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Rachel Carson

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
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As early as the late 1940s it was clear that chemicals could affect development and indeed DDT while it affected eggshell thinning leading to death of the bald eagles and brown pelicans it did not affect the mothers…already showing increased sensitivity of the developing fetus to environmental chemicals. While scientists had identified DDT as estrogenic and an endocrine disruptor as early as 1953, nothing was really done until Rachel Carson’s book nearly 10 years later.  It then took another 10 years for DDT to be banned.  



The DES Tragedy

5-10 million people exposed

40 x increase; 1:1000

Infertility

Ectopic Pregnancy
3-5 x increase

*Palmer, 2001
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Alarm over these observations began spreading beyond the field of ecology: If chemicals could have such effects in wildlife, what might they do in humans? In the early 1970s a series of medical tragedies involving diethylstilbestrol (DES) provided clues. Designed as an artificial estrogen and prescribed from 1940-1971 to millions of women during pregnancy to reduce miscarriage, DES was later shown to have serious health consequences, such as unusual cancers and reproductive system malformations, for those exposed in utero. Animal studies confirmed DES’s activity as a transplacental carcinogen (19). Many of the changes seen in prenatally treated mice were also observed in women who had been exposed to DES in utero (20); in addition to the signal lesion of vaginal clear cell adenocarcinoma seen in women, humans and mice exposed prenatally to DES also had oviduct malformations, ovarian cysts, and histopathological changes in the fallopian tubes (20).  Physicians prescribed DES to pregnant women on the theory that miscarriages and premature births occurred because some pregnant women did not produce enough estrogen naturally. At the time, physicians thought DES was safe and would prevent miscarriages and pre-term (early) births.In 1953, published research showed that DES did not prevent miscarriages or premature births. However, DES continued to be prescribed until 1971. In that year, the Food and Drug Administration (FDA) issued a Drug Bulletin advising physicians to stop prescribing DES to pregnant women. The FDA warning was based on a study published in 1971 that identified DES as a cause of a rare vaginal cancer in girls and young women who had been exposed to DES before birth (in the womb).19.	McLachlan JA, Newbold RR, Bullock BC. Long-term effects on the female mouse genital tract associated with prenatal exposure to diethylstilbestrol. Cancer Res. 1980;40(11):3988-3999.20.	Newbold RR, Bullock BC, McLachlan JA. Progressive proliferative changes in the oviduct of mice following developmental exposure to diethylstilbestrol. Teratog Carcinog Mutagen. 1985;5(6):473-480.



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

Hormones 
EDCs Nuclear 

Receptors• “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
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An Endocrine Disruptor is 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, 2013  has identified endocrine disruptors as a major environmental health concern for the 21st century.



Endocrine disruptor action is life-stage specific

Developmental Effects 
(Organizational)
• Most sensitive exposure window
• Persistent effects
• Latent periods

Adult Effects
(Activational)
• Usually higher doses
• Effects as long as EDC present
• Can augment 

developmental effects

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)
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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
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During the same period, ecologists began noticing unexpected patterns in animals, providing the first clues that certain chemicals were causing damage through endocrine disruption. In the Great Lakes, domesticated mink virtually stopped producing pups (11,12) and herring gull chicks were dying in their eggs (13). In Florida’s Lake Apopka, alligators began dying off, with many males afflicted with deformed genitalia (14,15). In England, scientists found fish with severe reproductive abnormalities; some had testes containing eggs, and some males were found to express the estrogen-induced yolk protein vitellogenin (16-18). These cases, and the larger pattern they formed, were significant because the health effects were related to reproduction—not cancer—a counterpoint to the prevailing focus that environmental contaminants were of concern because of their potential carcinogenicity. 11.	Aulerich RJ, Ringer RK, Iwamoto S. Reproductive failure and mortality in mink fed on Great Lakes fish. J Reprod Fertil Suppl. 1973;19:365-376.12.	Aulerich RJ, Ringer RK. Current status of PCB toxicity to mink, and effect on their reproduction. Arch Environ Contam Toxicol. 1977;6(2-3):279-292.13.	Gilbertson M, Reynolds LM. Hexachlorobenzene (HCB) in the eggs of common terns in Hamilton Harbour, Ontario. Bull Environ Contam Toxicol. 1972;7(6):371-373.14.	Myers JP. Our Stolen Future: Are We Threatening Our Fertility, Intelligence and Survival? 1997.Semenza JC, Tolbert PE, Rubin CH, Guillette LJ, Jr., Jackson RJ. Reproductive toxins and alligator abnormalities at Lake Apopka, Florida. Environ Health Perspect. 1997;105(10):1030-1032.Environ Sci Technol. 2003 Sep 1;37(17):3864-77. Effects of aryl hydrocarbon receptor-mediated early life stage toxicity on lake trout populations in Lake Ontario during the 20th century. Cook PM1, Robbins JA, Endicott DD, Lodge KB, Guiney PD, Walker MK, Zabel EW, Peterson RE.



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
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Graphics by Paul Volden

Agricultural Chemicals 
(pesticides/herbicides/fungicides),
Food Additives, Packaging (plastics)

Industrial Chemicals and By-Products
(Air Pollutants, solvents, PCBs)

Waste Products
(Dioxin, PAHs)

Pharmaceutical Products
Phytochemicals

Personal Care Products, Flame Retardants,
Coatings (BPA, phthalates, parabens, 
PFOA/PFOS)

Exposures to Endocrine Disruptors Are Ubiquitous

Some 
bioaccumulate
and/or are persistent
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Disease Risk Increased by Developmental EDC Exposures

• 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)

Reproductive/ Endocrine

• Alzheimer’s disease (Lead)

• Parkinson’s disease (Pesticides)

• ADHD/learning disabilities , IQ (PCBs, 

Lead, Ethanol, Organochlorine 

pesticides)

Brain/Nervous System

• Susceptibility to infections (Dioxin, 
Perfluorinated compounds, Arsenic

• Autoimmune disease (Dioxin)

Immune/Autoimmune
• Asthma (Air Pollution)

• Heart disease/hypertension (BPA)

• Stroke (PCBs)

Pulmonary/Cardiovascular

Street et al. 2018; Barouki et al. 2018; WHO 2012 
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This is an important slide.  First note the diseases… these are some of the most important diseases and dysfunctions todaySecond, these are the diseases that have increased significantly over the last 40 years or so.Third, each of these diseases can be reproduced in animal models with exposure to environmental chemicals…some examples are shown in parentheses.Certainly there are many data gaps here but the principle is clear, developmental exposures to EDCs can sensitize the animal models to increased disease later in life.The diseases in red are the ones where there are significant human data.  Note for example there are over 200 publications showing assocications between developmental exposures to EDCS and ADHD, learning disabilities and IQ loss.-----------------------Formatted July 2016



Examples of EDC exposures in Humans 

DES used as a
drug to prevent 
miscarriages

Lead in gasoline
and paint

Smoking during 
pregnancy

Mercury
contamination in 
Minamata Bay

Arsenic contamination
of drinking water

PCB contamination 
of rice oil in Japan

PBB contamination 
of livestock feed
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Smoking during early pregnancyMercury contamination in Minamata BayLead in gasoline and paintDES used as a drug to prevent miscarriagesPCB contamination of rice oil in Japan – led to bronchitis and skin disease (adults) and reduced IQ and growth retardation (children)PBB contamination of livestock feed – led to multiple problems including thyroid deficiencyArsenic contamination of drinking water---------------------Slide updated 03/2016



Grandjean et al., 2012 and 2010

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

Diphtheria
5 years -16.0 -34.9 to 8.3
7 years -27.6 -45.8 to -3.3

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
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In work published Another example that has important impacts on health providers, comes from NIEHS grantee Philippe Grandjean and colleagues who have demonstrated that developmental PFOS exposure is associated with immunotoxic effects on serum concentrations of specific antibodies against diphtheria and tetanus vaccinations. Very similar results were seen in children who were exposed to PCBs (EHP, 2010). The immune system development during the first years of life appears to be particularly vulnerable to this exposure.---------------------Slide updated 09/2015














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.

*sample collection in 244 estimates collected in 1973–2011 

Levine et al. 2017

Mean sperm concentration by year 
Mean total sperm count by fertility and geographic 

