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Introduction and Background
• Network-to-network collaboration of the
Canadian Partnership for Children’s Health
and Environment (CPCHE) and the Ontario
Chronic Disease Prevention Alliance (OCDPA)
• 2-year project funded by the Ontario
Trillium Foundation
• 35+ organizations involved
• Focus: evidence for associations between
early environmental exposures to toxic
substances and chronic disease.
• Report from CELA, OCFP and EHIC
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OUTLINE
Webinar 1: Introduction to the Scoping Review

– Main findings , context and trends
– Cross-cutting themes
• DOHaD concept, epigenetic mechanisms, endocrine
disruption
• Multiple Determinants of Health framing for chronic
disease risk factors – focus on early environment

Webinar 2: Focus on Endocrine Disruption, Obesogens and Diabetogens
Webinar 3: Policy Implications
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Scope and Methods
Scope
• multiple chronic diseases
• 100s of env’l exposures
• MDOH framing and critique
Overarching and intersecting issues
• DOHaD, Evidence Challenges

Five areas of CD
• Focus on early exposures in context of
multiple risk factors
• Focused on existing literature reviews
Steering Committee and peer reviewers
with diversity of expertise
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Main Findings
• Increasing evidence of associations
• Early exposures, despite
uncertainty, should be seen as
chronic disease risk factors
• 3+ decades of complex and interrelated changes to consider
• Continuum of shared, well-known
risk factors across multiple chronic
diseases
• Primacy of social determinants
of health
• Environmental risk factors likely
also shared
• Wide range of chemicals and
pollutants implicated
5
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Context – Chronic Disease in an
Aging Population
• High prevalence and/or rising
incidence:
• Cardiovascular disease
• Dementia
• Obesity and diabetes
• Cancer
• Projections: millions affected; billions
in costs
• Disproportionately worse health and
shorter lifespan among those living in
poverty
66

Context: Changes in Built Environment and Food
System
Land use planning and the built environment:
• car-dependence, resulting air pollution and
climate change, sedentary lifestyles

Food and the food system:
• Mechanized, centralized and fossil fueldependent food production system: major
contributor to air pollution, climate change,
and glut of inexpensive unhealthy food
• Changes in balance of fats in animals and in
baked goods
• Loss of micronutrients
• Diet shift to excessive fat, salt, sugar as
fructose, refined carbs, lack of whole grains,
inadequate fruits and vegetables
• Chemicals in containers and packaging
• Environmental contaminants

All of which tends to be inequitably
felt/distributed
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Context: Chemical Production and Pollution
since WWII
Tens of thousands of chemicals
Increased air and water pollution with
some reductions in recent decades
Increased exposures from products
Biomonitoring confirms widespread lowlevel exposure
• All carry many different chemicals
• Highest levels in children
• Breast-fed babies at “top of food
chain.”
• (Results should not deter
breastfeeding)
• Poverty increases exposure risk
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Context: Fetus and Child are More Vulnerable
• Higher levels of exposure
• Children eat, drink and breathe more than
adults per unit of body weight
• Behaviours (e.g., hand-to-mouth activity)
increase exposure
• Toxic substances cross/can magnify across the
placenta

• Greater susceptibility to harm:
• The rapid, dynamic processes of development
• Immune and detoxification systems are
immature

• Poverty increases these risks
• First Nations children likely at greatest risk
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Context: Child Health Problems Associated
with Environmental Exposures
Impacts on:
• The respiratory system
• The developing immune system
• The developing brain and nervous system
• Reproduction and child development
• Risk of cancer in children and young adults
• The endocrine system

Multiple causes for each
Environmental evidence often incomplete
But, high stakes risks
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OUTLINE
Webinar 1: Introduction to the Scoping Review
– Main findings , context and trends
– Cross-cutting themes
• DOHaD concept, epigenetic mechanisms, endocrine
disruption
• Multiple Determinants of Health framing for chronic
disease risk factors – focus on early environment
Webinar 2: Focus on Endocrine Disruption, Obesogens and Diabetogens
Webinar 3: Policy Implications
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The Developmental Origins of
Health and Disease (DOHaD)
• Early life “environment”– sets
trajectory for lifelong health
• Strong evidence
• Fetal under-nutrition and major
risk factors for latent:
• cardiovascular disease
• diabetes
• metabolic syndrome
Concept is expanding rapidly to
include early environmental
exposures

Dutch “Hunger Winter”
Tulip bulb puree was one
response to the Dutch
famine of 1944
12
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DOHaD Mechanisms: Epigenetics

• Gene-environment interactions - heritable changes caused by
the activation and deactivation of genes with no change in the
underlying DNA sequence.
• Cellular differentiation during development relies strongly on
epigenetic vs genetic inheritance.

