimulating hormone
• (Blake et al., Environ Pollut, 2018)
• C8 Study demonstrated clear effects on
thyroid homeostasis
• ATSDR: PFAS interfere with natural
hormones
Fun Fact: I studied effects of PFDA on thyroid in mice
over 30 years ago!

Recent 28 day NTP Rat Studies

• The shorter chained PFASs
(perfluorohexanoic acid (PFHxA) and
perfluorobutane sulfonic acid (PFBS))
induced similar toxicities as the
longer chained analogues,
• Shorter chained chemicals required
higher doses.
• There were similar effects within the
liver and thyroid hormones that
occurred for short-chain and longchain PFAS.

Phthalates
• Large group of chemicals
used to make plastics more
soft and flexible
• Found in food contact
materials and food
processing equipment
• Diet is a significant source
of exposure for certain
phthalates, especially DEHP
• Phthalates enter our food
through packaging,
processing, and handling

DEHP

DiNP
Varshavsky et al., Environ Int, 2018

DiDP

Phthalate Health Effects:

BLOOD LEVELS CORRELATED WITH HUMAN EFFECTS

Prenatal exposure to
some phthalates linked to
increased child BMI
Modified from: Harley et al., Pediatr Res, 2017

• Fetal development
• Obesity
• Neurodevelopment
• Cancer
• Diabetes and
insulin resistance
• Immune system
and allergic disease
Benjamin et al., J Haz Materials, 2017

ADHD increases with
prenatal DEHP exposure

Modified from: Engel et al., EHP, 2018
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Odds Ratio (95% CI)

• Reproductive
outcomes

Odds Ratio

• Endocrine outcomes

MEP

MBP

MiBP

MBzP

ΣDEHP

Monobenzyl phthalate linked to
decreased sperm motility
Thurston et al., Andrology, 2016

1
Q1 Q2 Q3 Q4 Q5

ΣDEHP

Alternative Phthalates and Child Health
In children, exposure to the
alternative phthalates DiNP
and DiDP has been linked to:
• High blood pressure
• Insulin resistance, a
precursor of diabetes

Trasande & Attina, Hypertension, 2015
Attina & Trasande, J of Clin Endocrinol and Metab, 2015

Latent Effects of Early Life Exposure
• Developmental Basis of Disease
• Reproduction, Immune, Cardiovascular, Endocrine,
Pulmonary, Liver/Kidney, Neuro/Neurodegeneration,
Cancer
• Complex Diseases can be caused by exposures occurring
during development OR even in past generations
• Role of Epigenetics
• Imprinting in germ line vs somatic cells

David Barker

Fetal Origin of Adult Disease
(FEBAD) confirmed for:
• Coronary heart disease
• Hypertension
• Type II diabetes

“When” makes a Difference
•
•
•
•
•

Acute and chronic exposure can have very different targets
Different life stages can have different targets – as well as differential sensitivity
Different effects have different critical windows
Early life exposures can lead to permanent effects
Persistence and developmental susceptibility – offspring mores sensitive and
long-lasting
• Chronological vs biological time lines for different systems line up differently
when compare animal models, including humans

Improvements in Evaluating Environmental Health:
Systematic Review
• Address the breadth of relevant data
• Wide range of human study designs (e.g., clinical,
observational)
• Animal studies
• Mechanistic studies (in vitro and other relevant data)

• Approach to reach hazard identification conclusions
• Procedure to integrate evidence streams
Human studies

Animal studies

Mechanistic studies

Dioxins and PCBs
Multiple effects in multiple tissues of both sexes of multiple species
throughout the vertebrate kingdom
Molecular and epigenetic changes; biochemical alterations;
metabolic changes; cellular, tissue, and organ effects
Altered Proliferation/Differentiation
Altered Homeostasis
Great examples of endocrine disruptors