groups
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Hum Reprod Update. 2017 Nov 1;23(6):646-659. doi: 10.1093/humupd/dmx022.Temporal trends in sperm count: a systematic review and meta-regression analysis.Levine H1,2, Jørgensen N3, Martino-Andrade A2,4, Mendiola J5, Weksler-Derri D6, Mindlis I7, Pinotti R8, Swan SH7.Author information1Braun School of Public Health and Community Medicine, Hadassah-Hebrew University, the Hebrew University Center of Excellence in Agriculture and Environmental Health, Ein Kerem Campus, PO BOX 12272, Jerusalem 9110202, Israel.2Department of Environmental Medicine and Public Health, Icahn School of Medicine at Mount Sinai, New York, NY 10029, USA.3University Department of Growth and Reproduction, University of Copenhagen, Rigshospitalet, CopenhagenDK-2100, Denmark.4Department of Physiology, Federal University of Parana, Curitiba 81531-980, Brazil.5Division of Preventive Medicine and Public Health, University of Murcia School of Medicine and Biomedical Research Institute of Murcia (IMIB-Arrixaca-UMU), Murcia30100, Spain.6Faculty of Health Sciences, Ben-Gurion University of the Negev, Beer Sheva6676814, Israel.7Department of Environmental Medicine and Public Health, Icahn School of Medicine at Mount Sinai, New York, NY10029, USA.8Gustave L. and Janet W. Levy Library, Icahn School of Medicine at Mount Sinai, New York, NY10029, USA.AbstractBACKGROUND: Reported declines in sperm counts remain controversial today and recent trends are unknown. A definitive meta-analysis is critical given the predictive value of sperm count for fertility, morbidity and mortality.OBJECTIVE AND RATIONALE: To provide a systematic review and meta-regression analysis of recent trends in sperm counts as measured by sperm concentration (SC) and total sperm count (TSC), and their modification by fertility and geographic group.SEARCH METHODS: PubMed/MEDLINE and EMBASE were searched for English language studies of human SC published in 1981-2013. Following a predefined protocol 7518 abstracts were screened and 2510 full articles reporting primary data on SC were reviewed. A total of 244 estimates of SC and TSC from 185 studies of 42 935 men who provided semen samples in 1973-2011 were extracted for meta-regression analysis, as well as information on years of sample collection and covariates [fertility group ('Unselected by fertility' versus 'Fertile'), geographic group ('Western', including North America, Europe Australia and New Zealand versus 'Other', including South America, Asia and Africa), age, ejaculation abstinence time, semen collection method, method of measuring SC and semen volume, exclusion criteria and indicators of completeness of covariate data]. The slopes of SC and TSC were estimated as functions of sample collection year using both simple linear regression and weighted meta-regression models and the latter were adjusted for pre-determined covariates and modification by fertility and geographic group. Assumptions were examined using multiple sensitivity analyses and nonlinear models.OUTCOMES: SC declined significantly between 1973 and 2011 (slope in unadjusted simple regression models -0.70 million/ml/year; 95% CI: -0.72 to -0.69; P < 0.001; slope in adjusted meta-regression models = -0.64; -1.06 to -0.22; P = 0.003). The slopes in the meta-regression model were modified by fertility (P for interaction = 0.064) and geographic group (P for interaction = 0.027). There was a significant decline in SC between 1973 and 2011 among Unselected Western (-1.38; -2.02 to -0.74; P < 0.001) and among Fertile Western (-0.68; -1.31 to -0.05; P = 0.033), while no significant trends were seen among Unselected Other and Fertile Other. Among Unselected Western studies, the mean SC declined, on average, 1.4% per year with an overall decline of 52.4% between 1973 and 2011. Trends for TSC and SC were similar, with a steep decline among Unselected Western (-5.33 million/year, -7.56 to -3.11; P < 0.001), corresponding to an average decline in mean TSC of 1.6% per year and overall decline of 59.3%. Results changed minimally in multiple sensitivity analyses, and there was no statistical support for the use of a nonlinear model. In a model restricted to data post-1995, the slope both for SC and TSC among Unselected Western was similar to that for the entire period (-2.06 million/ml, -3.38 to -0.74; P = 0.004 and -8.12 million, -13.73 to -2.51, P = 0.006, respectively).WIDER IMPLICATIONS: This comprehensive meta-regression analysis reports a significant decline in sperm counts (as measured by SC and TSC) between 1973 and 2011, driven by a 50-60% decline among men unselected by fertility from North America, Europe, Australia and New Zealand. Because of the significant public health implications of these results, research on the causes of this continuing decline is urgently needed.



FETAL ORIGIN OF ADULT DISEASE:
TESTICULAR CANCER
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Study of dioxin and breast cancer.Study of DDT and breast cancer.



Decreasing Age of Female Puberty

2008 – U.S. Government-
commissioned 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

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

Age of Menarche in Europe and 
the US from 1790 to 1980
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suggest that endocrine-disrupting chemicals, particularly theestrogen mimics and antiandrogens, and body fat are important factors associatedin altered puberty timing