Identical twins with the same
DNA. One genotype: two
phenotypes via epigenetic
Image source: http://www.accessexcellence.org/RC/VL/GG/central.php
mechanisms
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Epigenetic Marks: Methyl groups on DNA and
chemical tags on histone tails
Source: National Human Genome Research Institute http://www.genome.gov/27532724
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Epigenetic changes resulting from
fetal under-nutrition
DOHaD evidence indicates:
• Loss of structural or functional capacity in cells of kidney,
heart, pancreas, skeletal muscles
• Permanent alteration of developmental pattern of cellular
proliferation and differentiation. Vulnerability can also be
passed on to future generations.
• E.g., for latent diabetes risk: epigenetic changes
permanently alter the expression of genes governing:
• development and functioning of the pancreas
• metabolic processes involved in glucose regulation and
insulin secretion
• Both contribute to increased latent risk of T2D
• Can start with obesity and metabolic syndrome
15

15

Dutch Famine Studies – Importance of Timing
First Trimester
→→→→→→

Second Trimester
→→→→→→

• Glucose
intolerance
• Cardiovascular
disease
• Hypertension
• Dyslipidemia
• Obesity
• Affective
Disorders

Third Trimester
→→→→→→

• Glucose
intolerance
• Pulmonary
disease
• Renal disease

• Glucose
intolerance

Timing of in utero nutritional deprivation is associated with
different later-life disease outcomes
Roseboom et al, 2001, 2006 in Boekelheide et al 2012 Predicting Later-Life Outcomes of
Early-Life Exposures. Env. Health Perspect. 120(10):1353-61
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Prenatal Windows of Vulnerability

Source: Moore and Persaud, 1973. The Developing Human: Clinically Oriented Embryology.
Elsevier.
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Science of Endocrine Disruption
• 1991 - Dr. Theo Colborn and 21 scientists coined the term “endocrine disruption”
• 1996 - Our Stolen Future – multi-disciplinary observations ; science of endocrine
disruption
• 2009 - Endocrine Society Scientific Statement
• 2012 – ED Chemicals and Public Health: End. Soc. Statement of Principles

www.ourstolenfuture.org
Endocrine Reviews; 30(9):293-342. 2009

153(9):4097-4110. 2012
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Key Observations: Characteristics of
Endocrine-Disrupting Chemicals
•
•
•
•

Low dose, often non-linear, effects
Persistent and latent effects, timing matters
Wide range of effects
Ubiquitous exposure
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Endocrine-Disrupting Chemicals
HERBICIDES: 2,4,-D, 2,4,5,-T, Alachlor, Amitrole, Atrazine, Linuron, Metribuzin, Nitrofen,
Trifluralin
FUNGICIDES: Benomyl, Ethylene thiourea, Fenarimol, Hexachlorobenzene, Mancozeb
Maneb, Metiram –complex, Tri-butyl-tin, Vinclozolin, Zineb
METALS: Cadmium, Lead, Manganese, Methyl mercury
INSECTICIDES: Aldicarb, beta-HCH, Carbaryl, Chlordane, Chlordecone, DBCP, Dicofol,
Dieldrin, DDT and metabolites, Endosulfan, Heptachlor/H-epoxide, Lindane (gammaHCH) , Malathion, Methomyl, Methoxychlor, Oxychlordane, Parathion, Synthetic
pyrethroids, Transnonachlor, Toxaphene
INDUSTRIAL CHEMICALS: Bisphenol –A, Polycarbonates, Butylhydroxyanisole (BHA),
Chloro-& Bromo-diphenyl, Dioxins, Furans, Nonylphenol, Octylphenol, PBDEs, PCBs,
Pentachlorophenol, Penta-to Nonylphenols, Perchlorate, PFOA, p-tert-Pentylphenol,
Phthalates, Styrene
Testosterone synthesis inhibitor, Estrogen receptor agonist, Thyroid hormone disruptor,
Androgen receptor antagonist (source: Birnbaum, 2010)
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Epigenetic/Environmental Basis of Disease
Image source: Jerrold Heindel, US NIEHS
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Three Useful Journals
• Subset of massive amount of literature
• Since 2007: three useful ones for overviews and
literature reviews of key topic areas

Vol 23(3) pp 257-470, 2007

Vol 102(2) pp 71-273, 2008

Vol 2(1) pp 1-70, 2011
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The Multiple Determinants of Health
•

•

Any health outcome, esp.
chronic disease, results from
multiple determinants
Well understood risk factors
for most chronic disease
• Behavioural/”lifestyle”
the “Big 3” – diet,
exercise, smoking
• Biomedical factors or
intermediate conditions
• But, not the full story

“poverty is the greatest
predictor of health”
CMA President, 2009
24
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Interacting Environmental and
Social Risk Factors
• Environment: cross-cutting determinant
• Interacts especially the SDOH

• Examples among low-income communities
• higher air pollution-related hospitalization and mortality
• higher exposures via sub-standard housing, use and
reuse of older consumer products, canned food, etc.

