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Research in the field of the Developmental Origins of Health and Disease
(DOHaD) has had a fundamental impact on our understanding of how
environmental experiences and contexts influence the development of health
and disease over the entire lifecourse. This book provides a comprehensive
overview of this research and providesmodels and tools for the future. Covering
a wide range of geographic regions, this volume includes an overview of the
field, key concepts, and cutting-edge examples of interdisciplinary
collaboration. The first reference text covering the interdisciplinary work of
DOHaD, this book has a broad list of contents: it maps the history of DOHaD,
showcases examples of biosocial collaboration in action, offers a conceptual
toolkit for interdisciplinary research, and maps future directions for the field.
This definitive volume on biosocial collaborations in DOHaD will be
indispensable for scholars working at the intersections of public health,
lifecourse epidemiology, and the social science of DOHaD. This title is also
available as Open Access on Cambridge Core.
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This magnificent collection crosses disciplines and continents in its synthesis of
exciting scholarship around the past, present, and future of DOHaD. It is a singular
achievement, and its readers will be multiple.

Martyn Pickersgill, Professor of the Sociology of Science and
Medicine, Edinburgh Medical School

The clearest and most comprehensive account of DOHaD in society ever. Framing
the field in terms of its history and with a biosocial lens, the many distinguished
authors of this Handbook offer, in combination, a very thorough and erudite reading
of DOHaD in its strength (and sometimes weakness). Understanding child health
from this perspective queries and questions approaches in public health, clinical
practice and policy. A book that sets the standard in this field; a book to cherish and
keep close to hand by all those interested and involved in child health, from any
perspective.

Stanley Ulijaszek, Emeritus Professor of Human
Ecology, University of Oxford

In a masterful manner, this Handbook weaves together a rich tapestry of perspectives
from across the globe and various disciplines, offering a nuanced yet concise overview
of the state of the art of research on DOHaD. Irrespective of your own field—whether
you’re a medical researcher, a nurse, social scientist, or a policy maker—prepare to
see your work in a new light after reading this book.

Barbara Prainsack, Department of Political Science,
University of Vienna, Austria
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Foreword

Mark Hanson, Peter Gluckman, and Lucilla Poston

The title of this book – The Handbook of DOHaD and Society – suggests the need for a
greater integration between two broad fields: one an area of biomedicine and the other in
social studies. But linking them also indicates a synthesis of these areas. The nature of a
handbook is to provide a go-to source of information on a particular subject or, in this
case, on convergent fields. It should give a guide to underlying concepts and current
methodologies and offer insights into new ideas and research possibilities. It is therefore
far more ambitious than a multi-author book comprising disparate chapters, perhaps
resulting from a symposium where diverse topics were presented but not synthesised.
As past and current presidents of the International DOHaD Society and researchers and
advocates for Developmental Origins of Health and Disease (DOHaD) who have worked
with colleagues in the social sciences for some time, we believe that this volume does
indeed meet the expectations raised by its title. The chapters have been carefully
considered and commissioned by thought leaders in their subject areas, and they have
been written to avoid unnecessary overlap whilst demonstrating linkages. The authors
have shared drafts and engaged in discussions, and all chapters have been reviewed by
the editors and others and modified appropriately. It has been a huge task, and we
congratulate the editors on their achievement.

Why is this handbook so timely? When the term DOHaD was developed to supersede
Fetal Origins of Adult Disease (FOAD) two decades ago, it was seen as a burgeoning field
that would need to encompass the social as well as the biomedical sciences. This was
because ‘development’ was clearly a broad term that described life from conception to
maturity and the environments in which it takes place, as opposed to the phase of
mammalian life in utero. It recognised the importance of a range of comparative studies
and insights from developmental biology and evolutionary biology. Moreover, by
extending consideration to include health as well as disease and considering health and
disease across the lifecourse rather than just in adulthood, DOHaD recognised the
importance of much broader contexts. This included integrating growing understand-
ings of developmental plasticity as well as what are now termed the social determinants
of health. Of course, this broader conceptualisation of development in itself was far from
new; Hippocrates, for instance, expounded on the connection between public health and
the environment and indeed the importance of the early environment for the develop-
ment of the individual. Nonetheless, as social science studies of DOHaD have shown, the
concept of environment tends to be overly simplified in DOHaD research, a tension
grappled with across many of this handbook’s chapters.

DOHaD had to confront a growing imbalance in biomedical sciences that privileged
the reductionism of genetics, which dominated the last decades of the twentieth century
and led to the claims that the Human Genome Project would reveal the primary causes of
common traits and diseases. Against this background, the drivers of global health issues

xiii

https://doi.org/10.1017/9781009201704 Published online by Cambridge University Press

https://doi.org/10.1017/9781009201704


were becoming clear, with particular emphasis on inequalities and social justice between
high- and low-income countries, and the formulation of the Millennium Development
Goals led to a renewed focus on maternal and child health. It was during this period that
the global importance of non-communicable diseases (NCDs) was, belatedly, recognised,
alongside the realisation that NCD risk at the population level was not substantially
attributable to fixed genetic factors. By late 2011, global bodies such as the United
Nations and the World Health Organization (WHO) had recognised the importance of
wider environmental influences acting on human development to increase NCD risk.
Laboratory sciences had moved on from genetics to epigenetics to account for such
processes. By 2015, when the Sustainable Development Goals (SDGs) were announced,
DOHaD researchers were actively engaged with colleagues in many other disciplines,
especially in the social sciences. At around the halfway mark for the SDGs, it is
appropriate to take stock of these collaborations and stress the need to expand them.
This handbook is the resource essential to this endeavour.

The handbook illustrates the benefits and new insights gained from interdisciplinar-
ity, but also its challenges. As with other truly interdisciplinary explorations, what might
be seen as ‘biosocial DOHaD’ does more than cross disciplines to benefit from different
perspectives whilst leaving the field of exploration the same. Rather, it integrates the
disciplines, recognising the value and understanding of the concepts, methodologies, and
working practices of each discipline. This is easily said but hard to undertake. It requires
a deep understanding of the epistemology of the contributing disciplines, going beyond
just the language used (although misunderstandings here often create barriers to inter-
disciplinarity in themselves), and a respect for the insights that very different academic
traditions might bring. As with all sciences, the evidence base for both biomedical and
social sciences changes, being at best only provisional: studies once seen as the ‘gold
standard’ are no longer as pivotal or relevant today. Thus, an understanding of discip-
linary histories is also critical to interdisciplinary conversations. The handbook demon-
strates the value of such informed interdisciplinary interactions, and it gestures towards
future opportunities for collaboratively exploring human development and the impact of
early life factors on later life and indeed across generations.

xiv Foreword
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DOHaD Pasts, Presents, and
Futures
An Introduction
Michael Penkler, Jaya Keaney, Tessa Moll, and
Michelle Pentecost

In the photograph on the cover of this book, we peer into the lives of three figures: two
children and an adult caregiver. They are balanced at play on a seesaw in an urban park.
Modernist hierarchies of distinction are rendered opaque here; it is not easy to discern
any markers of gender, ethnicity, and class through which we might read the relation-
ships between these figures and place them in a broader social order. Yet this absence
perhaps amplifies the intimacy between the figures, sensed in the throbbing colours that
weave them together. The image glows with intensity, and the figures seem to blur at
their edges, spilling into one another and the environment of the playground.

This striking photograph was created with thermography, where a thermal camera
captures an image using infrared waves rather than the light of traditional photography.
Originally developed for military purposes, the technology was adapted here as part of a
collaboration between photographer Nicholas Eppel and anthropologist Fiona Ross
about the ‘First 1000 Days’, a health paradigm emphasising the developmental signifi-
cance of the period from conception to age two. In the broader suite of photographs
from which this cover image is drawn, Eppel and Ross sought new ways of depicting the
social and biological relations that comprise development, autonomy, and caregiving.
They sought, as they write, ‘a way to open questions about how the “hard facts” of
biology are given force and presence through “soft” actions of care’ [1, p. 66].

The image resonates with a central concern of our book, which traces how the folded
relations of sociality, interdependence, and biological life play out at one particular site:
the field of the Developmental Origins of Health and Disease or DOHaD. DOHaD is one
crucial body of research informing the First 1000 Days paradigm on which Eppel and
Ross fix their gaze. The DOHaD field argues that environmental factors such as nutri-
tion, stress, and toxic exposure shape health and well-being over extended periods of
time [2]. DOHaD has had a far-reaching impact on understandings of how life experi-
ences — and the social contexts in which they occur — become embodied, and how the
effects of these embodiments are potentially passed on between generations. In this
handbook, we consider the broad-ranging implications of the DOHaD hypothesis, the
ways of seeing and thinking that have historically structured its uptake by diverse
audiences and publics, and new conceptual apertures through which we might more
effectively and equitably harness the insights of this field.

While focusing on health across the lifecourse, DOHaD has a strong focus on early
life, where experiences during critical developmental windows – such as pregnancy,
preconception, and from birth until age two – are seen as particularly impactful for
future health across generations. Scientific research in this field has revolutionised
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understandings of pregnancy and health, highlighting the inseparability of fetal develop-
ment from broader social contexts and material inequities, and the entanglement of a
child and their caregivers. Yet in honing attention on pregnancy and early life, research
has at times over-emphasised the maternal–fetal relation to a concerning degree, strip-
ping it of context and obscuring the distributed relations through which pregnancy,
birth, and child-rearing proceed.

A key reason we are drawn to Eppel’s covering image is that it offers a perceptual
reorientation of sorts in relation to the keystone figures of DOHaD analysis and the
undue historical focus on the pregnant body. It offers us a compelling route for concep-
tualising intergenerational inheritance, in all its intimacy and vulnerability, without
falling into the trap of reproductive sentimentality and highly gendered, heteronormative
images of the mother–child dyad. While the figures depicted on the cover may well be a
mother and children, it is not definitively apparent, and indeed, it is beside the point.
What matters here is the evident intimacy between the three, regardless of biological or
gestational ties; the pulses of heat depict an elemental kinship that is one crucial
developmental environment, among others. When untethered from dominant gendered
and racialising modes of perception in such a way, we might better account for the
embodied intensities of care, the material environments through which we move, and the
imprints we leave on the earthly surfaces that also imprint us.

This handbook grapples with these questions from the diverse perspectives of the
authors assembled here, working in a wide range of fields in the life sciences, the social
sciences, and the humanities. DOHaD is often described as an interdisciplinary scientific
paradigm that incorporates multiple subdivisions within the life sciences and which social
scientists and feminist scholars have subjected to critique. In this handbook, we define the
field in more capacious terms, including scientists working with the DOHaD paradigm
alongside social scientists and feminist scholars who have theorised DOHaD as an increas-
ingly powerful discourse of health and inheritance. This editorial framing reflects our
conviction that DOHaD as it is constituted today is not thinkable without the preceding
decades of engagement from social theorists and feminists, who have indissolubly shaped
the development of scientific research and its translation into policy and clinical care.
Simultaneously, the history of scientific research in DOHaD has fundamentally reshaped
critical social theories of embodiment, inheritance, and kinship, playing a fundamental role
in the turn to the ‘biosocial’ in social theory, by providing insight into how social relations
and inequalities literally shape biology at molecular scales [3, 4]. This handbook is a
testament to the increasing collaboration between life and social scientists under the
DOHaD banner, with DOHaD an exemplar of interdisciplinary collaboration.

In this introductory chapter, we set the scene for the rich contributions that follow by
providing an overview of the field of DOHaD in a distinctly interdisciplinary tenor.
We first trace the evolution of DOHaD over the past two decades, charting the historical
conditions that have informed the emergence of this handbook. We then discuss the
biosocial perspective that DOHaD offers as its central premise and promise, allowing for
questions of socio-environmental justice and equity to be centred in science and bio-
medicine. Yet, as we explore, a range of obstacles complicate this biosocial agenda,
requiring attention to questions of research translation, interdisciplinary lexicons, and
genealogies of inequality.

Responding to the fundamental tension between a biosocial approach and its chal-
lenges, the handbook as a whole offers a comprehensive overview of contemporary
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biosocial collaborations in DOHaD. The handbook foregrounds a critical moment when
the field is at a threshold of interdisciplinary innovation and maps future directions for
research and collaboration. It serves as both an account of the field to date and a
conceptual toolkit for future research, collecting histories, key concepts, and case studies
of biosocial collaboration in action.

I.1 DOHaD: The Last 20 Years
Theories of DOHaD were developed in the late 1980s and 1990s through the conver-
gence of epidemiological work investigating links between deprivation and later life
disease, and experimental work in animals conducted by developmental physiologists
(see Buklijas and Hanson in this volume). The DOHaD field was based on the hypothesis
that environmental experiences can condition a developing organism in ways that
heighten or lower the risk of disease in later life, a hypothesis with profound implications
for health interventions and policy [5]. The field was formally established through the
founding of the International DOHaD Society at the Second World Congress on Fetal
Origins of Adult Disease in Brighton in 2003. In the subsequent two decades, the field
has grown considerably, both in terms of research output and wider scientific and social
recognition [5, 6]. During this time, DOHaD has developed institutionally, conceptually,
and methodologically and is now a significant research agenda in health and well-being.

The change of the field’s name from ‘fetal origins of adult disease’ to ‘developmental
origins of health and disease’ in the early 2000s signalled a broadening of the research
agenda. Early work in the field by David Barker and others had a strong focus on the
prenatal period, linking nutritional restrictions in utero to later-life cardiovascular
disease [7]. This focus has since expanded to consider how developmental factors influ-
ence health and disease over the entire lifespan, beginning in the so-called ‘pre-concep-
tion’ period before a child is conceived and continuing into advanced age [2, 6]. The field
has also expanded in terms of the factors, conditions, and end points considered. While
originally focussed on nutrition and metabolic disease, the fields of toxicology and
psychiatry have widened the scope to include the study of teratogens and stress [8, 9].
In recent years, DOHaD research has also investigated the developmental origins of
human well-being more broadly, including in topics such as adolescent cognitive func-
tion and educational attainment [10, 11].

Over the past two decades, the conceptual aperture for understanding ‘development’
in DOHaD has also shifted from a focus on pathological processes to a wider enquiry
into normal development. Hanson and Gluckman [12] have argued that developmental
effects are the result of physiological processes of developmental plasticity that have
adaptive purposes insofar as they help the developing organism adapt to prospective
environments, thereby linking DOHaD to current thinking in evolutionary biology.
Similarly, the reversibility of developmental effects is increasingly discussed in DOHaD.
Whereas early DOHaD thinking tended to view developmental effects as deterministic and
permanent, as reflected in the language of ‘developmental programming’ (for a critique of
the term, see 12), current DOHaD thinking increasingly eschews environmental determin-
ism by attending to how the effects of early life adversity might be reversed in later life
(Lloyd et al. in this volume).

The move towards a non-deterministic and non-pathological vision of development
in DOHaD is inseparable from the interdisciplinary expansion of the field. Having
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emerged from the confluence of fetal physiology and epidemiology, DOHaD has been
interdisciplinary from the outset (Buklijas and Hanson in this volume). Over time, it has
coalesced diverse disciplinary approaches, including molecular biology, public health,
data studies, different clinical specialties, and evolutionary biology, as well as economics,
the social sciences, and humanities. At this stage, these interdisciplinary modes of
knowledge-making typically occur across departments rather than in dedicated research
centres, with only a few dedicated DOHaD research departments around the world [6].

A major site for the interdisciplinary expansion of DOHaD is recent advances in
environmental epigenetics, a field that offers an explanatory model for the underlying
mechanism of DOHaD observations [3, 13]. Environmental epigenetics studies how
environmental factors influence the way genetic information – encoded in DNA – is
transcribed and translated into biological processes, potentially influencing development,
health, and disease. The first foundational studies in environmental epigenetics [14–16]
in the early 2000s were quickly taken up in DOHaD. Buklijas and Hanson (in this
volume) argue that the DOHaD field was, for a variety of reasons, originally uninterested
in genomics; however, broader trends in science funding, such as the move towards
funding genomic science and away from other areas like experimental physiology, are
likely one key reason for the field’s embrace of epigenomics in the mid-2000s. Both
environmental epigenetics and DOHaD have profited from the links between the two
fields [17]. In its early days, the fetal origins hypothesis was critiqued due to the absence
of a clear mechanism; the entry of epigenetics has offered a ‘molecular proof’ of sorts.
Concurrently, environmental epigenetics researchers have framed the medical and policy
relevance of their work with reference to the DOHaD hypothesis [17].

The credibility tied to having a plausible mechanism in epigenetics may have contrib-
uted, among other factors, to the growing policy traction of the field since the mid-2000s.
In 2010, the then-named DOHaD council launched the Journal of DOHaD to congregate
the ‘integrative, interdisciplinary, and translational’ [18, p. 1] work of the field. Mark
Hanson, then President of the DOHaD Society, wrote that the field had garnered
sufficient acceptance in biomedical research, policy, and development agendas as to
legitimate the journal’s launch. Indeed, DOHaD has enjoyed significant traction in the
last decades, especially in a global health context, which is increasingly concerned with
the growing burden of non-communicable diseases (NCDs) in low- and middle-income
countries [19]. There are regional DOHaD Societies that span six continents, including
DOHaD Africa, DOHaD Society of Australia and New Zealand, DOHaD Latin America,
US DOHaD, DOHaD Canada, DOHaD Japan, DOHaD China, the Pakistan DOHaD
Society, and the French-Speaking DOHaD Society. International organisations such as
the World Health Organization (WHO) and the World Bank have also integrated
DOHaD frameworks into their agendas, as seen in the WHO’s Childhood Obesity
Report and the Bank’s increasing investment in early childhood and maternal care [20].

At the same time, there is also a widespread feeling among DOHaD scientists that the
field has not yet realised its full policy potential. In a recent editorial, former and current
DOHaD society presidents Peter Gluckman, Mark Hanson, and Lucilla Poston have
argued that the field has not yet found its footing in national and international health
policy arenas [21]. They attribute this to DOHaD’s emphasis on long-term effects in
contrast to policy interest in short-term gains; a lack of coherent framing that presents a
simple moral or ethical message; and the complexity of pathways within DOHaD that
make it less amenable to identifying discrete points of effective intervention.
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Another possible reason for the limited uptake of DOHaD in health and social policy
is that the field is open to contestation both for its central hypothesis and for its policy
relevance [22]. Part of this is the experimental complexity of investigating how diverse
factors influence health and disease over time [23]. While evidence for long-term
developmental effects has been demonstrated in animal models [24], such evidence is
much more difficult to obtain in human populations. Epidemiological cohort studies, the
go-to method in DOHaD research, are prone to confounding effects and are ill-equipped
to prove causal effects, limiting the translatability of the evidence base (though recent
methodological advances in regard to Mendelian randomisation are promising in this
regard) [25].

To expand the evidence base for DOHaD, scientists have turned to intervention
studies or clinical trials. However, the results of interventions during pregnancy thus far
have been disappointing [26]. In pregnancy trials drawing on DOHaD that focus on
obesity, for example, to date no cohort studies have established conclusively that lifestyle
interventions have a positive impact on obesity across the lifecourse [27]. Meanwhile,
social and feminist theorists have cautioned that intervention studies can reinforce
gendered and racialised assumptions about normative development, health, and
parenting that maintain unjust racial hierarchies and centre the mother–child dyad to
the detriment of broader socio-environments [27].

An additional methodological critique is that existing intervention studies have been
limited (only targeting a limited set of factors) and constrained (only for a set time
period). Currently, there is hope within the field that complex intervention studies like
the HeLTI trial, which are interdisciplinary in nature and incorporate a critical, feminist
understanding of social factors, will provide a sought-after evidence base that may better
inform health policy and improved healthcare (see Pentecost et al. in this volume). These
complex intervention studies try to account for the complexities of the biosocial pro-
cesses in which they seek to intervene. Against the background of the COVID-19
pandemic, which exacerbated global inequalities in health, DOHaD researchers have
also argued for the importance of considering developmental origins to promote social
resilience and health equity [28].

In 2024, then, DOHaD is on a threshold. The field has expanded disciplinarily and
conceptually. It has formulated an ambitious research programme in its quest to account
for the complexity of how socio-environmental factors influence health and disease
across the lifecourse, and studies have moved from observation to intervention to
generate evidence with policy traction. Interdisciplinary DOHaD research promises to
improve our understanding of how we can contribute to social and health equity. And it
promises a deeper understanding of how social environments and biological processes
intertwine to produce health and disease on both individual and population scales. It is
this promise to which we now turn.

I.2 Promises of the Biosocial
The promise of DOHaD lies in large part in its biosocial understanding of health and
well-being. That is, it offers tools to articulate — in both biological and social terms —
the intergenerational mechanisms of health inequality. Through a DOHaD prism, social
contexts and unequal living conditions are understood as directly impacting biological
outcomes across generations, thus construing social contexts as having biological effects,
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and vice versa. As a result, DOHaD has opened new avenues for conceptualising the
biological and the social as entangled and inextricable.

The biosocial is a conceptual frame and heuristic that seeks to bridge the divide between
biology, typically seen as the remit of the life sciences, and the social and the cultural,
traditionally the remit of the social sciences and humanities. In their 2018 introduction to
the Handbook of Biology and Society, Maurizio Meloni and co-authors characterise the
biosocial as an emerging research horizon defined by interdisciplinary convergences and a
shift in proper objects of research and modes of knowledge production [4]. As they write,
‘the life sciences, broadly conceived, are currently moving toward a more social view of
biological processes, just as the social sciences are beginning to reincorporate notions of the
biological body into their investigations’ [4, p. 2]. Biology is revealed as thoroughly social,
while social theory turns to biological data and methods as a lively site for understanding
social relations. This is not simply attention to the socially constructed nature of scientific
knowledge, although literature in this vein is a vital precursor to biosocial thinking [29–31].
Rather, a biosocial approach, as we understand it here, construes the biological and the social
as inseparable domains that are always already co-constituted.

As a framework for thinking about biological development, the biosocial gathered
momentum in social science literature in the early and mid-2000s. The idea of the
‘biosocial’ has been expressed in a range of ways by social theorists, who have introduced
concepts like ‘biocultural’ [32], ‘biosocial becomings’ [33], ‘embedded bodies’ [34],
‘impressionable biologies’ [35], ‘situated biologies’ [36], and ‘exposed biologies’ [37], to
highlight how biology is always processual and culturally embedded. These concepts
build on vital scholarly antecedents that sought to bridge the divide between nature and
culture. Most notable in this respect is Donna Haraway’s feminist theorisation of
‘naturecultures’ [38]; Bruno Latour’s elaboration of nature–culture hybrids [39]; and
Paul Rabinow’s work on ‘biosociality’, which challenged the silo-ing of biology and
society implicit in the then emergent paradigm of ‘sociobiology’ [40].

This biosocial momentum emerged concurrently with a postgenomic turn in the
sciences, characterised by greater attention to the relationships between genes and
environments and an increasing awareness that the development of an organism cannot
be separated from its milieu [35]. The past two decades have seen a shift in attention in
the life sciences, from a focus on the ‘blueprint’ of DNA as exemplified by the Human
Genome Project completed in 2003 to a greater examination of the role of context in
biological processes in fields like epigenetics, microbiomics, and immunology [4]. These
varied approaches conceptualise the body as open-ended and embedded in various
environments that shape and reshape collective embodiment across generations [3, 35].

While findings in epigenetics boosted the public profile of DOHaD in recent decades,
it may have come at the cost of DOHaD’s earlier attention to the relationship between
health outcomes and social contexts via pathways unrelated to genomics. In their
foundational work from the late-1980s developing the fetal origins hypothesis, for
example, David Barker and colleagues foregrounded structural factors, emphasising
‘geographical and socio-economic constraints on the health of women and children’
[41, p. 455] as paramount in shaping disparate susceptibility to chronic disease and
mortality rates. As feminist scholars have cautioned, this early attention to social
contexts and structural inequalities has since given way to a narrowed view of pregnant
bodies and individualised lifestyle choices, with health and disease ‘telescoped into a
bodily environment of the womb’ ([41, p. 458]; see also [6, 27, 42]).

6 Michael Penkler, Tessa Moll, Jaya Keaney, and Michelle Pentecost

https://doi.org/10.1017/9781009201704 Published online by Cambridge University Press

https://doi.org/10.1017/9781009201704


Many researchers have nonetheless welcomed DOHaD as an important field for
critiquing the silo-ing of biology and society and reconceptualising health and disease
in biosocial terms. Feminist accounts have drawn on DOHaD and allied postgenomic
sciences to challenge the cultural iconicity of the mother–fetus dyad as the primary locus
of reproduction and inheritance [43], pointing to how DOHaD enables an understand-
ing of the ‘reproductive environment’ as situated in broader socio-environmental con-
texts [27, 44]. The liveliness of gestational and developmental biology is one capacious
place from which to critique discourses that emphasise maternal responsibility and fetal
personhood and to instead elaborate more complex models of human development [27,
43, 45]. As van Wichelen and Keaney write in their introduction to a recent special issue
on The Reproductive Bodies of Postgenomics, ‘postgenomics offers new models and
conceptual horizons for understanding how we are materially related to one another
beyond the fictive confines of the nuclear biogenetic family’ [43, p. 1113]. This feminist
mode of biosocial theorising is central to this handbook (see, for instance, chapters by
Moore and Warin and by Karpin), as is the interdisciplinary concern with DOHaD’s
potential for securing health justice.

Another related site of biosocial thinking in DOHaD is changing understandings of
categories of difference, such as race, class, and geographic location, and the material
inequalities that accompany them. DOHaD analyses have generated new understandings
of racialisation as a biosocial process (as explored in the chapters by Meloni et al. and
Valdez and Lappé in particular). Social categories of race shape differential access to
things like nutritious food, housing stability, protection from environmental toxins, and
access to education and healthcare; as DOHaD research has illustrated, these factors
directly shape unequal susceptibility to chronic disease, chronic stress, and mortality
across generations, with disadvantaged and historically marginalised communities par-
ticularly affected [28, 46, 47]. A DOHaD approach confirms that racist social
environments are exposures that become biological outcomes over time – or, as
Clarence Gravlee put it, race ‘becomes biology’ [48, p. 47]. As Shannon Sullivan argues,
the racial health disparities often studied in health research are better conceptualised as
‘racist disparities’ due to the way that social categories of race are not predetermined, but
are rather biosocially materialised over time [49, p. 193].

Biosocial frameworks in DOHaD also offer new articulations of health justice.
As Penkler and colleagues write, ‘based on its key assumptions – that life circum-
stances, health, and disease are closely linked on a molecular scale – DOHaD is an
inherently political research field’ [6, p. 268]. DOHaD research is increasingly mobil-
ised as a useful evidence base for attesting to the embodied intergenerational impacts of
what are typically considered social or historical harms, including the processes and
policies of dispossession associated with colonisation and slavery (see Keaney et al. in
this volume and [50]). For example, Black and Indigenous communities are increas-
ingly deploying epigenetic research to advocate for state reparations [51]. DOHaD and
epigenetic insights hold the potential for creating more effective health and social
policy responses to inequality by shifting the focus away from individuals and towards
social contexts, which are in turn understood as impacting developmental outcomes.
A biosocial frame may also resonate with Indigenous understandings of health and
well-being and non-Western worldviews that regard personhood as inextricable from
surrounding environments ([51]; see also Meloni and Rooney, and Bourke and Lovett
in this volume).
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In a range of ways, the enthusiasm surrounding DOHaD hinges on its biosocial
model of bodies and inheritance. And yet, despite the great promise of such a way of
thinking, many challenges remain. Chief among them is the disentangling and re-siloing
of the biological and the social when it comes to how scientific research is conducted in
practice and translated into policy.

I.3 Challenges of the Biosocial
Radically interdisciplinary research in DOHaD is necessary to fulfil the potential of
biosocial thinking. While the field is uniquely placed to produce innovative modes of
collaboration, in part because of its deeply interdisciplinary history, it is vital to account
for the challenges of a biosocial approach in practice.

Several scholars have highlighted the difficulties of representing biosocial complexity
within traditional research models and methods, despite good faith efforts and clear
frustrations [23, 52, 53]. For instance, DOHaD research often reduces ‘the environment’
to single, fixed variables – such as food (measured as calories), pollution exposures (often
singular toxicants), and stress (measured by cortisol levels). From the pressures to
present research in a more linear fashion, to producing publications quickly, to using
cost-effective research methods, DOHaD research is embedded within institutional
structures that compel scientists to make pragmatic choices around variables and
proxies. Penkler [23] points in this respect to Knorr-Cetina’s description of the ‘deci-
sion-ladenness’ [31] of research: decisions regarding variables and measures must be
made among multiple, competing interests (costs, feasibility, and reliability) but also
considerations such as the burden on participants and retention rates, and all this often
across multiple contexts. Together, these factors can steer scientific research in
reductionist directions.

While the use of single and fixed variables as environmental proxies is often a
pragmatic necessity in scientific research, it has the effect of neglecting the complex
histories and social relations that shape developmental environments (see Rossmann and
Samaras in this volume). For instance, pinpointing a deficient diet among pregnant
women may offer an experimentally feasible research question; however, it comes at the
risk of backgrounding the more complex question of why certain populations face
nutritional challenges. By defining the problem as one of individual behaviours, such
research justifies interventions that also target individual choices. This renders interven-
tions potentially futile, as these ‘choices’ remain deeply shaped by access and acceptabil-
ity. It also potentially reproduces injustice by reinforcing gendered, classed, and racist
patterns of responsibilisation and blame, siphoning the structural forces of racism,
sexism, and poverty into a problem of individual behaviours [3, 6, 27]. While all research
involves decisions that delineate a research object by focusing on certain aspects of the
world at the expense of others [29, 31], it is crucial to be self-reflexive about and
accountable for the kinds of decision we make as researchers, the histories of thought
from which they emerge as sensible or even automatic, and the relations and futures that
they preclude.