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
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Endometriosis is a condition in which tissue similar to the lining inside the uterus (called “the endometrium”), is found outside the uterus, where it induces a chronic inflammatory reaction that may result in scar tissue.  It is primarily found on the pelvic peritoneum, on the ovaries, in the recto-vaginal septum, on the bladder, and bowel.LEFT FIG: Osteen Lab Vanderbilt RIGHT Fig: NIEHS EDC Fact sheetWomen’s Risk of Endometriosis (WREN) Case-Control StudySoy formula feeding associated with 2.4X increased risk of endometriosisLevels of BPA in urine were associated with increased risk of non-ovarian pelvic endometriosis Serum Dioxin Concentrations and Endometriosis Cohort StudyWomen with serum TCDD levels of 100 ppt or higher had a doubled risk for endometriosisEndometriosis and fibroids shown to appear togetherStudy of Environment, Lifestyle & Fibroids (SELF) study of 1, 696 African-American womenSoy formula feeding associated with increased size of uterine fibroidsFertil Steril. 2015 Oct;104(4):964-971.e5. doi: 10.1016/j.fertnstert.2015.06.040. Epub 2015 Jul 26.Early-life factors and endometriosis risk.Upson K1, Sathyanarayana S2, Scholes D3, Holt VL4.AbstractOBJECTIVE:To study early-life factors in relation to endometriosis risk in adulthood.DESIGN:Population-based case-control study.SETTING:Integrated healthcare system.PATIENT(S):Cases (n = 310) were women diagnosed for the first time with endometriosis between the years 1996 and 2001, and controls (n = 727) were women without a diagnosis of endometriosis randomly selected from the healthcare system population.INTERVENTION(S):None.MAIN OUTCOME MEASURE(S):Adjusted odds ratios (aORs) and 95% confidence intervals (CIs) for the associations between intrauterine diethylstilbestrol (DES) exposure, maternal smoking, mother's age at delivery, firstborn status, birth weight, fetal number, prematurity, and regular soy formula feeding during infancy and endometriosis were estimated using unconditional logistic regression, adjusting for frequency matching and confounding variables. Information on early-life factors was ascertained retrospectively by in-person interview, with information on maternal DES use and regular soy formula feeding directly gathered from the participant's mother or other family member.RESULT(S):We observed that women who were regularly fed soy formula as infants had more than twice the risk of endometriosis compared with unexposed women (aOR 2.4, 95% CI 1.2-4.9). Our data also suggested increased endometriosis risk with prematurity (aOR 1.7, 95% CI 0.9-3.1) and maternal use of DES (OR 2.0, 95% CI 0.8-4.9, adjusting only for frequency matching variables), although these confidence intervals included the null.CONCLUSION(S):Our results support the hypothesis that disruption of development during fetal and infant periods may increase the risk of endometriosis in adulthood.Hum Reprod. 2014 Nov;29(11):2457-64. doi: 10.1093/humrep/deu227. Epub 2014 Sep 9.A population-based case-control study of urinary bisphenol A concentrations and risk of endometriosis.Upson K1, Sathyanarayana S2, De Roos AJ3, Koch HM4, Scholes D5, Holt VL6.Author informationAbstractSTUDY QUESTION:Is bisphenol A (BPA) exposure associated with the risk of endometriosis, an estrogen-driven disease of women of reproductive age?SUMMARY ANSWER:Our study suggests that increased urinary BPA is associated with an increased risk of non-ovarian pelvic endometriosis, but not ovarian endometriosis.WHAT IS KNOWN ALREADY:BPA, a high-volume chemical used in the polymer industry, has been the focus of public and scientific concern given its demonstrated estrogenic effects in vivo and in vitro and widespread human exposure. Prior studies of BPA and endometriosis have yielded inconsistent results and were limited by the participant sampling framework, small sample size or use of serum (which has very low/transient concentrations) instead of urine to measure BPA concentrations.STUDY DESIGN, SIZE, DURATION:We used data from the Women's Risk of Endometriosis study, a population-based case-control study of endometriosis, conducted among female enrollees of a large healthcare system in the US Pacific Northwest. Cases were women with incident, surgically confirmed endometriosis diagnosed between 1996 and 2001 and controls were women randomly selected from the defined population that gave rise to the cases, without a current or prior diagnosis of endometriosis.PARTICIPANTS/MATERIALS, SETTINGS, METHODS:Total urinary BPA concentrations were measured in 143 cases and 287 population-based controls using single, spot urine samples collected after disease diagnosis in cases. Total urinary BPA concentration (free and conjugated species) was quantified using a high-performance liquid chromatography-mass spectrometry method. We estimated odds ratios (ORs) and 95% confidence intervals (CIs) using unconditional logistic regression, adjusting for urinary creatinine concentrations, age and reference year. We also evaluated the association by disease subtypes, ovarian and non-ovarian pelvic endometriosis, that may be etiologically distinct.MAIN RESULTS AND THE ROLE OF CHANCE:We did not observe a statistically significant association between total urinary BPA concentrations and endometriosis overall. We did observe statistically significant positive associations when evaluating total urinary BPA concentrations in relation to non-ovarian pelvic endometriosis (second versus lowest quartile: OR 3.0; 95% CI: 1.2, 7.3; third versus lowest quartile: OR 3.0; 95% CI: 1.1, 7.6), but not in relation to ovarian endometriosis.LIMITATIONS, REASONS FOR CAUTION:Given the short elimination half-life of BPA, our study was limited by the timing of collection of the single urine sample, that occurred after case diagnosis. Thus, our BPA measurements may not accurately represent the participants' levels during the etiologically relevant time period for endometriosis development. In addition, since it was not feasible in this population-based study to surgically confirm the absence of disease, it is possible that some controls may have had undiagnosed endometriosis.WIDER IMPLICATIONS OF THE FINDINGS:By using population-based data, it is more likely that the controls represented the underlying frequency of BPA exposure in contrast to prior studies that used for comparison control women undergoing surgical evaluation, where the indication for surgery may be associated with BPA exposure. The significant associations observed in this study suggest that BPA may affect the normal dynamic structural changes of hormonally responsive endometrial tissue during the menstrual cycle, promoting the establishment and persistence of refluxed endometrial tissue in cases with non-ovarian pelvic endometriosis. Further research is warranted to confirm our novel findings in endometriosis subtypes that may be etiologically distinct.STUDY FUNDING/COMPETING INTERESTS:This work was supported by the National Institutes of Health, National Institute of Environmental Health Sciences (grant number R03 ES019976), the Eunice Kennedy Shriver National Institute of Child Health and Human Development (grant number R01 HD033792); US Environmental Protection Agency, Science to Achieve Results (STAR) (grant number R82943-01-0) and National Institute of Nursing Research (grant number F31NR013092) to KU for training support. This work was supported in part by the Intramural Research Program of the National Institutes of Health, National Institute of Environmental Health Sciences. The content is solely the responsibility of the authors and does not necessarily represent the official view of the National Institute of Child Health and Human Development, National Institute of Environmental Health Sciences, National Institute of Nursing Research or the National Institutes of Health. The authors have no actual or potential competing financial interests.Environ Health Perspect. 2002 Jul;110(7):629-34.Serum dioxin concentrations and endometriosis: a cohort study in Seveso, Italy.Eskenazi B1, Mocarelli P, Warner M, Samuels S, Vercellini P, Olive D, Needham LL, Patterson DG Jr, Brambilla P, Gavoni N, Casalini S, Panazza S, Turner W, Gerthoux PM.Author informationAbstractDioxin, a ubiquitous contaminant of industrial combustion processes including medical waste incineration, has been implicated in the etiology of endometriosis in animals. We sought to determine whether dioxin exposure is associated with endometriosis in humans. We conducted a population-based historical cohort study 20 years after the 1976 factory explosion in Seveso, Italy, which resulted in the highest known population exposure to 2,3,7,8-tetrachlorodibenzo-(italic)p(/italic)-dioxin (TCDD). Participants were 601 female residents of the Seveso area who were (3/4) 30 years old in 1976 and had adequate stored sera. Endometriosis disease status was defined by pelvic surgery, current transvaginal ultrasound, pelvic examination, and interview (for history of infertility and pelvic pain). "Cases" were women who had surgically confirmed disease or an ultrasound consistent with endometriosis. "Nondiseased" women had surgery with no evidence of endometriosis or no signs or symptoms. Other women had uncertain status. To assess TCDD exposure, individual levels of TCDD were measured in stored sera collected soon after the accident. We identified 19 women with endometriosis and 277 nondiseased women. The relative risk ratios (RRRs) for women with serum TCDD levels of 20.1-100 ppt and >100 ppt were 1.2 [90% confidence interval (CI) = 0.3-4.5] and 2.1 (90% CI = 0.5-8.0), respectively, relative to women with TCDD levels (3/4) 20 ppt. Tests for trend using the above exposure categories and continuous log TCDD were nonsignificant. In conclusion, we report a doubled, nonsignificant risk for endometriosis among women with serum TCDD levels of 100 ppt or higher, but no clear dose response. Unavoidable disease misclassification in a population-based study may have led to an underestimate of the true risk of endometriosis.Size of uterine fibroids linked with early-life exposure to phytoestrogenScientists at NIEHS have observed an association between infant consumption of soy formula and the size of uterine fibroids in African-American women. Previous studies have shown that exogenous hormone exposure during infancy may cause epigenetic changes to the developing body. Soy formula contains phytoestrogens, hormones which can interact with estrogen receptors.In this cohort study, 1696 African-American women, aged 23-34, underwent ultrasound screening for uterine fibroids, benign tumors of the uterine smooth muscle, and completed a questionnaire about whether they were fed soy formula during infancy. Most participants collected the soy formula data directly from their mothers. The scientists looked at how the prevalence, number, and size of fibroids varied among soy formula-exposed and unexposed participants.Researchers did not observe an association between consuming soy formula during infancy and the presence of one or more uterine fibroids in adulthood. However, among women who had fibroids, those who had been fed soy formula had larger fibroids than unexposed women, with an approximate 30 percent increase in fibroid diameter and a twofold increase in fibroid volume. The finding lends support to the long-term effects of early-life phytoestrogen exposure. (EM)Citation:  Upson K, Harmon QE, Baird DD. 2015. Soy-based infant formula feeding and ultrasound-detected uterine fibroids among young African-American women with no prior clinical diagnosis of fibroids. Environ Health Perspect; doi:10.1289/ehp.1510082 [Online 13 November 2015].(Not NIEHS-funded work, but shows link between fibroids and endometriosis; Graphs on right show appearance together by age group)J Hum Reprod Sci. 2011 Jan;4(1):34-8. doi: 10.4103/0974-1208.82358.Do symptomatic endometriosis and uterine fibroids appear together?Uimari O1, Järvelä I, Ryynänen M.Author information		1Obstetrics and Gynecology Clinic, Oulu University Hospital, Oulu, Finland.AbstractOBJECTIVES:Endometriosis and uterine fibroids are common gynecological disorders in fertile women. It has been suggested that these two disorders may be associated with each other. In this study, we tested whether this connection exists. In addition, we wanted to evaluate whether they both affect fertility independently of each other.MATERIALS AND METHODS:THE PREVALENCE OF ENDOMETRIOSIS AND UTERINE FIBROIDS WAS INVESTIGATED IN THREE GROUPS OF PATIENTS: Symptomatic patients requiring surgery either for endometriosis (n=182), or for uterine fibroids (n=240) and asymptomatic patients undergoing laparoscopic sterilization (n=183). The prevalences were examined in three age groups: 35-39 yrs, 40-44 yrs and ≥ 45 yrs. The significance of both diagnoses on fertility was assessed using logistic regression analysis.RESULTS:Uterine fibroids were detected in 25.8% (47/182) of patients with endometriosis. Endometriosis was detected in 19.6% (47/240) of patients with uterine fibroids. 5.5% (10/183) women undergoing sterilization had endometriosis and 19.3% (17/183) had uterine fibroids. Both uterine fibroids and endometriosis were, independently of each other, related to subfertility (OR, 95% CI: 3.8, 2.3-6.5; 6.8, 4.0-11.6, respectively).CONCLUSIONS:The results suggest that symptomatic endometriosis appears together with symptomatic uterine fibroids. Both diseases seem to decrease female fertility independently of each other.Fertil Steril. 2015 Oct;104(4):964-971.e5. doi: 10.1016/j.fertnstert.2015.06.040. Epub 2015 Jul 26.Early-life factors and endometriosis risk.Upson K1, Sathyanarayana S2, Scholes D3, Holt VL4.AbstractOBJECTIVE:To study early-life factors in relation to endometriosis risk in adulthood.DESIGN:Population-based case-control study.SETTING:Integrated healthcare system.PATIENT(S):Cases (n = 310) were women diagnosed for the first time with endometriosis between the years 1996 and 2001, and controls (n = 727) were women without a diagnosis of endometriosis randomly selected from the healthcare system population.INTERVENTION(S):None.MAIN OUTCOME MEASURE(S):Adjusted odds ratios (aORs) and 95% confidence intervals (CIs) for the associations between intrauterine diethylstilbestrol (DES) exposure, maternal smoking, mother's age at delivery, firstborn status, birth weight, fetal number, prematurity, and regular soy formula feeding during infancy and endometriosis were estimated using unconditional logistic regression, adjusting for frequency matching and confounding variables. Information on early-life factors was ascertained retrospectively by in-person interview, with information on maternal DES use and regular soy formula feeding directly gathered from the participant's mother or other family member.RESULT(S):We observed that women who were regularly fed soy formula as infants had more than twice the risk of endometriosis compared with unexposed women (aOR 2.4, 95% CI 1.2-4.9). Our data also suggested increased endometriosis risk with prematurity (aOR 1.7, 95% CI 0.9-3.1) and maternal use of DES (OR 2.0, 95% CI 0.8-4.9, adjusting only for frequency matching variables), although these confidence intervals included the null.CONCLUSION(S):Our results support the hypothesis that disruption of development during fetal and infant periods may increase the risk of endometriosis in adulthood.Lancet Oncol. 2012 Apr;13(4):385-94. doi: 10.1016/S1470-2045(11)70404-1. Epub 2012 Feb 22.Association between endometriosis and risk of histological subtypes of ovarian cancer: a pooled analysis of case-control studies.Pearce CL1, Templeman C, Rossing MA, Lee A, Near AM, Webb PM, Nagle CM, Doherty JA, Cushing-Haugen KL, Wicklund KG, Chang-Claude J, Hein R, Lurie G, Wilkens LR, Carney ME, Goodman MT, Moysich K, Kjaer SK, Hogdall E, Jensen A, Goode EL, Fridley BL, Larson MC, Schildkraut JM, Palmieri RT, Cramer DW, Terry KL, Vitonis AF, Titus LJ, Ziogas A, Brewster W, Anton-Culver H, Gentry-Maharaj A, Ramus SJ, Anderson AR, Brueggmann D, Fasching PA, Gayther SA, Huntsman DG, Menon U, Ness RB, Pike MC, Risch H, Wu AH, Berchuck A; Ovarian Cancer Association Consortium.Author informationAbstractBACKGROUND: Endometriosis is a risk factor for epithelial ovarian cancer; however, whether this risk extends to all invasive histological subtypes or borderline tumours is not clear. We undertook an international collaborative study to assess the association between endometriosis and histological subtypes of ovarian cancer.METHODS: Data from 13 ovarian cancer case-control studies, which were part of the Ovarian Cancer Association Consortium, were pooled and logistic regression analyses were undertaken to assess the association between self-reported endometriosis and risk of ovarian cancer. Analyses of invasive cases were done with respect to histological subtypes, grade, and stage, and analyses of borderline tumours by histological subtype. Age, ethnic origin, study site, parity, and duration of oral contraceptive use were included in all analytical models.FINDINGS: 13 226 controls and 7911 women with invasive ovarian cancer were included in this analysis. 