• Worst effects of climate change predicted to occur
among the poor and the elderly
• Early child development – crucial influence on
lifelong health; also strongly affected by poverty
25
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Common Risk Factors Across Multiple
Chronic Diseases
Continuum of common and overlapping risk factors
for:
• Obesity
• Metabolic Syndrome
• Type 2 Diabetes
• Cardiovascular Disease
• Vascular Dementia
• Alzheimer’s Disease (Type 3 or “diabetes of the
brain”)
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CVD and T2D Risk
Factors
INTERHEART and INTERSTROKE studies
“Non-modifiable” RF:
• gender, age, genetic predisposition (affecting
blood lipids, blood pressure, abdominal obesity,
insulin resistance and T2D risk)
“Modifiable” RF - considered to account for most of
CVD risk:
• Diet, smoking, physical inactivity, binge drinking,
abnormal lipids, hypertension, abdominal obesity,
type 2 diabetes, stress, etc.
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CVD and T2D Risk
Factors
Closer look at psychosocial stress finds stronger influence
“greater stress and corresponding greater risk of CVD
when life circumstances were perceived to be beyond
personal control”
Findings support SDOH analysis that “modifiable” RF are
inseparable from living conditions; also apparent in
higher prevalence of CVD among those in poverty
• Fetal Nutrition (DOHaD concept)
• Environmental Exposures
28
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Environmental
Exposures
Evidence from adults:
• Air pollution (Causal relationship between air poll’n and CVD):
systemic inflammation and oxidative stress – risk factors for
elevated blood pressure, insulin resistance, and abnormal blood
lipids.
• Lead (Strong evidence of association): hypertension
• Bisphenol A (animal data and limited epidemiological/human
population studies): altered insulin signaling
• Phthalates (animal data and limited epi. evidence) : links to
measures of obesity and insulin resistance
• Organophosphate pesticides (limited epi., some animal data):
links to altered insulin signaling
• POPs (organochlorine pesticides, dioxins, PCBs) (epi. and animal
data): altered insulin signaling, elevated rates of T2D
29
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Early Env’l Exposures
• Epidemiological evidence in adults prompted much
animal research
– disruption of metabolic homeostasis
– through endocrine pathways
– greater risk when exposure occurs in utero or perinatally

• Progression of DOHaD research – therein, greater
understanding of epigenetic mechanisms underlying
obesity, metabolic syndrome, etc.
• Early environmental exposures exerting similar changes
via similar epigenetic mechanisms
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Early Life Exposures:
Endocrine Disruption
Evidence from Bisphenol A, phthalates, tributyltin, (and PCBs), and
Lead:
• Prenatal and perinatal BPA exposure associated with permanent
alteration of insulin metabolism.
– Thus, potential risk factor for obesity, metabolic syndrome
and sequelae (CVD, Type 2 Diabetes, Alzheimer’s disease and
some cancers)
• Pre- and perinatal exp. to BPA, phthalates (and adult exp. to
PCBs) assoc’d with lower testosterone in adult males
– Risk factor for metabolic syndrome, CVD, and T2D

• Single prenatal exposure to tributyltin (mice) – premature
accumulation of fat, and greater size of fat tissues relative to
body mass (epigenetic mechanism here is clearly
established)
• Lead, synergistic with stress → hypertension
31
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Early Life Exposures
• Webinar 2: more detail on obesogen
hypothesis and links to diabetes
• Focus on literature reviews, metaanalyses; indiv. studies to confirm details
• Many more substances?
• Much uncertainty remains
• DOHaD evidence: likelihood that early life
exposures may have profound impacts

?

32
32

Table 1: Summary of Early Environmental Exposures Suspected or Associated with Chronic
Diseases, Conditions or Risk Factors
(NOTE: important detail about strength of evidence is lost with this aggregation – see specific sections
of report for more detail)
33 Cardiovascular
disease (CVD)

• Lead, smoking, particulate air pollution,
• Substances associated with cardiac birth defects
• Substances associated with low birth weight
• Endocrine disrupting substances affecting insulin signalling (BPA and phthalates), adult
dev’mt of polycystic ovarian syndrome (BPA and other EDCs), lower testosterone levels in
adults (BPA, phthalates, PCBs), and dysfunction in HPA-axis and stress response (lead).