Working across disciplines may provide an opportunity to reflect on the decisions
that delineate a research problem. Interdisciplinary teams could provide ‘ethical safe-
guards’ [54] against some of the critiques levelled at DOHaD research, such as its
continuing focus on individual factors and behaviours. This individual focus dovetails
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with existing and historical assumptions about who and what is in need of intervention –
what Pentecost terms DOHaD geographies [55]. The challenges here are multiple.
Scientific research needs to reframe studies away from individual behaviours and
mother-blaming [56, 57]. It also needs to remain attentive to the ways that research
messaging overlaps with local histories and can reproduce stigmatising narratives (see
Kenney and Müller in this volume). When brought into policy or public health messa-
ging, DOHaD research needs to be adapted and reworked to fit within the needs of local
communities (see Tu’akoi and colleagues in this volume).

The methodological and translational challenges facing biosocial research are
heightened by the structural features of the contemporary university, often characterised
by silo-ed disciplinary boundaries and employment structures. As with all academic
knowledge creation, DOHaD research unfolds within the confines of institutional prac-
tices, knowledge and funding economies, and epistemic environments that can hinder
fruitful biosocial collaboration. In the current context, quantitative data and the ‘hard
sciences’ garner greater legitimacy and credibility than the social sciences and humanities
[52]. This is particularly true in health research where implicit epistemic hierarchies
result in the accommodation of social science approaches in biomedicine, rather than
their full integration [58]. This problem is reflected in research funding culture [59], peer
review [60], pedagogy [61], and academic recognition [58]. As a result, projects may only
accommodate the ‘addition’ of social components and social scientists to biological and
biomedical research teams, when the research problem has already been defined by
scientists. Barry and Born [62] describe this kind of interdisciplinarity as the ‘subordin-
ation-service model’. Such an arrangement perpetuates the bracketing of the ‘social’ from
the ‘biological’ and offers little space for iterative learning from ‘the social’ in crafting and
orienting future research. In thinking about the efficacy of biosocial collaboration, it is
also important to extend the notion of collaboration beyond the academy to foster
collaborative knowledge-making practices with the communities that DOHaD research-
ers recruit and study (see Tu’akoi and colleagues in this volume). Collaborative research
may challenge the fundamental assumptions of biomedicine: for example the primacy of
the individual versus Indigenous notions of collective personhood. At the same time,
iterative, engaged, and interactive work with communities can be time-consuming and
expensive and is thus often in tension with the demands of the neoliberal university.
Addressing this tension requires commitment to the longer-term reshaping of research
infrastructures.

I.4 Overview of Contributions
In this handbook, a global authorship has come together to reflect on the state of DOHaD
today and the questions, tools, andways of working that will foster the promise of a DOHaD
research agenda that promotes health justice. The handbook is the product of our authors’
patience with conversations not only across time zones but also across the divisions of
disciplinary practice, language, and convention. Across 29 chapters, anthropologists, psych-
ologists, physiologists, gender studies scholars, molecular biologists, clinicians, sociologists,
epidemiologists, science and technology studies scholars, and legal scholars have worked
towards interdisciplinary legibility as a foundation for generous exchange.

Many of the contributions are themselves the outcome of interdisciplinary engage-
ments; some are explicitly framed as such, while others foreground a healthy scepticism
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for the interdisciplinarity DOHaD scholarship might meaningfully achieve. Defining
interdisciplinarity is itself a fraught question: as Callard and Fitzgerald suggest, it is a
term that ‘everyone invokes and none understands’ [63, p. 4]. The formalisation of
‘interdisciplinarity’ as a policy concern, academic orientation, and epistemic field has
come with its own foreclosures, even as it has held the promise of openings [62, 63]. Yet
in fields such as DOHaD, the need for collaborative research practices is irrefutable.
We perceive a unique willingness in the DOHaD community to embrace an interdisci-
plinarity that allows for ‘the co-existence of difference’, to borrow from science and
technology studies scholars Annemarie Mol and Anita Hardon, where ‘solutions are
sought that aim to do justice to each interlocutor’s particular intellectual and practical
stakes’ [64, p. 4]. This is perhaps facilitated by the contributors’ shared interest in
intergenerational health, the folding of social inequality into bodies, what it means to
live well, and how health interventions can aid this pursuit.

In six sections, the 29 chapters comprising this handbook represent the key debates,
concepts, and case studies of interdisciplinary work in DOHaD. Section 1 traces the
history of the field and its intellectual precursors. Maurizio Meloni and Natasha Rooney
show in their contribution how thinking about ‘maternal impressions’, that is the idea
that maternal experiences and emotions can leave long-lasting effects on the developing
organism, has been a recurrent theme in different historical and cultural contexts since
antiquity. Tatjana Buklijas traces how this idea has developed in the twentieth century,
showing that conceptualisations of the maternal–fetal relationship have undergone
marked change during this period. These changes, which are more complex than often
assumed in standard historical accounts, are central to the story of DOHaD’s emergence
as a distinct field in the ‘long decade’ from 1989 to 2003. Mark Hanson and Tatjana
Buklijas’ chapter covers these ‘first 5000 days’ in which DOHaD was established as a
distinct biomedical research field, beginning with an influential interdisciplinary meeting
in 1989 between epidemiologists, led by David Barker, and fetal physiologists, and
ending with the formation of the International DOHaD Society in 2003.

Section 2 is concerned with the social life of DOHaD research, and its interface with
questions of injustice. Maurizio Meloni, Christopher Kuzawa, Ayuba Issaka, and Tessa
Moll warn that deterministic notions of environment and development mobilised in
DOHaD can reproduce an essentialist understanding of racial categories. Moore and
Warin show how an overt focus on women’s nutrition obscures the broad scope and
implications of DOHaD for understanding health inequalities. Natali Valdez and
Martine Lappé contend that gender and race are inseparably intertwined as social
categories, arguing that a gendered and racialised health discourse disproportionally
places the burden of intergenerational health on women of colour. Jennifer Cohen
reviews economic research in DOHaD, arguing that it has often been limited by a
narrow focus on molecular aspects and a decontextualised use of demographic variables,
with the effect of obscuring social structures. Luca Chiapperino, Cindy Gerber,
Francesco Panese, and Umberto Simeoni continue the critique of DOHaD’s focus on
the individual, describing this tendency as a ‘moral paradox’ characterising how health
interventions are generated in the field. Finally, Isabel Karpin highlights the significant
implications of DOHaD for intergenerational justice and legal conceptualisations of
personhood and harm.

Section 3 is a toolkit that showcases a series of critical concepts for biosocial DOHaD
research. The first, profiled by Mark Tomlinson, Amelia van der Merwe, Marguerite
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Marlow, and Sarah Skeen, is lifecourse, a concept developed in the past 50 years to
highlight the role of social and behavioural influences on illness. Edna Bosire, Michelle
Pentecost, and Emily Mendenhall’s chapter on syndemics foregrounds the synergistic
characteristics of diseases, calling attention to the importance of studying how diseases
cluster and interact across the lifecourse. Embodiment, as discussed by Ziyanda
Majombozi and Mutsawashe Mutendi, is a social science concept that has been
similarly developed to connect the body, subjective experiences, and broader social
contexts and is useful to deepen awareness of how social and political factors and
contexts influence the development of health and disease over extended periods of
time. Sarah Richardson, contends that the ensuing complexity poses a challenge for the
field, as DOHaD research investigates causes and effects that are difficult to observe
experimentally. She argues that the field is thus characterised by a tolerance to what she
calls causal crypticity – a characteristic common to many data-rich, postgenomic life
sciences. According to Jaya Keaney, Henrietta Byrne, Megan Warin, and Emma Kowal,
these difficulties are also evident in research on intergenerational trauma, a concept
developed to study the long-term physiological consequences of violence and discrim-
inatory social contexts. In the final chapter in Section 3, Elizabeth Roberts and
colleagues offer bioethnography as a useful interdisciplinary tool for DOHaD research,
describing it as a key method and concept to integrate ethnographic research into
epidemiological cohort studies.

Section 4 considers how DOHaD research has travelled beyond the lab or academy
and into policy and practice. Felicia Low, Peter Gluckman, and Mark Hanson outline the
key issues for the field’s traction within health policy, while Chandni Maria Jacob,
Michael Penkler, Ruth Müller, and Mark Hanson challenge DOHaD researchers to take
up insights from communication theory to frame their work in responsible ways for
science and society. Involving communities and publics in DOHaD research is an
important avenue for creating responsible frameworks, as Siobhan Tu’akoi and col-
leagues argue in their contribution to community-based participatory methods for
translating key DOHaD insights into public health practice in the Cooke Islands.
Finally, Anusha Lachman, Astrid Berg, Fiona Ross, and Simone Peters consider how
DOHaD ideas are translated into clinical practice, offering the example of the integra-
tion of first 1000 days frameworks into a new academic curriculum for infant mental
health in Southern Africa.

In Section 5, contributions discuss how biosocial research approaches play out in
practice. Emily Emmott and Sahra Gibbon discuss how ‘early life’ has often been narrowly
framed and argue that a biosocial anthropological perspective can contribute to a more
nuanced framework for DOHaD-informed research and intervention. Using the example
of the HeLTI–South Africa randomised trial, Michelle Pentecost, Larske Soepnel, Khuthala
Mabetha, Catherine Draper, and Shane Norris discuss the recent trend towards complex
intervention studies within DOHaD. Sophia Rossmann and Georgia Samaras also discuss
the challenges of how to adequately capture complex environments in biosocial research,
demonstrating that while DOHaD research acknowledges in principle the complexity of
lived environments, results often replicate reductionist accounts. Martha Kenney and Ruth
Müller’s chapter also highlights the importance of framings, by turning their attention to
researchers’ storytelling practices and how researchers, clinicians, and other actors embed
DOHaD knowledge claims as part of larger scientific and societal narratives that have
consequences for how DOHaD knowledge circulates in society. Lastly, Shivani Kaul and
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Emily Yates-Doerr discuss DOHaD work in Bhutan and Guatemala that advances rela-
tional, interdependent models of development.

Section 6 looks at current trends and possible future directions for DOHaD research.
Julie Nihouarn Sigurdardottir and Salma Ayis review moves in DOHaD towards Big Data,
artificial intelligence, and machine learning, and the ethical and methodological issues that
these innovations represent for the field. Stephanie Lloyd, Pierre-Eric Lutz, and Chani
Bonventre offer a case study for how to conceptualise and investigate reversibility as an
important concept for DOHaD, using the example of neuroepigenetic research on trau-
matic memories. Kaleb Saulnier and colleagues discuss the lessons that can be learned from
engaging with the interdisciplinary field of disability studies for being inclusive in DOHaD
knowledge-making and interventions. They argue that research has often occurred without
engaging affected disability communities and point to the importance of the slogan,
‘nothing about us without us’, for conducting socially responsible research into disability.
In a similar vein, Sarah Bourke and Raymond Lovett discuss epidemiological research with,
for, and by Indigenous people and how applying an Indigenous lens provides valuable
lessons for developing health research and interventions that address the determinants of
intergenerational health and well-being in a holistic way. Lastly, Jorg Niewöhner argues that
recent scientific developments challenge notions of origin and development that are
foundational for DOHaD research and considers new ways of conceptualising DOHaD
for the Anthropocene. Drawing on themes that connect the entire handbook, he argues for
the vital necessity of interdisciplinary research across the nature–culture divide: only by
embracing ideas of anthropogenic biology can DOHaD grapple with the pressing current
challenges that face human and non-human life on a planet whose habitability is challenged
by multiple crises like climate change and novel planetary health threats.

Together, the chapters highlight the manifold contributions that biosocial research in
DOHaD can make to not only rethinking development and health but also to furthering
health equity on a planet still marked by persistent and shocking health disparities. The
contributions gathered here are a testament to the depth and wealth of biosocial thinking
within DOHaD and to the value of interdisciplinary collaborations. The interdisciplinary
approach in this volume aims for transformational research, where the outcome ‘is a
paradigm shift that causes the scientific community to see problems in an entirely
different way’ [65, p. S21]. The DOHaD research paradigm is inherently transform-
ational, having produced key shifts in biomedical thinking from older chronic disease
models to the lifecourse frameworks that are now commonly used for understanding
health disparities [2]. The relative youth of the DOHaD field affords further opportun-
ities to radically reshape research practices, and this handbook is both a record of the
successes and challenges of this project so far and a toolkit for forging a robust interdis-
ciplinary agenda for transformational research going forward.
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Section 1

Chapter

1
Mapping the Field’s Past

Porous Bodies, Impressible
Mothers
A Global and Longue Durée Perspective
MaurizioMeloni and Natasha Rooney

1.1 Introduction
To contextualise present biomedical debates on the role of pregnancy in shaping offspring
traits, and hence the related notion of maternal responsibility, we review in this chapter the
prehistory of the belief in maternal impression. Maternal impression is the enduring
notion that the emotions and experiences of a pregnant woman could leave permanent
marks on her unborn child. We are not claiming in the following pages that maternal
impression, or its historical understanding, is a direct predecessor of the Developmental
Origins of Health and Disease (DOHaD). However, with this global historical overview,
moving eastward from the Mediterranean to Asian medical systems, we are alerting the
reader to the ubiquitous pre-scientific concern with pregnancy, and sometimes pre-
pregnancy, as a key time ‘requiring self-discipline and work on the part of expectant
mothers’ [1]. As DOHaD globalises its research and claims about novel forms of soft
inheritance [2] to geographical regions that encompass a multiplicity of knowledge
systems, this longue durée and global view of maternal effects may help understand both
its resonance with traditional beliefs in the West and contemporary forms of hybridisation
with non-Western systems of medical knowledge, which we will discuss in Section 1.4.

1.2 Maternal Impressions in Europe before Modern Medicine

1.2.1 Greco-Roman and Medieval Medicine
In describing the relevance of maternal impressions in Greco-Roman and Latin medieval
medicine, it is important to highlight three major aspects. First is the wider experience of
the pre-modern body as a permeable and porous entity, living in a state of constant
apprehension of the external environment on its physiological balance. Second is the
physical power of imagination. Before the modern split between body and mind, a fully
materialistic view prevailed in pre-modern medicine where the soul and human tempera-
ment were seen as mostly determined by the physical impact of changes in diet, climate, or
through the effects of planets’ movement. This deep communication between imagination
and bodily changes may seem superstitious or only metaphorical in the post-
Enlightenment mindset, which neatly separates inwardness and external objects, but it
was literal and effective well into early modernity [3]. Scholastic philosophers, for instance,
shared the notion that mental images could impress real forms into matter. Al-Kindi (ninth
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Award FT180100240).
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century CE), one of the fathers of Islamic philosophy known in the Latin West for his On
Rays (De Radiis) and a translator of Aristotle, held the view that any spiritual substance can
induce true forms in the body just through imagination [4, 5]. This widespread under-
standing of the relationship between matter and mind offers a context to appreciate the
impact and ubiquity of the doctrine of maternal impression or the belief that a mother’s
imagination could imprint both physical and mental characteristics on an unborn child.

Third is the gendering of biological knowledge, at different degrees, in both medical
and philosophical views of reproduction. Physiologically, in Greco-Roman and later
medieval medicine, it was widely assumed that women were of a softer, more permeable,
and less stable nature, more liquid and transparent than men, and hence easily subject to
passion [6]. This perceived greater impressionability of the female body finds its valid-
ation earlier in Hippocratic texts, where women are considered spongier, ‘with a capacity
to absorb fluid which makes it directly analogous to wool or sheepskin’ [6]. These and
other tropes were instrumental in consolidating the image of women as more subject to
passions and less shielded ‘against corrupting ingestions’ [1]. These ingestions included
the power of imagination and the susceptibility to several social influences that we would
now call shocks or traumas. As we can read in the most influential treatise in female
medicine in antiquity, Soranus’ Gynecology (c.125 CE):

Some women, seeing monkeys during intercourse, have borne children resembling monkeys.
The tyrant of the Cyprians who was misshapen, compelled his wife to look at beautiful statues
during intercourse and became the father of well-shaped children; and horsebreeders, during
covering, place noble horses before the mares. Thus, in order that the off spring may not be
rendered misshapen, women must be sober during coitus because in drunkenness the soul
becomes the victim of strange fantasies; this furthermore, because the off spring bears some
resemblance to the mother as well, not only in body but in soul.

A treatise attributed to Galen [7] enlists the perceived ability of an expectant mother to
imprint her child as one of the many ‘wonderful works of nature’. The Aristotelian view is
evenmore radically gendered.Whereas theHippocratic andGalenic tradition sees bothmen
and women as contributing to semen for procreation, for the most influential philosophers
of antiquity until early modernity, women contribute only bare matter to the male semen
that will inform and shape the female menses. Medieval medicine and natural philosophy
would rework these tropes with a few variations.Women being not just less hot but also of a
more watery constitution than men, Albert the Great and Thomas Aquinas thought that
they would behave as any moist object would: that is, they would receive impressions more
‘easily but retain them poorly’ [8]. In a moralising rendering of this trope, Albert the Great
instead made the claim that the mud-like impressionability of women could explain why
‘women are more inconstant and fickle than men’ [9]. Their moister constitution made
women more easily subject, for instance, to the effects of lunar tides. Throughout the
European Middle Ages and into early modern Europe, maternal impression was debated
as one of the key environmental influences to explain the specific characteristics of the child,
particularly birth defects or the resemblance (or lack of ) to the father [10, 11]. The emphasis
remained on the negative, and the avoidance of scary sights or stressful emotions was largely
advised in the medical literature as a way to counteract the power of a porous womb.

1.2.2 Early Modern European Debates 1500–1700
Maternal impression, and particularly one racialised version of it possibly based on the
Hippocratic ‘On the Nature of Children’ [12], became widespread in the Renaissance and
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early modern Europe (see [13]). In the medical-teratological work of Ambroise Paré (Des
monstres et prodiges, 1573), Hippocrates was said to have saved a white princess from the
accusation of adultery when she mothered a child ‘black as a Moor’. The father of
medicine pronounced that a portrait of a Moor in the princess’s bedroom was to blame
for the case of dissimilarity in generation. (For the racialised aspect of maternal imagin-
ation, see [12].) Besides Paré’s teratology, a belief in maternal impression was shared by a
large number of European intellectuals and doctors of this period from Ficino to
Montaigne and Gassendi [14]. Paracelsus claimed that ‘the woman is the artist and the
child the canvas on which to raise the work’ (cited in [15]); Montaigne claimed that ‘we
know by experience that women transmit marks of their fancies to the bodies of the
children they carry in the womb’ (cited in [16]).

The seventeenth century saw a progressive collapse of the fluid body of humoralism
in favour of an organic understanding of physiology and the fading of teleological
explanations replaced by emerging mechanistic science. Maternal impression, however,
still found a place in debates on reproduction and heredity. Rather than just being
confined to teratological abnormalities, the power of imagination was integrated as
another mechanism for explaining resemblance among generations [17]. For this reason,
the alleged power of maternal impression was often resisted and criticised by scholars
who highlighted instead the stability of natural processes and their relative imperme-
ability to the direct effect of accidents or emotions [18].

Although scientific debates became more cautious in connecting abnormalities to
maternal misconceptions, seventeenth- and eighteenth-century medical and midwifery
texts, both technical and popular, continued to offer harsh prescriptions to control
pregnant women. Unknowingly building on old humoralist tropes of maternal permea-
bility, they taught women that their wombs were sensitive to the external world ‘as our
senses are’ and that ‘whatsoever moves the faculties of the mother souls may do like in
the child’ [19]. John Maubray, in his influential treatise The Female Physician (1724), also
claimed that when the soul is ‘elevated and inflamed with a fervent Imagination, it may
not only affect its proper Body, but also that of Another’. Therefore, pregnant women
were encouraged to ‘suppress all Anger, Passion, and other Perturbations of Mind,
and avoid entertaining too serious or melancholic Thoughts; since all such tend to
impress a Depravity of Nature upon the Infant’s Mind, and Deformity on its Body’
(1724 cited in [20]).

1.3 The Middle East: Biblical, Talmudic, and Arabic
Commentaries on Maternal Impression

1.3.1 Pre-eugenic Thinking in the Biblical and Talmudic Tradition
Moving to the East Mediterranean and what is today the Middle East, we can see how
tropes around maternal impression often took a different form within debates on
paternal and maternal power to shape heredity. In the Jewish tradition, for instance,
what emerges more vividly is the possibility to control and optimise reproduction
through impressions, particularly at the time of conception rather than during the whole
pregnancy. The Torah offers a clear and oft-cited example. Jacob, the grandson of
Abraham, uses something akin to maternal impressions to generate spotted sheep.
Genesis (30, 37–39) says:
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Jacob, however, took fresh-cut branches from poplar, almond and plane trees and made white
stripes on them by peeling the bark and exposing the white inner wood of the branches (38). Then
he placed the peeled branches in all the watering troughs, so that they would be directly in front of
the flocks when they came to drink. When the flocks were in heat and came to drink, (39) they
mated in front of the branches. And they bore young that were streaked or speckled or spotted [21].

While Midrashic disputes or Talmudic commentaries refer to this episode to exonerate
white mothers having a black child or vice versa [22–24], in later rabbinic commentaries
(14th CE) the passage in Genesis is taken as a platform to suggest a positive possibility of
control of heredity among humans:

If animals, who have no intelligence to understand the benefit of a matter or its detriment,
and only act out of instinct, have the power to mold their offspring according to their thoughts
at the time of copulation, how much more so for human beings, who have great power of
intellect to form in their minds perceptions of matters lofty and mundane, and they have the
power to direct their thoughts with regard to any given matter, that they need to purify their
thoughts for this endeavor [25]

An interesting albeit anecdotal variation to this quasi-eugenic theme (in the sense of
better birth) can be found in a story about the famous Rabbi Yohanan (first century)
who apparently justified to other rabbis his frequent attendance of Roman public
bathhouses by claiming that ‘the sight of his physical beauty’ would cause women who
‘washed before intimacies with their husbands . . . to conceive handsome children’ [26].
The focus on preventing negative effects, instead, is highlighted by a story in the Talmud
of the anxious precaution of a rabbi who only made love to his wife in darkness, so that
at the moment of copulation he would not set his eyes on another woman ‘begetting sons
who are as bastards’ (cited in [12]). At least in this case, it is the man and not the woman
the possible channel through which impressions or emotions may shape a child’s nature.

Finally, Moses Maimonides’ work (1135–1204) also emphasises the potential usage of
maternal impression to achieve a good or better birth. In his medical aphorisms on
Greco-Roman medicine, he writes [7]:

(xxiv.26b) I was informed about an ancient physician that he wished to have a fair son born
to him and that he painted a portrait on the wall of a boy as handsome as possible. When he
had sexual intercourse with his wife, he ordered her to look at that portrait constantly and not
to look away from it even for a short moment. She got a son who was as beautiful as that
portrait but did not resemble his father [12, 27].

1.3.2 Muslim Medical Views in the Middle Ages
Medical views in Islam are influenced by four parallel and somehow competing if not
conflicting sources and traditions: the Greco (Unani)-Islamic tradition (Avicenna, Al-
Razi, etc.); Aristotle’s highly influential view of generation and reproduction as deter-
mined mostly or only by the power of the male semen to control a recalcitrant maternal
matter; Prophetic medicine (medical sayings attributed to Muhammad, which were later
turned to a whole discipline); and ‘spiritual’ saintly healing. References to maternal
impression are, however, somehow more contained. Key medical sources from the tenth
and eleventh centuries – Al-Qurtubi, al-Rāzī, and Ibn Sina – are more worried about
possible miscarriages caused by frightening emotions in women (or undue movement)
than maternal impression or influence on the child morphology as such (see, for
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instance, [28]). Two peculiar aspects of Islamic culture may have deflected the medical
view on impressions. One is that the Islamic ban on portraits and statues at home limits
the number of eccentric sights (mostly outdoor sights such as animals) (see [29]) that
could influence a woman [22]. The diminished impact of images is balanced by a
stronger emphasis on smell. According to Ibn Sina, women could abort due to particular
smells such as an extinguished candle. And if the smell of some peculiar food generated a
craving that was not satisfied immediately, this would lead to a proverbial birthmark (in
the shape of the food) or crossed eyes, a punitive sign that not enough attention has been
paid to a mother’s desire. As commentators noticed, a penalty applied to all tenants of a
building if a maternal craving caused by smelling food was not satisfied, illuminating the
attention and care that should be reserved for pregnant women under Islamic rules [28].

The second peculiarity of Islamic commentaries is their emphasis on a less permeable
view of heredity that somehow ‘resembles’ a contemporary understanding. Indeed,
Islamic medieval commentators developed a specific understanding of heredity that
sidelined the direct power of impression and instead highlighted how ‘traits from distant
relatives may skip generations and then suddenly appear in subsequent offspring’ [22].

This is important to highlight to avoid a too-deterministic view of direct maternal
effects as a ubiquitous monolith in pre-modern traditions. Besides medical advice such as
the work of the Persian physician Ali ibn Sahl Rabban al-Tabari (d. 870) in his Firdaws al-
Hikma (Paradise of Wisdom), similar notions can be found in the saying of the prophet
Muhammad who explicitly advised fathers not to disown sons who look nothing like them
because children frequently receive hereditary traits (naj‘a ‘irq) from distant ancestors, just
as red camels oftentimes produce ashy-coloured offspring that resemble prior relatives
[22]. This is less to attribute to the Prophet a Mendelian view of heredity and more to
highlight sociological pressures to avoid a too-easy dismissal of paternal responsibility
from men and hence the risk of disintegration of the family [22].

This is not to say that in medieval Islamic medicine there is no emphasis on and hence
anxiety about direct environmental influences on the act of procreation and accordingly the
quality of birth. Tenth-century embryological debates (Arıb ibn Sad (d. 980), in his Kita¯b
khalq al-janı¯n (Creation of the Embryo)) are ripe with precautions about the presence of
certain winds during coitus that may produce lazier or more delicate children, the import-
ance ofmaternal and paternalmood at themoment of procreation (a happy soul strengthens
the body, and a stronger body gives rise tomore robust sperm), or avoiding intercourse with
women who had refrained from sex for a long time [22]. Both Islamic and Jewish medical
traditions present different interpretations of maternal impressions developing out of their
specific religious contexts. A shared similarity is the importance placed on the various senses
at the time of conception to optimise reproduction, and a framing within legal-theological
debates, while references to licit and illicit sexual intercourse and a patriarchal anxiety to
control female desire are in continuity with the Greco-Roman experience.

1.4 Eastern Medical Traditions and Fetal Education
Eastern medical traditions, such as Ayurveda in India and traditional Chinese and
Japanese medicines, share similar albeit differing perspectives on the mother’s ability
to influence her child in the womb. Instead of a focus on maternal impressions as seen
previously, however, these traditions developed the concept of ‘fetal education’ or the
ability to educate or influence the child from within the womb. The ideas expressed in

Porous Bodies, Impressible Mothers 21

https://doi.org/10.1017/9781009201704 Published online by Cambridge University Press

https://doi.org/10.1017/9781009201704


fetal education have strong roots in ancient texts and beliefs and work to create positive
and avoid negative influences on the fetus. Both Ayurveda and Chinese medicine
continue as traditional therapeutic medical systems today, unlike European humoralism
discussed previously [30], and various forms of fetal education continue to be practiced
contemporarily (see [31, 32]). While Ayurveda draws on Hindu moral ideas and a
specific medical framework, Chinese and Japanese medicine share very similar resem-
blances and largely rely on Confucian doctrines.

1.4.1 Garbh Sanskar: Ayurvedic Education in the Womb
The concept of fetal education in Ayurveda is often evoked by the tragic hero
Abhimanyu from the Indian classic the Mahabharata. In this epic, Abhimanyu learns
how to enter an impenetrable city while within his mother’s womb [33]. Hindu myths
express ideas about maternal impressions during conception or even prior to conception
(see [12]). In Ayurvedic medicine, Garbh Sanskar, commonly translated as ‘education in
the womb’, prescribes a regime for both men and women to conceive and birth a healthy
child. Garbh Sanskar interestingly has cited the preconception period as a key compon-
ent to producing healthy children and advises a variety of purification procedures and
timings to ensure good-quality progeny. The focus is not solely on women, and men are
included in the procedures and are thought to play an important role in conception.

The classical text, the Charaka Samhita explains how at conception the embryo is
created by three factors: the mother, the father, and ‘the self’ or ‘life’. All three compon-
ents are said to influence different organs and dispositions of the child [34]. Here,
maternal and paternal health both play an important role before conception, and men
are required to undertake actions to produce good-quality semen. Semen, in classical
Ayurvedic medicine, is viewed as the ‘highest essence’ generated by the body [34].
Invoking an agricultural metaphor, the Caraka Samihita describes the need to prepare
for pregnancy: ‘As seed (of a plant) does not sprout if affected by improper time, water,
worms, insects and fire, so is the defective semen of man’ [35]. For women, menstrual
blood plays a similar, but not equivalent, role to semen and is a generative fluid that
unites with semen at conception [34]. After the time of conception, the focus shifts to the
mother and her actions, behaviours, and nutrition.

1.4.2 Taijiao and Taikyō: Fetal Education in Chinese and
Japanese Medicine
Classical Chinese medicine incorporates the cosmology of Yin and Yang. Yin is repre-
sentative of qualities such as ‘darkness, cold, moisture . . . the moon, the night and the
feminine’. Yang is representative of the qualities of ‘brightness, the sun, fire, warmth,
activity and the masculine principle’. Yin and Yang were seen to regulate the bodily qi
(fundamental energy) and any changes in the body [30]. In medieval China, the concept
of fetal education reflected a particular interconnection between the womb and external
stimuli. The sex of the child, for instance, was thought to be malleable during this
indeterminate time, and the responsibility for the outcome rested upon the mother’s
conduct [30]. For instance, in Song Dynasty texts, such as the Fu Ren Da Quan Liang
Fang (A Great Complete Collection of Fine Formulas for Women) (1237 CE), the mother’s
actions are described as impacting the attractiveness or intelligence of the child:
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The child during the first trimester is called the initial fetus. This is the period during which the
infant begins to be moulded. If a dignified and elegant stature is desire, the mother should
think, speak, and act discretely. If a handsome offspring is wanted, she should wear a piece of
jade. If a witty offspring is desired, she should read verses and poems. This is because the
exterior reception communicates with the interior plasticity. [36]

Taijiao or ‘fetal education’ (literally tai [fetus] and jiao [to instruct]) has roots in the
classical text the Senior Dai’s Book of Rites (Da Dai Liji) and was later expanded upon by
Liu Xiang (ca. 80–7 BCE), a Han Dynasty Confucian scholar, who claimed that the
integrity of kings rested on the morality of their mothers [37]. It has been part of Chinese
gynaecology for centuries and returned periodically to prominence at certain historical
junctures of Chinese stories, such as the early Republican era from the 1910s. Often, the
specific nature of training in the womb reflected the importance of moral transformation
within Confucianism and the wider belief that the outside environment could influence
the developing fetus. Here, the fetus is responsive to stimuli provided by the mother
through her senses, behaviour, emotions, and environment. Taboos, such as not eating
or looking at rabbits (which would result in the child developing a harelip), reflect the
belief in the ability of the fetus to absorb outside stimuli and incorporate them physically
into their own developing body [37].