818 and 738, respectively, reported a history of endometriosis. 1907 women with borderline ovarian cancer were also included in the analysis, and 168 of these reported a history of endometriosis. Self-reported endometriosis was associated with a significantly increased risk of clear-cell (136 [20·2%] of 674 cases vs 818 [6·2%] of 13 226 controls, odds ratio 3·05, 95% CI 2·43-3·84, p<0·0001), low-grade serous (31 [9·2%] of 336 cases, 2·11, 1·39-3·20, p<0·0001), and endometrioid invasive ovarian cancers (169 [13·9%] of 1220 cases, 2·04, 1·67-2·48, p<0·0001). No association was noted between endometriosis and risk of mucinous (31 [6·0%] of 516 cases, 1·02, 0·69-1·50, p=0·93) or high-grade serous invasive ovarian cancer (261 [7·1%] of 3659 cases, 1·13, 0·97-1·32, p=0·13), or borderline tumours of either subtype (serous 103 [9·0%] of 1140 cases, 1·20, 0·95-1·52, p=0·12, and mucinous 65 [8·5%] of 767 cases, 1·12, 0·84-1·48, p=0·45).INTERPRETATION: Clinicians should be aware of the increased risk of specific subtypes of ovarian cancer in women with endometriosis. Future efforts should focus on understanding the mechanisms that might lead to malignant transformation of endometriosis so as to help identify subsets of women at increased risk of ovarian cancer.NIEHS-funded research continues to examine the potential impact of Endocrine Disrupting Chemical (EDC) exposure on the pathogenesis of endometriosisEDC exposure and angiogenic signaling, inflammatory signaling, peritoneal microbiome (Burns, Univ. of Cincinnati)BPA exposure and molecular mechanisms underlying lesion formation (Li, Univ. of Illinois) Studies in mice suggest a single gestational exposure to dioxin disrupts hormone responsiveness of adult uterus later in life (Korach, NIEHS)Medical management of endometriosis: emerging evidence linking inflammation to disease pathophysiology (Osteen, Vanderbilt Univ.)BURNS: Katie Burns did an interesting experiment while she was here – if you transplant any other ductal estrogen responsive tissue into the peritoneum as a surrogate from uterine tissue it does form any lesions – suggesting the overall process of endometriosis is not simply an exogenous tissue graph process but is selective for endometrial tissue –role of peritoneal microbiome in lesion formationEndocrinology. 2012 Aug;153(8):3960-71. doi: 10.1210/en.2012-1294. Epub 2012 Jun 14.Role of estrogen receptor signaling required for endometriosis-like lesion establishment in a mouse model.Burns KA1, Rodriguez KF, Hewitt SC, Janardhan KS, Young SL, Korach KS.Author informationAbstractEndometriosis results from ectopic invasion of endometrial tissue within the peritoneal cavity. Aberrant levels of the estrogen receptor (ER), ERα and ERβ, and higher incidence of autoimmune disorders are observed in women with endometriosis. An immunocompetent mouse model of endometriosis was used in which minced uterine tissue from a donor was dispersed into the peritoneal cavity of a recipient. Wild-type (WT), ERα-knockout (αERKO), and βERKO mice were donors or recipients to investigate the roles of ERα, ERβ, and estradiol-mediated signaling on endometriosis-like disease. Mice were treated with vehicle or estradiol, and resulting location, number, and size of endometriosis-like lesions were assessed. In comparison with WT lesions in WT hosts, αERKO lesions in WT hosts were smaller and fewer in number. The effect of ER status and estradiol treatment on nuclear receptor status, proliferation, organization, and inflammation within lesions were examined. αERKO lesions in WT hosts did not form distal to the incision site, respond to estradiol, or proliferate but did have increased inflammation. WT lesions in αERKO hosts did respond to estradiol, proliferate, and show decreased inflammation with treatment, but surprisingly, progesterone receptor expression and localization remained unchanged. Only minor differences were observed between WT lesions in βERKO hosts and βERKO lesions in WT hosts, demonstrating the estradiol-mediated signaling responses are predominately through ERα. In sum, these results suggest ER in both endometriosis-like lesions and their environment influence lesion characteristics, and understanding these interactions may play a critical role in elucidating this enigmatic disease.GRANT ABSTRACT:�Bisphenol A, Phthalate, and Endometriosis: Mechanisms and PathogenesisPrincipal Investigator: Li, Quanxi Institute Receiving Award: University Of Illinois Urbana-ChampaignGrant Number: R21ES024198Funding Organization: National Institute of Environmental Health SciencesAward Funding Period: 01 Jul 2014 to 30 Jun 2016 DESCRIPTION(provided by applicant):: Environmental and occupational exposure to Bisphenol A (BPA) and di-2-ethylhexyl phthalate (DEHP), two chemicals widely used in plastic products, are receiving substantial attention in female reproductive health because of the high risk of chronic exposure in humans. Although it is clear that BPA and DEHP can adversely affect female reproductive functions, the direct impact and underlying mechanisms of action in regulation of physiologicalfunctions of the uterus remain unknown. Recent studies in our laboratory have shown that young female mice, when exposed chronically to low-levels of BPA or DEHP by multiple feedings in a day, display severe impairment in steroid-regulated physiological functions of the uterus, primarily due to unresponsiveness to progesterone that imposed by the reduced expression levels of progesterone receptor (PGR) and PGR- target Hand2. Our studies also identified Hand2 DNA methylation as an early epigenetic biomarker in human endometrium predisposing women to endometrial tumorigenesis. These results prompt us to investigate biological link between chronic BPA or DEHP exposure and pathogenesis of endometriosis, an estrogen- dependent reproductive disorder, characterized by growth of endometrial tissues outside the uterus. Our central hypothesis is that chronic exposure to low-level BPA or DEHP in young females during pubertal development period will result in epigenetic changes in adult endometrial cells, leading to progesterone resistance due to silencing of PGR and Hand2 expression. The interplay between the exposed-endometrial fragments and the resident immune cells may create an estrogen-dominant environment in endometrial fragments that facilitate their establishment on the peritoneal surface. We also propose that the down regulation of PGR and Hand2-expression in the eutopic endometrium and the ectopic lesions, in response to chronic exposure to these chemicals, may further advance progesterone resistance and accelerate disease progression by activating FGFR to ERK1/2-mediated MAPK signaling pathway. We designed two aims to explore the impact and the underlying molecular mechanism of BPA or DEHP action in regulation of progesterone resistance and pathogenesis of endometriosis. Specific Aim-1 will investigate how the alteration in endometrium in response to chronic exposure to low-levels of BPA or DEHP in young females will promote theestablishment and development of ectopic lesions in mice. Specific Aim-2 will determine the molecular mechanisms by which BPA and DEHP enhance progesterone resistance by modulate PGR and HAND2 expression in the eutopic endometrium and the ectopic lesions, most likely through DNA methylation. Successful completion of these experiments will help us better understand the molecular mechanisms through which chronic BPA and DEHP regulate physiological and pathological aspects of the uterine functions and fill the substantial gap in knowledge about the contribution of these chemicals to the etiology of endometriosis. Science Code(s)/Area of Science(s) Primary: 50 - Endocrine (including Breast Cancer) Program Administrator: Jerrold Heindel (heindelj@niehs.nih.gov)  MOUSE WORK: KORACHToxicol Sci. 2013 Dec;136(2):514-26. doi: 10.1093/toxsci/kft208. Epub 2013 Sep 19.A single gestational exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin disrupts the adult uterine response to estradiol in mice.Burns KA1, Zorrilla LM, Hamilton KJ, Reed CE, Birnbaum LS, Korach KS.Author information Abstract2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) given as a cotreatment with estrogen exhibits antiestrogenic properties on the rodent adult uterus, but less is understood regarding hormonal responsiveness of the adult uterus from animals having been exposed to TCDD during critical periods of development. We characterized the inhibitory effects of TCDD (T) exposure at gestational day 15 (GD15), 4 weeks, and 9 weeks of age (TTT) on the adult uterus following hormone treatment. TTT-exposed mice in response to hormone treatment exhibited a blunted weight increase, had fewer uterine glands, displayed morphological anomalies, and had marked decreases in the hormonal regulation of genes involved in fluid transport (Aqp3 and Aqp5), cytoarchitectural (Dsc2 and Sprr2A), and immune (Lcn2 and Ltf) regulation. To determine if the 9-week exposure was responsible for the blunted uterine response, due to the 7- to 11-day half-life of TCDD in mice, a second set of experiments was performed to examine exposure to TCDD given at GD15, GD15 only (cross-fostered at birth), only during lactation (cross-fostered at birth), or at GD15 and 4 weeks of age. Our studies demonstrate that a single developmental TCDD exposure at GD15 is sufficient to elicit a blunted adult uterine response to estradiol and is due in part to fewer gland numbers and the reduced expression of forkhead box A2 (FoxA2), a gene involved in gland development. Together, these results provide insight regarding the critical nature of in utero exposure and the potential impact on ensuing uterine biology and reproductive health later in life.Minerva Ginecol. 2013 Apr;65(2):199-213.Medical management of endometriosis: emerging evidence linking inflammation to disease pathophysiology.Bruner-Tran KL1, Herington JL, Duleba AJ, Taylor HS, Osteen KG.Author informationAbstractProgesterone action normally mediates the balance between anti-inflammatory and proinflammatory processes throughout the female reproductive tract. However, in women with endometriosis, endometrial progesterone resistance, characterized by alterations in progesterone responsive gene and protein expression, is now considered a central element in disease pathophysiology. Recent studies additionally suggest that the peritoneal microenvironment of endometriosis patients exhibits altered physiological characteristics that may further promote inflammation-driven disease development and progression. Within this review, we summarize our current understanding of the pathogenesis of endometriosis with an emphasis on the role that inflammation plays in generating not only the progesterone-resistant eutopic endometrium but also a peritoneal microenvironment that may contribute significantly to disease establishment. Viewing endometriosis from the emerging perspective that a progesterone resistant endometrium and an immunologically compromised peritoneal microenvironment are biologically linked risk factors for disease development provides a novel mechanistic framework to identify new therapeutic targets for appropriate medical management.OTHER BPA ABSTRACT:Hum Reprod. 2014 Nov;29(11):2457-64. doi: 10.1093/humrep/deu227. Epub 2014 Sep 9.A population-based case-control study of urinary bisphenol A concentrations and risk of endometriosis.Upson K1, Sathyanarayana S2, De Roos AJ3, Koch HM4, Scholes D5, Holt VL6.Author informationAbstractSTUDY QUESTION:Is bisphenol A (BPA) exposure associated with the risk of endometriosis, an estrogen-driven disease of women of reproductive age?SUMMARY ANSWER:Our study suggests that increased urinary BPA is associated with an increased risk of non-ovarian pelvic endometriosis, but not ovarian endometriosis.WHAT IS KNOWN ALREADY:BPA, a high-volume chemical used in the polymer industry, has been the focus of public and scientific concern given its demonstrated estrogenic effects in vivo and in vitro and widespread human exposure. Prior studies of BPA and endometriosis have yielded inconsistent results and were limited by the participant sampling framework, small sample size or use of serum (which has very low/transient concentrations) instead of urine to measure BPA concentrations.STUDY DESIGN, SIZE, DURATION:We used data from the Women's Risk of Endometriosis study, a population-based case-control study of endometriosis, conducted among female enrollees of a large healthcare system in the US Pacific Northwest. Cases were women with incident, surgically confirmed endometriosis diagnosed between 1996 and 2001 and controls were women randomly selected from the defined population that gave rise to the cases, without a current or prior diagnosis of endometriosis.PARTICIPANTS/MATERIALS, SETTINGS, METHODS:Total urinary BPA concentrations were measured in 143 cases and 287 population-based controls using single, spot urine samples collected after disease diagnosis in cases. Total urinary BPA concentration (free and conjugated species) was quantified using a high-performance liquid chromatography-mass spectrometry method. We estimated odds ratios (ORs) and 95% confidence intervals (CIs) using unconditional logistic regression, adjusting for urinary creatinine concentrations, age and reference year. We also evaluated the association by disease subtypes, ovarian and non-ovarian pelvic endometriosis, that may be etiologically distinct.MAIN RESULTS AND THE ROLE OF CHANCE:We did not observe a statistically significant association between total urinary BPA concentrations and endometriosis overall. We did observe statistically significant positive associations when evaluating total urinary BPA concentrations in relation to non-ovarian pelvic endometriosis (second versus lowest quartile: OR 3.0; 95% CI: 1.2, 7.3; third versus lowest quartile: OR 3.0; 95% CI: 1.1, 7.6), but not in relation to ovarian endometriosis.LIMITATIONS, REASONS FOR CAUTION:Given the short elimination half-life of BPA, our study was limited by the timing of collection of the single urine sample, that occurred after case diagnosis. Thus, our BPA measurements may not accurately represent the participants' levels during the etiologically relevant time period for endometriosis development. In addition, since it was not feasible in this population-based study to surgically confirm the absence of disease, it is possible that some controls may have had undiagnosed endometriosis.WIDER IMPLICATIONS OF THE FINDINGS:By using population-based data, it is more likely that the controls represented the underlying frequency of BPA exposure in contrast to prior studies that used for comparison control women undergoing surgical evaluation, where the indication for surgery may be associated with BPA exposure. The significant associations observed in this study suggest that BPA may affect the normal dynamic structural changes of hormonally responsive endometrial tissue during the menstrual cycle, promoting the establishment and persistence of refluxed endometrial tissue in cases with non-ovarian pelvic endometriosis. Further research is warranted to confirm our novel findings in endometriosis subtypes that may be etiologically distinct.STUDY FUNDING/COMPETING INTERESTS:This work was supported by the National Institutes of Health, National Institute of Environmental Health Sciences (grant number R03 ES019976), the Eunice Kennedy Shriver National Institute of Child Health and Human Development (grant number R01 HD033792); US Environmental Protection Agency, Science to Achieve Results (STAR) (grant number R82943-01-0) and National Institute of Nursing Research (grant number F31NR013092) to KU for training support. This work was supported in part by the Intramural Research Program of the National Institutes of Health, National Institute of Environmental Health Sciences. The content is solely the responsibility of the authors and does not necessarily represent the official view of the National Institute of Child Health and Human Development, National Institute of Environmental Health Sciences, National Institute of Nursing Research or the National Institutes of Health. The authors have no actual or potential competing financial interests. 
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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

