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More than two decades ago, David Barker published a landmark paper describing the fetal
origins of adult disease hypothesis, which posited that suboptimal conditions during preg-
nancy ‘program’ the fetus for the development of chronic diseases in adulthood.1 The con-
ceptual underpinnings of the fetal programming hypothesis were built on a series of
epidemiological studies linking indices of adversity in early life with cardiovascular mortality
in later life. In the ensuing decade, this concept stimulated a great deal of interest and work
from research groups all around the world, and this global effort culminated in the first World
Congress on the Fetal Origins of Adult Disease, convened in 2001 in Mumbai, India. In 2004,
following the second World Congress held in Brighton, UK, the society adopted the title of
‘Developmental Origins of Health and Disease’ (DOHaD), to ‘recognize the broader scope of
developmental cues, extending from the oocyte to the infant and beyond, and the concepts
that early life environments have widespread consequences for later health.’2 The first meeting
of the DOHaD Society was held in Toronto in 2005, highlighting Canada as a prominent
entity in the field. In 2016, DOHaD Canada became a recognized chapter of the International
DOHaD Society. The Inaugural Meeting for DOHaD Canada, held in Montebello, Québec in
2017, was a resounding success, attracting leading investigators, clinicians and trainees – a
testament to Canada’s engagement in the field. Canada continues to uphold its commitment
to DOHaD-related research; with a membership of almost 200 investigators and trainees,
DOHaD Canada will host its third meeting in Mont-Tremblant, Québec in February of 2019.
The meeting will focus on the country’s research strengths: epigenetics and omics mechanisms
underlying DOHaD, vulnerable populations, and solution-oriented research and policy.

DOHaD Canada’s mission is to be a globally connected network focused on creating,
translating and communicating the latest knowledge on early development to improve the
immediate and long-term health of Canadians, and to promote maternal-child health and
well-being on a global platform. The Society engages in social, biological, clinical and eco-
nomic research focusing on: (i) how environmental factors during the early life period
(preconception, childhood and adolescence) interact with development to place individuals on
trajectories that impact life-long health, learning and social functioning; and (ii) development
of strategies that prevent or reverse negative lifecourse outcomes, promoting health and
wellness for all Canadians. Within its broad mandate, DOHaD Canada has made a concerted
effort to address the unique health needs borne of its diverse populations, storied cultural
heritage, expansive geography and varied climates.

As a country, Canada ranks among the highest in international indices of civil liberties, quality
of life, education and government transparency. Canadians take immense pride in the nation’s
commitment to multilateralism and international citizenship; its embrace of multiculturalism and
immigration, and a government committed to gender equality, reconciliation efforts and envir-
onmental conservation. In addition, perhaps underscored by our neighbours to the south, access
to universal health care constitutes an important facet of Canadians’ national identity. Inter-
nationally, Canada has played a key role in global initiatives to improve the health of women and
children. First, through new commitments in the 2010 Muskoka Initiative,3,4 Canada raised its
contribution to maternal, newborn and child health (MNCH) initiatives to support efforts to
reach the millennium development goals (MDGs) 4 and 5 (reducing child mortality and
improving maternal health), directing funds to three inter-related paths: strengthening health
systems, reducing the burden of illness and improving nutrition.5 Second, at the 2014 Toronto
summit,6 this commitment was renewed through new funds for MNCH to bridge remaining gaps
in the MDGs and move toward achieving the sustainable development goals.

Yet, despite holding these core values dedicated to promoting national and global health
and well-being, Canada also has complex and pressing health issues. There are glaring
inequities associated with Indigenous health, poverty and crime, attributed to a history of
colonization and forced assimilation. With a higher incidence of mental health and chronic
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disease, reduced access to health care and exposure to circum-
stantial health risks (lack of access to safe drinking water), Indi-
genous health is considered by many to be the nation’s biggest
health problem. Additionally, Canada, along with the United
States, is currently in the midst of a public health crisis from
opioid-related deaths and harms. The Canadian opioid crisis has
concerned every region of the country, although certain areas
(e.g., western provinces and northern territories) have been dis-
proportionately affected.7 Although Canada has enacted several
initiatives to curb the mortality associated with opioid overdose,8

it remains a pressing concern. Finally, like all countries, Canada is
having to cope with potentially devastating health effects related
to climate change (e.g., reduction in air and water quality, water
and food-borne illnesses, weather-related natural hazards, etc.).
As an existential threat, everyone on the planet has a stake in
stopping and reversing this tide.

Themed issue: spotlight on DOHaD research in Canada

The goal of this themed issue, initially conceived in the wake of
the inaugural DOHaD Canada meeting, is to spotlight Canadian
health priorities and interests from a DOHaD perspective.
It presents a flavour of the exciting work by Canadian researchers
on developmental ‘stressors’ and their effects on the immediate
and long-term health of an individual. In this issue you will read
articles under three broad themes: early adversity, environmental
conditions and vulnerable populations.

