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What are
Endocrine Disrupting Chemicals?

Endocrine Disrupting Chemicals (EDCs) are 
defined by the Endocrine Society as: 
“an exogenous [non-natural] chemical, or 
mixture of chemicals, that interferes with any 
aspect of hormone action.”



Overweight and obesity are on the 
rise worldwide

Adults 2-19 year olds

Global, regional, and national prevalence of overweight and obesity in children and adults during 1980-2013: 
a systematic analysis for the Global Burden of Disease Study 2013. Lancet 2014 384: 766-81.



WHY IS THE PREVALENCE INCREASING?
It is changing faster than a 

lone genetic cause would predict



Klimentidis et al. PRSB 2010

Average body weight & obesity have been
rising in animals over time
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Let us learn history lessons

• Who decides if a chemical is a carcinogen?
– Many groups (GHS, EU, USEPA, USNTP, CalEPA Prop 65) decide 

from  Monographs of the International Agency for Research on 
Cancer IARC, part of the World Health Organization 

• How does IARC identify carcinogens?
Epidemiology, rodent assays
Mechanistic, in vitro assays

• Key Characteristics of Carcinogens
– A framework for organizing data related to the intrinsic 

properties of carcinogens
– Incomplete ‘mechanistic pathway’      decision-making inaction
– Help identify data gaps

≠



Expert Meeting on Advancing the Key 
Characteristics Framework to 

Reproductive Toxicants and EDCs

• March 7-8th, 2018 in Berkeley CA
• Sponsored by: CalEPA
• Zoeller and La Merrill invited to lead the evaluation of 

whether developing KCs of EDCs was feasible



Universal EDC Characteristics Are



The pesticide DDT and its metabolite DDE:
model chemicals to reveal the 

mechanisms of obesogens



What does “yesterday’s chemical”
have to do with today’s diseases?

Developmental Origins of Adult Disease



Chronic adult disease: 
let’s consider developmental orgins



KCs in Data integration:
DDT/E phenotype in humans
• More than 100 epidemiology studies 

– Numerous are longitudinal
– Numerous assess exposure prenatally
– Associations between DDT and DDE and adverse 

outcomes such as 
• obesity, 
• diabetes mellitus, 
• infertility, 
• and cancers



Meta-analyses & systematic reviews of DDE 
exposure support association with obesity



Child Health and Development Studies: 
prospective birth cohort

~15,000 pregnant women in the Kaiser Permanente 
Health Plan joined the CHDS in 1960s.
> 500 maternal serum samples from 1960 subjected 
to GC/MS for analysis of a mixture of 20 POPs.
> 50 year health follow-up in >500 adult daughters.



Prenatal DDT exposure positively associated 
with adiposity of women in their fifties 

La Merrill et al.
Intl J of Obesity 2020

Only association in a 
mixture of 2 dozen POPs



DDT and DDE are associated with diabetes 
in humans

Taylor et al. 2013



Human studies indicate obesity increases risk of 
association between DDE and diabetes

Normal Weight

Overweight

Obese

1.4 (0.7, 3.1)

1.9 (1.1, 3.4)

2.2 (1.4, 3.6)

Meta-RR (95% CI)



KCs in Data integration:
DDT/E phenotype in animals

• Two rodent species
– Developmental exposure to DDT and DDE

• Leads to increased body and fat mass in subsequent 
generations

• Three rodent species
– Exposure to DDT and/or DDE
– Causes disruption of energy expenditure
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Perinatal DDT increase adiposity in adult mice

La Merrill et al. PLOS ONE 2014
Cano-Sancho et al. EHP 2017
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Perinatal DDT decreases Energy Expenditure (EE)
and metabolism in adult mice

La Merrill et al PLOS ONE 2014
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Is reduced adaptive thermogenesis in adult mice 
initiated in early life?
Perinatal DDT & DDE 

impair response to cold in neonatal mice
Dr. Sarah Elmore

Postnatal day 5
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EDC Characteristic Mechanistic evidence for BPA
1. Interacts with or activates 
hormone receptors

DDT, and to a lesser extent DDE, activates nuclear 
ERs in a variety of species and tissues. DDT binds to 
the transmembrane domain of FSHR. 