The influence of the environment on the child is expanded in Japanese fetal education or
Taikyō to include both parents and the wider society. Taikyō was introduced to Japan from
China in the tenth century and, like Chinese medicine, was strongly influenced by Confucian
ideas [38, 39]. In Japanese, Taikyō translates to ‘womb teaching’ and could be interpreted as
teaching the pregnant woman or the fetus within the womb. Originally, the belief was that if a
pregnant woman behaved appropriately, she would birth a man of great virtue [38]. Other
texts such as theOnna chōhōki orThe Record ofWomen’s Great Treasures,written byNamura
Jōhaku in seventeenth-century Japan, show the progression of these beliefs and give an insight
into ideas of pregnancy during the Edo period. Namura’s recommendations on Taikyō
included wrapping the belly, prescribing types of food, and producing an ideal environment
to bring about an uneventful birth and the health of the child [40].

1.5 Conclusion
Global history has emerged in the last two decades as an attempt to decentre Euro-
Atlantic routes of trade, power, and science, as the main site of knowledge production
[42]. Through a review of primary and secondary sources about maternal impression
from the Mediterranean to China before the rise of modern science, in this chapter we
have aimed to contribute to debates on the global history of the permeable body across
different cultural and medical contexts. Focusing on a time where there is no techno-
logical or scientific gap between East and West is particularly fertile because it avoids the
narrative of the diffusion of Western science. It suggests instead circulation, ‘connected
histories’, and networks of exchange across Afro-Eurasia [43, 44]. As the following
chapter will show, the trope of maternal impression declined with the rise of modern
science, and genetics in particular, but not the emphasis on the maternal body as a site
for optimising reproduction and monitoring a mother’s behaviour before and during
pregnancy. Eighteenth-century embryological debates [41, 45], the rise of ‘pre-natal
culture’ in nineteenth-century European science [46], and more recently, the growing
interest in mother–fetal interaction and maternal ‘imprint’ [51] can undoubtedly be
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linked with several immediate causes in medical, scientific, and technological changes.
In particular, the last half-century changes in Euro-American biomedicine have led to a
new visibility and agency of the fetus within a technologically transparent maternal body
[47–50]. This chapter has aimed to show that whatever their present iterations and more
immediate genealogies, contemporary postgenomic findings – and their related notions
of risk, responsibility, gendering of biological knowledge, and blame or optimisation –
are not solely a modern invention and have a much wider global and historical reson-
ance. Contemporary scientific labs did not emerge in a historical vacuum but are
embedded in sociocultural contexts in which pre-comprehensions of the maternal body
as uniquely transparent and impressionable, and hence subject to control and govern-
ance, have a long prehistory.

A good example of the persistence and hybridisation of longue durée beliefs with
contemporary science comes from India. Newspaper articles have reported on special-
ised ashram-style clinics that have claimed to use the practice of Garbh Sanskar not only
to help parents conceive and produce healthy children but to also perfect the reproduc-
tion process. Some institutions claim that they can help couples produce the ‘perfect
progeny’ or even ‘upgrade’ or ‘repair’ dysfunctional genes [31]. It has been suggested that
by utilising the knowledge and practices of Garbh Sanskar, epigenetic programming can
take place and help create healthier offspring [52]. Articles have likened the practice to a
modern version of ‘genetic engineering’ [31]. The practice of Garbh Sanskar has also found
space in the digital sphere in India with apps, online workshops, webinars, and music
advertised to help women increase the likelihood of producing healthy and intelligent
children. These trading zones exemplify the globalisation and commercialisation of trad-
itional medical knowledge and ideas about the pre-pregnant and pregnant body. The
example of Garbh Sanskar illuminates how the circulation of epigenetic ideas across the
world is neither uniform nor bound by bioscience and can be adapted and entangled with
pre-existing notions of maternal imprinting and responsibility. As DOHaD develops and
expands globally, these entanglements will become important to assess how epigenetic
knowledge is being (re)produced in localised contexts. An invitation to look at history not
just as a succession of novel discoveries but also as the long-term accretion and sedimen-
tation of mentalities across a long historical time will be helpful for DOHaD scholars and
practitioners to situate their work in context.
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Section 1

Chapter

2
Mapping the Field’s Past

Transformations of the
Maternal–Fetal Relationship
in the Twentieth Century
From Maternal Impressions to Epigenetic
States
Tatjana Buklijas

2.1 Introduction
During the 1960s and 1970s, a new understanding of the fetus emerged at the intersec-
tion of demographic changes: high fertility and reduced infant mortality in the ‘baby
boom’ era; new medical visual technologies and the expansion of mass media; and the
rise of the feminist movement and the liberalisation of abortion. These social shifts
spurred scholarly and lay interest in public representations and private perceptions of the
fetus [1–4], the rise of the fetus as a subject [5, 6], the politics of abortion [7], and the
uses of fetal bodies in research [3, 8]. A century ago, scholars argued that the mother and
the fetus were one; maternal experiences ‘imprinted’ the malleable fetus and maternal
testimony was central to the understanding of pregnancy until the hidden fetus was
revealed at birth. But starting in the nineteenth century and especially during recent
decades, an increasingly visible and autonomous fetus has emerged, the mother has been
erased from the picture, and the experience of pregnancy has come to be more contin-
gent and technologically mediated.

This compelling and broad narrative glosses over subtler shifts in the way that the
fetus, the mother, and, especially, the relationship between them have been conceptual-
ised. And yet, a closer look at medical and scientific literature shows that over the course
of the twentieth century, the maternal–fetal relationship has been reinterpreted and
redrawn multiple times. For this chapter, I have used published sources from diverse
medical and scientific disciplines, such as obstetrics, fetal physiology, evolutionary
biology, developmental science, and epigenetics, to draw attention to the changing ways
in which the maternal–fetal relationship has been understood. This close reading has
helped me uncover underlying assumptions – shifting and competing even within a
single discipline – that fed into scientific and clinical research. For example, in the 1960s,
physiologists who stressed fetal autonomy when describing fetuses as lone mountaineers
and astronauts also worked on questions related to the fetal control of processes within

This chapter is reprinted from T Buklijas, Transformations of the maternal–fetal relationship in the
twentieth century: From maternal impressions to epigenetic states. In: U Helduser, B Dohm, eds.
Imaginations of the Unborn: Cultural Concepts of Prenatal Imprinting from the Early Modern Period
to the Present. Heidelberg, Winter, 2018; 213–234. We thank the publisher for permission to reprint
it in this volume.
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the fetal and maternal bodies, such as the onset of labour and fetal growth. The diverse
assumptions, metaphors, and research questions tell us something about changing social
views of and attitudes towards motherhood, pregnancy, and the relationship between the
mother and the fetus, including and especially maternal influences on the developing
organism.

Covering the long twentieth century, I have identified several key concepts and
periods: the abandoning of maternal impressions, strong hereditarianism, and the fetus
as the parasite in the early decades of the twentieth century, the era dominated by
eugenics; the ‘maternal effects’ of the mid-twentieth century, when concerns over
adequate nutrition and trauma of long-standing effect that emerged around the
Second World War supported the idea of the ‘critical’ or ‘sensitive’ periods and revived
interest in maternal influences; the autonomous fetus of the 1960s and 1970s civil rights
movement era followed by the selfish fetus imagined by evolutionary biologists of later
decades of the twentieth century; ending with the latest rapprochement between the
mother and the fetus supported by developmental approaches and epigenetics. While it
may be tempting to regard this latest development as a return of maternal impressions,
I want to show that similarities are superficial: the fetal–maternal relationship was
redrawn according to new rules, and it cannot be fully understood without insight into
its recent history.

2.2 The Fetal Parasite
Well into the 1800s, the developing organism was seen to be malleable by external
influences, and the mother was both the mediator and the source of these cues.
Anything the mother ate, saw, touched, or even imagined, collectively known as maternal
imagination or maternal impression, was understood to have the capacity to affect the
child [9, 10]. Yet during the nineteenth century, this close bond between the mother and
the fetus was broken. The concept of heredity, which reduced the mother to little more
than a passive vessel transmitting elements collected from previous generations to the
offspring, first appeared in the early decades of the nineteenth century and quickly
gained popularity [11]. In the 1880s, the German biologist August Weismann explained
how heredity worked using the tools of experimental biology [12]. According to
Weismann, ‘germplasm’ (preserved in the germline but unfolding its potential in the
body during development) was resistant to influences exerted by ‘soma’, so changes in
somatic cells had no effect on the germline. While Weismann did allow the possibility of
direct environmental influence on the germ cells, scholars who followed in his footsteps
by and large reduced development to a robust pre-programmed sequence of stages.
Influences received in development, unless extreme to the point of threatening maternal
or fetal survival, were secondary to heredity.

Weismann’s work had a major impact outside academic biology. The early twentieth
century is usually seen as the high point of eugenics, a broad movement that distilled
nineteenth-century concerns over rapid socio-economic change into modernist visions
of society reformed through rational reproduction [13, 14]. Eugenics preceded the
cellular explanation of heredity: it relied, initially, on the mid-century concept of degen-
eration, whereby ‘organic’ and social factors acted on the organism to produce a reverse
evolution, cumulative over generations, taking a lineage to a downhill slope of no return
[15]. Weismann’s work provided it with scientific cachet.
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So if we take that strong hereditarianism saw the mother as a passive vessel, rather
than an active agent in the formation of the new organism and the mediator of external
influences, then the appeal of the model taken from another cutting-edge scientific
discipline of the period, parasitology – the relationship between a parasite and its host –
begins to make sense. The parasite depended on its host for shelter and food but was also
remarkably protected from the fluctuations in the host’s circumstances and environ-
ment, even if the host itself suffered. Accordingly, the fetus was understood to thrive in
all except the most extreme circumstances, with maternal homeostatic mechanisms
maintaining environmental factors at a near-constant level and the placenta providing
protection from many noxious substances [16, 17]. Yet, for the mother, the pregnancy
could be precarious, as ‘the increasing demands of the parasitic fetus will make the diet
deficient for the mother’ [18, p. 1].

There were traces of the idea of the parasitic fetus in earlier times: in the eighteenth
century, Denis Diderot wrote in his Eléments de physiologie that ‘the child is at all times
an inconvenient guest for the womb’ and described delivery as ‘a sort of vomiting’ [19,
p. 406]. However, it was not until the turn of the twentieth century that the idea gained
full prominence. Scientists travelled across colonial empires to study the life cycles
of organisms causing frightening diseases, such as malaria and sleeping sickness,
killing people, and damaging imperial economies. The idea of the parasite was engrained
in public imaginations. It was also politically helpful: as civilians faced severe food
shortages in the First World War, reassurances that the fetus (as well as the infant/
lactating mother) would be unaffected by maternal starvation might have been seen as
comforting [20].

Yet there were voices critical of strong hereditarianism. Some came from relatively
marginal movements such as prenatal culturism, associated with theosophy and drawing
on the notion of prenatal impressions. It argued that heredity could be influenced by a
pregnant woman’s thoughts and behaviour, and thus those had to be controlled [5].
Others were mainstream physicians. They used examples of conditions such as congeni-
tal syphilis to argue against a sharp distinction between hereditary and communicable
(environmentally caused) diseases [21]. The best known among them was the Edinburgh
obstetrician John William Ballantyne, who gave teratology – the science of collecting and
studying births with congenital abnormalities – clinical significance and reinvented it as
antenatal pathology [22, 23]. For Ballantyne, the maternal body provided the immediate
point of medical and research interest as ‘we can only reach the unborn infant through
the mother who carries him, and so the pre-natal life and the life of the woman in
pregnancy are closely bound together and depend one upon the other’ [24, p. x]. Indeed,
he defined the relationship between the mother and the child in the following manner:
‘although he [the infant] is hidden from sight in the womb of his mother, he is not
beyond the influences of her environment, nay, her body is his immediate environment’
[24, p. xii].

The rise of hereditarianism through the nineteenth and early twentieth centuries thus
influenced the view of the maternal–fetal relationship. The concept of maternal
impressions, or indeed any influences received from or through the mother, was
relegated to second place, after heredity. ‘The mother marks her infant, not with the
fanciful imagery of birthmarks, but with the ancestral tendencies,’ wrote a Chicago
professor of obstetrics in this period [25]. But as the narrow notion of heredity was
forged around 1900, the notion of prenatal or antenatal came into being [26]. This new
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concept accounted for the contingencies of conception, gestation, embryogenesis, birth,
and breastfeeding, now disconnected from heredity [27].

2.3 Critical Periods
‘The existence of a profusion of myths and superstitions has probably somewhat inhibited until
modern times scientific thought and investigation into maternal–fetal relationships from the
standpoint of how fetal developmentmay be influenced by varyingmaternal factors. During the last
twenty years, however, many facts and some very interesting hypotheses accumulated in the
literature of various fields’,

wrote the American physician Lester Sontag, who between the 1930s and 1960s studied the
ways in which cues received during development – from maternal nutrition to emotional
states – influenced the offspring [16, p. 996]. By the 1930s, eugenics was in retreat: in the
increasingly unstable political-economic climate, the impact of environment, physical as
well as social, on human health and disease could not be ignored. Genetics, an experi-
mental discipline studying mechanisms and rules of heredity, had matured since the early
1900s, and its specialists criticised harshly what they perceived as eugenics’ sloppy grasp of
genetic concepts and research methods [28]. During the economic depression and in the
shadow of the looming war, concerns about feeding human and animal populations in the
likely conditions of severe shortage occupied politicians as well as scientists [29]. Those
who subscribed to the notion of the parasitic fetus worried that poorly nourished mothers
would perish under the demands of pregnancy. Others argued that in a malnourished
mother, the growth and development of the fetus would suffer too. While food was seen as
a prime example of outside exposures impinging upon the developing organism, other
influences – microorganisms, toxins, but also maternal emotional states – came under the
scrutiny of experimental and clinical scientists.

Throughout the 1930s, nutritionists and physicians, faced with deprivations caused
by economic depression, studied the impact of maternal undernutrition on the offspring
of cohorts of working-class women, but the results were negative or inconclusive [30,
31]. In the Second World War, however, large civilian populations suffered sieges and
blockades of food shipments, providing scientists with ‘natural experiments’: previously
well-fed women exposed to severe famines of limited duration [32]. Early findings came
from the Leningrad siege, between September 1941 and January 1944, during which the
urban civilian population experienced prolonged and severe famine [33]; smaller but
more precise data came from Western Holland during the German siege between
September 1944 and May 1945, in what became known as the Dutch Winter Famine
[34]. Data showed that if the mother starved around conception, then the fetus had a
greater chance of being miscarried or born malformed, and if famine struck in the last
months of pregnancy, the baby was likely to be born small and light.

Wartime observations were carried forward into the lean post-war years: the British
scientist Elsie Widdowson studied the birthweight of babies and milk production in hos-
pitals, as well as the growth of children fed small andmonotone food rations in orphanages in
war-ravagedGermany [29]. She found that not just food but also emotions affected children’s
growth: children living in an orphanage directed by a strict matron lagged behind their peers
raised in an institution run by a kind person [35]. Back in Cambridge laboratories,
Widdowson and her collaborator Professor Robert McCance transformed clinical observa-
tions into hypotheses for experimental animal studies: they manipulated maternal nutrition
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and the size of the litter (which determined the amount of mother’s milk received by each
pup) to test how undernutrition during pregnancy and early postnatal period affects the
offspring’s growth and development. They found that the impact was permanent, making
adult animals smaller, more prone to infections, and even changing their facial structure.

Widdowson’s research supported the notion of ‘critical periods’ that emerged across
disciplines in the 1930s and 1940s, most importantly in teratology, behavioural studies,
and fetal physiology, to describe the relationship between chronological time and
developmental milestones. Teratology in this period transformed from a museological
discipline engaged in collecting and classifying malformed births into an experimental
science that sought to explain how certain noxious agents – especially microorganisms
such as the rubella virus and certain toxins – acting at well-defined developmental stages
produced specific effects [36]. Other studies explored how the lack or excess of physio-
logical substances, such as vitamins or hormones, could influence development.

Hormones offered a way to explain a problem of long-standing concern: how
maternal emotional states influence the psychological set-up of the child. In the late
nineteenth century, France Charles Féré had argued that external stimuli, such as loud
sounds or maternal emotions, caused uterine contractions, which in turn stimulated the
fetus to move [27]. Féré based his argument on the observations made on a cohort of
children born to women who had suffered from ‘mental shocks’ while pregnant during
the siege of Paris, 1870/71 [37]. In the 1940s, Lester Sontag observed a connection
between increased fetal movement and fetal weight gain [38]. Heightened fetal activity,
he claimed, was caused by maternal emotional states, which were then transmitted to the
fetus by hormones such as adrenaline. And while loud noises and maternal fatigue did
increase fetal activity, these (intermittent) factors were less significant than maternal
emotional states. Sontag published cases, such as that of a mother with a ‘religious and
moralistic’ background who during pregnancy learnt about her husband’s infidelity. Her
‘almost continual emotional turbulence’ resulted in an ‘extremely active’ fetus and,
finally, a short and light infant. In another case, the father developed a psychosis during
the fifth month of the mother’s pregnancy, causing her to live in constant apprehension
of physical violence and worry about her husband’s health as well as their future as a
family. The infant was light for its length and ‘extremely active and irritable’ [38, p. 629].

While just a few decades earlier, the focus was on fetal resistance to changes in the
maternal environment, the decline of eugenics, experiences of economic depression, and
especially war moved the emphasis onto the ways in which the fetus was sensitive to its
environment. I have argued elsewhere how broader social concerns with recovery from
early trauma – nutritional, emotional, and psychological – so pertinent in post-war Europe
provided the background to the idea of sensitive periods [29]. While the idea of the fetus as
a parasite did not quite go away, the concept of pregnancy as a plastic, open state and the
fetus in constant exchange and communication with the environment gained currency.

2.4 The Autonomous Fetus
In 1965, the prestigious Life magazine published a series of photographs by the Swedish
photographer Lennart Nilsson, documenting human development over the nine months
of pregnancy [39]. These photographs were hailed as the unprecedented celebration of
the ‘drama of life before birth’. Nilsson’s images, showing the childlike fetal form floating
on the ‘starry sky’ background, without the maternal body anywhere in sight, signalised
the new status of the fetus as an autonomous being. The growing distinction between
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mother and fetus was evident everywhere: in the way that the fetuses were portrayed in
the media, for lay audiences, but also in textbooks and research papers; in their acquisi-
tion of the status of the patient in their own right; and in the language used to talk about
them. By the 1960s, society was no longer preoccupied with survival and war trauma but
rather with questions of identity, subjectivity, and agency. Could it be that the severance
of the umbilical cord in the representation of fetuses reflected a broader social shift?

The use of fetal images has been extensively studied in the context of feminist history
(visual), politics of abortion, as well as the broader political and social history of this
period [1, 2, 40]. Nilsson’s photographs – the most famous and best studied – were
created within a gynaecological campaign in Sweden to restrict the abortion law and
published in a popular colour magazine to entertain and educate its audience; in the
1970s, they were recruited by the growing pro-life movement in the United States to
teach its prospective supporters about the ‘humanity’ of the fetus. And in addition to
Nilsson’s vivid images, pro-life advocates could also draw on less attractive yet increas-
ingly ubiquitous ultrasound scans. By the 1970s, ultrasound technology, first developed
in the 1950s, had become a standard part of antenatal medicine.1

Historians of medicine have noted that the deployment and popularity of fetal images
corresponded with the emergence of the fetus as a patient in its own right. The increased
prosperity of the post-Second World War and the rise of public healthcare systems
worldwide meant that more women than ever were receiving antenatal care. Yet with
improved control of infectious disease and better socioeconomic conditions, both
maternal and infant mortality – at least in the developed world – were falling. The
medical focus now turned to relatively rare cases of congenital anomalies, prematurity,
and conditions that developed in pregnancy. In this period, a leading obstetrical scientist,
William Liley, pioneered a therapy targeted at the fetus to treat the hitherto incurable
fetal haemolytic disease, which emerged when the mother, who did not have Rh antigen
on her red blood cells, developed antibodies to the Rh antigen-bearing red blood cells of
the fetus [43]. Under ultrasonic guidance, Liley performed a blood transfusion into the
fetal belly – a method previously done only on children. Liley’s work marked the
beginning of the field of fetal medicine, which in the following decades gave rise to the
highly precarious and controversial area of fetal surgery [6].

The obstetricians’ increased interest in the fetus and their positioning as fetal, rather
than maternal, advocates became sharply evident as the debate over the legalisation of
abortion deepened in the late 1960s and 1970s. Around that time, many countries
liberalised their abortion laws, but the debate continued, and obstetricians frequently
stood on the ‘conservative’ side, against the liberal laws. Ian Donald was a prominent
opponent of the legalisation of voluntary abortion and a campaigner against the
1967 Abortion Act, and he employed vivid images produced by the ultrasound technol-
ogy that he had pioneered in anti-abortion campaigns. Even when his campaign failed
and Britain legalised abortion, he continued to fight elsewhere, for example taking his
images to Italy that in the late 1970s was in the swing of the anti-abortion debate [42,
p. 243]. At the same time, alarmed by the developments in Britain, William Liley

1 Roentgen was employed to visualise the fetus, but its use was limited to the skeleton and to the
fetuses with sufficiently calcified skeleton to permit X-ray visualisation, so usually from the
second trimester onwards. But the use of X-rays became tainted with danger, especially after
Hiroshima and Nagasaki, and the final blow was a 1956 study showing that children X-rayed as
fetuses had a higher risk of childhood cancer [41, 42].
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launched the Society for the Protection of the Unborn Children (SPUC) in New Zealand
in 1970. In contrast to most other pro-life activists, Liley was not religious but rather held
a firm belief that the fetus is a being independent of its mother, ‘our new individual’
residing in a ‘suitable host’ [5, p. 114]. Yet while fetal advocacy in matters of abortion
prohibition produced little in the way of results, in other areas, fetuses increasingly came
to be seen as needing legal protection from the actions of their mothers [5]. From the
1970s onwards, especially in the United States, conflicts between fetal rights and the
rights of women – as patients, workers, and citizens – steadily increased.

One aspect of the increasing visibility of the fetus that has hitherto been little studied is
how scientists – rather than practising obstetricians – viewed the fetus. Examining their
language and research topics reveals a clear shift towards the autonomous fetus. Starting
from the 1960s, science books and articles no longer described the fetus as a passive
parasite but rather as a fearless pioneer in extreme conditions. Metaphors drew on new
technologies of ocean, space, and land exploration, calling the fetus a submarine sailor, ‘a
weightless astronaut in utero’ [44, p. 307], or a mountaineer. At the time when Edward
Hilary and Sherpa Tenzing captured the public imagination by ‘conquering’ Mount
Everest, the fetal environment began to be described as ‘Mount Everest in utero’ [45].
From the 1960s until 1990, scientists met at conferences tellingly titled ‘Foetal autonomy’,
‘The fetus and independent life’, and ‘Foetal autonomy and adaptation’ [46–48]. Indeed,
the introduction to the 1969 Foetal Autonomy Conference Proceedings said that ‘it [the
fetus] demonstrates its innate capacity for influencing its external and maintaining its
internal environment – that is, its autonomy’ [47, p. 1].

The language of fetal autonomy closely corresponded to the type of research questions
that interested scientists in this period. In the 1940s and 1950s, McCance and Widdowson
experimented with maternal nutrition and the size of the litter to show how the antenatal
environment shaped development before and after birth. In contrast, in the 1960s and
1970s, the focus moved from external influences to the ways in which the fetus controlled
its development. Research methods were developed – named chronic preparation or
chronic method – that allowed precise monitoring of physiological parameters throughout
the course of pregnancy, using electrodes and catheters inserted into the pregnant animal
[49]. And, indeed, the fetus seemed remarkably autonomous. It could regulate its sleep
patterns and its behaviour. It moved, and it appeared to breathe. It oversaw its growth
through a finely balanced cascade of hormones [50]. But its agency did not stop at the
boundaries of the fetal body: the fetus was also seen to ‘participate in, or is responsible for,
the sequence of events that ends in its birth’ because ‘it would be a logical feature of
reproductive design if the initiation (of labour) were under fetal control, so that the other
systems necessary for postnatal survival were normally mature before birth. In this sense
fetal autonomy would be a necessary feature of development’ [51]. Testifying before the US
Congress in support of pro-life legislation, William Liley described the fetus as being ‘very
much in charge of the pregnancy’. The fetus, it seemed, was in control.

2.5 Neighbours at Odds
The idea of the fetus as a cosmonaut or a mountaineer implied agency and self-
sufficiency. But scientists and physicians went even further: the feminist historian Ann
Oakley quoted from Frank Hytten’s 1976 obstetrics textbook, describing the fetus as
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an egoist and by no means an endearing and helpless little dependent as his [sic] mother may
fondly think. As soon as he has plugged himself into the uterine wall, he sets out to make
certain that his needs are met, regardless of any inconvenience he may cause. He does this by
almost completely altering the mother’s physiology, usually by fiddling with her control
mechanism [41].

This ‘selfish fetus’ could not help itself: it was a machine governed by its selfish genes.
The 1970s and 1980s were the heyday of the disciplines of sociobiology and evolutionary
psychology. They explained behaviour – human and animal – using the mid-twentieth-
century ‘superdiscipline’ of Modern Synthesis. Modern Synthesis was Darwin’s theory of
evolution by natural selection unified with population and experimental genetics [52].
Evolution was defined as a change in the allele (gene) frequency, and although the
evolutionary environment acted upon the phenotype of the whole organism, it was the
passage of the gene across generations that mattered.

And genes, as suggested persuasively in the title of Richard Dawkins’ famous book,
were selfish [53]. They looked after their own interests using the organism as a conveni-
ent vehicle to ferry them around, meet prospective mates, and secure survival for the next
generation. One was fond of his or her parents because they shared 50 per cent of their
genes but cared progressively less for his or her siblings, half-siblings, and cousins, as the
percentage of shared genes dropped [54]. In 1974, the American sociobiologist Robert
L. Trivers built on this concept to explain the apparent conflict over resources arising
between parents and their children [55]. According to him, children demand more from
their parents than the latter are willing to give because their evolutionary interests differ:
individual children want all of their parents’ attention (and food), yet parents have
other – extant or future – children to consider. Trivers supported his hypothesis with
data on the social behaviour of mammals, mostly around the time of weaning. The
young aggressively demanded more food and care than their parents, who wanted to
reserve their energy for other or future offspring, were willing to give.

Trivers’model met enthusiastic reception among evolutionary biologists. Steven Pinker
saw the conflict as ‘inherent to the human condition’ [56]. Richard Dawkins described
Trivers’ model of parent–offspring conflict as ‘brilliant’ [53, p. 127]. At the same time,
behavioural scientists criticised Trivers: in many species, the offspring weaned itself, while
in others mothers responded to its requests. But the model remained popular. It inspired
the Harvard evolutionary biologist David Haig to extend it to pregnancy and development,
arguing that the mother and the child each have their own interest in mind; interests that
are partially aligned (because they share 50 per cent of their genes) but substantially differ
(because the remaining 50 per cent is different). Pregnancy, in Haig’s view, was not a
romantic alliance of ‘one body and one flesh, a single harmonious unit in which conflicts
of interest are impossible’ – a perspective that, according to Haig, was the received view.
But neither was it correct to see the mother and the fetus locked in a relationship where
‘the fetus is an alien intruder within its mother’s body: a parasite whose sole concern for its
host is to ensure an uninterrupted supply of nutrients’ [57, p. 226]. Rather, he likened this
‘most intimate human relationship’ to a constant negotiation, ‘a tug-of-war’ where ‘two
teams attempt to shift a flag a small distance either way, yet there is high tension in the
rope and the system would collapse if either side stopped pulling’ [58, p. 496].

Haig first applied the parent–offspring conflict concept to development and preg-
nancy to explain the phenomenon of genomic imprinting, in which for some genes only
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the maternal (or paternal) copy is expressed, while the copy that came from the other
parent is silenced [59]. Because the mammalian mother is equally related to all of her
offspring, her interests are best served by controlling resource allocation to her offspring,
making sure as many survive as possible; but because the father of the fetus in the current
pregnancy may not also father a future fetus or litter, it is in his interest to promote the
growth of this particular fetus [60]. The hypothesis was persuasively supported by the
insulin growth factor 2 (IGF2) system, in which the growth factor (promoting growth)
was paternally expressed as the growth factor receptor (controlling growth) was mater-
nally expressed. But Haig soon expanded his concept to other aspects of pregnancy, in
the first place the communication between the mother and the fetus by means of
chemical messages through hormones [61]. In Haig’s words, this communication was
a devious game played by both sides to advance their own interests: ‘a response that is
beneficial for a sender need not be beneficial for the responder, and vice versa’ [61,
p. 358]. Mothers were ‘able to extract some information from placental hormones’ [61,
p. 374], yet placental hormones were ‘fetal attempts to manipulate maternal metabolism
for fetal benefit’ [61, p. 357].