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

KCs of EDCs



Key Questions 

• What Natural Hormones?
• Estrogens, Androgens, Thyroid (“EAT”)
• Others – Steroids (Glucocorticoids, Vit. D, Non-Steroids (Prolactin, Insulin), Non-

Classical (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

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

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

FUNGICIDES
Benomyl
Ethylene thiourea
Fenarimol
Hexachlorobenzene
Mancozeb
Maneb
Metiram - complex
Tri-butyl-tin
Vinclozolin
Zineb

Testosterone synthesis inhibitor Estrogen receptor agonist
Thyroid hormone disruptor     Androgen receptor antagonist

Presenter
Presentation Notes
---------------------Slide updated 03/2016



• 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

Bisphenol A (BPA)

32



• 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

CLARITY-BPA Inception 

33
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Presentation Notes
A previous chronic toxicity study of BPA [16] had not included developmental exposure, and many of the studies reporting effectsfollowing developmental exposures to low doses of BPA have not directly evaluated the potential long term consequences of thereported effects. Thus, a chronic toxicity study examining a wide dose range using a relevant long-term oral dosing protocol thatincludes developmental exposure and new endpoints not typically assessed in guideline studies was considered to be of value by NTPand NIEHS. In addition, FDA’s ongoing review of BPA offered an opportunity to test a new, collaborative research model based onenhancing the links between academic and guideline-compliant research. These factors led to the genesis of the CLARITY-BPAresearch program.



• 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. 

“Core Study” Conclusions (Peer-reviewed)
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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

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

Models Developed:
In vitro screens
In vivo screens
Whole animal Models
Computational Approaches



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

EDSP List 2
107 Chemicals

EDSP List 1
67 Chemicals

Evolution of the Endocrine Disruptor Screening Program 
(EDSP)

HTS data for 
3000 

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

Presenter
Presentation Notes
NIH has, and continues to make a substantial investment in Tox21 – both short term and long term, directly funding “Tox21” and funding other key projects (human on chip, epi studies). Part of a larger picture. NIH epidemiology studies.  NIEHS work on epigenetics.  NICEATM is is positioned to address all three goals.  Tox21 has produced lots of data, we are now positioned to start providing some tangible results.  Validation is an area of expertise 



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

• 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

From Assays to Pathways

Presenter
Presentation Notes
The committee envisions a future in which tests based on human cell systems can serve as better models of human biologic responses than apical studies in different species.”“The committee therefore believes that, given a sufficient research and development effort, human cell systems have the potential to largely supplant testing in animals.”



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. 

Validation: 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"

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

Presenter
Presentation Notes
Federal Register notice accepting ER pathway model scores for 1800 chemicals 



Combine results from multiple ToxCast in vitro assays
Tox21/ToxCast ER/AR Pathway Models

 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

Presenter
Presentation Notes
Built using a strictly mathematical approach�(i.e., no data used for training/learning) Assesses consistency of response across all 16 assays, discounting assay / technology specific results (all assays carry equal weight)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



Adopting Alternative EDSP Assays

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”

July 2018

EDSP Tier 1 Battery of Assays Model Alternative Development

Estrogen Receptor (ER) Binding ER Model FY 2015
Estrogen Receptor Transactivation (ERTA) ER Model FY 2015

Rodent Uterotrophic ER Model FY 2015
Androgen Receptor (AR) Binding AR Model FY 2017

Rodent Hershberger AR Model FY 2017
Aromatase STR Model FY 2017

Steroidogenesis (STR) STR Model 2017
Female Rat Pubertal ER, STR & THY Models FY 2018
Male Rat Pubertal AR, STR & THY Models FY 2018

Fish Short Term Reproduction ER, AR & STR Models FY 2018
Amphibian Metamorphosis THY Model FY 2018
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SAP to consider AR pathway model in November 2017



• Data integrator:
• Structured format designed for ease of use 
• Allows access to data for multiple regulatory 

endpoints
• Query by CASRN or established reference 

chemical lists
• Flexible, exportable results

• Workflows:
• Property predictions, Chemical space 

characterization, IVIVE, Mechanistic models, 
AOP mapping

Integrated Chemical Environment: ICE 

https://ice.ntp.niehs.nih.gov/

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

https://ice.ntp.niehs.nih.gov/


Global QSAR Modeling Collaboration

CoMPARA
Collaborative Modeling Project

for Androgen Receptor Activity

Mansouri et al. EHP (2017) Mansouri et al. EHP (2020)

https://github.com/NIEHS/OPERA

https://github.com/NIEHS/OPERA


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

Presenter
Presentation Notes
Most of us have heard of BPA and know it is commonly found in plastic drink bottles and the linings of food and beverage cans.Many of you might already choose “BPA free” products because you have heard about migration of BPA into our food and how BPA may affect health. However, “BPA free” does not mean “bisphenol free.”As manufacturers reduce their use of BPA in products, many are replacing them with other bisphenols, such as BPS and BPF, which have similar chemical structures and properties.This study shows that exposure to bisphenols in the U.S. is widespread – even to less well known bisphenols (BPS and BPF)The study analyzed urinary bisphenol levels in adults (N = 1808) and children (N = 868) participating in NHANES 2013–2014. BPA, BPS, and BPF were detected in 95.7, 89.4, and 66.5% of randomly selected urine samples analyzed as part of NHANES 2013–2014, respectively. Figure: Urinary concentrations of BPA, BPF, and BPS for adults and children participating in NHANES 2013-2014. ------------Lehmler HJ, Liu B, Gadogbe M, Bao W. Exposure to Bisphenol A, Bisphenol F, and Bisphenol S in U.S. Adults and Children: The National Health and Nutrition Examination Survey 2013-2014. ACS Omega. 2018 Jun 30;3(6):6523-6532. Abstract: Bisphenol F (BPF) and bisphenol S (BPS) are replacing bisphenol A (BPA) in the manufacturing of products containing polycarbonates and epoxy resins. Data on current human exposure levels of these substitutes are needed to aid in the assessment of their human health risks. This study analyzed urinary bisphenol levels in adults (N = 1808) and children (N = 868) participating in the National Health and NutritionExamination Survey (NHANES) 2013-2014 and investigated demographic and lifestyle factors associated with urinary levels of bisphenols. BPA, BPS, and BPF were detected in 95.7, 89.4, and 66.5% of randomly selected urine samples analyzed as part of NHANES 2013-2014, respectively. Median levels of BPA in U.S. adult were higher (1.24 μg/L) than BPF and BPS levels (0.35 and 0.37 μg/L, respectively). For children, median BPA levels were also higher (1.25 μg/L) than BPF and BPS levels (0.32 and 0.29 μg/L, respectively). The limits of detection for BPA, BPF, and BPS were 0.2, 0.2, and 0.1 μg/L, respectively. Urinary levels showed associations with gender, race/ethnicity, family income, physical activity, smoking, and/or alcohol intake that depended on the specific bisphenol. The results of this study indicate that exposure of the general U.S. population to BPA substitutes is almost ubiquitous. Because exposures differ across the U.S. population, further studies of environmental, consumer, and lifestyle factors affecting BPF and BPS exposures are warranted.�



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 Miscarriage*
and 
Body weight increase  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

• Emergence of alternatives which 
are less well studied

PFMOAA

PFOA

PFOS

GenX

Presenter
Presentation Notes
Per-  and  polyfluoroalkyl  substances,  or  PFAS,  are group of nearly 5,000 chemicals that are mobile, highly  persistent,  and readily accumulate in the environment. Note: for this audience it may be important to highlight carbon-fluorine bond and environmental persistence.PFAS have been manufactured since the 1950s for use in a myriad of products due to their unique oil and water repellent properties. Paper products used for food packaging are often treated with PFAS for water and grease resistance. Sandwich wrappers, french-fry boxes, bakery bags, and molded fiber containers have all been found to contain PFAS



Consumer Applications of PFAS

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

Fabric coatings
Carpet coatings
Paper coatings
Floor polish/wax
Alkaline cleaners
Denture cleaners
Shampoos
Insecticides 

(ant/roach)



We All Have PFAS in Our Bodies
• Detected in humans 

globally

• >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 

Sunderland et al., J Expos Sci & Epidemiol, 2019
Dong et al., Ecotox and Environ Safety, 2019

PFOA PFOS

PFDeA PFHxS

PFAS exposure trends in NHANES 2003 – 2014

Presenter
Presentation Notes
We all carry a PFAS body burden. PFAS are detected in human populations globally, and the U.S. CDC has reported that these compounds are detectable in the blood of virtually all (98%) of Americans. We’ve seen declines in serum concentrations of PFOS and PFOA following phase-outs in the early/mid 2000s. However, phase-outs in the use of PFOS and PFOA has led to the use of substitute PFAS chemicals (chemical conveyor belt concept). And although exposures to PFOS and PFOA have been successfully reduced by product phase-outs in many populations, exposure to alternative PFAS have not followed the same trends.Figure (from Dong et al., 2019): PFAS exposure trends in NHANES 2003 – 2014. While there are clear decreases in PFOA and PFOS, changes in other PFAS are less pronounced. -----------------Dong Z, Want H, Yu YY, Li YB, Naidu R, Liu Y. 2019. Using 2003 – 2014�U.S. NHANES data to determine the associations between per- and polyfluoroalkyl substances and cholesterol: Trend and implications.�Ecotoxicology and Environmental Safety. 173:461-468. AbstractExposure to per- and polyfluoroalkyl substances (PFASs) is a major concern due to their widespread occurrence and adverse health outcomes. The possible binding of PFASs to peroxisome proliferator-activated receptors (PPARs) and nuclear receptors raises concerns that PFASs may impact cholesterol levels in human. In this study, the U.S. National Health and Nutrition Examination Survey (NHANES) data were employed to address the temporal trend for PFAS concentrations in biomonitoring and associations between cholesterol levels and PFAS exposure. Compared to the PFAS levels in 2003-2004, the median perfluorooctanoic acid (PFOA), perfluorooctanesulfonic acid (PFOS), perfluorohexane sulfonic acid (PFHxS) and perfluorononanoic acid (PFNA) levels in human serum in 2013-2014 decreased from 3.7 to 1.8 ng/mL, 19.2-4.7 ng/mL, 1.7 ng/mL to 1.3 ng/mL and 0.8 ng/mL to 0.6 ng/mL, respectively. Also, an estimate of 1.5 ± 0.7 mg/dL (95% confidence interval: 0.2 - 2.8) and 0.4 ± 0.2 mg/dL (95% confidence interval: 0.1 - 0.6) total cholesterol increases for unit PFOA and PFOS increase (ng/mL), respectively. By using hybrid approach, RfDs were estimated to be 2.0 ng PFOS/kg per day and 0.8 ng PFOA/kg per day. However, it should be cautious when using proposed RfDs based on data obtained from cross-sectional datasets, especially evidence based on data originating from experimental or animal studies is still controversial.



PFAS Health Effects
PFAS exposure has been 
linked to: 
• Altered immune function
• Cancer
• Decreased birthweight
• Liver effects
• Metabolic outcomes
• Neurodevelopmental 

outcomes
• Thyroid disruption

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

Higher PFNA 
concentrations  was 
associated with poorer 
executive functioning.
Vuong et al., Environ Int, 2018

PFOS (ng/mL)

O
R

 (9
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Measure of executive function

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

Sun et al., Environ Health Perspect, 2018
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Presentation Notes
To date, most of what we know about PFAS exposure and health is based on studies of the two chemicals that have been manufactured for the longest period of time: perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS).Studies indicate that PFOA and PFOS have adverse effects on many systems in the body, with exposure linked to: Poor birth outcomes (e.g., birth weight)CancerThyroid hormone disruption LiverMetabolic outcomes Increased cholesterolIncreased triglyceridesDiabetesObesity Heart diseaseGestational diabetesEffects on the immune systemTop Image (Sun et al.): In a prospective nested case–control study of U.S. female nurses participating in the Nurses’ Health Study II (NHSII) researchers found a positive relationship between higher plasma concentrations PFOS and T2D risk (p=0.02).Figure shows the dose–response relationship of PFOS concentrations with T2D risk in NHSII. The solid line represents ORs, and the dotted lines 95% confidence intervals. Study participants with the lowest 2.5% and highest 2.5% of PFAS concentrations were excluded to minimize potential impact of outliers.Bottom Image (Vuong et al.): Researchers examined the relationships of six PFAS and executive function in children enrolled in the HOME Study. PFAS was measured at ages 3 and 8 years and executive function at age 8 years. The Behavior Rating Inventory of Executive Function (BRIEF) questionnaire was used to assess executive function. Higher scores indicate poorer executive function.Researchers found a positive association between PFNA concentrations at age 8 years and metacognition index (MI) scores. Each natural-log unit increase in PFNA was associated with a 3.4-point increase on the metacognition index. In addition, PFNA at 8 years was significantly associated with poorer global executive functioning.Metacognition subscales:  initiation + working memory + plan/organize + organization of materials + monitorFigure shows estimated associations between childhood serum concentrations of PFAS (ng/mL) and BRIEF summary measures at 8 years�Asterisks indicate associations which were statistically significant (p < 0.05). Abbreviations: BRI: behavior regulation index; MI: metacognition index; GEC: global executive composite---------------------Sun Q, Zong G, Valvi D, Nielsen F, Coull B, Grandjean P.Plasma Concentrations of Perfluoroalkyl Substances and Risk of Type 2 Diabetes: A Prospective Investigation among U.S. Women.Environ Health Perspect. 2018 Mar 1;126(3):037001. AbstractBACKGROUND:Emerging evidence suggests that perfluoroalkyl substances (PFASs) are endocrine disruptors and may contribute to the etiology of type 2 diabetes (T2D), but this hypothesis needs to be clarified in prospective human studies.OBJECTIVES:Our objective was to examine the associations between PFAS exposures and subsequent incidence of T2D in the Nurses' Health Study II (NHSII). In addition, we aimed to evaluate potential demographic and lifestyle determinants of plasma PFAS concentrations.METHODS:A prospective nested case-control study of T2D was conducted among participants who were free of diabetes, cardiovascular disease, and cancer in 1995-2000 [(mean±SD): 45.3±4.4 y) of age]. We identified and ascertained 793 incident T2D cases through 2011 (mean±SD) years of follow-up: 6.7±3.7 y). Each case was individually matched to a control (on age, month and fasting status at sample collection, and menopausal status and hormone replacement therapy). Plasma concentrations of five major PFASs, including perfluorooctanesulfonic acid (PFOS), perfluorooctanoic acid (PFOA), perfluorohexanesulfonate, perfluorononanoic acid, and perfluorodecanoic acid were measured. Odds ratios (ORs) of T2D by PFAS tertiles were estimated by conditional logistic regression.RESULTS:Shorter breastfeeding duration and higher intake of certain foods, such as seafood and popcorn, were significantly associated with higher plasma concentrations of PFASs among controls. After multivariate adjustment for T2D risk factors, including body mass index, family history, physical activity, and other covariates, higher plasma concentrations of PFOS and PFOA were associated with an elevated risk of T2D. Comparing extreme tertiles of PFOS or PFOA, ORs were 1.62 (95% CI: 1.09, 2.41; ptrend=0.02) and 1.54 (95% CI: 1.04, 2.28; ptrend=0.03), respectively. Other PFASs were not clearly associated with T2D risk.CONCLUSIONS:Background exposures to PFASs in the late 1990s were associated with higher T2D risk during the following years in a prospective case-control study of women from the NHSII. These findings support a potential diabetogenic effect of PFAS exposures. ----------------------Vuong AM, Yolton K, Wang Z, Xie C, Webster GM, Ye X, Calafat AM, Braun JM, Dietrich KN, Lanphear BP, Chen A. �Childhood perfluoroalkyl substance exposure and executive function in children at 8 years. �Environ Int. 2018 Oct;119:212-219. doi: 10.1016/j.envint.2018.06.028. AbstractBACKGROUND:Toxicological studies highlight the potential neurotoxicity of perfluoroalkyl substances (PFAS) during fetal development. However, few epidemiological studies have examined the impact of childhood PFAS on neurodevelopment.METHODS:We employed data from 208 children in the Health Outcomes and Measures of the Environment Study, a birth cohort (Cincinnati, OH), to examine associations of six serum PFAS concentrations measured at 3 and 8 years with executive function assessed at 8 years using the validated parent-completed Behavior Rating Inventory of Executive Function survey. We used multiple informant models to identify susceptible windows of neurotoxicity to PFAS and executive function. We investigated trajectories of PFAS concentrations and whether sex modified these associations.RESULTS:Each ln-increase in perfluorononanoate (PFNA) at 8 years was associated with a 3.4-point increase (95% CI 0.4, 6.3) in metacognition score, indicating poorer function. Children with PFNA above the median at 8 years had poorer global executive functioning compared to children with concentrations consistently below median levels (β = 6.5, 95% CI 0.2, 12.9). Higher concurrent PFNA was associated with poorer behavior regulation among males, while associations among females were null (pPFNA×sex = 0.018). Children with higher concurrent perfluorooctanoate (PFOA) had increased odds of being at risk of having clinical impairments in metacognition (OR = 3.18, 95% CI 1.17, 8.60). There were no associations between perfluorooctane sulfonate and perfluorohexane sulfonate and executive function.CONCLUSIONS:PFNA and PFOA at 8 years, but not 3 years, may be related to poorer executive function at 8 years. Results need to be confirmed in cohort studies with larger sample sizes.