2. Antagonizes hormone receptors DDE competitively antagonizes androgen receptor.
3. Alters hormone receptor 
expression

DDT prevents the internalization of TSHR.

4. Alters signal transduction in 
hormone responsive cells

DDT and DDE reduce insulin signaling in mouse 
liver and adipocytes. DDT enhances cAMP 
production through FSHR.

5. Induces epigenetic modifications 
in hormone producing or responsive 
cells

DDT and DDE modify DNA methylation of mice 
and humans in the insulin signaling, insulin 
resistance, type 2 diabetes mellitus, and 
thermogenesis KEGG pathways. DDT and DDE 
alter hypothalamic Dnmt1 expression in rats.

Bold, supports human and other animal diabesogen phenotypes

DDT and DDE Key Characteristics



KC4. Impaired insulin signaling by DDT
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KC5. Insulin signaling enriched with DMR in 
blood from humans and mice

Left half of gene boxes = DMR in infant mouse blood
Right half of gene boxes = DMR in adult human blood

Increased (blue) or decreased (yellow) DNA-CH3 in exposed mammal



= p’,p’-DDE, p’,p’-DDT, o’p’-DDT

Ruzzin et al. 2010

KC4. DDTs decrease insulin stimulated 
glucose uptake by adipocytes



EDC Characteristic Mechanistic evidence for BPA
6. Alters hormone synthesis DDT and DDE increase hepatic PC, PEPCK, 

FDPase, G6Pase in rats. DDT and DDE decrease 
Dio2 expression in mouse brown fat. 

7. Alters hormone transport across 
cell membranes

DDT and DDE reduce glucose stimulated insulin 
secretion. Passive secretion of corticosterone from 
rodent adrenal glands is reduced by low dose DDE.

8. Alters hormone distribution or 
circulating hormone levels

DDT and DDE increase circulating insulin levels 
in mice. DDE increases serum LH and FSH in 
mice.

9. Alters hormone metabolism or 
clearance

DDT and DDE increase hepatic  E2 hydroxylation 
and methylation, as well as o-methylase activity, in 
rats. DDT and DDE increase testosterone 
metabolism in rats.

10. Alters fate of hormone producing 
or responsive cells

DDT and DDE increase liver fat and total mass 
in rodents and non-human primates. 

DDT and DDE Key Characteristics

Bold, supports human and other animal diabesogen phenotypes



La Merrill et al PLOS ONE 2014; unrestrained excursion also seen in Yau & Mennear, Toxicol & App Pharm 1977
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KCs in data integration:
DDT & DDE mechanistic data

• There are 10,000s of mechanistic scientific papers on DDT and 
DDE that provide substantial evidence for all of the 10 KCs. 

• DDT and/or DDE
– Prevent the internalization of TSHR and reduces the expression of Dio2 in 

brown adipose tissue
– Alter DNA methylation in the insulin signaling and T2D pathways 
– Increase circulating insulin levels
– DDT impairs insulin signaling

• These mechanistic studies identified by the KCs approach are 
consistent with obesity, reduced energy expenditure, and T2D



Impaired thermogenesis is a common theme 
among diabesogens

Risk factor Effect on obesity risk Effect on T2D risk Thermogenesis Status

PERINATAL DDT OR 
DDE

Positive effect Positive effect Impaired

CLOZAPINE AND 
SIMILAR DRUGS

Positive effect Positive effect Impaired

A GENE CALLED 
FTO (Intronic SNP)

Positive effect Positive effect Impaired

PRENATAL 
TOBACCO

Positive effect Positive effect Impaired
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22.0-25.9%           >26.0%

Age-adjusted Percent of Obese Adults
1994

<14.0%         14.0-17.9%         18.0-21.9%        

Ogden 2010 & 2012, CDC’s Division of Diabetes Translation. National Diabetes Surveillance System