While Haig’s hypothesis of placental hormones as tools of fetal subterfuge has
remained without empirical support, the concept of maternal–fetal relationship as a
state of unresolved conflict has held much attraction. For instance, clinical researchers
have used it widely –moving slickly from selfish genes to selfish organisms and back – to
explain various pathological phenomena of pregnancy, such as gestational hypertension
and severe chronic infections [67]. The attraction of the concept may be explained by the
broader social view of the maternal–fetal relationship in the last decades of the twentieth
century. It was recognised that for the fetus the mother presented the immediate
environment, but the idea of an autonomous fetus, whose needs and interests need not
overlap with its mother’s, remained in full force. Yet, the strong hereditarianism implied
in the conflict model, with both the mother and the fetus seen as machines governed by
their genes, left little room for considerations of environmental influences received in
development [62–64].

2.6 Maternal Environment and Fetal Exposure
By the end of the twentieth century, many of the paradigms that had dominated the
twentieth century came under scrutiny. As ‘the century of the gene’ ended with the
publication of the Human Genome draft (and, a few years later, full sequence), it became
obvious that the knowledge of the genome sequence was only the beginning, rather than
the end, of the quest for understanding life, health, and disease [65]. The notion of the
autonomous fetus was questioned too. ‘We have been dazzled by the very strong control
by the fetus’ wrote the fetal physiologist Graham Liggins, when decades of research into
the onset of birth revealed enormous interspecies variation and the fact that, in humans,
the mechanism firing off labour had little direct input from the fetus [66]. The research
programme studying fetal respiratory movements came to a dead end in the late 1980s.
Fetal physiologists looked for inspiration elsewhere and found it in the work of David
Barker, the British epidemiologist who argued that the conditions of early life – indeed,
even before conception – shaped the disease risk in adulthood [48, 67]. Barker was
certainly not the first to stress the importance of prenatal influences: there were studies
coming from social medicine and epidemiology throughout the 1960s and 1970s, such as
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those by Zena Stein and Mervyn Susser [68], examining the impact of maternal nutrition
on cognitive development in youth. Yet as long as the genetic paradigm and the idea of
the autonomous fetus prevailed, this approach remained restricted to public health fields.

The move away from the close focus on the fetus back to the mother and the environ-
ment of the pregnancy and early life fitted well with the renewed interest in development,
manifested, for example, in the return of development into evolutionary studies named ‘evo-
devo’ [69]. It also had to do with an increased anxiety about the environment changed by
human action and its impact on human health, which had been growing since the 1960s.
Older research, such as the previously described work of Robert McCance and Elsie
Widdowson or studies of the cohort of women who were pregnant during the Dutch
Winter Famine, was reappraised and integrated into the new paradigm [70]. The reappraisal
included the previously little recognised research across the Iron Curtain, by the East Berlin
endocrinologist Günter Dörner, who in the 1970s compared the risk of obesity and
cardiovascular diseases in the cohorts of young men born before, during, and after the
Second World War [71, 72]. The difference was that, around the turn of the twenty-first
century, the long-term impact of the early influences had to be expressed inmolecular rather
than late-nineteenth-century physiological or twentieth-century endocrinological terms.

The solution was offered by the new, rapidly growing area of biomedical research,
epigenetics, which has been variously described as ‘the study of mitotically or meiotically
heritable changes in gene function that cannot be explained by changes in genetic
sequence’ or, in a less technical language, ‘the molecular memory of past stimuli’, the
signals allowing cells to ‘remember past events, such as changes in the external environ-
ment or developmental cues’ [73]. Epigenetics holds the promise of explaining what
genetics could not; it clarifies how, under (even slightly) different environmental influ-
ences, switching certain genes on and off may allow the same genetic code to produce
different phenotypes. There seem to be many mechanisms through which genes may be
turned on (and off ) – some involving small RNAs and others spatial changes to the
DNA–protein complex in the nucleus – but the best studied is the addition of methyl
groups to promoter regions of the gene [21].

It may seem that, with developmental approaches and epigenetics, ‘maternal
impressions’ have returned to medicine and society. Yet, while the mother was certainly
brought back into the picture, her return took place in a reductionist manner, befitting
the way that science operates today. The perception of the mother is evident in expres-
sions of ‘maternal effects’ and ‘maternal environment’. Maternal experiences are required
(1) to be, or to be made, amenable to experimental, molecular approaches (2) to show a
quantifiable change in parameters that may be measured using epigenetic methods.

Most research is focused on two categories of influences or exposures: nutrition and
stress [21]. The impact of changes in diet is modelled in a relatively straightforward
manner in animal models, by restricting nutrition or changing proportions of food
groups or particular nutrients in experimental animal diets. Yet the relevance of results
to human physiology has not always been obvious. There is very little ‘natural’ about the
standardised diets fed to laboratory animals, bred in laboratory environments for
generations, so the implications of experimental findings for human nutrition are not
always clear. Epigenetic research has also complicated the previously established thera-
peutic regimens: folate, a B vitamin that has been supplemented to pregnant women to
prevent neural tube deficit, is a powerful methyl-group donor, which thus changes the
epigenetic state at multiple locations in the organism and possibly has widespread effects.
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Even more controversial and complicated than nutritional epigenetics are the
attempts to show how maternal psychological traumas and emotional states influence
development. Féré once explained them with nervous reflex reaction and Sontag with
hormones such as adrenaline; epigenetic research largely focuses on the expression of
genes coding receptors for corticosteroid stress hormones. ‘Stress’ here refers to a large
group of very different experiences – from parental neglect in early life to the situations
where the mother is exposed to environmental stress, for example experiencing the 9/11
terrorist attack. The best-known animal model was the ‘high/low licking/grooming’
model. In this model, rat dams are divided into those that exhibit either frequent licking
and grooming behaviour towards their offspring (thus modelling a caring mother) or
opposite – infrequent licking and grooming – behaviour [74]. The caring mother is
supposed to provide a positive, low-stress environment for the offspring, which in turn is
understood to affect the functional activity of a group of genes involved in the produc-
tion and activity of corticosteroids, stress hormones, evident in the epigenetic state of
stress hormone receptors and in the level of the hormone.

In short, the new approach to the ways in which the mother modulates and transmits
influences received during development is highly reductionist, made amenable to experi-
mental physiological and molecular approaches, with very different experiences expected
to produce the same chemical effect in the organism. It is thus entirely different from
maternal impressions. One aspect, however, remains by and large unchanged, and that is
the responsibility of the mother for the child’s health – and not just in childhood, but
throughout life, and even, if the transmission of epigenetic marks across generations
proves true, to future generations. The way that the results of epigenetic studies are
reported – by journalists but also in some cases by scientists who did the research –
places the burden of guilt for a child’s poor health squarely on the shoulders of the
mother [75]. Maternal behaviour during pregnancy is scrutinised to an unprecedented
level, with an ever-increasing list of prohibited foods, the prohibition of any alcohol,
strict scrutinising of weight gain, and a growing list of medical checks. The focus on the
mother may seem baffling if we know that many of the animal studies cannot be easily
extrapolated to humans, that paternal effects (through the epigenetic changes in sperm
cells) may play an equally important role, and that many influences are really of societal
or broadly environmental nature. Yet if we keep in mind the older as well as more recent
history of the maternal–fetal relationship, on the background of which these studies are
conducted and results are presented, then this picture of an ambivalent association
makes sense. Rather than seeing the mother and the fetus as a team, a pair working
together towards a common goal, they are viewed as two parties uneasily united: the fetus
requiring protection and the mother needing control.

2.7 Conclusion
In this chapter, I have argued that the focus on the maternal–fetal relationship, rather than
the mother or the fetus alone, provides a richer, more instructive picture than the focus on
the fetus or on the mother alone. For example, Sara Dubow’s close attention to the medical
and legal status of the fetus in twentieth-century America painted an image of ever-
increasing autonomy and rights ascribed to the fetus, paralleled by the continuously
diminishing status and control of the mother [5]. This view agrees with the older feminist
critique of women’s loss of authority in medicine today, for example by Barbara Duden

38 Tatjana Buklijas

https://doi.org/10.1017/9781009201704 Published online by Cambridge University Press

https://doi.org/10.1017/9781009201704


[4]. Yet shifting the lens slightly to capture the interaction between the two tightly
connected organisms also changes, or complicates, our view of the history of the fetus,
of the mother, and indeed of ‘maternal impressions’. Rather than a linear process, we see
an image where the importance of maternal experiences, and of influences received
through the mother, periodically strengthens and weakens. These shifts tell us as much
about social changes – women’s position in the society, war trauma, standpoints on human
identity, agency, and rights – as they do about developments in obstetrics and fetal
physiology. In the era of ‘hard heredity’, eugenics, and the early days of genetics at the
beginning of the twentieth century, the fetal parasite got what it needed from the mother to
survive, but, beyond the bare minimum necessary for survival, maternal influences had no
impact. But in the economic depression and political upheaval of the 1930s, which brought
unprecedented civilian suffering and famines, the idea of a fetus sensitive to maternal
experiences – from her diet to the psychological trauma – prevailed. By the 1960s, however,
in the newly affluent society, the main concerns revolved around the issues of human
rights and subjectivity. The fetus –made visible through the new technology of ultrasound
and enjoying media exposure in colour magazines – was seen as an autonomous organism,
able to breathe, move, and control its growth and possibly even the timing of birth. Fetal
rights came to be understood as opposed to women’s rights in the era of liberalisation of
abortion laws; obstetricians increasingly positioned themselves as fetal rather than
women’s advocates. Mothers and fetuses, it seemed, were uncomfortable neighbours whose
interests only partially overlapped; evolutionary biologists provided an explanation of this
relationship that drew on their sharing only some of their genes. But as the genetic
paradigm began to lose some of its power around the turn of the twenty-first century
and concerns about the environment changed through human action strengthened,
approaches emphasising the importance of environmental influences began to grow in
importance. The mother is now seen as the primary environment, as well as the mediator
of cues coming from the broader environment. While these approaches may be under-
stood as more inclusive and accurate, they also carry the load of the recent history of
maternal–fetal relationship. They imply – and sometimes explicitly state – that the mother,
through her behaviour and her choices, is responsible for the health of her future child, but
that she cannot be trusted and requires close supervision and control, preferably before the
pregnancy has even begun. So rather than viewing the mother and the fetus as a unit, a
team working towards a shared goal, their relationship remains ambivalent. Finally, while
it may be tempting to see the epigenetic approach as the return of maternal impressions –
with the Internet and newspapers brimming with titles such as ‘you are what your mother
ate’ – the similarity is only superficial. The mother, in epigenetics terms, is a molecular
environment, a source, and a mediator of exposures, where what matters is not the actual
experience but whether it activates the gene or not.
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Section 1

Chapter

3
Mapping the Field’s Past

The First 5000 Days
Making DOHaD, 1989–2003
Mark Hanson and Tatjana Buklijas

3.1 Introduction
In June 2003, the Second World Congress on Fetal Origins of Adult Disease took place in
Brighton, the UK. Alongside researchers specialising in fetal development – develop-
mental physiologists, epidemiologists, obstetricians, and paediatricians – the meeting
was addressed by a group of illustrious guests: the well-known scientists and science
communicators Colin Blakemore and Lord Robert Winston; the Nobel laureate in
economics Amartya Sen; and the royal patron, Princess Anne. The latter stressed the
importance of this research for global health and presented a silver salver to the
Southampton epidemiologist David Barker, in recognition of his pioneering work in
the field [1]. At this meeting, the International Society for the Developmental Origins of
Health and Disease (DOHaD) was founded, and the global ambitions of the new field
were evident in its logo showing a fetus ostensibly peacefully nestled in the globe.

Yet just a decade earlier, this field had not existed. It began at a workshop at Lerici,
near La Spezia in Italy, in 1989, in which David Barker presented his retrospective
epidemiological research from Hertfordshire, UK, showing that low birthweight was
associated with an increased risk of chronic non-communicable diseases in later life.
It was at that meeting when fetal physiologists first discussed the plausibility and possible
underlying mechanisms of Barker’s observations [2].

This chapter, written by a founder of the field and a historian with long-term interest in
DOHaD, examines this key (long) decade in themaking of DOHaD, bookended by the 1989
La Spezia workshop and the 2003 Brighton Congress. It argues that, for all the attention that
DOHaD has received from social and biomedical scientists, its history has not been studied
in sufficient depth. Yet to understand the objectives, methods, research questions, and
intellectual networks making the field of DOHaD, and the responses that it evoked and that
further shaped it, wemust appreciate the historical and geographical context in which it was
created. For the purposes of this chapter, we focus on three key themes:

1. Interdisciplinarity. From its inception, DOHaD was explicitly interdisciplinary, and
interdisciplinarity is a source of its intellectual dynamism and breadth. Yet this required

An early draft of this chapter was presented at a workshop in April 2022. We are grateful to the
workshop participants and the volume editors for their comments. The discussion on the Acheson
report has benefitted from the research conducted by Dr Salim Al-Gailani for an upcoming paper
co-authored with Buklijas. Finally, we are grateful to many DOHaD researchers, only some of
whom are mentioned or cited in this paper, but who collectively contributed to DOHaD’s first 5000
days. Mark Hanson is grateful to the British Heart Foundation for sustained support for his
research and wider work.
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rendering the concepts of each collaborating discipline intelligible to all participating
members [3]. As we will show, while these transformations were productive, in the
process some of the context and layers of the original question were lost.

2. Social class and health inequalities in Britain: Barker brought to his research a
concern with social inequalities in health. We briefly review its long-standing history
in British science and policy and then focus on the reasons for the uptake of DOHaD
by the Labour Party upon its accession to power in 1997.

3. Globalisation and health. DOHaD’s international expansion took place during a
decade of globalisation. The global interest in DOHaD has been taken for granted,
but, as we show in this section, the international networks through which the field
spread merit deeper investigation.

3.2 The Promises and Challenges of Interdisciplinarity
In 1989, the doyen of fetal physiology, Geoffrey Dawes, invited the epidemiologist David
Barker to a meeting in Villa Marigola, a conference centre near La Spezia, Italy. The title
of the conference, ‘Fetal Autonomy and Adaptation’, signalled both continuity and
change. Twenty years earlier, Dawes chaired a meeting centred on the key idea that the
fetus ‘demonstrates its innate capacity for influencing its external and maintaining its
internal environment – that is, its autonomy’ [4]. The La Spezia meeting was intended to

Figure 3.1 Original logo of
the International DOHaD
Society, created by
Mark Hanson.
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mark a new era in fetal physiology in which the preoccupation with the autonomous
functions of the fetus would be complemented, if not replaced, with a focus on the
interaction between the fetus and its broader environment [2, 5].

To inspire new thinking and draw on the views of the physiologists’ collective, Dawes
invited David Barker, an environmental epidemiologist from the University of
Southampton. Barker had recently published a series of well-received but provocative
articles. He argued that chronic non-communicable diseases were not caused (exclu-
sively) by adult lifestyles but by the conditions of early life that set the organism on a path
that increased, or reduced, the later disease risk [6, 7].

Barker built his hypothesis by linking historical with contemporary demographic and
epidemiological data. His first studies took an ‘ecological’ approach, by demonstrating a
geographical correlation between high infantmortality in the early twentieth century and high
morbidity from cardiovascular disease (in men) in the period 1968–1978. The causal link, he
proposed, was poor early-life nutrition, caused by maternal malnutrition and poor health,
infectious diseases in infancy, and artificial feeding practices. Ecological studies were followed
by a retrospective cohort study on a group ofmen born in Hertfordshire around 1920, whose
records of birth and infant weight were, unusually, preserved. Their matched mortality
records showed that those born small, and especially those whose growth failed to ‘catch up’
in the first year of life, had a higher relative risk of death from cardiovascular disease [7].

In the conference proceedings, printouts of presentations were followed by summaries
of the discussions after each paper. These records show us physiologists at the La Spezia
conference were intrigued by Barker’s findings but struggled to imagine how to convert
them into a workable experimental programme. The discussants asked about placental size
and gestational age at birth, and also about the possible effects of genetic factors, smoking,
and breastfeeding. Significantly, in view of later developments in DOHaD, Hanson asked
Barker whether correcting for social class might remove the association between birth-
weight and later disease, in view of the well-known association with cardiovascular disease,
which we will discuss in the next section. This correction might distinguish between an
underlying mechanism and merely an association. Barker replied that ‘Hertfordshire at the
time in question [emphasis original] was a rural county in which social class was relatively
unrelated to health’ [2, p. 35]. While Barker noted that future data on social class and early
life would become available, the fetal physiologists left with the resolve to devise studies in
animal models to investigate possible fundamental mechanisms.

Hanson’s group provides an example of such early physiological, animal DOHaD
work. When they moved to University College London in 1990, they secured funding to
investigate the effect of small reductions in the food intake of ewes during early
pregnancy. These reductions were not large enough to produce a sustained reduction
in maternal body weight or lambs’ birthweight but did produce effects on fetal and
neonatal cardiovascular and endocrine function. This experiment, they argued, distin-
guished between a physiological (‘normal’) adaptive process, albeit with possible later
health consequences, and a pathophysiological process in utero. The physiological
proposition was indeed confirmed, although the misconception that developmental
processes ‘harm’ the fetus has been persistent [8, 9]. Barker and researchers investigating
the effects of moderate to severe challenges such as the Dutch Hunger Winter imagined
the environment of early human development as a complex web of social and economic
forces ultimately manifested as the food available to women and girls. Physiologists, in
contrast, had in mind specific graded and quantifiable changes in physiological
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parameters such as blood pressure, oxygen level, or concentration of nutrients that could
be registered by receptors and which then altered development through plasticity [10].

Experimentalists initially turned to the animals – namely, sheep – that had been
traditionally used to model human pregnancy. Indeed, their confidence in this animal
model was validated when ultrasound, a technology introduced in the 1960s, confirmed
similarities between ovine and human fetal development [8, 11]. But studies testing the
effects of specific nutritional modification on developing offspring required larger
numbers of animals than pregnancy research. Sheep were expensive, slow to reproduce,
and difficult to manipulate nutritionally for such studies. At the same time, animal
experimental regulations were becoming much more stringent. DOHaD scientists
replaced sheep with smaller animal ‘models’ – rats, mice, and guinea pigs – that had
the advantage of rapid reproductive cycles, lower cost, and simpler regulatory approval.
Yet with their large litters and fast development, much of which occurred after birth,
they had far less in common with human fetal development. While the replacement of
the sheep with small animals was a pragmatic decision, the transferability of observations
from small experimental animals to humans was uncertain.

These regulatory and economic pressures on experimental physiology were happening
simultaneously with the rise of genomics, which culminated with the publication of the
human genome at the end of our examined period (2000, officially in 2003) [12, 13]. This co-
occurrence was not coincidental but the result of the economic and policy shift in the UK
through the 1970s and 1980s. The political pressures to cut costs andmodernise sciencewere
translated into support for certain scientific fields, while other fields lost funding, insti-
tutional footing, and political advocacy. In agriculture, traditional animal genetics that relied
on long-term follow-up of generations of farm animals was defunded in favour of genomic
biotechnology [14, 15]. Fetal physiology, also using large farm animals, saw funding cuts too.
Through the 1980s and 1990s, the spotlight on novel animal ‘disease models’ developed in
genomics laboratories – animal strains genetically modified to carry mutant genes predis-
posing them to specific diseases – and the first successful experiment in cloning a mamma-
lian organism further increased public concern about animal rights [16].

DOHaD, with its focus on the environment–organism relationship, had no interest
in genomics at first; however, the overarching push away from experimental physi-
ology and towards genomics was likely the key reason for DOHaD’s entrance into
epigenetics in the early 2000s [17]. This disciplinary relationship was mutually
beneficial: while epigenetics provided molecular evidence to DOHaD, DOHaD secured
policy relevance for epigenetics [18]. This disciplinary relationship between DOHaD
and (environmental) epigenetics is so close that many see it as the same field [9]. Yet
it is important to note that each field began on its own, roughly simultaneously in the
late 1980s, and had over 15 years of independent development [19]. Many scientists
who have used epigenetics to explain intergenerational transmission of disease, or,
more broadly, inheritance of phenotypic traits, do not see themselves as members of
the DOHaD community. Similarly, for many in the DOHaD community, epigenetics
is not a core element of the field but rather one of the tools to address the question of
‘developmental origins’. As this chapter stops in 2003, the DOHaD–epigenetics rela-
tionship is beyond its scope.

A field of particular interest to the emerging DOHaD community was human
medicine. Here we must distinguish between epidemiologists and nutrition scientists
working inside medical institutions and research groups, who had been interested in
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‘Barker’s hypothesis’ throughout, from practicing clinicians. In particular, specialists in
internal medicine – cardiologists, diabetologists, and endocrinologists – who treated
adults, and, increasingly, elderly patients, and whose primary objective was treatment
rather than early prevention of chronic disease showed little interest in DOHaD [20,
p. 47]. In terms of elucidating mechanisms of cardiovascular and metabolic disease, they
placed greater trust in genomics, which promised to reveal the basis of risk of disease at
the individual level; a promise later captured in the term ‘personalised medicine’ [21].
In contrast, obstetricians and paediatricians, communities that had already collaborated
closely with experimental physiologists in the fields of fetal and neonatal physiology,
joined DOHaD in larger numbers. So, while the field was meant to bridge two opposite
ends of the human lifespan, in practice, clinical disciplines studying life’s beginning took
up more space in the field than those at the other end, and this influenced DOHaD’s
direction. Probably the most significant criticisms came from Barker’s own discipline.
Epidemiologists argued that his observations were artefacts arising from over-controlling
for variables such as BMI and other confounders. They lacked confirmation in studies of
cohorts where birthweight was smaller such as twins. The potentially underestimated
importance of social factors was also emphasised [22, 23].

The retrospective nature of the early studies made it difficult if not impossible to
resolve such issues, and epidemiologists began to use case-control and cohort studies to
clarify the causal links [24, 25]. The Southampton group established the Southampton
Women’s Survey (SWS) between 1998 and 2002 [26]. With the help of general practi-
tioners in the city, researchers recruited women and then followed up the pregnancies
and children of those who conceived. The SWS collected rich data, produced many
papers, and confirmed and extended DOHaD thinking in many ways.

Through the early 1990s, we can track the process of disciplinary expansion, to
incorporate new knowledge, and then its translation. Mothers, babies and disease – a
1994 book-length explanation of the ‘Barker’s hypothesis’ – combined Barker’s own
historical epidemiological studies with a summary of research investigating adult risk
factors of chronic disease; animal studies of the long-term impact of nutritional modifi-
cations, especially during so-called ‘sensitive periods’; and existing clinical data [27].
Although the idea itself was not necessarily new, the disciplinary collaboration was novel,
and Barker, with his team, was its tireless champion.

Yet in this interdisciplinary translation and expansion that required ‘telescoping’ from
social conditions to dietary components and then specific molecular pathways, the link with
the broader social environment became difficult tomaintain. Social scientists have critiqued
the ways in which social class, gender, and race are ostensibly erased in DOHaD research [9,
28]. We borrow the term ‘telescoping’ from Warin and colleagues who criticised the shift
from the long-term impact of early-life undernutrition to overnutrition as the key question
in the field [29]. In their view, this also meant a move from concerns over social determin-
ants of health to assumptions about individual women’s bodies [32]. Here we want to add
another meaning: the entrance of experimental and molecular fields and the pressures of
interdisciplinarity. This disciplinary structure of DOHaD as a biomedical field – rather than
being situated within social medicine or even epidemiology – has profound consequences.
As a recent ethnographic study ofDOHaD science argued, while researchers are aware of the
importance of understanding the structural reasons underlying different early life condi-
tions, current DOHaD studies, with their focus on individual behaviour and measurement
of a limited set of variables, make these connections difficult [30].
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3.3 Social Class, Health Inequalities, and Government
Policy in the UK
The relationship between social class and health has long been a key preoccupation of
British scientists and policymakers. Francis Galton’s eugenic ideas were a defence of the
existing social order based on innate and fixed biological characteristics [31]. Yet by the
interwar period the practitioners of the new discipline of genetics began to insist on the
precise delineation and description of heritable traits and to criticise the ambiguity of
eugenics. Studies such as Lionel Penrose’s Colchester Survey, which examined the herit-
ability of ‘mental retardation’, pointed to a range of congenital (i.e. associated with birth or
pregnancy), but not heritable, factors influencing the characteristics of the new individual
[32]. The economic depression of the 1930s further exposed problems with the eugenic
argument, showing that poverty rather than heritable traits was the main cause of many
diseases. Soon thereafter, the Second World War strengthened social and political support
for the emerging welfare state. Simultaneously, eugenics was replaced by social medicine –
a new field that joined together the commitment to redistributive economic policies, public
health concerns with living conditions, and the interest in ‘lifestyles’ [33].

Between the 1940s and 1960s, social medicine flourished at British universities [34,
35]. David Barker received his PhD in 1967 under one of the leaders of the field,
Professor Thomas McKeown at the University of Birmingham. McKeown’s research
programme investigated the relationship between human reproduction, social condi-
tions, and mental health [36]. Even though Barker subsequently worked in or led
departments of epidemiology rather than social medicine, his methodology resembled
McKeown’s in its blending of historical with contemporary epidemiological data and his
enduring preoccupation with social inequalities.

Barker collaborated with epidemiologists who studied links between social class and
disease. He worked with Geoffrey Rose, a lead investigator in the longitudinal ‘Whitehall
Study’ that interpreted coronary heart disease as an outcome of class-based inequalities
rather than a disease of ‘affluent lifestyles’ [37]. Barker participated in the debate on
health inequalities through his series of investigations into the links between contem-
porary geographical distributions of chronic diseases and the patterns of predisposing
factors in earlier generations. In the 1970s, he mapped the occurrence of Paget’s disease
(of the bone) in the elderly onto the incidence of childhood rickets in earlier generations.
This research can be understood as a precursor to his more famous 1980s studies [38].
But in contrast to McKeown, Barker was operating not in the context of a rising welfare
state but in the neoliberal response to the 1970s economic crisis: a political and economic
environment in which the elements of the ‘welfare state’ were progressively eroded.

An explicit contribution to the debate was written in 1987, when Barker quoted the
report on inequalities in health by the committee led by Sir Douglas Black – a report
commissioned by the Labour government but issued by the new Conservative govern-
ment under Margaret Thatcher in 1980 – which explained inequalities as ‘the more
diffuse consequences of the class structure’ [39, 40]. Barker argued that ‘specific explan-
ations may be found in the environmental influences that determined past differences in
child development. These explanations may allow a national strategy for reducing
inequalities in health to be developed’ [39].

This quote, Barker’s intellectual networks, and his epidemiological research indicate
that a contribution to policymaking aimed at reducing health inequalities had long been
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one of his objectives, although perhaps out of reach through the 1980s under the
Thatcher government. But by the early 1990s, conditions for health and social policy
in the UK started to change. In his 1994 book Mothers, Babies and Disease in Later Life,
Barker stressed the profound implications of emerging interdisciplinary research – his
earlier epidemiological work and the incipient physiological and clinical research on
‘Barker’s hypothesis’ – for government policy [27, pp. 170–171]. He referred to the UK’s
Health of the Nation strategy, based on the WHO’s Health for All (1978) and launched in
1992 as ‘the first attempt by a British government to develop a strategy explicitly to
improve the health of the population’ [41]. Yet although broadly welcomed, this strategy
was also criticised, both for its disease-based model and, importantly, for not considering
the socio-economic determinants of health [41, p. 4].

The Labour Party’s historic accession to power in 1997, after 18 years in opposition,
meant a renewed focus on socio-economic determinants of health, within a broader
commitment to marshalling scientific evidence into public policy. The new government
immediately commissioned a report on ‘inequalities of health’, with the objective of
identifying priority areas for policies to ‘develop beneficial, cost effective and affordable
interventions to reduce health inequalities’ [42]. Chaired by Donald Acheson, Barker’s
predecessor as Director of the MRC Environmental Epidemiology Unit in Southampton
who was then appointed Chief Medical Officer of the UK, the working group included
scholars who would become synonymous with research into inequalities and health,
namely the epidemiologist Michael Marmot and the sociologist Hilary Graham, along-
side David Barker.

DOHaD influenced the report and the British policy. Both nutrition and gender would
have likely received attention, with or without DOHaD. But the explicit statement on the
nutrition of women before and during pregnancy, influencing the long-term health of the
next generation, and an entire discussion on the risks of reduced fetal growth, referenced
by the recent work of the Southampton group, were most likely contributed by Barker
[42]. Correspondence kept in the National Archives confirms this hypothesis: in a letter to
Acheson dated 4 September 1997, Barker explained the policy implications of inequalities
in fetal growth, and Acheson wrote on the margins, ‘Thank you very much for your
interesting and important letter which will be duly fed into our process.’

An early outcome of the report’s – and DOHaD’s– impact on British policy may be the
cross-departmental programme Sure Start, which brought together social services, health,
early childhood and primary education, and social justice, to improve the ‘physical, social,
emotional and intellectual status of children’ [43]. While the original remit was children
under seven years of age, as the review developed ‘there was an accumulation of evidence
that successful intervention in the earliest years offered the greatest potential for making a
difference’ [43, p. 260]. This text did not explicitly reference Barker or Acheson, but it
named the Health Secretary Tessa Jowell who oversaw both the Acheson Report and Sure
Start and who steered the 1997 Comprehensive Spending Review in which the Sure Start
programme originated ‘towards services for families and their children aged nought to
three, including the pre-natal period’ [43, p. 260].

In conclusion, although the reception of DOHaD in the science community in the
late 1990s was not fully settled, the historical moment in British politics, with the election
of a party explicitly committed to using the latest evidence to reform social and health
policy, created the conditions for DOHaD to enter public policy early in the history of
the field.
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3.4 Developmental Origins in the Era of Globalisation and
Global Health
DOHaD began in the UK, indeed in England: at Barker’s home institution,
Southampton; at University College London, where Hanson led a fetal physiology group;
with Alan Lucas’ research team at the Childhood Nutrition Centre of the Institute of
Child Health in London; and in Cambridge where Nicholas Hales’ group studied clinical
biochemistry and metabolism. But the field almost immediately began to expand inter-
nationally. In this section, we show how early collaborative networks were created along
the established intellectual networks in the British Commonwealth. Then we show how
multilateral global organisations became key proponents and advocates of DOHaD.