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                                                      

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 long-
chain PFAS.

Fun Fact:  I studied effects of PFDA on thyroid in mice 
over 30 years ago!



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

Varshavsky et al., Environ Int, 2018

DEHP

DiNP DiDP

Presenter
Presentation Notes
Phthalates are a group of chemicals used to make plastics more flexible, soft, and harder to break, often called plasticizers. Phthalates are classified into 2 categories: low–molecular weight phthalates, which are frequently added to shampoos, cosmetics, lotions, and other personal care products; and high–molecular weight phthalates which are used to produce vinyl plastics for diverse settings ranging from flooring, clear food wrap, and flexible plastic tubing commonly used in food manufacturing. Within the high–molecular weight category, di-2-ethylhexylphthalate (DEHP) is of particular interest because industrial processes to produce food frequently use plastic products containing DEHP.Phthalates are not chemically bound to the products and are released continuously into the air or leach from products. People are exposed to phthalates by eating and drinking foods that have been in contact with containers and products containing phthalates. Diet is main exposure pathway for certain phthalates, especially for high molecular weight compounds such as DEHP, which likely enter food supply through packaging, processing equipment (e.g., conveyor belts and industrial tubing), and handling (e.g., vinyl gloves used in food preparation)Once phthalates enter a person’s body, they are converted into breakdown products (metabolites) that pass out quickly in urine.Using NHANES data, CDC researchers found measurable levels of many phthalate metabolites in the general population. This finding indicates that phthalate exposure is widespread in the U.S. population. (CDC, Phthalates Factsheet 2017)----------Varshavsky JR, Morello-Frosch R, Woodruff TJ, Zota AR.Dietary sources of cumulative phthalates exposure among the U.S. general population in NHANES 2005-2014.Environ Int. 2018 Jun;115:417-429. doi: 10.1016/j.envint.2018.02.029. Epub 2018 Mar 29.  Abstract: BACKGROUND: Anti-androgenic phthalates are reproductive toxicants that may have additive effects on male development. Diet is the primary exposure source for most phthalates, which contaminate the food supply through food contact materials and industrialized production.��OBJECTIVE: To compare dietary sources of cumulative phthalates exposure between “food at home” (e.g. food consumed from a grocery store) and “food away from home” (e.g. food consumed from fast food/restaurants and cafeterias) in the U.S. general population.�METHODS: We estimated cumulative phthalates exposure by calculating daily intake from metabolite concentrations in urinary spot samples for 10,253 participants (≥6 years old) using National Health and Nutrition Examination Survey (NHANES, 2005–2014) data. We constructed a biologically relevant metric of phthalates daily intake (Σandrogen-disruptor, μg/kg/day) by converting phthalates into anti-androgen equivalent terms prior to their summation. Particular foods and the percent of total energy intake (TEI) consumed from multiple dining out sources were ascertained from 24-h recall surveys. Associations with Σandrogen-disruptor levels were estimated for children, adolescents, and adults using multivariable linear regression.�RESULTS: We observed a consistent positive association between dining out and Σandrogen-disruptor levels across the study population (p-trend<0.0001). Among adolescents, high consumers of foods outside the home had 55% (95% CI: 35%, 78%) higher Σandrogen-disruptor levels compared to those who only consumed food at home. The contribution of specific dining out sources to Σandrogen-disruptor levels varied by age group. For example, cafeteria food was associated with 15% (95% CI: 4.0%, 28%) and 64% (95% CI: 40%, 92%) higher Σandrogen-disruptor levels in children and adults, respectively. Particular foods, especially sandwiches (i.e.cheeseburgers), were associated with increased Σandrogen-disruptor levels only if they were purchased away from home (p < 0.01).�CONCLUSION: Dining out may be an important source of biologically relevant cumulative phthalates exposure among the U.S. population. Future studies should evaluate modifiable production practices that remove phthalates from the food supply in addition to the efficacy of interventions that promote eating fresh foods prepared at home.



Phthalate Health Effects: 
BLOOD LEVELS CORRELATED WITH HUMAN EFFECTS

• Endocrine outcomes

• Reproductive 
outcomes

• Fetal development

• Obesity

• Neurodevelopment 

• Cancer

• Diabetes and 
insulin resistance

• Immune system
and allergic disease

Benjamin et al., J Haz Materials, 2017

Q1 Q2 Q3 Q4 Q5

ΣDEHP
O

dd
s 

R
at

io
 (9

5%
 C

I)

10

1

ADHD increases with
prenatal DEHP exposure

Modified from: Engel et al., EHP, 2018

Monobenzyl phthalate linked to 
decreased sperm motility

Thurston et al., Andrology, 2016
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Prenatal exposure to
some phthalates linked to