2009

Widespread Insulin Resistance
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How you can be involved
• Educate your local organizations and policy-makers 

about the importance of EDCs
– Intro to EDC Guide is available in six languages

• English, Spanish, French, Russian, Arabic and Portuguese
• https://www.endocrine.org/topics/edc/introduction-to-edcs

– Need to take action
• Guideline assays (OECD, USEPA) only cover KCs 1, 2, and 6

_



Strategic Approach to International 
Chemicals Management (SAICM)

• SAICM is a policy framework to promote chemical 
safety around the world

• hosted by the United Nations Environment Programme
• Endocrine Society collaborated with non-profit 

organization IPEN to 
– educate conference attendees about EDCs,

• Give out copies of the Guide to educate representatives about the 
importance of EDCs and the need to take action 

– draft and revise the text, and 
– build support for the resolution.

• Over 120 governments

https://endocrinenews.endocrine.org/endocrine-society-influences-edc-policy-around-the-world/_



Considering Cause: DDT and DDE as presumed obesogens 

Hill’s Causal Considerations Evidence

Strength: Effect size modest

Consistency & Coherence: Obesity consistent across at least 3 mammalian species

Specificity: DDT and DDE have been isolated in affirmative cell culture and in 
rodent experiments

Temporality: DDT/E ->impaired thermogenesis -> obesity

Biological Gradient: DDT dose dep. decrease in bAR response and expression; 
DDE dose dep. decrease in uncoupled respiration

Plausibility: Extensive: thermogenesis-EE-obesity experimentally & in humans; 
Extensive: DDE-obesity in humans; 
Few: DDT-obesity experimentally & in humans;
Some: DDT/E-thermogenesis-EE experimentally & in humans

Experimental Reversibility Extensive: thermogenesis-EE-obesity experimentally
Some: DDE-thermogenesis with CL316,243
Non-existent: DDT/E-thermogenesis-EE-obesity experimentally 

Analogy Extensive: genetic/pharmaceutical/developmental exposure-SNS-
thermogenesis-EE-obesity links  



Melting Glaciers are a Source of DDTs

• Semi-volatile 
– Long range atmospheric transport
– Accumulate in cold regions
– 46% of DDTs Canadian Archipelago 

from melting glaciers

Macdonald 2005, Blais 2001

Polar bear

Water



Glucose metabolism is associated with DDT in 
mouse serum and mammary tumors as well

(pink solid is from sera, outlined pink is from tumor) 
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HFD Attenuates the Depressive Effect of Perinatal DDT on 
BAT Thermogenesis & Substrate Utilization in 9 mo old mice

Pi<0.01 Pi<0.01 Pi<0.05

Pi<0.05 Pi<0.05

La Merrill et al 2014



High Fat Diet Increases Susceptibility to the 
Effects of Perinatal DDT on Thermogenesis

La Merrill et al 2014
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Perinatal DDT Increases Lipid Utilization
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Lipid utilization a common theme 
in human sera metabolome too



Do any of these metabolic effects 
actually matter

in terms of 
chronic diseases
that kill people?



In PIVUS people and our mouse model, we have 
confirmed DDT and DDE increase LV cardiac mass in 

mice and people - mostly mediated by obesity 

VEH DDT

Prenatal DDT 
increases LV 
cardiac mass in 
adult mice.  
La Merrill et al. 
EHP 2016

DDE exposure increase LV mass mostly mediated by obesity. 
La Merrill et al. (PIVUS) Env Res 2017
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In CHDS daughters and our mouse model, we 
have confirmed DDT increase breast cancer risk

Perhaps this is also mediated by obesity?
Reduced oxygen consumption could lead to 

Warburg- like glycolysis in adipose aka ‘stroma’ 
(KC#10: Nutrient Supply; Hallmark: Deregulating cellular energetics)

Unpublished mouse model
Ishikawa & La Merrill
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B-AR canonical pathway from PIVUS 
and mouse blood DNA methylation



Supporting in vivo evidence: developmental 
low doses within the human DDE exposure 

range are also associated with obesity

Cano Sancho EHP 2017