Early adversity

Canada has a high incidence of stress-related illness (e.g. cardi-
ovascular disease, ulcers and nervous disorders) with more than
one in four Canadians reporting daily stress levels in the high to
severe range.9 The combination of early onset, chronicity, dis-
abling nature and limited benefits from treatment makes these
illnesses some of the most burdensome disorders for individuals,
families and society in Canada.10,11 Indeed, stress-related work
impediments cost industry about 10% of its annual profits, and it
is estimated to cost the Canadian health system > $14 billion
CAD each year.9,12,13 Given the health, social and economic
burdens of stress-related illness, there is a need to predict early in
life who will be at risk for developing common physical and
mental illness disorders, for timely intervention and prevention
of onset.

Emerging research on human development that integrates
maternal and child adversity with (epi)genetics, neuroscience,
lifecourse epidemiology and developmental psychology has fun-
damentally altered our understanding of how environment and
biology influence health and well-being over the lifecourse. Over
the last two decades, developmental molecular (epi)genetics, in
particular, has provided significant advances in our under-
standing of fundamental mechanisms linking early exposures
with later phenotypes. From initial studies focused on a single
mark, DNA methylation, in the context of fetal and postnatal
growth, to present-day databases of hundreds of genome-wide
studies, collectively these studies indicate a fundamental role for
the (epi)genome and the early environment in the stable devel-
opment of learning and memory ability, emotional responses to
stress and social interactions, along with risk for certain cardio-
vascular, metabolic and neuropsychiatric disorders. Here, epige-
netic biomarkers of exposure to childhood adversity may help
identify individuals at risk and to target interventions.

In this themed issue, Sasaki and Matthews14 first review some of
the technical caveats and considerations in the design of studies
that examine long-term effects of maternal exposures on adverse
health outcomes in offspring – from the selection of target tissues
and bioassay precision to the challenges of combining animal
models with human studies. However, despite the identification of
hundreds of genes as well as interacting (epi)genetic and envir-
onmental factors that contribute to disease susceptibility and
behaviour, we still lack an understanding of the neurochemistry –
the proteins and pathways – that lead from genes to behaviour.
Barha et al.15 examined a potential mechanistic link between
maternal stress hormone levels early post-conception and levels of
DNA methylation and stress-responsivity in their children. Given
that maternal anxiety and depression are related to adverse child-
hood experiences and negatively affect children’s behaviour,16–18

these exposures provide potential pathways between maternal
adverse childhood experiences and child psychopathology.
Letourneau et al.19 tested the theory of intergenerational trans-
mission of stress and found maternal adverse childhood experi-
ences were predictive of mood and anxiety during pregnancy and
postpartum, and externalising problems in the children, especially
boys. Aylott et al.20 further confirmed this opposite-sex-specific
parent-of-origin effect in the etiology of psychotic symptoms.
Together these articles provide key insight into the gene–envir-
onment interactions that govern the intergenerational transmission
of stress and the emergence of physical and mental illness and their
transmission. This research may lead to more effective prophylactic
(e.g., social support) and treatment strategies for the > 1 million
Canadians who currently suffer from severe mental illness.21

Environmental conditions

As the world’s second largest country, Canada is relatively spar-
sely populated owing to its abundance of forests, fresh water lakes
and tundra. Canada is among the wealthiest countries in terms of
natural resources, which include energy, minerals, timber and
fresh water, as well as rich diversity of wildlife. Its vast geography
is home to ecosystems in varied climates, ranging from coasts of
the maritime provinces and British Columbia to the continental
weather of the prairies, and to the arctic landscape of the north.

Despite increasing efforts to transition to sustainable energy
resources, climate change is causing widespread environmental
issues that pose a threat to our quality of life. These include
reduced air quality, water and food-borne contamination,
extreme weather phenomena and increasing incidence of natural
disasters. Canada is committed to assessing and understanding
the effects of climate change on health, with the goal of helping
populations adapt to climate change. These initiatives, which
build on current health policies and practices, include improved
climate change scenarios, climate and infectious health alert and
response systems, and regional adaptation work programs.22 In
addition, assessment of key vulnerabilities and health adaptation
in northern Inuit communities is also an emphasis,22 as these
communities are particularly vulnerable to the changing climate.
The eroding northern landscape and pollution leading to food
contaminations, which bio-concentrate and magnify adverse
effects, may already be causing irreparable harm.

In this themed issue, two studies are profiled. The article by
Olson et al.23 describes efforts to improve resilience, particularly
in pregnant women, in the wake of natural disasters. The article
provides context for the interpretation of data and outcomes from
these trials, and may also provide perspective for those without
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lived experience. The article by Maurice et al.24 describes the
effects of environmentally relevant contaminant mixtures on male
reproductive capacity and health. The contaminant mixes consist
predominantly of organochlorides (e.g., polychlorinated biphe-
nyls and chlorinated pesticides), which persistently contaminate
the arctic food chain, and, therefore, may have important health
consequences for Inuit populations.