In 1994, Barker published a report of the ‘first international study group’ meeting in
Sydney in October 1994, bringing together scientists from the UK, Australia, Canada,
and New Zealand [44]. The geographical location is significant as it maps onto the
leading centres of fetal physiology and medicine. And while these were relatively new
fields, launched in the mid-twentieth century, they built on the long-standing networks
of research and practice of agriculture, and especially sheep breeding, in the British
Empire [45–47]. These scholarly communities had been studying animal growth for
decades; they had developed sophisticated research methodologies and had easy access to
animals. DOHaD provided a new framework for their research, by putting the emphasis
on environmental (nutritional) influences on fetal growth, and new relevance, by linking
their work to adult clinical medicine. In turn, these research communities responded
enthusiastically. DOHaD groups sprung up in the UK beyond the southeast: in Bristol,
Nottingham, Aberdeen, and Edinburgh; in Toronto, Adelaide, and Auckland; and in US
centres with a strong tradition of animal agricultural research – Cornell and Portland,
Oregon [48].

But it was human studies in the Global South that provided the key missing piece.
As the previous section discussed, human prospective studies were central to the
confirmation of the DOHaD hypothesis developed on retrospective historical data.
And while the Southampton Women’s Study was important for its rich insight into
the everyday lives of ‘Western’ women – now conceptualised as developmental environ-
ments – prospective human studies in the Global South were important for three
reasons. At least since the 1950s, biomedical scientists trying to explain and predict the
impact of a rapidly changing environment upon humankind have taken the Global South
populations – more likely to subsist on sparser diets than the late twentieth-century
people of Europe and North America – as a window into the recent global past [49, 50].
DOHaD researchers further wanted to understand differences between human popula-
tions: do they all respond to developmental nutritional fluctuations in the same manner?
Are the risks of cardiovascular and metabolic diseases the same for all? Finally, the 1990s
were the heyday of the economic, cultural, and technological transformation termed
‘globalisation’, which helped spread the ‘nutritional transition’ – a shift to a diet high in
ultra-processed, high-fat, and high-sugar foods – from the Global North to the South
[51, 52]. By launching human studies in the Global South just as this transition was
starting, DOHaD researchers hoped to capture this fleeting moment, when generations
raised under ‘old’ nutritional regimes were bearing children into new ones.

The new DOHaD human medicine centres in the Global South were established
through Commonwealth networks too, but in former British colonies rather than settler
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societies. An early and highly significant collaboration flourished between Southampton
and Chittaranjan Yajnik who set up the Pune Maternal Nutrition Study in 1994. The aim
was to study the long-term, especially metabolic, effect of maternal malnutrition on
children born to women in villages around Pune, in the hope of explaining the much
higher risk of insulin resistance and diabetes mellitus among the subcontinent’s popula-
tion [53, 54]. Similarly, a study in Jamaica led by Terrence Forester linked birthweight
with the later response to famine: children who were born small tended to respond with
the wasting illness, marasmus, and those born larger were more likely to develop the
more life-threatening kwashiorkor [55]. At the Medical Research Council Unit in The
Gambia, DOHaD research was integrated into an existing programme of human nutri-
tion research in West Africa [56].

DOHaD was new, but, as we show in this section, it built upon the existing
disciplinary and institutional networks largely within the British Commonwealth, with
histories dating back to the British Empire. Whether these were fetal physiologists whose
animal models and research methodologies built upon the structures of settler agricul-
ture, or medical institutions and knowledge networks that traditionally prioritised
diseases of greatest economic significance to the empire, their legacies and assumptions
influenced the new field of DOHaD. Further research is needed – and in particular case
studies focusing on specific countries or research fields and institutions – to elucidate the
specific forms and impacts of these influences.

3.5 Conclusions
The field that became DOHaD started in the intimate environment of an academic
workshop, but just over a decade later it had sufficient appeal and reputation to hold a
world congress bringing together the research community with celebrity scholars and
royalty. This chapter argued that to understand this trajectory we must situate the field in
the geographical and historical context in which it was created and flourished. We then
identified three key themes to help us explain both its success and the controversies:
effective interdisciplinarity; ability to offer a new solution to the long-standing problem
of social class in Britain; and the ability to recruit existing international knowledge and
institutional networks to build a novel approach to emerging global health problems.
We summarise our argument in the following way:

First, the interdisciplinarity of DOHaD was its central feature from the start: a source
of innovation, intellectual richness, and an effective way to broaden the field’s appeal and
recognition. Yet at the same time it was a source of challenges and controversies, with the
field having to reconcile diverse methodologies and data types and also respond to
criticisms from different disciplinary corners. Furthermore, for all its rapid global
spread, DOHaD was deeply marked by its British origins. The long-standing concern
with the effect of social class on health not only influenced Barker in the formulation of
his original hypothesis but also provided the opportunity and context for DOHaD to
influence public policy relatively early in its history. This track record in British social
and health policy, right at the time when the New Labour government was gaining
international interest for its conscious attention to scientific evidence in policymaking,
became important in the twentieth century [57]. This period marked the entrance of
DOHaD into global health policy, at first through the established scientific connections
of the former British Empire. While this could have sounded its death knell in times of
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wider recognition of the harmful legacy of this past, in fact it gave DOHaD new life as the
realisation grew in the early years of the current millennium that inequalities in health
affect all societies, and none more so than those passing through the nutritional and
economic transitions associated with globalisation.
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Section 2

Chapter

4
The Social Life of DOHaD

A Biosocial Return to Race? Racial
Differences in DOHaD and
Environmental Epigenetics
MaurizioMeloni, Christopher Kuzawa,
Ayuba Issaka, and Tessa Moll

4.1 Introduction
The growth of research within the Development Origins of Health and Disease
(DOHaD) and related environmental epigenetics fields has catalysed a shift in the
understanding of how genes and environments shape phenotypes. The attention to
embryonic and fetal development as critical periods with important long-term health
effects has led to a focus on the gestational environment and maternal experiences like
nutrition and stress, as intergenerational determinants of health [1–3]. This emerging
science has inspired claims that social exposures, including race-related inequalities, can
drive physiological, developmental, and epigenetic processes operating in utero and
during early postnatal life, becoming ‘embodied’ as relatively durable, albeit in principle
modifiable, biological differences [4–6].

By eschewing fixed genetic differences, ‘biosocial’ perspectives on race have brought
with them a renewed hope for a focus on the social, historical, and political bases of
contemporary health disparities [7]. This emerging understanding of the role of
environment-driven phenotypic and epigenetic plasticity is often viewed as aligning with
progressive policy goals because it demonstrates newly appreciated pathways by which
major health differentials might be reversed by timely intervention. This is reflected, for
instance, in the emphasis on the ‘first 1000 days’ in global health initiatives [8, 9] and a
vibrant area of economics that harnesses DOHaD frameworks to promote investments in
maternal and child health [10, 11].

However, despite the promise of DOHaD and environmental epigenetics to set out
modifiable and plastic models of biological inheritance, social scientists have illustrated
how enduring forms of ‘environmental determinism’ [12] may become intertwined with
local conceptions of racial difference. As one example, one thread of research has argued
that environmental exposure to poverty (which is highly racialised in many contexts)
could impair early brain development and determine children’s lifelong potential [13].
Indeed, a growing number of scholars, in studies from microbiomics to brain develop-
ment, have raised critiques of what could be characterised as a postgenomic reinstantia-

An extended version of this chapter has originally appeared as an article in the American Journal of
Human Biology. Ref: Meloni, M., Moll, T., Issaka, A., & Kuzawa, C. W. (2022). A biosocial return to
race? A cautionary view for the postgenomic era. American Journal of Human Biology, 34(7),
e23742. https://onlinelibrary.wiley.com/doi/full/10.1002/ajhb.23742 This article was originally
published under a CC-BY License (https://creativecommons.org/licenses/by/4.0/). It is re-printed
here, with a modified title, under the same license.
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tion of race [14–18].1 As sociologist Dorothy Roberts has warned, ‘When scientists write
that epigenetic effects of racial discrimination are durable across generations, it sounds
perilously close to biological theories of race’ [18, p. 143].

As epigenetic and DOHaD analyses of racial/ethnic health disparities expand signifi-
cantly in scope and impact, we echo others in urging caution in the collection and
interpretation of these new data. We recognise that much of this growing work has
gravitated to biosocial understandings of health disparities in part because these under-
standings both avoid reductionist genetic explanations and offer new explanations that
can hopefully be harnessed to foster positive social change, such as making links between
current health differentials and past injustices [20–22].

Our cautionary view stems from two arguments that we will lay out in the following:
in the first, we seek to undermine the assumption that environmentally driven effects are
always inherently progressive. Not unlike gene-centric models of race, environmentally
driven models are similarly capable of being abused and used to promote racial hier-
archies, as evidenced by work on race in Latin America [23]. Here, we explore a lengthy
history of proto-racism that traces presumed inherent group differences to environ-
ments, not genes. In the second, we explore the results of a review of current literature on
racial health disparities in DOHaD and environmental epigenetics. This review demon-
strates the enduring problems of reductionism and typological thinking in contemporary
research. We believe that ongoing interdisciplinary work between social and biological
scientists is key to correcting these creeping trends and strengthening this research in
service of the goals of social justice. Towards these ends, we suggest various tools, such as
community participation in all stages of research and moderation in reporting results,
that can help avoid a potential reification of racial typologies in DOHaD research.

4.2 On the Long History of Biological Determinism
and Racialisation

4.2.1 Genetic Determinism and Its Counterparts
For many contemporary researchers who grapple with debates about biological race, the
modern concept that humans can be arranged into hierarchical typologies is often a
starting point for discussion [24, 25]. In the eighteenth century, the Linnaean system of
classifying living things, including humans [26], became the template for later anthro-
pological work that assumed that humans could be ordered into distinct, indelible types
that varied in level of sophistication as a matter of inborn potential. Modern racial
science, grounded in assumptions of permanent psychophysical differences, experienced
new legitimation in simplified understandings of Mendelism and early twentieth-century
anthropology and eugenics. The crux of the argument was that genetic differences,
assumed to determine phenotypes in a direct fashion, rendered environmental exposures
or habits insignificant when considering racial characteristics: human types, now con-
ceptualised as clustering of genes within geographically bounded groups, were viewed as
fundamentally unchangeable at least within certain geographic clusters [27].

1 Postgenomics is an increasingly common umbrella term that covers all research on the complex
molecular architecture that connects genomic sequences to the phenotype, inclusive of a new set of
approaches dubbed the ‘-omics’ (e.g. epigenomics, microbiomics, and transcriptomics [19][20]).
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Genetic determinism – ‘the idea that genes alone have the power to shape both bodies and
behaviors’ – enjoyed a remarkable albeit controversial success during the twentieth century
[28]. The assumption that diverse groups of people can be characterised and essentialised
based on presumed, immutable genetic characteristics has been evoked to naturalise the
social, political, and historical underpinnings of inequality. As obvious examples of these
dangers, during the twentieth century, research on human genetics and hard hereditarianism
helped justify scourges like forced sterilisations in the USA and the Holocaust in Nazi
Germany. More recently, widely discussed and controversial books have argued for a genetic
basis to intelligence and a need to temper public investments in education [29], joining a long
tradition of hard hereditarians that considered public welfare a wasted or misguided form of
sentimentalism – a classical eugenic trope since the time of Galton (1822–1911).

As a response to the twentieth-century abuses of genetic determinism, the idea that
human differences are tied to environmental influences and nurture has maintained an
allure of progressivism [30], especially in the social sciences and humanities [31]. This is
particularly obvious in Northern Europe and North America where most of the eugenics
movement drew from theories and practices of genetic determinism. This means that the
historical prominence of environments as determinants of racial typologies remains
hidden. Focusing on a longer history, spanning two millennia rather than three centuries,
demonstrates the potential for hierarchy and discrimination to be grounded in, and
justified by, patterns of human difference tracing to shared environments and experiences
(food, climate, and habits) rather than genetic or innate factors.

This ancient proto-racism reflected a persistent tendency at least since Graeco-
Roman antiquity (where the most ancient evidence can be found) to refer to a range
of sciences, prominently including humoralist medicine and geography, to express
prejudices and a hierarchy of values among different populations, often in the context
of imperial or military arguments [32]. We argue that a re-emergence of conceptual-
isations of body and race as open and malleable rather than fixed could lead to the subtle
but gradual replication of biological race in contemporary postgenomic and biosocial
developments, at a time when biology is moving away from the presumed centrality of
DNA sequences as masters of phenotypic development. In what follows, we provide a
concise summary of a lengthy history of pre-modern essentialism, in which intrinsic
group-level human differences were viewed as an output of environmental mechanisms.

4.2.2 The Power of the Environment Before the Gene
Although this was not the only way to construct racial hierarchies in pre-modern times,
the tendency to view people as deeply shaped by the places where they lived or the food
they ate was a powerful intellectual device to assert the superiority of certain human
groups [32, 33]. Often combined with a strong moralistic flavour, arguments about racial
differences acquired through the embodiment of different environments were used to
condemn whole human groups to inferiority because of the unfavourable places where
they were born or, more subtly, by claiming that their placement in particularly
unfavourable settings was a sign of their subordinate nature [34]. Nations were viewed
as fit or unfit to rule not because of innate deficiencies but because of the power of the
outside, such as the persisting effects of climate or habits on their bodies and minds. This
framework has shaped pre-modern ideas of racial inferiority for centuries, connecting,
with different nuances, Greek and Roman views of the East, to Columbus’ interpretation
of the tropics as inhabited by people unfit to ‘exercise power’ [35].
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In Classical Antiquity, grouping physical and moral traits of different populations and
relating them to various environments – the geography of the places they lived, the climate
in those areas, or the food they ate – was a common tool in developing the tropes and
hierarchies of differing populations [32, 33, 37]. This is clearly seen in Hippocrates’ Airs,
Waters and Places (fifth century BCE), a medical treatise written as a guide for travelling
doctors, in which Asians are described as ‘more gentle and affectionate’ than Greeks as they
live in a land where the weather is uniform and everything grows ‘more beautifully’. Airs,
Waters and Places, while often overlooked in histories of proto-racism, was a widely
influential text and translated for centuries through Pagan Antiquity, Latin and Oriental
Christendom, and the Muslim world. It is considered a foundational text for theories of
health, ecology, and geography of disease, and further one of the first scientific texts to
establish ‘the greatest and most marked differences’ between Europeans and Asians.

A generation after Hippocrates, Aristotle built on these ideas to justify political differ-
ences within a wider imperial framework. People of Asia were now described as ‘intelligent
and skilled but cowardly. Thus, they are in a perpetual state of subjection and enslavement’
(350 BCE: Politics, 7.5.6.1327b our emphasis; translation in [37, p. 44]. Filled with refer-
ences to eugenic topics, the seventh book of the Politics (available in the West since 1260)
went on to decisively influence early modern debates in the Spanish, French, and British
colonies. There, the Greek/Asian dichotomy was replaced by one between temperate and
tropical weather, leading to a climatological distinction between master races and naturally
born slaves sealed by the authority of Aristotelian natural philosophy [38].

The Roman world continued and expanded the climatological tradition. Roman
military treatises developed similar theories to maintain, for instance, that Orientals
were naturally prone to slavery (from the ancient Roman historian Livy 36.17), to
distinguish between the environment and hence ‘innate’ characters of different troops
to favour a more rational process of recruiting militias (late-Roman writer Vegetius), or
to avoid the risk of dangerous environmental influences in foreign areas [32]. We also
see the appearance of a certain asymmetry in how negative and positive environmental
effects are perceived as impacting populations, which foreshadow later doctrines of racial
purity: with Roman historians like Tacitus or Livy, men transplanted from Rome into
‘inferior’ locales ‘acquire the degenerate characteristics of the alien environment’ but the
reverse is only rarely mentioned [33, 37, p. 33].

While the Middle Ages are often overlooked in histories of racialisation based on
environments, this period’s influence on the mental cartography of early modern
European colonialism and political theory was immense [39, 40]. From the twelfth century
onwards, the Middle Ages saw an increasing tendency to essentialise biological differences
in humoral composition based on emerging ideas of human nature, heredity, or religious
affiliation. Not only were people seen as a mirror of where they lived, but human groups
who differed by ‘blood’ were often thought to inherit the same traits if living ‘under the
same sky’. However, factors that could potentially alter the innate but changeable com-
plexion of human groups were incorporated into medical and geographical treatises of the
time. Hippocratic-Galenic ideas of environmental effects on humours led to concerns
about the ‘transplantation’ of human groups into new soils and under new stars that
‘would affect not only themselves but their descendants’ [41], deeply shaping anxieties
surrounding the first colonial expansions and lasting well into the European Renaissance
and Elizabethan England [42]. Hence, colonies became places where the coloniser could be
‘re-raced’ [42, p. 19], spurring anxieties around the potential degeneration of a nobler
European ‘stock’ under new environmental conditions [14].
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As colonial expansion continued, and migration became increasingly common, racial
science began to intermingle fixed and malleable characteristics strategically. For
instance, this included the growing colonial anxiety that white settlers could degenerate
in hot climates. Some historians have argued that it was precisely this fear of changeabil-
ity under new environmental conditions, and the tendency of these ideas to potentially
hinder colonial projects, that incentivised their replacement by notions of race as innate
and immune to such environmental effects [43]. Lamarckian thinking, melded with
rising social stratification and inequality, fuelled concerns about decay and degeneration
in the European metropoles [44]. At the very foundation of the Enlightenment in the
eighteenth century, we find a strong presence of environmental and climatological
explanations of race differences. It would therefore be somewhat artificial to view the
history of racism as the sole brainchild of the Enlightenment, overlooking the reality that
Enlightenment intellectuals themselves wittingly inherited their ideas from Greek and
Roman sources.

4.2.3 Historical Lessons for Current Work in DOHaD and Epigenetics
Our historical review highlights that the emphasis on immutable characteristics as
essential to differentiating and hierarchising populations is a relatively recent phenom-
enon, and one influenced by the much lengthier prior history of differentiating groups
based on shared environments. Without flattening different historical contexts into a
simplified continuity or denying the distinct implications of environmental determinism
with regard to contemporary political, legal, and economic formations, we suggest that it
is possible to highlight a number of recurring characteristics in models of environ-
mentally patterned human difference. Firstly, there is a predominance of typological
models based on the causal power of the environment where common biological
essences are viewed as being directly established by environmental effects and ignoring
within-group variability. Secondly, binary thinking manifests in several ways.
Environments were divided into categories of normal (that of the observer) and abnor-
mal/pathological (that of the colonial subject or ‘other’), and ‘exposures’ were similarly
viewed as having effects that were either present or absent, ignoring the possibility of a
spectrum of phenotypic outcomes. Thirdly, there was a tendency to establish an asym-
metry between negative and positive environmental effects, with the former more
common and used to characterise the developmental trajectory of non-Western or
subordinated groups. Fourthly, this work often assumed that environmental and social
disturbances were transferred directly to individual bodies, which are portrayed as passive
recipients of external forces: damaged environments (or non-European ones) were viewed
as becoming ipso facto damaged bodies, thus eliding a wider focus on underlying causes.
Finally, it was common to argue that environmental factors can cause loops that are
difficult to break, with whole groups being stuck in social or cultural inertia because of
acquired environmental insults.

Of course, even when based on environmental models, contemporary expressions of
environmentally or socially patterned race and biology do not extrapolate seamlessly
from these recurring patterns and historical examples. Our point is simply that environ-
ments are neither an innocent nor an inherently more progressive factor in explaining
racial health disparities. Clearly, current postgenomic work around race and embodi-
ment has overwhelmingly good intentions – of clarifying pathways, reducing societal
impacts, and addressing the unequal distribution of ill health. However, some of the
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conventions of biomedical research may create openings to unwittingly recapitulate
typological and essentialised thinking [18, 45]. We thus set out to investigate the
literature and findings in DOHaD and environmental epigenetics that address the role
of race/ethnicity in human health.

4.3 Current Work in DOHaD, Environmental
Epigenetics, and Race
How common are essentialised and typological notions of environment-driven race and
human difference in the DOHaD and environmental epigenetics literature? While an
important catalyst for studies of developmental plasticity, DOHaD remains a niche in a
wider trend exploring relationships between epigenetic changes, particularly DNA
methylation (DNAm), and racial/ethnic differences. Within this broader field, do we
see an emphasis on environmental determinism, a focus on negative environments
understood as leading to permanent scarring, or perspectives that foster binary inter-
pretations of exposures and outcomes?

Before we look specifically at research that addresses race and ethnic health
disparities, there are some common practices within research design in the field
generally that are worth noting for their potential to contribute to a reductionist
portrait. For one, some DOHaD or epigenetic studies use observational and
population-based case-control designs; these have a high potential for confounding
because key influences on health, such as environmental stressors, diet, or activity
levels, tend to cluster as a result of influences like socio-economic status, ethnicity,
class, or gender [46]. Other studies have harnessed natural or quasi-experimental
designs, using ‘exogenous’ stressors such as a war-imposed famine, terrorist attack,
global pandemic, or earthquake (for instance, [47]) to evaluate the impacts of maternal
exposure during pregnancy. Because this work approximates a randomised exposure, it
achieves a stronger basis for causal inference; however, it does so at the expense of
studying severe shocks and stressors, which are not effective targets for intervention.
(See Pentecost et al. in this volume on the move in DOHaD to preconception interven-
tion trials.) Such ‘shock’ focused research is not capable of assessing more subtle
exposures that reflect typical lived experience, let alone potentially beneficial or
favourable exposures. On a similar note, experimental animal model research, which
represents the ‘gold standard’ of causal evidence in this field, often imposes extreme
prenatal nutritional stress on species with far less maternal capacity for fetal nutritional
buffering than humans [3, 5]. In addition to using models of severe stress, relatively
little DOHaD work to date has been explicitly designed to clarify the potential revers-
ibility of early life effects (see Lloyd et al. in this volume). This creates a default
assumption that any effects induced by these (again, severe) exposures are also per-
manent. This simplified picture of permanent scarring may be further reinforced by
the common convention in biomedical research of reporting relationships in a binary
fashion, as being present or absent, depending on whether a threshold for statistical
significance has been reached [48] (see also Sigurdadottir and Ayis in this volume).

As many of these observations apply to population-based health research more
generally, we sought to offer a specific analysis of the use of the race concept in
DOHaD and environmental epigenetics. We conducted a scoping review of studies
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within the fields of DOHaD and environmental epigenetics that address racial health
inequities. We limited our review to empirical human studies that focused on race and
ethnicity in health and related to epigenetics within a DOHaD framework. We reviewed
49 studies in total as they met all inclusion and exclusion criteria (see [49] for a full
description of our methodology).

Given the largely biomedical nature of the reviewed literature, an emphasis on
pathology is predominant, and exposures are generally understood exclusively in the
negative, that is, as a source of risk for chronic disease and mortality and dysfunction of
biological processes. Populations emerging from often self-reported categories are
reframed as aligning through differences in methylation level, for instance, from our
sample: ‘African American adults’, ‘African American children’, ‘black women’, ‘black
ethnicity’, ‘Hispanic ethnicity’, and ‘Native Hawaiians’. All these groups are defined as at-
risk populations mostly via reference to abnormal methylation levels, even in instances
when the data do not fit with this account (e.g. higher global methylation levels,
suggesting reduced cancer risk in African American children). Intra-group variability
in biological responses to environmental exposures is rarely given credence, and often
differences – such as immigration status or the wide array of meanings, countries, and
backgrounds coalescing under ‘Hispanic’ in the USA – are flattened into typological
race categories.

Many social scientists have urged researchers to reframe their discussions and
suggestions for policy towards structural factors – namely enduring systems of racism,
widespread income inequality, and the historical legacies of colonialism (see Kenney and
Müller, Keaney et al., and Karpin in this volume). In our review, we found that only three
articles (6 per cent) mention or recognise the importance of wider socio-structural
factors as ‘drivers of racial health differences’ [50]. Similarly, reversibility is explicitly
mentioned by 14 articles (28 per cent), but most discussions of this are brief and often
limited to the conclusion.

Only a limited number of studies are self-reflective about the uncritical usage of racial
categories (e.g., [50]). A few go in the opposite direction and suggest that methylation
markers differ significantly by race [51], and one claims that it is possible to separate distinct
populations (Caucasian American, African American, and Han Chinese American) by
using differences in methylation [52]. One study is explicit about the importance of having
one basalmethylomemap for each population and the potential value of epigenetic marks as
distinct criteria for racial classification beyond and sometimes in contrast to genetic findings
([53], see [49] for further details).

A final significant finding in our sample is the application of epigenetic clock studies,
which use methylation to gauge the pace of biological ageing, to explain racial or ethnic
differences in health outcomes. In a highly cited article in our sample, the authors remain
cautious about the mechanisms by which ‘race/ethnicity and sex affect molecular
markers of aging’ [53]. At the same time, the study uses several conventions that reify
typological thinking around human population variation. As one example, the authors
describe differences across these groups in largely typological terms, without devoting
space to intra-population heterogeneities (e.g. ‘African Americans have been shown to
have longer telomere lengths than Caucasians’; ‘Hispanics have a consistently lower
IEAA (i.e. intrinsic epigenetic age acceleration) compared to Caucasians’; ‘Tsimane have
a lower intrinsic aging rate than Caucasians’) [53, p. 170].
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4.4 Fostering a Balanced Approach in Postgenomic
Treatments of Race
Echoing a growing number of scholars [12–18], we believe it is important to interrogate
practices within DOHaD and environmental epigenetics that run the risk of reinstantiat-
ing new forms of biological race. For one, we believe it important to remain vigilant
against ‘damage-centred research’, a term coined by Indigenous academic Eve Tuck [54]
to describe research that catalogues harms endured in a marginalised community with
the intention of producing change, yet in practice rarely alters the social, material, or
political causes of those harms and leaves populations labelled as ‘damaged’. Yet, we do
not want to convey only criticism: these fields are stimulating crucial new understand-
ings of the social and historical pathways underlying health inequalities, and many
communities are leveraging this research to advance agendas of social justice and
community resilience ([22, 55]; Keaney et al. in this volume). In the spirit of moving
beyond critique, we end with recommendations for ways that researchers can help ensure
that their work benefits communities while avoiding any unintended stigma or repetition
of the simplifications and pitfalls of the past.

As noted in many of our above points, there are practices across biomedical research
that may contribute to reductionist, simplified, and potentially stigmatising portraits of
marginalised communities. The predominant focus in DOHaD research on document-
ing exposure–disease relationships that are characterised in such a de facto binary
fashion (present or absent) can reinforce the idea that populations faced with early life
adversity and stress necessarily carry negative biological baggage because of those experi-
ences. These binary assessments can often also fail to find evidence of an effect simply
due to a small sample size or, conversely, can find evidence that biologically trivial effects
are significant if sample sizes are large enough [48]. Publication bias, as Non [56] points
out, also contributes to foregrounding research that shows dramatic methylation differ-
ences, but that may not translate into phenotypic differences.

This convention in reporting and discussing findings leads to a form of binary
thinking in which effects are either present or not, and the magnitude of effect, or
biological importance in a typical human population, often receives comparably little
attention. Thus, we support the efforts in fields like statistics and epidemiology to do
away with this focus on binary or ‘bright line’ assessments of the significance of findings
[57]. Furthermore, we identify practices that could prevent stigmatising groups: (1)
moving away from interpretations of data that reinforce simplified cause-effect models,
(2) avoiding characterisation of outcomes as present or absent, and (3) avoiding the
generalisation of pathologies to entire groups without considering the magnitude,
heterogeneity, or reversibility of these effects.

Non’s [56] recent review also points to other conventional practices in biomedical
research that may contribute, for instance, to sampling biases favouring white popula-
tions (which perhaps feeds into the use of white populations as the norm from which
other groups are seen as differing as we have detailed in our sample, see above). This type
of practice, which we have documented in our sample (see for wider materials [49]), runs
the risk of ascribing abnormality to marginalised communities ([45]; see also [58]).
Researchers should consider the implication of their samples and the implicit racial
‘narratives’ (see Kenney and Müller’s chapter on narrative choreographies) that may
emerge as a result.
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Finally, we both echo the calls of communities involved in DOHaD research to
study resilience and amelioration from early life adversity and reiterate alongside other
chapters within this volume (Tu’akoi et al., Bourke, and Lovett) that future research
needs greater collaboration with communities on DOHaD research. In the first, our
review demonstrated an overwhelming, though not surprisingly, focus on pathology
and ill heath arising from early life events. But DOHaD research cannot be limited to
this. Future work should also explore the development of resilience from early adver-
sity and the capacity for reversibility or amelioration of early life effects in response to
later favourable experiences or other interventions. When reversibility is not explored,
the default of permanence may often be assumed, thus increasing the potential for
stigmatisation.

In the second, our point regarding reversibility has in fact been made by many
communities that are the subject of DOHaD research, demonstrating the emergence of
‘bottom-up’ demand for research into practices that build resilience [55]. This demand
points to the need for researchers to conduct future work in ways that are aligned with
the interests of affected communities, including requests for reparation. This will require
meaningful engagement with participants across the research cycle. (See Tu’akoi et al.
and Saulnier et al. in this volume.)

Collaborative and interdisciplinary endeavours will continue to prove essential to any
future efforts to improve the production, interpretation, and consumption of epigenetic
and DOHaD knowledge. This volume is a testament to the growing embrace, challenges,
and value of interdisciplinary work in DOHaD. If we can apply the metaphors from this
field to its development, early exposure to cross-disciplinary collaboration – from
inception, funding, and through the research cycle – should also foster introspection
and a stronger mature science.
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Section 2

Chapter

5
The Social Life of DOHaD

The Promise and Treachery of
Nutrition in DOHaD
Science, Biopolitics, and Gender
VivienneMoore andMeganWarin

5.1 Introduction
In this chapter, we explore how and why the application of Developmental Origins of
Adult Health and Disease (DOHaD) theory has not led to social change and improved
reproductive justice. We draw upon the framework of reproductive justice, paying
homage to the work of feminist scholars of colour who argued that concepts of
reproductive rights were too narrow in their focus on autonomy, choice, and abortion
[1, 2]. In combining ‘reproductive rights’ with ‘social justice’, the concept of reproduct-
ive justice encompasses much broader aspects of social life that intersect with repro-
duction, including family relations, conditions of work, housing, and welfare
arrangements. Reproductive justice invites us to envisage DOHaD in a broader polit-
ical field that takes account of how these social and structural inequalities profoundly
shape the reproductive experiences of women.