increased child BMI
Modified from: Harley et al., Pediatr Res, 2017

MEP MBP MiBP MBzP ΣDEHP
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Phthalate exposure may be linked to adverse health effects:Endocrine systemFetal developmentDiabetes and insulin resistanceObesityReproductive abnormalities, effect on puberty, reproductive hormone levels, etc.Immune system, especially allergic disease and asthma, Neurodevelopment, including autism spectrum disorders, cognitive behavior, ADHDCancer, including liver, skin, GI, and breast cancersFigure 1 (ADHD): Nested case–control study of attention-deficit hyperactivity disorder in the Norwegian Mother and Child Cohort (2003–2008) found that ∑ DEHP was positively associated with ADHD. Across quintiles of exposure, ORs increased monotonically. Children of mothers in the highest quintile of ∑ DEHP had almost three times the odds of an ADHD diagnosis as those in the lowest quintileFigure shows ORs and 95% CI for quintiles of phthalate metabolite concentrationsFigure 2 (BMI):Researchers examined relationships between maternal urinary concentrations of 11 phthalate metabolites and height, weight, waist circumference, and percent body fat in children between 5 and 12 years of age. They found that being in the highest concentration quartile of prenatal phthalate biomarkers was associated with increased odds of overweight/obesity for MEP, MBP, MBzP , and ΣDEHP.Figure shows adjusted odds ratios of overweight/obesity at age 12 years comparing maternal quartile of urinary phthalate metabolites during pregnancy.Figure 3 (sperm motility): Study examining phthalate exposure during adulthood in relation to semen quality in 420 fertile US men found an inverse association between ln(MBzP) concentrations and sperm motility, a measure of semen quality.Figure shows relationship between sperm motility and ln(MBzP) with the superimposed regression line and 95% confidence interval from the covariate-adjusted model.--------------------Abstract for Figure 1 on slide (ADHD): Engel SM, Villanger GD, Nethery RC, Thomsen C, Sakhi AK, Drover SSM, Hoppin JA, Zeiner P, Knudsen GP, Reichborn-Kjennerud T, Herring AH, Aase H�Prenatal Phthalates, Maternal Thyroid Function, and Risk of Attention-Deficit Hyperactivity Disorder in the Norwegian Mother and Child Cohort.Environ Health Perspect. 2018 May 10;126(5):057004. doi: 10.1289/EHP2358.BACKGROUND: There is growing concern that phthalate exposures may have an impact on child neurodevelopment. Prenatal exposure to phthalates has been linked with externalizing behaviors and executive functioning defects suggestive of an attention-deficit hyperactivity disorder (ADHD) phenotype.�OBJECTIVES: We undertook an investigation into whether prenatal exposure to phthalates was associated with clinically confirmed ADHD in a population-based nested case-control study of the Norwegian Mother and Child Cohort (MoBa) between the years 2003 and 2008.��METHODS: Phthalate metabolites were measured in maternal urine collected at midpregnancy. Cases of ADHD (n=297) were obtained through linkage between MoBa and the Norwegian National Patient Registry. A random sample of controls (n=553) from the MoBa population was obtained.�RESULTS: In multivariable adjusted coexposure models, the sum of di-2-ethylhexyl phthalate metabolites (∑DEHP) was associated with a monotonically increasing risk of ADHD. Children of mothers in the highest quintile of ∑DEHP had almost three times the odds of an ADHD diagnosis as those in the lowest [OR=2.99 (95% CI: 1.47, 5.49)]. When ∑DEHP was modeled as a log-linear (natural log) term, for each log-unit increase in exposure, the odds of ADHD increased by 47% [OR=1.47 (95% CI: 1.09, 1.94)]. We detected no significant modification by sex or mediation by prenatal maternal thyroid function or by preterm delivery.�CONCLUSIONS: In this population-based case-control study of clinical ADHD, maternal urinary concentrations of DEHP were monotonically associated with increased risk of ADHD. Additional research is needed to evaluate potential mechanisms linking phthalates to ADHD. --------------------------Abstract for Figure 2 on slide (BMI)Harley KG, Berger K, Rauch S, Kogut K, Claus Henn B, Calafat AM, Huen K, Eskenazi B, Holland N.�Association of prenatal urinary phthalate metabolite concentrations and childhood BMI and obesity.Pediatr Res. 2017 Sep;82(3):405-415. doi: 10.1038/pr.2017.112.BACKGROUND: Although experiments in animals suggest that phthalates may have obesogenic effects, studies on prenatal exposure in children show inconsistent results.  �METHODS: We measured urinary concentrations of 11 phthalate metabolites collected twice during pregnancy from mothers participating in the Center for the Health Assessment of Mothers and Children of Salinas (CHAMACOS) cohort study (N=345). Height, weight, waist circumference, and percent body fat were assessed in their children between 5 and 12 years of age. We used generalized estimating equations to examine associations at each age and tested for interaction by sex.�RESULTS: Metabolites of diethyl phthalate (DEP), di-n-butyl phthalate (DBP), butyl benzyl phthalate, and di(2-ethylhexyl) phthalate (DEHP) were positively associated with BMI z-score, waist circumference z-score, and percent body fat at multiple ages. At age 12, we observed increased odds of being overweight/obese with each doubling of prenatal concentrations of DEP (odds ratio=1.3; 95% confidence intervals: 1.1, 1.4), DBP (1.2; 1.0, 1.4), and DEHP (1.3; 1.0, 1.6) metabolites. Results were similar in boys and girls except for DBP metabolites and the non-specific metabolite mono-(3-carboxypropyl) phthalate, which showed positive associations only in boys.�CONCLUSION: In utero exposure to certain phthalates is associated with increased BMI and risk for overweight/obesity in childhood.------------------------Abstract for Figure 3 on slide (sperm quality): Thurston SW, Mendiola J, Bellamy AR, Levine H, Wang C, Sparks A, Redmon JB, Drobnis EZ, Swan SH.�Phthalate exposure and semen quality in fertile US men.Andrology. 2016 Jul;4(4):632-8. Several experimental and observational studies have demonstrated the antiandrogenicity of several phthalates. However, there is limited evidence of an association between phthalate exposure in adult life and semen quality. The aim of this study was to examine phthalate exposure during adulthood in relation to semen quality in fertile US men. This multi-center cross-sectional study included 420 partners of pregnant women who attended a prenatal clinic in one of five US cities during 1999-2001. Nine phthalate metabolites [mono (2-ethylhexyl) phthalate (MEHP), mono (2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), mono (2-ethyl-5-oxohexyl) phthalate (MEOHP), and mono (2-ethyl-5-carboxypentyl) phthalate (MECPP)], as well as mono-n-butyl phthalate (MBP) and mono-isobutyl phthalate (MiBP), mono (three carboxypropyl) phthalate (MCPP), monobenzyl phthalate (MBzP), and monoethyl phthalate (MEP)] were measured in urine collected at the same time as the semen sample. We regressed natural log-transformed (ln) sperm concentration, ln(total sperm count), ln(total motile sperm count), percent motile spermatozoa, and percent spermatozoa with normal morphology on each of the nine natural log-transformed metabolite concentrations and on the molar-weighted sum of DEHP metabolites in separate models. We fit unadjusted models and models that adjusted for confounders determined a priori. In unadjusted models, ln(MiBP) was significantly and positively associated with motility and ln(MBzP) significantly negatively associated with ln(total sperm count). In adjusted linear models, urinary metabolite concentrations of DEHP, DBP, DEP, and DOP were not associated with any semen parameter. We found an inverse association between ln(MBzP) concentrations and sperm motility (β = -1.47, 95% CI: -2.61, -0.33), adjusted for ln(creatinine concentration), geographic location, age, race, smoking status, stress, recent fever, time from sample collection and time to complete analysis. Several sensitivity analyses confirmed the robustness of these associations. This study and the available literature suggest that impacts of adult exposure to phthalates at environmental levels on classical sperm parameters are likely to be small.--------------Health effects listed on slide from: Benjamin S, Masai E, Kamimura N, Takahashi K, Anderson R, Faisal PA. 2017.�Phthalates impact human health: Epidemiological evidences and plausible mechanism of action.�J Haz Materials. 34:360-383. Disregarding the rising alarm on the hazardous nature of various phthalates and their metabolites, ruthless usage of phthalates as plasticizer in plastics and as additives in innumerable consumer products continues due low their cost, attractive properties, and lack of suitable alternatives. Globally, in silico computational, in vitro mechanistic, in vivo preclinical and limited clinical or epidemiological human studies showed that over a dozen phthalates and their metabolites ingested passively by man from the general environment, foods, drinks, breathing air, and routine household products cause various dysfunctions. Thus, this review addresses the health hazards posed by phthalates on children and adolescents, epigenetic modulation, reproductive toxicity in women and men; insulin resistance and type II diabetes; overweight and obesity, skeletal anomalies, allergy and asthma, cancer, etc., coupled with the description of major phthalates and their general uses, phthalate exposure routes, biomonitoring and risk assessment, special account on endocrine disruption; and finally, a plausible molecular cross-talk with a unique mechanism of action. This clinically focused comprehensive review on the hazards of phthalates would benefit the general population, academia, scientists, clinicians, environmentalists, and law or policy makers to decide upon whether usage of phthalates to be continued swiftly without sufficient deceleration or regulated by law or to be phased out from earth forever.



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

Presenter
Presentation Notes
Many manufactures are are turning to alternatives to replace DEHP (di-2-ethylhexylphthalate) which has been the most commonly used phthalate in food packaging and manufacturing.The alternative phthalates DiNP (Di-isononyl phthalate) and DiDP (Di-isodecyl phthalate)  have been linked to: High blood pressure in children Insulin resistance, precursor of diabetes, in children As recognition of potential health risks related to DEHP exposure has increased, DEHP is being replaced by DiNP and DiDP, these are both high molecular weight phthalates with similar chemical properties to DEHP. �Examples of where DiNP and DiDP are used in food production and packaging: DiNP is used clear plastic food wrapping, in the manufacturing of single use vinyl gloves often used in food preparation and handling (e.g., at schools, restaurants, and corporate cafeterias), and in plastic tubes at manufacturing facilities for liquid foodstuffs (like milk).DiDP is used in seals for food jar lids and clear plastic food wrapping.  As we replace chemicals with known health effects, substitute chemicals also need to be tested for safety before they’re put into use.--------------------Trasande L, Attina TM. Association of exposure to di-2-ethylhexylphthalate replacements with increased blood pressure in children and adolescents. Hypertension. 2015 Aug;66(2):301-8. doi: 10.1161/HYPERTENSIONAHA.115.05603.ABSTRACT: Phthalates are environmental chemicals widely used in consumer and personal care products. In this study, we examined associations of urinary phthalates with blood pressure, triglycerides, and lipoproteins in children and adolescents, performing a cross-sectional analysis of a subsample of US children 6 to 19 years of age who participated in the National Health and Nutrition Examination Survey between the years 2009 and 2012. We quantified exposure to common environmental phthalates, with a focus on the dietary contaminant di-2-ethylhexylphthalate and 2 increasingly used replacements, di-isononyl phthalate and di-isodecyl phthalate, based on micromolar concentration of urinary metabolites. We assessed descriptive, univariate, and multivariable associations with blood pressure and lipids. Controlling for an array of sociodemographic and behavioral factors, as well as diet and body mass, metabolites of di-2-ethylhexylphthalate, di-isononyl phthalate, and di-isodecyl phthalate were associated with higher age-, sex- and height-standardized blood pressure. For each log unit increase in di-isodecyl phthalate metabolites, a 0.105 standard deviation unit increase in systolic blood pressure z score was identified (P=0.004); for di-isononyl phthalate metabolites, a 0.113 standard deviation unit increment was identified (P=0.008). For di-2-ethylhexylphthalate metabolites, a 0.103 standard deviation unit increment (P=0.013) was detected. Metabolites of low molecular weight phthalates commonly found in cosmetics and personal care products showed an association with blood pressure (≥90th percentile) in univariate analysis, but this was no longer significant in our full multivariable model, suggesting specificity. Phthalate metabolites were not associated with triglycerides or high-density lipoproteins. Further, longitudinal studies are needed to confirm these associations and to assess opportunities for intervention.Attina TM, Trasande L. Association of Exposure to Di-2-Ethylhexylphthalate Replacements With Increased Insulin Resistance in Adolescents From NHANES 2009-2012. J Clin Endocrinol Metab. 2015 Jul;100(7):2640-50. doi: 10.1210/jc.2015-1686. Epub 2015 May 20. ABSTRACT: CONTEXT: Di-isononyl phthalate (DINP) and di-isodecyl phthalate (DIDP) are environmental chemicals increasingly used to replace di-2-ethylhexylphthalate (DEHP) and commonly found in processed foods. Phthalate exposures, in particular DEHP, have been associated with insulin resistance in adolescents, but there are no data regarding the two substitutes, DINP and DIDP.OBJECTIVE: This study aimed to examine associations of DINP, DIDP, and DEHP with insulin resistance outcomes.DESIGN, SETTING, AND PARTICIPANTS: This was a cross-sectional analysis of 2009-2012 National Health and Nutrition Examination Surveys (NHANES) composed of 356 fasting 12-19-year-olds.MAIN OUTCOME MEASURES: Insulin resistance as a categorical outcome expressed as homeostatic model assessment of insulin resistance (HOMA-IR), using a cut point of 4.39 to define insulin resistance. We also examined continuous HOMA-IR as an outcome in secondary analyses.RESULTS: Controlling for demographic and behavioral factors, diet, age, body mass index, and urinary creatinine, for each log increase in DINP metabolite, a 0.08 (P = .001) increase in HOMA-IR was identified. Compared with the first tertile of DINP (23.4% adjusted prevalence), the third tertile was associated with a 34.4% prevalence (95% confidence interval [CI], 27.3-41.6%; P = .033) of insulin resistance. Similarly, compared with the first tertile of DEHP (20.5% adjusted prevalence), the third tertile had 37.7% prevalence (95% CI 29.8-45.6%; P = .003).CONCLUSIONS: Urinary DINP concentrations were associated with increased insulin resistance in this cross-sectional study of adolescents. The previously identified association of DEHP with insulin resistance was also confirmed. Further, longitudinal studies are needed to confirm these associations, with the possibility to assess opportunities for intervention.Studies funded by NIEHS R01ES022972 (PI Leo Trasande; 2014-2018)



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

Fetal Origin of Adult Disease 
(FEBAD)  confirmed for:  

• Coronary heart disease
• Hypertension
• Type II diabetes

David Barker



“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
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