Vulnerable and at-risk populations

The final theme in this issue highlights research on health out-
comes in at-risk and vulnerable populations in Canada. Health
gaps, disparities and inequities that exist in health research, care
(including access) and policy occur globally. These gaps overlook
underrepresented and/or underserviced individuals, groups and
populations, and often discriminate based on geography, sex and
gender, ethnicity and culture, and/or socioeconomic and demo-
graphic status. Unfortunately, we do not need to travel beyond
Canadian borders to find such health inequities. Indigenous
peoples, immigrants to Canada, and individuals with problematic
substance use are three groups that are at greater risk for worse
health outcomes, or greater declines in health over time, com-
pared to non-Indigenous Canadians,25,26 the Canadian-born
population27 and those without problematic substance use or
substance use disorders (SUDs),7,28 respectively. What determines
health, and health gaps, in these at-risk populations include
numerous factors such as, but not limited to, poverty, under and
unemployment, lack of access to essential services and health care
(including health interventions), food insecurity, low rates of
breastfeeding and early child education, climate change and
governmental policies.29–32 Critically, these conditions establish
an intergenerational cycle of health disparities, which often dis-
proportionately affect women and children.

Although the degree of health inequity between Indigenous and
non-Indigenous populations are no doubt impacted by social
determinants33 including those listed above, more significantly, they
are rooted in the historical and present trauma faced by Indigenous
peoples. As Phillips-Beck et al.34 and Bombay et al.35 report in this
issue, adverse early life experiences shape the health outcomes of
Indigenous women, men, children and youth, notably affecting their
risk for cardiometabolic diseases and mental health disorders. In
their papers, the authors discuss how to bridge health gaps faced by
Indigenous peoples in Canada through culturally sensitive and
community-specific interventions across the lifecourse, and espe-
cially through interventions that are applied in early life. Addi-
tionally, they discuss future research, including the need to predict
risk and resilience across generations, while considering that the
predictive value of these factors may change with age.

Another population facing considerable health disparities in
Canada includes individuals with problematic substance use and
SUDs. The prevalence of these cases is on the rise in Canada,
including the population of individuals who misuse prescription
and non-prescription opioids.7,36 Health outcomes are poorer,
and deaths higher, in individuals with problematic use of
opioids.7 Critically, Indigenous peoples are two to four times
more likely to have SUDs.37 Further, while SUDs and problematic
substance use are generally lower in women than in men,7,38

women may be at higher risk of adverse health outcomes related
to problematic substance use.38,39 Preconception and pregnancy
are sensitive periods in which substance use, and specifically
opioid misuse, have dramatic detrimental effects: women who use
opioids during pregnancy have increased rates of preterm birth,

and their infants are more likely to be born low birthweight or
growth restricted and have neonatal abstinence syndrome, which
increases their risk of morbidities in the first year of life including
feeding problems, infections, and poor neurologic development
and function.40–42 SUDs often coexist with other social factors
that contribute to health disparities in women, such as low
socioeconomic and demographic status, high levels of psycholo-
gical stress,43 and nutritional insecurity44–46; each of these alone
are known to program poor pregnancy and infant outcomes. In
their paper, Miller et al.47 address the growing opioid misuse
crisis in a Canadian population of pregnant women and their
infants. They describe the adverse outcomes associated with
opioid dependency in pregnancy and highlight the complexities
in treating and supporting women with SUDs and opioid
dependency. They also discuss how an interdisciplinary approach,
integrating social, environmental and biological contexts, is
required to improve maternal and neonatal outcomes and narrow
health gaps in this vulnerable population.

Beyond the maternal-offspring dyad: making Canadian
DOHaD more inclusive

The Canadian perspective on health care, health policy and health
research is unique, shaped by the diversity of our peoples, our
history, our geography and our values. Through this perspective,
we have the potential to continue to make major contributions to
improve health outcomes and prevent chronic diseases within our
country and on the global stage. This requires substantial and
sustained investments by our government in health research,
acknowledgment of the inequities that exist within our borders and
action to close these gaps, and continued collaboration with
international researchers and health partners. This perspective also
positions us as a leader in DOHaD research and knowledge: our
strength in integrating research on social, environmental and bio-
logical determinants of health will grow the DOHaD knowledge
base, and expedite the research community’s efforts to fill gaps in
our understanding of the origins and mechanisms contributing to
health and disease states. Through an inclusive approach, we can
transform the health of Canadians, Indigenous peoples in Canada,
and populations globally – to improve outcomes in the later years
of childhood and youth. Our children deserve no less.

This themed issue contains articles written by members of the
Canadian DOHaD research community, and brings together major
areas of research in the field of developmental origins of disease. In
2021, Canada will once again host the World Congress on Devel-
opmental Origins of Health and Disease, which will showcase
multidisciplinary DOHaD research from around the world. The
meeting will be held in Vancouver, British Columbia, with satellite
symposia in Québec and Alberta. We hope you enjoy reading about
current DOHaD research from a Canadian perspective, and we look
forward to seeing you in Vancouver in 2021!

Kristin Connor, Stephane Bourque and Ian Weaver, Guest
Editors of the DOHaD Canada themed issue.
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