In previous work, we have examined how DOHaD ideas can lead to blaming of
mothers when health is seen as an individual responsibility, rather than socially deter-
mined. In this present piece, we try to understand more about the unfulfilled promise of
addressing health inequities relating to food, gender, and reproductive justice. We
suggest it is not just the tenacity of neoliberal ideas that gained prominence in the
1980s, foregrounding individual choice and responsibility while curtailing public services
and welfare provisions (see [3]). We argue that older entangled histories of nutrition and
militarism as well as neoliberal politics have enabled a particular understanding, pos-
itioning, and uptake of nutrition within DOHaD.

We build on the arguments of others that the field of nutrition and health has long
been dominated by a narrow mode of thinking that has been termed ‘hegemonic
nutrition’ [4]; this is characterised by standardisation and reductionism, in which food
is reduced to its constituents and bodies are decontextualised [4, 5]. In the United
Kingdom (UK), as we will explain, this ideology resonates with a celebrated history of
nutritional research from the early twentieth century that identified the causes of
common, intractable diseases and enabled improvements to be achieved by simple
means. The approach was only slightly modified when dietary imbalance and energy
excess came to the fore as the nutritional problems of the second half of the twentieth
century, with dietary advice now the remedy.

Drawing on Foucault’s concept of biopolitics and approaches used in the field of
feminist science and technology studies (STS), we critically explore the deeply embedded
logic of hegemonic nutrition, pointing to an assemblage of taken-for-granted politics and
practices that work towards efficiency, bodies fit for purpose, and ‘proper’moral conduct
(long before the present neoliberal era). We trace this history and argue that this mode of
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thinking pervades the research that was undertaken to advance DOHaD ideas and the
dominant interventions that were then devised. This stance continues to reproduce
universal views of food and women’s bodies that render invisible the complex realities
of daily lives.

5.2 A Feminist Science and Technology Studies Approach
We come to the field of DOHaD from our respective disciplines of social epidemiology
and social anthropology, with central interests in health inequalities, gender, and femi-
nist STS. Science and technology studies sees science and society as inextricably inter-
twined. The analytic approach entails tracing the histories that are written into scientific
practice, of how ‘particular knowers, were embedded in, and influenced by, their reli-
gious, political, or gendered convictions, about how they could know depended on the
people around them, the time and place, their class, and their own identities and
interests’ [6, p. 161]. While there are many different approaches within STS, a feminist
STS approach draws attention to gender and its intersections with other relations of
power and how these are smuggled into a science that is often presented as value free.

As feminist STS scholars, we actively interrogate disciplinary knowledge (including
our own), their boundaries, and unequal power relations, reflecting on the taken-for-
granted assumptions that underpin common-sense understandings of women’s biosocial
lives in DOHaD. We attend to matters of power within DOHaD and where it is vested –
manifest in the conference arrangements, the keynote speakers, the websites, the reviews,
and special issues. We notice who and what gets funded; how calls for new grants are
framed and specified. We notice what sort of research receives accolades. We notice what
is marginalised or left out. We think about how this is the result of much larger historical
and political agendas and the continued dominance of biomedicine [7].

We are attuned to the boundary work that defines the fields of nutrition and
DOHaD, and how nutrition has been discursively constructed to align with the ‘epi-
stemic authority of science’ [8, p. 12], that is, the biomedical model. Such ‘legitimation of
knowledge claims [are] intimately tied to networks of domination and exclusion’
[9, p. 1], which are themselves tied to structural systems of inequality.

We know that many DOHaD researchers will not be familiar with the above ideas.
More simply, but with much loss of nuance, we think about which disciplines are seen as
authorities on women’s health and the implications of this view. When social conditions
lead to health problems, surely this would invite social research and responses. Instead,
what occurs is biomedical research and responses, and we seek to understand and
critique this.

5.3 Social Inequalities in Health and the Promise of DOHaD
In 1980, the UK Working Group on Inequalities in Health reported that inequalities in
health had widened since the National Health Service was established in 1948; this was
attributed to various aspects of daily life and work, with implications for social policy
[10]. Shunned by the Thatcher government, the ‘Black report’ (named after the chair of
the Working Group) nevertheless received international attention and renewed research
and advocacy around the social determinants of health.

Against this backdrop, within a decade, the theory that growth and development
before birth influenced a person’s health over the life course was proposed by David
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Barker and his colleagues. It suggested a new mechanism for the link between social
position and health [11], expanding the reach and relevance of ideas about the social
determinants of health. With the accumulation of evidence and growing acceptance of
DOHaD ideas, action to address social determinants seemed imminent with the
1998 Independent Inquiry into Inequalities in Health [12].

Yet social inequalities have continued to widen, in the UK and elsewhere, accompan-
ied by an increase in economic insecurity [13, 14]. In Western countries, DOHaD ideas
have not led to improvements in the social determinants of health of women and infants.
Instead, a narrow view of nutrition and its role in the first 1,000 days has taken hold [15].

5.4 Developmental Origins of Adult Disease and
Maternal Nutrition
The cohort studies undertaken by Barker and his colleagues in the UK in the late 1980s
showed that an individual’s weight at birth was associated with the risk of death from
cardiovascular disease many decades later. Extended work pointed to problems with
nutritional supply in fetal life. This understanding was consolidated in discussions with
specialists in fetal physiology and placental development in the UK, Australia, and New
Zealand [16].

Barker had been thinking about intergenerational nutrition for many years. In 1966,
he published three papers from his PhD on prenatal factors and ‘subnormal intelligence’.
He noted an excess of children with an intelligence quotient between 65 and 74 in the
two lowest social classes and suggested this might be explained by poor maternal diet or
physique (with short stature reflecting stunting). In subsequent research, he considered a
wide range of explanations for geographic variations in disease (such as gout and
gallstones) within Britain, including occupational exposures and trace elements in
drinking water [17]. However, he is said to have been most interested in adult diseases
as possible consequences of nutritional conditions or infections in early life, evident in
the studies that commenced when he became director of the Medical Research Council
(MRC) Environmental Epidemiology Unit at Southampton University in 1984.

Research on disease aetiology, as upheld in biomedicine, is inevitably reductionist
through the emphasis on identifying mechanisms and insisting that causation is only
convincingly demonstrated by the experimental manipulation of specific factors [18].
Thus, despite the appreciation by Barker and his colleagues of the relevance of social
circumstances and structural factors [19], wider environments were erased in the labora-
tory experiments and clinical studies required to provide the proof that maternal nutrition
has effects on fetal growth and development. Not only has this logic directed vast attention
to the physiology (and later, epigenetics) of the fetus and placenta, but it has also heavily
influenced ideas about how to respond to nutrition as a cause of poor health.

Research motivated by the DOHaD theory concerning women’s diets, pregnancy,
and fetal growth indicated that the problem did not lie in specific nutrient deficiencies or
in a specific condition such as anaemia. Historical and contemporary cohort studies of
pregnant women suggested dietary imbalance or quality might be relevant, but also body
composition (see [20]). Women’s diets in pregnancy are usually a continuation of their
established dietary patterns, and older work had already suggested that cumulative
nutritional status before pregnancy influenced fetal growth more than dietary intake
during pregnancy [21].
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By the early 2000s, the focus had shifted to body size and women classified as obese,
partly in response to concerns about gestational diabetes and obesity in children [22].
DOHaD researchers and practitioners might have emphasised the connections between
obesity and stress and hardship [23]. Instead, they largely succumbed to what Scrinis [24]
has called ‘nutritionism’, where individuals are provided with advice and detailed infor-
mation on the constituents of food and induced to think in microbiological terms. This is
an approach to problems involving nutrition that harks back to early-twentieth-century
ways to address nutritional deficiencies. Excess body weight does not arise from a
nutritional deficiency, but it is cast as a deficiency of information and willpower that is
squarely located within ‘non-normative’ bodies [25].

5.5 The Treachery of Nutrition
We suggest that identifying nutrition as a cause of poor health invokes modes of research
and institutional responses that do not involve social or structural change. As we will
explore, nutritional causes of poor health are widely seen to require detailed biomedical
analysis, translated into ‘lifestyle’ advice for individuals. This template does not attend to
eco-social causes [26]; thus class and racial/racist inequalities are unacknowledged and
undisturbed. We refer to this as the treachery of nutrition. This epistemic privileging of
biomedical sciences renders other disciplines (such as social sciences) marginal to
DOHaD knowledge and acceptance and constrains possibilities: for multiple knowledge
(including lay knowledge); for inclusive funding for different research questions,
methods, and interventions; and for new policy agendas.

At the core of the treachery of nutrition are its historical roots in biochemistry and
physiology and the biomedical model. This disciplinary alliance and approach were
remarkably successful in addressing deficiency diseases (such as rickets) in the early
twentieth century, as will be outlined. However, the nature of the pressing problems
changed to dietary imbalances and over-consumption. The old emphasis on micronutrients
and the need to instruct people to consume unpalatable substances (such as cod liver oil)
was carried forward. The approach was renovated as profiling of nutrients in foods and
diets and providing people with instructions around this, despite the fact that lack of
knowledge was hardly the problem it had been. Others have criticised the reductionist
approach that dominates thinking about nutrition and health, in general, and the narrow
responses this offers [4, 24, 27]. Here we take this up specifically in relation to DOHaD,
which has become a site for the reproduction of hegemonic nutrition and a means for its
proliferation in healthcare and popular media.

The expectations of nutrition as a means to improve public health rest on portable,
insertable solutions: a spoonful of cod liver oil, a dose of lime juice, a dab of Marmite.
These do not improve the living and working conditions of people but rather make them
fit for work (historically, as sailors or labourers) or bearing arms (notably in World War
I). This has been carried forward: an ounce of education, a brief piece of advice, a mobile
phone app. The legacy of this tradition is clear within DOHaD. Also clear is that certain
views of bodies and food pervade the field: making women fit for childbearing and food
as substrate for fetal growth.

What this approach neglects is the gendered, sociocultural, economic, and political
contexts of food and food systems, and the everyday lives of women and their emotional
wellbeing, that shape the many practices of how eating, care, and nourishment are done.
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We acknowledge that some DOHaD efforts have been directed to these broader contexts
[28, 29], and we would encourage much more of this. We know it remains important to
address micronutrient deficiencies in pregnant women in many parts of the world [30],
and folic acid supplementation is important to prevent neural tube defects [31].
However, different approaches are needed for obesity.

5.6 The Overweening Shadow of Historical Nutritional Research
The history of nutrition research and its emergence as a science, as represented in
imperial and colonial accounts, emphasises advances made in the UK and the USA from
the 1900s [32]. These advances prioritised the discovery of nutrients, descriptions of
nutritional deficiencies, and factors affecting nutrient availability. In the UK, this history
is marked by concerted government efforts to research specific public health problems
and then mobilise a response on a large scale. Unparalleled elsewhere, this reflects the
much greater involvement of the UK than the USA in the two world wars. Nutrition was
an ‘instrument of state’ [33, p. 702], as outlined below, pressed into service to ensure the
food security of troops as well as that of the home population, with the UK vulnerable to
blockade and experiencing a shortage of agricultural labour (see [33, 34]).

As recounted by Acheson (who preceded Barker as the director of the MRC
Environmental Epidemiology Unit and then became Chief Medical Officer 1983–1991),
‘The story of the Government’s triumphantly successful food policy in World War II has
often been told . . .’ [35, p. 210]. To ensure the food supply, there was rationing under-
pinned by nutrition science. Thus, staples of bread and potatoes were not restricted, while
meat, fat, and sugar were; vitamins were distributed; expectant and nursing mothers had
an extra allowance of milk. The physical health of the population, notably children,
measurably improved [35].

Less well known is an older history of endeavours, for example, to avoid scurvy in
troops in World War I. An appeal by the War Office led to Harriette Chick at the Lister
Institute recommending the consumption of beans and lentils that had been germinated
or sprouted [34]. The political situation (war) made the study of vitamins (then known as
accessory food factors) an imperative, and the functional properties of certain foods were
used to solve the problem of maintaining the health of troops within the constraints of
army food supplies; pulses for germination were much easier to store and distribute than
fresh fruits and vegetables.

Also noteworthy is the history of rickets [32], which manifests in children as bowed
legs and other skeletal deformities. Rickets was perplexing in research, long the subject of
apparently contradictory findings and debate. In retrospect, we know that this confusion
was because rickets is due to a deficiency of vitamin D (needed to absorb calcium), which
can be sourced from sunlight or from diet (while some cereals can reduce absorption of
calcium). In 1914, the (then) Medical Research Committee funded Edward Mellanby to
undertake research that included his famous experiments with dogs; he fed puppies
different diets to see which resulted in rickets, systematically identifying a deficiency of a
fat-soluble accessory food factor that must be responsible and testing ‘anti-rachitic’ diets.
Mellanby concluded that rickets was a deficiency disease that could be cured by provid-
ing animal fats or cod liver oil. After World War I, clinical trials with children in Vienna
(led by Harriette Chick) demonstrated that rickets could be treated and prevented by
these means (or sunlight) [36].
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Mellanby went on to have a long career providing advice to the Ministry of Health
and to the War Cabinet in World War II. His early work set a pattern for the interaction
of clinical and experimental work that he advocated in a book with that title and as
Secretary for the MRC from 1933 to 1949. Mellanby was hugely influential through the
positions he held, and biomedical and nutrition science was shaped by his historically
resonant presence. (See, for example, the celebration of this research tradition in the
‘Timeline of MRC research and discoveries’ on the website of UK Research and
Innovation.) This pattern of clinical and experimental work was carried forward by
McCance and Widdowson in their work on fetal and infant growth after World War II
[37] and was advocated and upheld in the DOHaD field as the biomedical model
par excellence.

Thus, after the initial findings from observational epidemiological studies, animal
experiments that are the hallmarks of ‘proper’ scientific nutritional research were soon
undertaken. This was vital to prove the principle that dietary manipulations in pregnant
animals can alter long-term metabolic function in offspring. Most of the research was
undertaken in rats, with consequences for offspring of maternal low-protein diets, in
particular, described in detail: altered fetal growth; reduced size of truncal organs (but
brain sparing); hypertension; abnormal glucose and insulin responses; impaired inflam-
matory responses; and shortened lifespan (e.g. [38]).

But these experiments should not be interpreted as demonstrations of what should
happen in humans, in the way the older experiments on deficiencies provided direct
guidance on what to insert into the diet. Even research with laboratory animals induced
to have large amounts of body fat (e.g. [39]) only proves that this condition can affect the
morphology and physiology of offspring; it does not indicate when or how obesity in
women forming families should be addressed. Kelly and Russo [40] have identified this
mistake in reasoning: the mechanisms of aetiology for non-communicable diseases are
not the mechanisms of prevention. Thus, identifying obesity as a cause of poor health is
not enough; it is not a pathogen or isolated behaviour to be eliminated; it has complex
social origins that need to be understood for prevention to be possible.

We do not question a role of basic nutrition science, but we question it being viewed
as almost all that is necessary, as providing a guide for clinical trials and related actions.
The reductionism apparent in nutrition and in biomedicine more broadly was as strong
as ever in DOHaD research, perhaps firmly embraced in the effort to gain legitimacy.
The early findings from cohort studies had received the standard criticisms of observa-
tional epidemiology (see [41]): findings might reflect bias or confounding, correlation is
not causation, and what was the mechanism? So the response was to undertake experi-
ments in which nutrition was manipulated and to pursue biological mechanisms (even-
tually epigenetics). But more than this type of knowledge is required, and Penkler [15]
notes that DOHaD researchers are beginning to recognise this.

Biomedicine and the basic sciences have profoundly shaped the field of nutrition and
health, leading to well-trodden patterns of organisation across the scientific community.
Thus, nourishment is seen in reductionist terms, food and the food–body relationship
are standardised, and expert knowledge is seen as the corrective. This hegemonic
nutrition is decontextualised: it does not attend to the exigencies of everyday lives; the
roles of place, racism, gender and gender relations; or the politics of food systems.
It dominates at the expense of other ways of thinking about food and health and
possibilities for intervention. Valdez refers to this pervasive logic as an ‘epistemic
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environment’ [42, p. 9], as it highlights how scientific knowledge production is shaped
and ‘how science imagines, manages and apprehends future health’ [42, pp. 9, 10]. This
boundary work involves selective foreclosures [43], and in the case of DOHaD, this
foreclosure consistently locates the ‘problem’ in maternal diets and in women’s repro-
ductive bodies, not in the broader conditions of daily lives.

5.7 Biopolitical Deployment of Nutrition Interventions
The DOHaD field clearly reflects a genealogy of hegemonic nutrition that can be further
understood through Foucault’s concept of biopolitics. Foucault argued that a new form of
power emerged in the nineteenth century, with governments seeking to control and manage
populations from a distance through expectations of collective conduct. Through shaping
expectations about appropriate ways to live and behave, and having citizens monitor
themselves and others, governments did not have to exert overt power (e.g. through threats
of physical punishment or imprisonment). This form of power is known as biopolitics.
Citizens learned about these expectations and how to conform through institutions such as
schools and clinics (that had become widely accessible), as well as laws and regulations.
Although the strategies and technologies of biopower (the ways expectations are created
and maintained) have changed over time, one enduring focus has been reproduction and
the role of mothers in serving the health of their children and in maintaining the population
needed for labour and war [44, 45]. The biopolitics of reproduction is now extended to the
health of their children before birth [46].

Biopower works subtly as it operates horizontally in everyday worlds rather than
appearing to be imposed directives. People are asked to take responsibility for their
health through self-care and to work on their own bodies according to normalised
standards (see [47]). Autonomy is emphasised, and this resonates with a liberalism
ideology. (But as the example of obesity makes clear, individuals are not free to reject
expectations to do this work.) Expectations for collective conduct are set in conjunction
with a range of networked agencies and professional organisations that authorise and
legitimise norms. The medical profession and the basic sciences have long been sources
of authority drawn upon in biopolitics (sometimes notoriously, as in the eugenics
movement) [48, 49]. Biopower can be useful in organising communities and improving
health, but it can also entail harm when problems are purely individualised.

There is a history of research in which pregnancy, childbirth, and caring for children
are considered through the lenses of medicalisation and biopolitics [44, 50]. Mothers-to-
be and mothers are subject to expert advice, medical monitoring, and public scrutiny,
with discourses on appropriate self-care proliferating in popular media. Conforming is a
personal responsibility and a moral imperative, regardless of a woman’s life circum-
stances or constraints. In general, biopolitics identifies certain groups as needing more
scrutiny and guidance to comply with bodily self-regulation. The ‘problem’ groups are
those that fall outside the normalised parameters of health or civility, such as the poor,
the unemployed, migrants, or people of colour. Such groups are often represented as
ignorant and uneducated, requiring heightened surveillance and education. In relation to
pregnancy, women whose body size is classified as obese are now seen as a ‘problem’
group. Here lies the potential to re-inscribe discrimination.

Antenatal lifestyle interventions for pregnant women, particularly those with large
body size [51], are an exemplar of gendered biopolitics. Women are typically counselled
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by dieticians and provided individual advice. There are now apps to track nutritional
intake and physical activity and to receive behaviour modification messages. Other
educational supports in the service of improving lifestyles include any number of
pamphlets, social media sites, and food marketing. While the use of digital technologies
gives this a veneer of twenty-first-century self-help, these lifestyle interventions have not
significantly changed since the 1950s [42].

Conceptually, biopolitics helps us see how medicine, nutrition science, and health
promotion – now integrated in DOHaD – direct women to put more effort into
managing their pregnant bodies and securing the future health of their children. For
some women, this may be useful and provide a sense of control, but for others it is a
source of unfair pressure. The individualisation of responsibility means that women are
blamed, or feel blamed, when they do not act appropriately [52, 53], and the difficulties
faced by women in disadvantaged circumstances and/or ethnic minorities are not taken
into account. Furthermore, meaningful support and social change do not occur.

We are not trying to deny that improvements in antenatal care have reduced
maternal and perinatal mortality and morbidity, notably over the first half of the
twentieth century. We are not suggesting that women are not agents in biopolitical
processes (especially middle-class, white women). However, we do criticise lifestyle
interventions in antenatal care as the dominant response to DOHaD in Western coun-
tries. From within this paradigm, there have been questions about the efficacy of the
approach because it probably occurs too late to benefit fetal development [54], so a shift
in focus to pre-conception care has been proposed [55]. That would simply shift the
problem of foreclosure we identify to an earlier point in women’s lives.

Biopolitics constructs health as an individual responsibility. But as Wells has argued,
society has created ‘metabolic ghettos’ in which people are susceptible to obesity, and
there are many steps that governments could take to address the commercial and
corporate determinants of obesity and to support people to have healthier lives [56].
These are social justice initiatives – not the portable, insertable solutions exemplified by
cod liver oil.

5.7 Interdisciplinary Approaches Are Needed
The challenges of broadening and transforming disciplinary boundaries are multiple,
even for those working from within. Tensions in the field of nutrition concerning its
disciplinary emphasis have long been recognised (e.g. [57]). In 2005, Cannon and
colleagues [27] set out the basis for a ‘new nutrition science’ that was social and
environmental as well as biological. Within the American Society for Nutrition, the case
for ‘mode 2’ research (another term for applied research) has been made [58]. Several
European nutrition entities have jointly proposed embracing broader research domains
and disciplines, including anthropology, sociology, and cultural studies [59].

But where are the funds to be found? For decades, nutrition science has received
enormous funding from industries involved with agricultural production and food
manufacturing. We note that the food industry has a vested interest in human nutrition
being framed as food composition, with consumers needing better education, as this
deflects attention from the corporate determinants of health (via multinational corpor-
ations making huge profits from processed food that is high in salt, fat, and sugar [60]).
It is unclear how to fund the volume of research needed to provide depth and variety in
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the eco-social knowledge of nutrition, especially when health and medical research
councils continue to see nutrition in biomedical terms. DOHaD could become a strong
advocate for such research diversity.

It is not just through biomedicine and nutrition science that a repressive approach to
diet and nutrition proliferates. This is reproduced across health and educational insti-
tutions as well as popular culture. DOHaD ideas have generated a great deal of wider
interest [61], so there is an opportunity to engage with institutions and communities to
ask questions about the traditional framing of nutritional problems and their solutions
and to showcase alternatives [4, 43].

5.8 Conclusion
In conclusion, we would first like to acknowledge some limitations of this piece. There is
also entangled colonialism and racism that we have not explored, nor have we been able
to do justice to the biopolitics of the foundations of antenatal care (to avert population
decline) (see [62]). We have focused on hegemonic nutrition as seen in the UK and
Australia (which ignores Aboriginal and Torres Strait Islander knowledge). We had to be
selective with the references provided, and we acknowledge there are many other
scholars whose work is relevant.

The UK, Australia, and similar countries have favoured individualised responses to
obesity prevention, despite being urged to take a societal or systems approach [63].
So far, this is also the dominant response within DOHaD, and DOHaD ideas have not
changed social or structural factors that shape the health of women and their children.
Indeed, the ideas might have found acceptance in an era that emphasises individual
responsibility precisely because they follow a well-trodden path and are not disruptive.
From our interdisciplinary standpoint, we recommend looking beyond biomedicine and
nutrition science for answers to problems that encompass socio-economic-political-
material-bio systems. Broadening attention to social environments includes appreciating
and attending to the power relations of multiple knowledges, to differing disciplinary
knowledges, and to the situated knowledges of the people and communities that are the
focus of DOHaD. Without such interdisciplinary and co-constituted attention, DOHaD
will not be able to address health inequalities.
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Section 2

Chapter

6
The Social Life of DOHaD

Gender, Racism, and DOHaD
Natali Valdez andMartine Lappé

6.1 Introduction
Contemporary scholars, many of whom are included in this edited volume, have
highlighted the gendered dimensions of DOHaD research, noting its social and historical
contours and consequences, particularly for women and mothers [1–4]. This chapter
furthers these important discussions by highlighting how a gendered analysis of DOHaD
must focus not only on how women’s bodies and lives are taken up and affected by
science but also on DOHaD’s relationship to racism. By examining DOHaD through a
feminist and critical race lens, we address how both gender and racism operate as
relations of power in and through this science. Our analysis critically examines how
gender has traditionally been studied as distinct from race and racism in DOHaD
research, and the need to do otherwise.

This approach reflects our interest in transformational feminist interventions in the
life sciences, and the need to centre reproductive justice and anti-racism in these efforts.
Rather than seeing categories like gender, race, and class as discrete variables that merely
need to be included or compared to one another in DOHaD and other areas of research,
here we draw on Black feminist scholarship to highlight gender and racism as mutually
constructed and reinforcing power relations that inform the history and contemporary
contours of DOHaD and its ongoing effects. By analysing these dimensions of the
science, this chapter reflects how gender and racism unequally survey and manage the
living conditions and behaviours of Black, Brown, and Indigenous bodies, highlights the
unequal impacts of DOHaD research, and reflects the need for a critical gender analysis
of DOHaD and other postgenomic sciences [5]. Our analysis therefore focuses on how
gender is always already bound up with racism and other forms of oppression, and how
this shapes the practices and possible futures of DOHaD in critical ways.1

6.2 Gender, Reproduction, and Biopolitics
We begin this chapter with a review of feminist and critical race analyses of reproduction
and an emphasis on biopolitics and processes of medicalisation that are central to the
focus on pregnancy and early development in DOHaD research. Biopolitics refers to how
the population emerged as a political problem to be managed by the state, and medica-
lisation focuses on how domains of social life become defined as medical problems [6, 7].
We discuss these concepts and their contributions to our analysis in relation to the

1 For more on race in DOHaD research, see Meloni et al. in this volume.
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‘politics of reproduction’, which Ginsburg and Rapp [8] developed to explore the vital
role that reproduction plays in social and institutional organisations [9]. Engaging these
approaches and their intersections is important, as DOHaD has increasingly become
central to reproductive science, medicine, and conceptualisations of health and illness
more broadly [10, 11]. Further, Lappé, Jeffries Hein, and Landecker have framed
DOHaD and its sibling science environmental epigenetics as part of an ‘environmental
politics of reproduction’ to address the intersections of the environment and reproduc-
tion in late capitalism [12].2 This approach and others explicitly highlight the racialised
politics of reproduction in contemporary DOHaD and environmental epigenetics
research and how broader relations of power shape these sciences and their effects
[13–15]. Drawing on this rich set of literature, this section positions gender and
DOHaD as part of a larger feminist discussion on the biopolitics of reproduction and
in relation to race/racism, a term that Valdez uses to intervene on references to race as if
it were not always already embedded in racist logics [16]. While our own work is situated
in the United States, Canada, and the United Kingdom, here we draw on scholarship
across various locations to illustrate why a critical gender analysis is necessary anywhere
DOHaD research is conducted and circulates.

Reproduction was and often still is conceived of only as a ‘woman’s issue’ with the
science and medicalisation of reproduction centred largely on cis-gendered women’s
bodies. Numerous scholars have analysed how DOHaD’s focus on pregnancy reinforces
this emphasis and positions cis-gender women as central objects of study and primary
targets of intervention [17]. DOHaD researchers claim to study this period of the
lifecourse because of the unique plasticity and programming of biological systems during
‘critical windows’ of fetal development. However, historians of maternal–fetal relations
argue that this emphasis on pregnancy shapes and is shaped by gendered forms of social
control and surveillance that have been central throughout the history of the reproduct-
ive sciences [1, 18].

Scholars of the contemporary also illustrate how a focus on the individual behaviours
and exposures of pregnant people in DOHaD research overwhelmingly positions
mothers as primarily responsible for the health of future generations. For example,
Pentecost and Ross, Sharp and Richardson, Warin, Moore and Davies, Kenney and
Müller, and others discuss how DOHaD emphasises pregnancy as an ideal time for
research and intervention, despite the recognition that social environments shape health
throughout the lifecourse [2, 4, 19, 20]. These authors and others show how the focus on
early life and pregnant bodies within DOHaD studies relies on and reinforces self-
surveillance and anticipatory care work for people with the capacity for pregnancy
[11]. In their chapter in this volume, Chiapperino and colleagues also detail how
DOHaD influences gendered responsibilities for health in ways that reinforce the gender
binary and unequally impact women’s bodies and lives. This occurs around food and
nutrition, as Moore and Warin discuss in this volume, and in relation to pollutants,
pesticides [21], and stress [22], in ways that disproportionately affect Black, Brown, and
Indigenous lives [13, 23], as we discuss below.

2 DOHaD often draws on epigenetic mechanisms to explain the links between gestational
exposures and intergenerational health outcomes, and its focus on pregnancy and reproduction
brings studies across DOHaD and epigenetics together, even while the fields also remain distinct.
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Of course, as numerous scholars of gender, women’s, and queer studies reflect,
reproduction is not only the domain of cis-gender women. Recently, feminist science
studies scholars in particular have brought attention to the missing science of men’s
reproductive contributions and paternal effects [24], providing a necessary intervention
into discussions of gender and DOHaD [1]. Feminist science studies is a transdisciplinary
area of scholarship that addresses how gender and other social categorisations shape and
are shaped by science and technology. While these specific interventions are important to
consider, our review of biopolitics, medicalisation, and the politics and environmental
politics of reproduction in this section reflects that merely expanding scientific and medical
surveillance to men deemed capable of reproduction will do little to address how power
relations influence DOHaD science and its unequal impacts. Rather, we argue that a
critical gender analysis must focus on the racial and gender politics of DOHaD and
question the premise that individuals are the appropriate target for intervention at all.
Doing so relies on well-established literature that actively positions reproduction as a topic
crucial to social theory [25]. As we detail below, a continued focus on individual bodies as
sites of intervention, rather than on broad social structures and power relations, reflects the
convergence of biopolitics and reproductive politics within DOHaD and underscores the
need to address the central logics that influence this science [6, 9].