Cardiac Birth Defects

• Ambient air pollution (specifically carbon monoxide and ozone), organic solvents in dyes,
lacquers and paints (specifically halogenated hydrocarbons including trichloroethylene and
dichloroethylene), chlorophenoxy herbicides, trihalomethanes, additional pesticides, ionizing
radiation, lead, benzene, sulphur dioxide, ETS.

Low Birth Weight

• Air pollution – CACs (particularly sulphur dioxide and particulates), maternal smoking, ETS,
PAHs, lead, mercury, arsenic, OC and OP pesticides, nitrates in drinking water, phthalates,
BFRs, polyfluorinated compounds.

Obesogens

• Endocrine disrupting substances suspected as obesogenic (BPA, phthalates, organotins,
PBDEs, polyfluoroalkyl compounds, OC pesticides, PCBs)
• Human adenovirus 36, phytoestrogens, glycyrrhetinic acid (sweetener)

Type 2 Diabetes

• Prudent to assume that known continuum of common risk factors across CVD, metabolic
syndrome and diabetes likely extends to early environmental exposures
• Substances associated with low birth weight
• Endocrine disrupting substances relevant to CVD
• Suspected obesogens
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Table 1 continued: Summary of Early Environmental Exposures Suspected or Associated with
Chronic Diseases, Conditions or Risk Factors
(NOTE: important detail about strength of evidence is lost with this aggregation – see specific
sections of report for more detail)
34 Alzheimer’s disease

• Prudent to assume that known continuum of common risk factors across CVD, metabolic
syndrome, diabetes and Alzheimer’s disease likely extends to early environmental exposures
• Air pollution, lead

Parkinson’s Disease

• If link to obesity confirmed, prudent to consider obesogens as environmental risk factors
• Air pollution, certain pesticides (maneb and paraquat, OC pesticides)

Developmental
Neurotoxicity

• Lead, mercury, arsenic, manganese, organic solvents, OP and OC pesticides, PAHs, ETS,
PCBs, phthalates, BPA, dibutyltin, PBDEs, triclosan, artificial food colours and additives.

Cancer
•Breast
•Prostate
•Testicular
•Other Cancers

• Breast cancer: ionizing radiation, benzene and organic solvents, 1.3-butadiene, aromatic
amines, BPA, phthalates, parabens, alkylphenols, PAHs, OC and triazine pesticides, PBDEs
and other POPs, metals, tobacco and ETS, vinyl chloride, ethylene oxide. (See also Table 6.)
• Prostate cancer: Synthetic hormones in food production, BPA
• Testicular cancer: Maternal exposure to several POPs
• Testicular Dysgenesis Syndrome: EDCs with anti-androgenic action (phthalates, some
pesticides, BPA)
• Other Cancers: particulate air pollution, radon, multiple pesticides, chlorination byproducts,
cadmium, aromatic amines, PAHs, diesel exhaust, smoking and ETS, dioxin, ionizing
radiation, vinyl chloride, some paints and solvents, cell phone use (see also Table 5)

Respiratory disease
(asthma)

• Substances associated with low birth weight
• Smoking and ETS, aeroallergens, indoor and outdoor air pollution including all the CACs
(ozone, CO, PM10 and PM2.5, nitrogen dioxide, sulphur dioxide, many different VOCs),
multiple hazardous air pollutants (PAHs, aldehydes, acide vapours and aerosols, diesel
exhaust), formaldehyde, VOCs, phthalates, aldehydes, isocyanates, anhydrides, cadmium,
hexavalent chromium, manganese, nickel, benzene, dibutyl phthalate, dioxins, PCBs, metals
(esp. lead), some pesticides, BPA, perfluorinated compounds
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Recap of Main Findings
• Increasing evidence that early environmental exposures are
associated with certain chronic diseases.
• Numerous knowledge gaps and uncertainties remain. Yet, exposures
continue with high stakes risks.
• Developmental origins concept – based on very solid evidence and
rapidly expanding to include early life exposures
• Changes over last 3+ decades (food, land use, pollution/chemicals,
poverty, obesity) generally correlate with changes in CD and assoc’d
RF.
• Continuum of shared, well-known risk factors across obesity,
metabolic syndrome, CVD, T2D and AD points to likelihood that
environmental risk factors are also shared, including for other early
life risks such as low birth weight.
• Chemicals/pollutants most frequently implicated include air
pollutants (mainly the CACs but also other toxic air pollutants and
ETS) metals, especially lead, bisphenol A and phthalates, pesticides,
solvents, and persistent organic pollutants (PBDEs, PCBs, OC
pesticides).
35
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