Biopolitics and the politics of reproduction illuminate how social institutions like
medical and population health programmes, as well as the military–industrial complex,
provide the infrastructure that makes it possible to systematically collect health data and
the unequal impacts of these efforts. This is important for our analysis because founda-
tional observational studies that inform DOHaD’s focus on the long-term health conse-
quences of experiences and exposures during early development were originally based on
the systematic collection of state and military health records [26]. The concept of
biopolitics therefore allows us to address how power relations and social institutions
have shaped DOHaD and its relationships to race/racism from its very beginnings and
their ongoing effects today.

In his elaboration of the concept of biopolitics, Foucault argued that because of a
fundamental shift in European nation-states during the seventeenth century, individual
bodies became a key target for the maintenance of the nation. In that context, he argued
that individual and aggregate bodies became important for protecting and defining the
state, nation, or population, and keeping bodies healthy became crucial to produce
labour and maintain the military. While Foucault focused on the management of
‘families’ as the fundamental units of the population [6], feminist scholars highlight that
the ‘family unit’ Foucault imagined was primarily the bodies and behaviours of women
[27]. Feminist scholars of colour have arbitrated further by emphasising that Black,
Brown, and Indigenous reproduction is seen by the nation-state as a threat to the white
supremacist imagination across multiple locations and time periods [23, 27].

The connection between individual bodies and the body of the nation has therefore
justified the control and intervention of people’s reproductive capacities in numerous
ways. Public health campaigns from the nineteenth and twentieth centuries targeted poor
women to reduce their fertility rates and prescribed a ‘domestic science’ of house
cleaning for germ prevention [28]. Later approaches focused on behaviours related to
alcohol and tobacco consumption [29] and breastfeeding [30]. In more contemporary
examples, forced sterilisation of immigrant populations, family separation at the United
States and other borders, expansive juvenile detention, and the overturning of Roe
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v. Wade in the United States provide just a few of the state-endorsed reproductive and
family policies that emerge from racist, nationalist, and xenophobic laws and policies
[31–33].

The medicalisation of reproduction was also founded on the biopolitical aim of
controlling and managing people’s reproductive capacities and frames pregnancy as an
illness that requires medical intervention and surveillance [34]. Riessman argues that the
medicalisation of reproduction is a ‘contradictory reality for women’ [35, p. 16] as it
provides certain women a way to gain some control and autonomy over aspects of
reproduction while strengthening the control of biomedicine to define and survey
reproductive experiences. We draw on this approach to emphasise that not all women
and non-binary people experience ‘reproductive freedoms’. Rather, as Black feminists
argue, current notions of reproductive ‘freedom’ that focus on bodily autonomy and
choice are based on systemic forms of control, exploitation, and oppression forced upon
formerly enslaved people over the course of hundreds of years and continue to affect
Black, Brown, and Indigenous lives today [27].

To study these dynamics of reproduction, feminist scholars have developed a varied
repertoire of tools and frameworks important to a critical gender analysis of DOHaD.
Central to these, and part of the politics of reproduction introduced at the beginning of
this section, is Ginsberg and Rapp’s notion of ‘stratified reproduction’. This concept
describes how political, economic, and social forces create the conditions under which
people carry out reproductive labour [36]. Stratified reproduction emphasises the need to
explore reproductive experiences based on social, racial, and gendered locations
and reflects how the treatment of people’s reproduction is not equally valued: certain
people’s reproduction is cherished, while the reproduction of others is denied and
denigrated [13, 26, 35–37]. This is a critical lens through which to understand how
gender has always been tied to race and racism within the sciences associated with
reproduction, including DOHaD.

Another key concept for understanding the politics of reproduction, especially in a
postgenomic era, is the Reproductive Justice (RJ) framework developed by the SisterSong
collective [23, 38–40]. It focuses on how racism shapes reproductive experiences and
prioritises the stories of women of colour as the foundation for new knowledge.
Reproductive Justice also emphasises how social justice issues like mass incarceration,
premature death, disinvestment in public services, and environmental justice are all
reproductive issues. This approach highlights how the management of population health
through the control of reproduction was operationalised at the level of the individual
through ideas of responsibility that were always deeply connected to racist ideologies.
Thus, the RJ framework aims to move beyond the individualistic and neoliberal dis-
course of ‘choice’ to recognise that not everyone lives in an environment that provides
them with the same options from which to choose [41].

Applying these feminist and critical race concepts allows us to explore how DOHaD
theories deepen the stratification of reproduction. For example, in her bookWeighing the
Future, Valdez highlights how contemporary pregnancy trials that draw on DOHaD and
epigenetic theories to study how maternal diet during pregnancy impacts children’s
health outcomes are akin to nineteenth- and twentieth-century biopolitical strategies
that focus on controlling, managing, or surveying women’s bodies and behaviours. Her
analysis shows how, historically and presently, the surveillance and control of reproduc-
tion are unevenly distributed across populations based on race and class. Through her
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ethnographic study, Valdez illustrates how this occurs through what she calls the ‘politics
of postgenomic reproduction’, a framework that examines how new science and tech-
nology emergent in a postgenomic era, including the fields of epigenetics and DOHaD,
create conditions that both enliven twentieth-century reproductive politics and stimulate
novel iterations of surveillance, risk, and control in the twenty-first century [16].

This feminist lens critically attends to issues of race and gender in two main ways: its
application is based on the premise that processes of racism are enacted in and through
reproduction and that queering reproduction requires a reframing of the maternal
environment that is not biologically and genetically essentialised or individualised to
cis-gendered bodies deemed capable of reproduction. Queering reproduction reflects the
need to rethink reproduction beyond heteronormative, cisgender, white supremacist,
and biocentric ways of thinking and aligns with the ethic of recent feminist scholarship
on the environmental politics of reproduction as well. Building on the politics of
reproduction and the intellectual and advocacy movements of RJ and Environmental
Reproductive Justice (ERJ), Lappé, Jeffries Hein, and Landecker’s analysis of the environ-
mental politics of reproduction critically addresses the intersections of lived experiences
of oppression, environments of late capitalism, and postgenomic sciences to illustrate
how human reproduction is increasingly bound up with environmental issues in ways
that are always already connected to gender and racism [12]. Both the politics of
postgenomic reproduction and environmental politics of reproduction therefore high-
light how racism, white supremacy, and neocolonialism shape the unequal distribution
of resources, lived experiences of reproduction, and the practices and ethics of emergent
sciences [12, 41]. Alongside the concepts detailed above, this scholarship provides a
critical entry point for addressing the intersections of gender and racism in DOHaD
science today.

6.3 Don’t Blame the Poor Black, Brown, and Indigenous
Pregnant Person
Two examples from our own scholarship illustrate how the emphasis on the bodies and
behaviours of cis-gendered pregnant women and a lack of attention to racism and
stratification influence the practices and consequences of contemporary DOHaD science.
Our findings and the work of others reflect that even when measures of race and socio-
economic status (SES) are incorporated into DOHaD studies, merely including these
variables does little to address how racism shapes lived experiences or to dismantle the
gendered and racial logics that inform many DOHaD studies [16, 45]. These examples
show that inconsistent and superficial measures of race and class often stand in for the
deeply embedded power relations that influence health outcomes of central interest in
the studies we follow. Thus, both examples introduced in this section reinforce the need
for critical gender analyses of DOHaD and other postgenomic sciences that attend to the
ways that gender and race/racism shape research practices, knowledge claims, and the
impacts they have on experiences of reproduction and the broader environments that
influence health across the lifecourse.

The first example comes from Valdez’s ethnographic study of contemporary post-
genomic pregnancy trials in the United States and United Kingdom. Introduced briefly
above, her influential project draws on critical race theory and Black feminist theory to
address how race/racism is foregrounded at the recruitment phase of trials focused on
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maternal diet during pregnancy and children’s future health and then disappears during
the collection and analysis of the trials, only to return as significant in the comparison of
outcomes in the publication of results [16, 42]. Her findings reflect how race is imbued
with meaning, yet remains mercurial and mobilised in ways that distance it from the
contexts and relations of power that shape the lives of trial participants.

Valdez’s findings illuminate the need to shift the focus away from diversity and
inclusion efforts in postgenomic research and instead theorise how racist environments
impact maternal health outcomes across the lifecourse [16]. Her work shows that
individual-level interventions, which are central to these trials, need to be read as
symptomatic of systemic racism, rather than as a solution to multidimensional illnesses
like diabetes and obesity that disproportionately impact communities of colour. This is
because the ‘underlying logics of individual lifestyle interventions are cut from the same
ideological cloth that assumes poor, fat, and ethnically diverse individuals have risky
bodies and are responsible for changing their bodies and behaviors’ [16, p. 10].

While such individual lifestyle interventions are framed as if all bodies live in similar
environments and have equal access to ‘healthy’ opportunities, choices, and material
conditions, Valdez shows that the pregnant people classified as ‘high risk’ for diabetes
and obesity that are targeted for these interventions live in racist and poorly resourced
environments that make it nearly impossible for them to comply with the intervention
during the trial or sustain the intervention changes after the trial is completed. These
findings reflect a key aspect of our argument here, which is that gender analysis without a
critical understanding of race/racism is not a comprehensive framework for understand-
ing DOHaD science and its consequences. This is particularly so when numerous studies
show that focusing solely on individual interventions in maternal nutrition or early care
is ineffective in addressing health and disease inequities [43].

In our second example, Lappé’s multi-sited ethnographic study of epigenetic research
related to children’s behavioural health finds a similar emphasis on cis-gender women
and their individual care practices during pregnancy and early parenthood, rather than
on the structural conditions that shape their lives. Lappé’s project focuses on the
production and circulation of epigenetic and DOHaD knowledge related to children’s
behavioural health across laboratories, clinics, and communities in the United States and
Canada. By studying the material practices and epistemic cultures that inform this
science and its translation, she shows how many studies and initiatives focus on early-
life adversity (ELA) as central in their broader questions about children’s behavioural
health. She finds that scientists and others often use ELA to capture how myriad early-life
experiences, including neglect, abuse, and poverty, shape health trajectories across the
lifecourse [12, 44, 45].

Through her observations of behavioural epigenetic studies and their translation,
Lappé describes how past and present DOHaD theories and findings critically inform the
practices and impacts of these efforts [44, 45]. For example, even when epigenetic
scientists, clinicians, and community members emphasised the health impacts of racism
as primary motivations for their work, she finds that standardised measures of race and
disadvantage used in many studies provide poor proxies for how racism and gender
mutually shape lived experiences of pregnancy, parenting, and children’s health. Often
limited to self-reported race, maternal education, and SES, Lappé reflects how scientists
themselves noted the limitations of these measures, which nevertheless became built into
large-scale epigenetic studies of children’s health. Her analysis shows how these measures
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and the primary focus on cis-gender women’s behaviours do little to address how
systemic oppression influences the outcomes of interest in the studies she follows [45].

Lappé also finds that epigenetic and DOHaD studies of early life often build on
previous results from animal models to focus primarily on the effect that women’s
behaviours and experiences during pregnancy and early parenthood have on their
children’s future health. As a result, concerns about the health effects of racism become
channelled through measures and analyses that emphasise the maternal–child dyad and
women’s care practices, rather than on how racist and sexist environments influence
their lives. Even when studies aimed to improve children’s health through supporting
families, the focus on women’s behaviours and experiences during pregnancy and
postpartum had the effect of individualising responsibilities for children’s health, rather
than addressing the need for broader social and structural change [46].

The analyses provided in these two empirical examples reflect how narrow and
persistently individualistic models in DOHaD and epigenetic research focus on binary
notions of gender and do little to address how systemic racism shapes experiences of
reproduction and health across the lifecourse. The absence of racism as a central factor in
prominent DOHaD studies therefore helps perpetuate understandings of health and
inequity that overemphasise comparisons across racial and ethnic groups while ignoring
the role of systemic racism in shaping health inequities. Such understandings reflect how
race and ethnicity continue to be used in DOHaD and postgenomics research despite the
knowledge that it is racism that fundamentally shapes health inequities across all
gradients of income [5, 47, 48].3 Further, the focus on behaviours during pregnancy
and early life in these and many other studies reinforces the individualised focus on
cisgender pregnant women and mothers, rather than emphasising the unequal social
environments that shape their lives.

These findings matter as new epigenetic and biopolitical strategies in the postge-
nomic era emphasise how present exposures and experiences may shape both interge-
nerational and transgenerational health. This extension of individualised responsibilities
can further white supremacist and neoliberal notions of health by ignoring the connec-
tions between gender, racism, and reproduction. A feminist and critical race lens draws
attention to these dimensions of DOHaD science and their unequal consequences,
particularly when studies are overly dependent on individual-level interventions. The
persistent focus on cisgender bodies and race, rather than racism, in DOHaD research
also reflects how systemic racism and late liberalism shape science. The findings
described in this section therefore reinforce the importance of addressing how gender
and racism operate as mutually constituted power relations that shape DOHaD research
and its effects in the world.

6.4 Conclusion
Over the past several decades, scholars have drawn more awareness to how systemic
racism and other forms of oppression impact health, pointing to structural and insti-
tutional power relations, rather than individual actions, as critical sites for intervention.
This work builds on a history of activism by Black, Brown, and Indigenous communities
to address how racism, violence, and environmental injustice shape health inequities and

3 See Meloni et al. in this volume on race and DOHaD research.
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lived experiences of reproduction [49, 50]. As we have illustrated above, these agendas
and those in critical gender studies offer opportunities for DOHaD researchers to
examine their research, its history, and its current mobilisations to address how gender
and racism shape this science.

Through the frameworks and empirical research introduced above, we have shown
that merely including gender, race, ethnicity, and class as variables of interest in DOHaD
research does little to address how the mutually constituted power relations of gender
and racism shape science and its unequal impacts on people’s lives. Addressing this is of
utmost importance as Black, Brown, and Indigenous people have been and continue to
be exploited through scientifically legitimised narratives that allow the state to remove
their autonomy, force reproduction and sterilisation, and deny their reproductive rights
[27, 51]. As reflected in rates of premature birth and maternal mortality among Black
women in the United States regardless of SES, the relationships between gender and
racism shape health inequities in clear and ongoing ways [48, 52]. These forms of
‘obstetric racism’ and the analysis we provide above reveal how gender is always already
bound up with racism and other forms of oppression [34].

To address gender and racism in DOHaD, interdisciplinary engagements with this
science must explicitly name how power relations shape research and its effects. In this
chapter, we have highlighted how a feminist and critical race approach to gender and
racism in DOHaD is necessary to accomplish this goal. In doing so, we advocate for critical
gender analyses that push social and biological scientists alike to examine how systems of
oppression inform research and its unequal impacts in the world. We end by highlighting
the need to move beyond description and critique to create real change in the structures
that affect people’s lives. This requires not only rethinking how we analyse DOHaD science
but also actively reshaping the racist environments that impact health [53, 54].
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Section 2

Chapter

7
The Social Life of DOHaD

DOHaD in Economics
Orthodox and Egalitarian Approaches
Jennifer Cohen

7.1 Introduction
The Developmental Origins of Health and Disease (DOHaD) is now an established area
of inquiry in the economics discipline, cutting across subfields like health and demo-
graphic economics. Orthodox economists increasingly use econometric methods to
make the case that individual-level epigenetic changes have measurable impacts on
labour market outcomes. While some literature seeks to document disparities in health
outcomes, most economic research considers the effects of health or economic shocks on
educational attainment, employment, and wages. This focus on ‘nonhealth endpoints’ is
guided by assumptions and definitions in orthodox economic thought that direct
attention to concerns typically – or ultimately – related to market outcomes.

A wide range of unorthodox, egalitarian approaches within economics could contrib-
ute to DOHaD by integrating social forces, social structures, and social inequities. These
approaches consider the origins and impacts of hierarchical power relations between
groups. Compared to orthodox economists, egalitarian economists typically have a
broader understanding of what an economy is and what an economy is for. Some view
economics as the study of provisioning life or as the reproduction of society itself [1–3].

Differences between orthodox and egalitarian approaches are especially pronounced
in analyses of the reproductive economy, an area of thought and policy relevant to
DOHaD research. In orthodox economics, DOHaD research signals renewed interest in
reproduction, but reproduction never fully disappeared from orthodox economic
thought. Optimising economic outcomes through intervening in reproduction underlies
eugenic research in economics, population control and ‘family planning’ in economic
development, and DOHaD [4, 5]. The work and function of the reproductive economy,
although essential for DOHaD, continue to attract little attention.

Some egalitarian economists highlight the critical roles of both. Reproductive labour
includes the care work, housework, and other tasks associated with reproducing human
life on a daily and intergenerational basis. Much of the work is unpaid. Functionally,
production fundamentally depends on this unpaid labour, which reproduces the labour
supply [2]. Despite its obvious economic importance, in the twentieth century, unpaid
reproductive labour was defined outside of the boundaries of the mainstream economics
discipline [6, 7]. This historical erasure of women and their economic contributions
devalues women and the work they do, with material ramifications among other costs.
Like the labour itself, economic research about it remains undervalued and marginalised
in the discipline [6].

Hence, a resurgence of interest in reproduction by orthodox economists could be
heartening. Yet when orthodox economists have been interested in reproduction
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historically, women have been instrumentalised in efforts to optimise economic out-
comes such as gross domestic product (GDP) growth or income per capita by controlling
reproduction. While women’s ‘maternal capital’ [8] is sometimes recognised as playing a
role in the creation of future value (e.g., offspring’s wages), women themselves tend to be
reduced to fetal environments, characterised as instruments of reproduction rather than
as fully human people with valued lives.

Following a review of the literature, I demonstrate how egalitarian economic thought
could usefully be brought to bear in DOHaD research, first by identifying weaknesses in
the orthodox approach; second, by integrating social and historical context; and third, by
suggesting areas for novel, socially grounded, collaborative DOHaD research. The
egalitarian analysis indicates that richer understandings of social determinants of health
could be a key contribution of DOHaD research. Egalitarians’ sophisticated understand-
ing of social structures and constructed categories can situate DOHaD in a real-world
context. I conclude that egalitarian approaches can address a critique of DOHaD
research both inside and outside economics: the failure to adequately integrate social
structures. The analysis reveals the real-world risks of this failure for women and girls,
linking DOHaD literature to political debates about ‘fetal personhood’, women’s auton-
omy, and gender inequity.

7.2 DOHaD in Economic Research
To date, DOHaD-related empirical studies in economics take two main forms. One set
attempt to document the effects of exposure to shocks, such as new access to medical
technologies like antibiotics or adverse events like famines, epidemics, or recessions [9–12].
Many studies link women’s bodies (as in utero environments) to offspring’s childhood
health or later-life outcomes. For studies in which health outcomes are dependent vari-
ables, health is a thing produced (an output) as a function of health investments (inputs) at
different developmental stages of ‘childhood’ [13]. For example, some studies examine
health outcomes such as adult height, a proxy for nutrition [14]. The second set of studies
consider the efficacy of interventions to mitigate the detrimental effects of adverse events
or social determinants of health, from public policy to micro-level service delivery [15].
This brief review of the literature focuses on the former studies as these are common in
economics and can be foundational to the latter.

A distinguishing characteristic of economic research in DOHaD is the use of
outcome variables aligned with most economic research: educational attainment, paid
employment, and wages. According to Almond and Currie’s original review of the
DOHaD literature, the addition of ‘nonhealth’ endpoints is one of four major contribu-
tions from economics [16]. The other three contributions are (a) novel identification
strategies for working around data availability issues, (b) the variety of exposures
modelled, including infectious disease, pollution, and recessions, and (c) the argument
that studies that focus on survivors are likely to find weaker relationships than they
would if data accounted for those who did not survive. Conti et al. identify contributions
from economics as ‘rang[ing] from developing theoretical frameworks, to establishing
causality, understanding mechanisms, and also computing costs and benefits of early
interventions’ [16].

The theoretical basis of nonhealth-endpoint studies is human capital theory [17].
Human capital is typically understood by orthodox economists to mean education. The
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definition in the literature is more expansive. Conti et al. describe human capital as
‘. . .the intangible stock of knowledge, skills, personality, and other attributes – including
health – that produce economic value in the life of an individual’ [15]. The economic
model is an equation called a production function in which the thing produced, the
output, is human capital. There are two periods of investment in the model discussed by
Almond et al.: the in utero period of ‘childhood’ and the ‘second period’ of childhood
[18]. In orthodox economic thought, human capital is the theoretical link between
exposure to adverse events/shocks and wages: exposure impacts human capital that
determines productivity, which in turn determines wages. Hence, for most economists,
human capital is a key explanatory factor for labour market outcomes like wages – and
wage inequality.

Empirically, the relationship between human capital and wages holds in general, but
it does not hold for all people in all occupations. Where the relationship is present, its
strength varies by demographic group because social inequities by race, gender, and
disability status intervene. Racism, sexism, and ablism are oppressive systems of social
relations that construct glass ceilings, glass elevators, and other impediments that
constrain (or enable) advancement and mobility. For example, returns to human capital
investment (education) have historically been lower for Black1 people in the United
States due to racial segregation [9]. Almond et al. note that long-run benefits of invest-
ment in human capital vary for Black men exposed to different degrees of segregation,
‘. . .suggesting that despite a strong economic climate (better early life conditions),
institutional environment affects the rewards to investments in human capital’ [18].
The institutional environment encompasses systems of social relations like racism,
sexism, and ableism. Those systems can translate into inequitable ‘returns to investment.’
Institutional economics and related egalitarian approaches have much to offer
such analyses.

Orthodox and egalitarian thoughts about labour markets and wages differ consider-
ably. In orthodox economics, occupational segregation, or the concentration of certain
demographics in certain occupations, is the result of individual investments in human
capital. In other words, occupational segregation is interpreted as the result of freely
made individual decisions. The orthodox explanation for occupational segregation by
gender and women’s lower earnings is that women choose to invest less in education or
skills valued by employers and seek out jobs where experience plays little role in pay
because they expect employment to be intermittent, due to their reproductive responsi-
bilities [19, 20].

In some egalitarian approaches, gendered value systems and gender roles condition
individual preferences, and gender discrimination crowds women into a subset of
feminised occupations [21, 22]. Discrimination limits economic opportunities for the

1 The term Black is often used interchangeably with ‘African-American’ in the United States.
‘Black’ primarily includes American descendants of slaves as well as other people who identify as
Black such as Afro-Caribbean people and African immigrants. Racial segregation in the USA was
implemented in the post-slavery period de facto and then through Jim Crow Laws formally
passed in 1877. It was enforced in some US states up to the mid-1960s when the US Supreme
Court ruled that racial segregation was unconstitutional. Polls (e.g., Gallup) indicate that Black
adults have a slight preference for ‘Black’. I follow the convention from the Associated Press by
capitalising the term.

DOHaD in Economics 93

https://doi.org/10.1017/9781009201704 Published online by Cambridge University Press

https://doi.org/10.1017/9781009201704


majority of the population – underrepresented men and women of all races – while
restricting competition in occupations available to the minority [23]. Benefits for men
include reduced competition for well-paid jobs and skilled employment in sectors that
have historically been closed to women, such as economics and STEM fields [6, 24].
Directly related disadvantages for women include economic insecurity and a relatively
weak ability to pursue divorce or to save for retirement.

Another explanation is that occupations become feminised because the people doing
the work are themselves of low status [25]. Feminisation is a demographic process in
which the proportion of women in an occupation rises, but it is also a process of
devaluing those occupations as women enter them [6]. Evidence suggests that feminisa-
tion has a causal relationship with low pay and low status; hence, men have historically
resisted women’s entrance into higher education and male-dominated occupations [26].
Conti et al.’s definition of human capital as knowledge, skills, personality, health, and
other attributes ‘that produce economic value in the life of an individual’ offers some
insight into the relationship between feminisation and value, economic and otherwise
(emphasis added) [15]. In societies with gendered value systems in which women and
men are valued inequitably, skills stereotypically associated with femininity and mascu-
linity also tend to be valued inequitably [6]. Thus, some skills contribute far more than
others to the economic value one’s life may hold. Finally, the same skill may be valued in
male workers and penalised in women workers.

In summary, orthodox economists brought later-life labour market outcomes into
DOHaD research, which they connect to health through human capital theory: invest-
ments in human capital should have positive returns in the form of higher wages.
However, as egalitarian economists point out, systems of social relations like racism
and sexism generate inequitable ‘returns to investment’.

This brief consideration of human capital theory reveals why social context matters
in DOHaD literature. First, it is necessary for understanding existing economic analyses
in which outcomes may be misinterpreted as the result of freely made individual-level
choices. Egalitarian schools of thought, such as social economics, feminist economics,
stratification economics, critical political economy, and institutional economics, draw
insight from rich theoretical and practical understandings of the social context in which
individuals make decisions. Egalitarian research offers historically grounded analyses of
the origins and reinforcement of social structures. For example, feminist economists
demonstrate how structural inequalities create gendered outcomes and explore how
gender shapes understandings of economic activity [6, 7, 21, 22]. Some, especially
women of colour, use intersectionality to describe how hierarchical social relations
combine [27]. Institutional economists focus on evolving systems of power in which
institutions coordinate economic behaviour, while social economists consider the
ethical consequences of complex social interactions [28]. Stratification economics pro-
vides analyses of group-based inequality and is the product of research by Black
economists [29].

Second, social context is also requisite for designing public policy to address the
causes of inequitable outcomes. Egalitarianism contains justice-oriented guidance for
policy and interventions because integrating power relations into analyses widens the
scope for seeking social solutions to social challenges. Lastly, placing analyses in a social
context may prevent the misinterpretation or misuse of DOHaD research for racist or
sexist purposes.
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In the remainder of the chapter, I demonstrate the usefulness of egalitarian thought in
DOHaD. In Section 7.3, I make visible how the marginalisation of women’s labour and,
historically, of women’s economic research contributes to the dehumanising instrumentalisa-
tion of women in orthodox economic research in DOHaD. The following section suggests
that DOHaD could contribute to research on determinants of health, but its current contri-
bution is limited by a narrow focus on molecular factors and uncritical use of demographic
variables. I bring these points together in a short exploration of some real-world risks of
dehumanising instrumentalisation for women and girls, linkingDOHaD literature to political
debates about ‘fetal personhood’, women’s autonomy, and gender inequity.

7.3 Economic Orthodoxy and Reproduction
Most economists exhibit little concern about the unpaid reproductive labour typically
done by women, like cleaning, cooking, and raising children, among other tasks [2, 22,
30]. Still, it is women’s perceived responsibility for reproductive labour that links gender
roles/norms to economic outcomes. The social expectation that women are responsible
for the unpaid reproduction of life has economic consequences for women and men:

[W]omen are less likely to [do paid] work, they earn less than men for similar [paid] work,
and are more likely to be in poverty even when they work [for pay]. Women spend almost twice
as much time on housework, almost five times as much time on childcare, and about half as
much time on [paid] market work as men do [30].

Women’s unpaid work has been defined out of the economics discipline theoretically,
professionally, and empirically through decisions made by powerful actors in the field.
In economic theory, disciplinary boundaries are established and enforced through
gendered interpretations of value that treat unpaid work as a ‘non-economic’ activity
[6]. Activities that are monetised are included on one side of this ‘arbitrary line’, while
those ‘services gratuitously rendered by women’ are not [31]. Professionally, a process of
‘defeminization’ of the discipline took place in the early twentieth century, excising the
study of the household by women economists [32]. Empirically, official state-based
recordkeeping, such as the United States Census, excludes unpaid labour [7, 33]. The
decision to exclude unpaid work from GDP was made by Richard Stone in pursuit of a
‘universal method’ against the advice of Phyllis Deane, a woman economist Stone hired
to study the method’s accuracy in colonial territories [33]. Despite critiques by Deane
and the only two women on international committees on national income statistics at the
time, Hildegarde Kneeland (League of Nations, 1947) and Margaret Mód (United
Nations, 1968), the method was promoted globally and widely adopted [33]. GDP is
among the most commonly used pieces of economic information about a given country;
‘economic growth’ refers to a positive change in GDP.

The gendered method of calculating GDP and the gendered definition of value
reinforce a hierarchical gender division of labour: monetised, valued labour associated
with masculinity and the ‘public sphere’ termed ‘production’ is at the top, and non-
monetised, devalued labour associated with femininity and the ‘private sphere’ is at the
bottom. The division is informed by productivism, a bias that privileges monetised
economic contributions, one aspect of reproducing life, over others. The gender division
of labour and associated value judgements are so naturalised that they inflect the
definition of what ‘The Economy’ is; what activities it includes, both popularly and
according to most economists; and the ends of economic activities. It is deeply embedded
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in economic thought, with implications far beyond the discipline because of the influ-
ence economics and economists have on policy [6].

Women’s unpaid labour is the foundation of the reproduction of society on a day-to-
day basis and intergenerationally. The term ‘labour’, as in ‘going into labour’, connects
biological/physiological reproduction and the uncompensated work of social reproduction.
There can be no production without the reproduction of life itself, including that of those
in the paid labour force. If production is understood to constitute ‘The Economy’, then
there is no ‘The Economy’ without women’s reproductive labour. Given this history and its
negative effects on women materially and in terms of social status, orthodox economists’
newfound interest in reproduction could be welcome: it presents an opportunity to take
the value of women’s reproductive labour seriously.

Historically, however, economic research on reproduction has embraced optimisa-
tion strategies that instrumentalise women. Eugenic projects sought to improve ‘the race’
with policy interventions like forced sterilisation that primarily targeted women, espe-
cially women of colour, in developed and underdeveloped countries from the United
States to Sweden to Bangladesh as recently as 2020 [34, 35]. Forced sterilisation was
thought to ‘improve the race’ in part by controlling population growth and therefore
raising economic output (measured as GDP per capita). In this dehumanising project,
women are reduced to instruments for economic growth.

DOHaD research in economics has often in similar ways emphasised the optimisation
of economic growth, mainly by proposing forms of intervention in women’s lives.
Critically, optimisation is framed in economistic terms with effects on knowledge produc-
tion beyond the discipline: scholars point to the ‘“growing adoption of economics”
“cognitive infrastructures” or “epistemic infrastructures” in global health governance’
[8]. DOHaD studies often employ economic language, framing economic benefits as
‘resource savings’ in the form of reduced child deaths, reduced morbidity, and the savings
from potential adult chronic disease [8, 36]. Authors also find returns on investment in the
forms of increased worker productivity, school attendance and achievement, and better
employment in the future [36]. The economic logic driving some epigenetic research finds
its rationale in human capital and the future earnings of fetuses.

Economistic thought, in which economic ends dominate other possible commit-
ments, such as equity and justice, is enormously consequential. Some DOHaD research
constructs women as vessels that [should] act in the interest of potential future progeny,
a normative position that violates basic premises of orthodox thought. In some studies,
the ‘future value’ of fetuses appears to take precedence over the value of actually - existing
women, whose preferences are unaddressed. Women’s autonomy – especially that of
women of colour – may carry relatively little weight in studies that prioritise economic
growth over justice (see Section 7.4.2.1). As Chiapperino and colleagues discuss in this
volume, this introduces a set of moral paradoxes for DOHaD.

7.4 Egalitarianism in Economics and DOHaD
The critiques of (a) the devalorisation of women’s reproductive labour and (b) of the
dehumanisation and instrumentalisation of women in Section 7.3, and the implications
that I explore below, exhibit the kind of historically grounded, socially informed insight
that egalitarian economists can bring to DOHaD research. The analysis here makes two
main points: first, it demonstrates how DOHaD research could contribute to more
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complete understandings of social determinants of health. Egalitarians integrate social
context and can steer DOHaD analyses away from biological and/or cultural
essentialism. Second, it shows how reducing women and girls to instruments of repro-
duction reinforces gender inequities.

7.4.1 DOHaD and Social Determinants of Health
A key contribution of DOHaD research could be in providing better explanations of
existing social inequities and informing policies to address their causes. In contrast to
imagining ‘utopian visions of where life can be remade and further harnessed for
economic gains’ through technological innovations, this information could help make
unjust social forces the primary targets for policy [36]. However, a common critique is
that DOHaD literature, and a great deal of published research in economics, fails to
integrate social forces, social structures, and social inequities [37]. Additionally, and
related, some scholars criticise DOHaD research for endorsing biological and/or cultural
essentialism [38]. Socially oriented economic research helps address these critiques
through the theoretical and practical recognition that social variables reflect systems of
social relations, not individual characteristics.

Racism and sexism are critically important determinants of health, including mater-
nal, infant, and child health [39–41]. Notably, it is racism, not race, and sexism, not
gender, that are social and structural determinants of health (SDH). The SDH are the
systems of social relations that reinforce hierarchies of constructed categories to the
detriment of people at the bottom of those hierarchies – women, people of colour,
LGBTQI people, and those with disabilities – and benefit those at the top.2 Variations
across groups, such as disparities in health and other domains, largely reflect social
dynamics and relations of power. DOHaD research may find disparities in outcomes, but
the origins of those disparities are social.

One review of how empirical epigenetic studies integrate SDH began with 337 studies of
social exposures ranging from low socio-economic status (child and/or adult), early-life
adversity, to workplace or neighbourhood exposures, and adult DNA methylation [37].
Of those, over 115 studies included race or gender as variables without an explanation of the
social exposures the variables represented. In other words, one-third of the studies misrepre-
sented social categories as biological traits. To contribute to research on SDH, researchers
must recognise that demographic variables serve as proxies for hierarchical power relations.
Some scholars argue that researchers must try tomeasure the social structures and processes
that result in the inequitable group-level distribution of resources [37].

Social determinants of health are widely acknowledged as primary determinants of
health that encompass inequities resulting from social structures [39]. By collaboratively
theorising and documenting the impacts of SDH, DOHaD research has the potential to
shed light on the persistence and costs of inequities. Inequity is conceptually distinct
from inequality; inequities are recognised as ‘unfair or stemming from some form of

2 The corresponding power relations to those listed are patriarchy, white supremacy and anti-
blackness, heteronormativity, and ableism; discrimination may be based on [perceived] gender/
gender identity, [perceived] race/ethnicity and related identities, [perceived] sexuality/sexual
orientation, and disability status. An intersectional approach requires consideration of multiple,
interacting hierarchies [42].
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injustice’ [43]. Economistic logic that prioritises economic growth may preclude alterna-
tive logics like the pursuit of equity and justice. Orthodox scholarship in economics does
not typically centre these pursuits due to the economism that guides research. Theory,
methodology, and foci can be path dependent, meaning that existing literature defines
the future trajectory of research because scholars use it as a foundation, making it easier
to publish related work and build the literature. These are nonetheless decisions made by
researchers who could opt for alternative, egalitarian approaches.

There are substantial risks to the limited exploration of social structures. First,
scholars may overemphasise findings that add little explanatory power beyond that of
existing social systems. For example, based on animal models, Almond et al. conclude
that ‘it is highly likely that changes in the foetus or young child could be passed on to the
next generation. This type of mechanism could offer an additional reason for the
intergenerational persistence of poverty, and for the existence of poverty traps. . .’
(emphasis added) [18]. The authors do not identify the other reasons for the persistence
of poverty, but presumably they include the myriad social factors that reproduce poverty.
In comparative terms, the impact of an additional, potentially epigenetic effect in an
explanation of the intergenerational persistence of poverty is probably marginal.
As articulated in Almond et al. and elsewhere in published DOHaD research, this type
of conjecture overstates the likely impact. Such emphases can give the misguided
impression that there may be individual-level solutions to social inequities.

Second, a small impact may still be worth investigating, but scholars often combine
potential epigenetic mechanisms with social variables like race and gender. Without
acknowledging that those variables are proxies for racism and sexism, analyses are open
to misinterpretation – scholarly and popular – as identifying biological or cultural
‘deficiencies’ in certain gendered and/or racialised groups.

Instead of contributing better explanations of existing social inequities, a narrow
focus on molecular factors combined with an uncritical use of social variables risks
making inequity-generating social structures and their unjust consequences less visible.
The gender division of labour is a core element of the social structure that reinforces
gender inequities. The next part of Section 7.4 explores some real-world risks of the
failure to integrate social structures into analyses. More specifically, it describes how
reducing women and girls to instruments of reproduction reinforces gender inequities.

7.4.2 Instrumentalisation of Women and Girls: Gender Inequities
Egalitarian approaches reveal the ways that policies, interventions, and language can
reinforce inequities. Egalitarian economists offer socially aware insight and may identify
alternatives. In this analysis, by locating policies/interventions/language in a real-world
social context, feminist political economy elucidates some stakes of DOHaD research for
women and girls. I describe two ways that the dehumanisation and instrumentalisation
of women and girls contribute to gender inequity: (a) limitations on women’s autonomy
and (b) the high costs of emphasising women-as-mothers vis-à-vis the low value of
reproductive labour covered in Section 7.3.

7.4.2.1 Restrictions on Women’s Autonomy
Women’s dehumanisation is not an abstract danger. Some DOHaD literature is consist-
ent with rhetorical and legislative strategies of pro-life political groups, which have
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‘transformed their framing of the abortion issue, from one that pits foetal rights against
maternal rights to one that emphasises the unique and intimate bond between the
woman and the “child”’ [44]. In human capital models in the DOHaD literature, a
zygote, embryo, and fetus – stages of in utero development – are described as part of
‘childhood’ (e.g., [18]). Thus the DOHaD literature overlaps with political debates about
‘fetal personhood’ and women’s autonomy.

For example, personhood laws in the United States have sought to establish fertilised
eggs, embryos, and fetuses as entities with rights independent of those of a pregnant
person [45]. The 1973 Supreme Court decision in Roe v. Wade ‘explicitly rejected the
claim that foetuses, even after attaining viability, are separate legal persons with rights
independent of the pregnant women who carry, nurture, and sustain them’ [45].

Hundreds, perhaps thousands, of women have nonetheless been arrested and pros-
ecuted for ‘crimes’ against fetuses in the period between 1973 and 2022. Between 1973 and
2005, there were 413 such cases in which women were deprived of freedom through arrests
or forced medical interventions [45]. Almost three-quarters of those women were African
American [45]. Judges, juries, prosecutors, healthcare practitioners, and social workers
have all represented the purported interests of fetuses at the expense of women’s physical
freedom. For orthodox economists, gender-specific constraints on women, and the treat-
ment of women’s preferences more generally, present theoretical, methodological, and
practical challenges. Of further concern for DOHaD scholars should be the fact that
criminal charges were typically based on the risk of harm without evidence of harm. The
2022 Supreme Court judgement overturning the 1973 Roe v. Wade decision brings these
issues to the fore.

7.4.2.2 Women-as-Mothers and the Low Perceived Value of Reproductive Labour
Feminists in economics have long been deeply concerned about economic research that
simultaneously reduces women and girls to instruments for productivity and economic
growth and assigns them responsibility for the same. For example, microcredit schemes
target women as sources of social capital based on gender stereotypes (i.e., cooperation)
[46]. Reducing women and girls to their reproductive capacities similarly instrumenta-
lises them as containers of ‘maternal capital’. DOHaD research inside and outside
economics adopts the language of ‘capital’: health capital, human capital, maternal
capital, somatic capital, cognitive capital, resource capital, and offspring capital all
appear in the literature [4, 8, 16, 47]. The language places responsibility on individual
women for accruing and maintaining their ‘maternal capital’ during potential childbear-
ing years. For most women, this accounts for half of their lifetimes, starting prior to
adulthood, sometimes as early as six or seven years old [48]. As Currie recognises in an
interview, this implies a shift in the logic of intervention:

It really means you should be targeting a whole different population than, say, 15 years ago,
when we thought, Oh, we need to be targeting preschool kids instead of kids once they reach
school age. Now we’re kind of pushing it back . . . Now the implication is that we’ve got to reach
these mothers before they even get pregnant if we really want to improve conditions.

(emphasis added) [8]

Any such effort to reach ‘potential mothers’ would likely need to cover half of the general
population over time. Yet most DOHaD literature does not target that half of the
population as women or girls; it targets them as potential fetal environments. Imagining
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all women and girls as ‘mothers’ reduces them to their reproductive role, overvaluing the
fetal environment and undervaluing the people embodying it.

The emphasis on women-as-mothers has ramifications in other domains. Gender
roles in reproductive labour link framing women-as-mothers and material and social
impacts. I argue elsewhere that constructing women-as-mothers contributes to gender
disparities in pay [6]. That is, gender inequity contributes to gender pay gaps, including
those related to occupational segregation. In turn, pay gaps contribute to women’s
economic dependence on men and penalise single women by making it more difficult
to save for a down payment for a home or to save adequately for retirement.

The reduction of women to instruments of reproduction is a disciplinary mechanism
with material consequences. It imagines dependent children and responsibility even
where none exists to a punitive effect in the labour market. Critically, DOHaD’s concern
with maternity is not likely to do women any favours materially without a dramatic shift
in the perceived value of reproductive labour.

7.5 Conclusion
Orthodox economists brought later-life labour market outcomes into DOHaD research,
which they connect to health through human capital theory: investments in human
capital, including health, should have positive returns in the form of higher wages.
However, systems of social relations like racism and sexism are sources of inequitable
‘returns on investment’. Further, inequity-generating social structures and their unjust
consequences are made less visible by research that uncritically uses social variables. The
gender division of labour is part of the social structures that reinforce gender inequities.

Reproductive labour, and who is believed to be responsible for this low-status, poorly
paid, and unpaid work, is key to understanding persistently gendered and racialised
inequity. Social structures that devalue women and ‘women’s work’ are institutionalised
in practices like gender-based discrimination in the labour market. Women are discrim-
inated against in the labour market because of their perceived responsibility for repro-
ductive labour (i.e. because of gender roles). Women are obviously more than
instruments of reproduction but have been instrumentalised in the interest of optimising
economic outcomes. DOHaD research continues this tradition, but it does not need to.

Many opportunities remain in the field for ‘exploring structural factors that capture
intersectional and interlocking systems of oppression’ [37]. Egalitarian economists are well
equipped theoretically and methodologically for analyses of social structures and oppres-
sions. Many of the people conducting equity-oriented research in economics are members
of underrepresented groups and have related experiences that inform their research. Those
experiences can be sources of insight from which a diverse group of economists develop
economic theories that better reflect power dynamics in the social world.
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Section 2

Chapter

8
The Social Life of DOHaD

The ‘Moral Paradox’ of DOHaD
Luca Chiapperino, Cindy Gerber,
Francesco Panese, and Umberto Simeoni

8.1 Introduction
Knowledge of the molecular and physiological mechanisms of the Developmental
Origins of Health and Disease (DOHaD) is no longer confined to the lab and/or to
research. Rather, the idiom of DOHaD is part and parcel of a scattered landscape of
policy initiatives; that is, endeavours directed at translating DOHaD’s central tenets into
political discourses, programmatic statements, as well as implemented public health
measures. Policy initiatives around DOHaD both inspire new policy approaches in
public health [1, 2] and cast a new outlook on several policy domains in our societies –
crafting, in some cases, previously overlooked links between existing policies and novel
opportunities for intergenerational health promotion [3].

Yet, the central policy messages of DOHaD research are not devoid of criticism,
especially on the side of the social sciences and/or ethical, legal, and social aspects (ELSA)
analyses. The reason is that translating DOHaD messages into policy means walking a
difficult tightrope. On the one hand, the field has the political potential to illuminate the
temporal extension and far-reaching implications of the social determinants of health
[4]. What happens during the developmental period has ramifications that extend to the
lifecourse of parents (not just the pregnant mother-to-be), much like to the relational,
social, and material environment of gestating bodies, or the structural patterning of
health inequalities in our societies. If anything, DOHaD is – to this reading – only a
demonstration that social inequalities hit harder in developmental times. As such,
DOHaD policies would be expected to lean towards a syndemic approach to health; that
is, to affirm a holistic conception of health, which considers risks as biosocial complexes
emerging at the intersection of biological predispositions as well as social and environ-
mental modulators of disease [5]. On the other hand, scientific literature and circulating
evidence often provide a rather different take-home message from DOHaD research.
This message affirms the importance of maternal–offspring dynamics for the program-
ming of adult health and only recently has expanded into a broader focus on periconcep-
tional and family-related dynamics, including effects following the paternal line [6]. Key
to the enactment of DOHaD findings is – to this alternative reading – behaviour change,
parental (and especially maternal) lifestyles, and more generally responsible actions
based on literacy of developmental effects. In a nutshell, the key policy objectives of
DOHaD research are highly idiosyncratic and taken in a tension. What could be called
the ‘moral paradox’ of DOHaD is the idea that, while the scope, foundations, and

This work is part of the Swiss National Science Foundation (SNSF) Ambizione project ‘Constructing
the Biosocial: An Engaged Inquiry into Epigenetics and Post-genomic Biosciences’ (PZ00P1_185822).
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practical implications of DOHaD research call for structural interventions addressing
social determinants of health over the lifecourse, DOHaD messages can at times boil
down to simplistic claims of individual responsibility [7, 8].

In what follows, we attempt an explanation of these paradoxical implications of
DOHaD research. We do so by offering a comprehensive analysis of claims towards
individual responsibilities in the DOHaD literature. The chapter draws from a systematic
literature review documenting the whole spectrum of policy and normative discourses in
DOHaD research. Within this diverse set of policy interventions, the chapter unpacks the
often-underlying normative claims pointing to the responsibilities of individuals (e.g.
parents, parents-to-be, etc.). Complementing previous publications from our group [9–
11], the literature review highlights the complexities of scientists’ engagements with the
moral and societal aspects of DOHaD research. Systematically analysing scientific publi-
cations allows us to unpack the intricate processes that bring about an economy of
individual-oriented norms, responsibilities, and obligations [12] to the detriment of
other ethical orientations of the field. DOHaD scientists, we argue, hardly make any
straightforward argument in favour of individual responsibilities for health. The ‘moral
paradox’ of DOHaD rather arises from an ambiguous stance on the possibilities of health
promotion strategies inspired by DOHaD. This stance mixes up the current practical
possibilities of the field with its policy framing, opportunities, and political ambitions.

By clarifying the normative scope and limitations of policy debates around individual
responsibility in DOHaD research, we hope to prompt a deeper appreciation of the
political ramifications of DOHaD knowledge and concepts. A higher awareness of the
normative ambiguities and moral idiosyncrasies that raise critique of DOHaD research
may help redefine the boundaries, priorities, objects, and representations of this research.
In the discussion, we elaborate on how knowing the modalities and emergence of the
‘moral paradox’ of DOHaD calls into question the policy advocacies currently animating
the field and points to the need for finally embracing the social justice framing of the
field David Barker had hypothesised [2].

8.2 The Hyper-responsibilisation Critique of DOHaD Research
Several critiques have addressed normative and policy discourses inDOHaD research or the
way its concepts and evidence circulate in the wider society. Anthropologist Megan Warin
and colleagues have followed the genealogy of obesity discourses in Australia and high-
lighted the gender inequalities ‘squeezed out’ of Barker’s hypothesis. How did his research
programme – inaugurated with the discovery of a gendered socio-economic patterning of
undernutrition and its effects on adult health – end up paradoxically reinforcing the social
acceptability of a gendered stigma for obesity [13]? Along the same lines are those critiques
that underline the reduction of thematernal body in DOHaD research to a ‘vector’ [14], or a
‘capital’ holder [15] for the healthy development of the child. According to these scholars,
there is a risk that DOHaD research inspires a hyper-responsibilisation of women in
contemporary societies [16]. Not only does DOHaD evidence replicate narratives of
responsibilisation for women [17], but it also adds an ethics of stewardship and responsi-
bility for future generations, which virtually extends over multiple generations [8, 18] (see
also the chapters by Valdez and Lappé as well as Warin and Moore).

Others have shifted the focus of normative critique of DOHaD to studies of the
epigenetic mechanisms of inheritance via the gametes – hence potentially both from the
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paternal and the maternal lines [10]. This line of research reaches beyond the intrauter-
ine environment to include epigenetic predispositions via both parental gametes. While
the increasing role assigned to paternal influences partly counterbalances ‘the tendency
to pin poor outcomes on maternal behaviour’ [19], these attempts are not devoid of
criticism. Besides raising questions as to their stereotypical treatment of paternal roles
and responsibilities,1 studies of parental effects still tend to support over-simplistic
attributions of individual responsibilities. In fact, they only mark a switch to an extended
version of gendered claims of individual responsibilities for health, which includes the
environments, behaviours, life trajectories, and actions of the father (and fathers-to-be).
In other words, the ‘moral paradox’ of DOHaD holds even without an exclusive
gendered emphasis on women’s bodies. We could in fact reformulate it as follows, by
including also the injunction to protect one’s gametes that virtually applies to all
individuals of reproductive age: how did a research field founded on the socio-economic
patterning of parental influences over development end up promoting discourses of
individual behaviour change, parental responsibilities, and health literacy to promote the
health of future generations? Let us turn to a tentative answer drawn from scientists’
treatment of these normative matters in the DOHaD literature.

8.3 Methods and Materials
The literature review draws from peer-reviewed publications indexed on Web of
Knowledge and follows the PRISMA guidelines for systematic literature reviews and
meta-analyses [20]. Data collection took place between October 2020 and January 2021;
source consultation and analysis were led by Luca Chiapperino (LC) and Cindy Gerber
(CG) between March 2021 and December 2021. Francesco Panese (FP) and Umberto
Simeoni (US) intervened later in data analysis. We searched Web of Knowledge for papers
including the phrases ‘1000 days’, ‘developmental origin*’, ‘DOHaD’, and ‘fetal origin*’,
each accompanied by the specific search term ‘polic*’. The star at the end of search terms
allowed us to include papers using any derivative of these terms (e.g. in plural and singular
forms). This database query returned different kinds of articles: reviews, editorial papers,
perspective articles, commentaries, and theoretical discussions, much like empirical studies
(n = 287). The substantive number of duplicate records across the different combinations
of search terms (n = 93) hints at the evidence that ‘1000 days’, ‘DOHaD’, or ‘fetal origins’
are often used interchangeably within the literature. After these duplicate items were
removed from the database, CG and LC proceeded independently with the screening of
records through abstract reading. This excluded a set of articles as out-of-topic items (n =
33). Either these articles did not inscribe themselves within DOHaD literature (e.g. they
mentioned DOHaD for comparison, or in opposition to their subject matter) or they
mentioned policy/policies in ways unrelated to translations of DOHaD in society (e.g. the
manuscript mentioned policies on animal research or, more broadly, ethics policies
governing research). The remaining records retrieved (n = 161) were grouped and
imported into Nvivo for coding and analysis.

1 Paternal influence is often confined to sperm-mediated effects, which calls into question how
these studies may reconfigure gendered figurations of parental influences in DOHaD. We called
this experimental and social construct the ‘father-as-sperm’ (10).
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A preliminary screening of sample records (n = 20) conducted by LC and CG
revealed that some papers included a mention of policies that was rather abstract or
rhetorical. With this, we mean papers that offered only a generic appeal to the ‘need to
bring DOHaD evidence closer to policy-making’ without really expanding on the
reasons, motives, nor the strategies and objectives to be achieved through these transla-
tions. We excluded these papers (n = 50) due to their poor informational value for the
present analysis. This iterative screening, selection, and analysis retained a total of 111
articles, which were coded through Nvivo. Within this set of papers, 50 offered at least
one reference for coding to potential policies and interventions addressed at individuals
(e.g. behaviour change, lifestyle change, ensuring breastfeeding, and health responsi-
bilities) or made an explicit mention of ‘mothers, fathers and families’ as ‘critical agents
for change in setting up healthier trajectories for their children’ (e.g. [21]).

8.4 The ‘Paradox’ Explained: Ambiguities and Difficulties of
Translating DOHaD into Policy
All papers included in the analysis argue – through different formulations and to
different degrees – for ‘a process of broad societal engagement’ ensuring that individuals
adopt ‘DOHaD-informed practices as feasible, positive and lifelong options’ [21].
Of note, even the articles offering a substantively individual-centred rhetoric (e.g. putting
a strong emphasis on the need to inform/educate mothers-to-be about healthy lifestyles)
still acknowledge that choices and lifestyles of individuals are tied to broader ‘political or
financial incentives’ that could motivate people to ‘change modifiable risk factors for
adverse health outcomes’ [22]. In simpler terms, the main result of our review is that
DOHaD researchers do not make straightforward arguments in favour of individual
responsibilities for health. We did not find a paper treating individual obligations to
adopt a healthy lifestyle in the periconceptional period in isolation from the need to
target institutional or collective factors. Rather, individual and collective, public and
private actors eminently mix and overlap as those responsible for a societal implementa-
tion of DOHaD research. Some, for instance, plead for the ‘establishment of properly
functioning economic and financial structures which supports children from underpriv-
ileged households’ [23]. Others argue for the reduction of exposures to environmental
chemicals found in the air, water, and soil [24]. Researchers from the Global South argue
that ‘nutrition-sensitive agricultural investments’ are required to achieve ‘income gener-
ation and nutrition outcomes’ [25]. Finally, even marketing regulation is a widely
recommended measure by DOHaD researchers [22, 26].

Thus, the ‘moral paradox’ of DOHaD is partly explained at least by the ambiguities
and challenges scientists face in elaborating these normative claims. DOHaD authors do
recognise that the developmental patterning of health inequalities largely depends on
structural configurations of our societies. However, when turning these considerations
into values, norms, and expectations, they still reproduce figurations, claims, and
expectations that situate action at the individual level. None of the articles we analysed
dwells in fact on a simplistic injunction towards behaviour or lifestyle change to be
promoted with policies that, for instance, ‘simply [recommend] a “good diet” to opti-
mizing nutrient delivery for the developing child’ [27]. Rather, scientists’ policy thinking
often acknowledges the need to consider ‘direct education, social marketing, and policy,
systems, and environmental changes’ that could accompany the promotion of ‘healthy
diets for mothers, infants, and young children in the first 1000 days’ [27]. What seems to
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be missing from these different policy articulations of DOHaD is a recognition one could
easily draw from the fairly developed body of social sciences and/or ELSA scholarship on
these matters [8, 9, 28]. Healthy eating, lifestyle changes, and healthy behaviours during
this crucial time – or, in normative terms, individual responsibilities to act on DOHaD
knowledge – cannot really be separated from social, economic, and political structural
conditions of agency – much like, it should be added, from other material determinants
of programming such as genetic variation and stochasticity [11]. The responsibilities for
epigenetic and developmental predispositions to disease can therefore hardly be handled
individually, or ‘easily’ translated into practice through ‘modifiable behaviours that can
be targeted during pregnancy’ such as ‘diet and exercise’ [29].

Of interest is how DOHaD authors guard their work against simplistic responsibility
claims [1]. The publications we analysed often situate the objective of acting on the
determinants of developmental programming, such as, for instance, maternal nutrition,
within ‘multisectoral and broad double-duty actions by policymakers’ [26]. Yet, in most
cases, these articles fail to advocate straightforwardly in favour of addressing these
responsibilities as a collective matter. The ‘moral paradox’ of DOHaD thrives therefore
in the following ambiguity: failing to underline and prioritise social and political
interventions – instead of individual behaviour change – as critical instruments of health
promotion policies. This is the reason, we argue, policy translations of DOHaD research
lend themselves to critiques alleging them to reinforce the idea we are morally account-
able for these predispositions as individuals. In what follows, we draw from our literature
review to offer several illustrations of this ambiguous stance as it touches upon a)
reflections on the actors in charge of enacting DOHaD knowledge; b) the concrete policy
proposals DOHaD should inspire; and c) the kind of health promotion interventions
derived from DOHaD knowledge.

8.4.1 Mothers, Fathers, Families, and Society: Who Are
the Actors of Change?
A first striking ambiguity in DOHaD researchers’ writing on public health policy and
intervention relates to the actors they designate for social change and for producing the
public health benefits of this knowledge. Reflections on the scale and distribution of
agency inspired by DOHaD research are fundamentally blurred, and the discourses of
scientists often waver on who should be the bearer of responsible action over evidence of
developmental programming of health.

For instance, a recent review by clinical scientists Birgit Arabin and Ahmet Alexander
Baschat [30] draws insights from research on the ‘Barker hypothesis’ and ‘reverse Barker
hypothesis’ into reflections on intervention and public health policy. The former is the
typical knowledge claim of DOHaD research: that is, the recognition that poor maternal
health conditions accelerate the risks and susceptibility to chronic diseases in the
offspring. The latter is instead the idea that evidence of health issues in pregnancy
predicts also the mother’s future health or even the grandparents’ risk for chronic
diseases. This knowledge base, the authors argue, positions pregnancy as a unique
window of opportunity to protect the future health of the mother and the child, revealing
that the ‘disease risks’ of ‘today and tomorrow’ are fundamentally linked [30].

If anything, one could read the evidence Arabin and Baschat mobilise as a demon-
stration that the origins of intergenerational health inequalities largely extend beyond
pregnancy. These rather stem from the multi-generational reproduction of patterns of
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inequality that affect family units – see [31] for an example of DOHaD researchers
developing this perspective. And, in fact, Arabin and Baschat do recognise that DOHaD
and epigenetic ‘findings relate to questions of social and environmental justice and not
only to individual responsibility’ [30]. However, at the same time, their article forecloses
this normative and political reflexivity by putting forward suggestions for primary
prevention that can be resumed into ‘personalized care paths for mothers and infants’
(p. 13). The social and historical processes patterning health inequalities through the
developmental period get here evacuated to give way to an implementation of DOHaD as
‘sentinel risk profiles’, ‘lifestyle interventions’, and maternal health ‘passports’ – if they
do not consist in explicitly leveraging the ‘fact that pregnant women are more sensitive
for healthcare advices’ as ‘a chance to intervene’ during pregnancy (p. 13).

Reducing practical options for implementing DOHaD evidence to the actions and
behaviours of pregnant women has consequences for the political potential of the field.
We do not mean to suggest that we expect clinical scientists to formulate a coherent
community-based or intergenerational social policy strategy for primary prevention of
developmental susceptibilities to diseases. Nor are we focusing on Arabin and Baschat’s
paper because we consider it particularly problematic compared to others (see [6, 32]).
Our point is a different one. As DOHaD gains relevance in policy settings, it becomes
crucial that scientists adequately consider the complexity of the contextual and social
dimensions of DOHaD effects. While we agree that pregnancy is an underestimated
window of opportunity, we also warn DOHaD researchers against the conceptual
slippage of mixing up those who are mostly affected (mothers and children) with those
who should act upon the social, individual, and biological determinants of developmental
programming. The risk is not simply of making advice inert and unspecific; that is,
turning the complex temporal and socio-environmental ramifications of health into
banal advice towards balanced lifestyles in preconception and pregnancy. Rather, this
unwarranted conceptual move risks tanking the political implications of DOHaD for
health promotion. Can the multi-generational effects of the social determinants of health
be simply translated into an injunction towards responsible behaviours of parents-to-be?
How are matters of families, communities, and the wider society, which have often also
longer histories than the people affected, to be solved just through individual action?

8.4.2 Education, Education, and Education: How Effective Is It?
Education is the most frequent individual-level intervention discussed by DOHaD
researchers. Although educational policies take many different forms, they often invite
the translation of DOHaD-inspired health ‘recommendations into simple messages
provided through an attractive graphical format’ [33]. This effective communication is
the pivot of this kind of DOHaD translation, targeting ‘specific consumer [and] groups’
and inspiring behaviour change [33]. As a corollary, this also raises the question as to
who should oversee this communication most effectively. For instance, nurses are at the
centre of these debates, as arguments abound that claim that they are in a unique
position ‘to disseminate information and promote maternal and infant mental health
at every level of policy advocacy, public education, primary prevention, screening and
intervention’ [34].

Health literacy and effective communication are also an issue DOHaD researchers
problematise as part of scientific practices (e.g. making sure one’s research reaches out to
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critical actors for change; [21]), or as crucial activities of scientific societies. This is, for
instance, the case of the ‘DOHaD Society of Australia and New Zealand’ (DOHaD ANZ),
which has established several working groups (WGs) – including one on ‘Translation,
Policy and Communication’ – to promote the ‘collective identity’ of the field and advance its
agenda in science and society. Educating at-risk individuals is one of the core strategies the
society has given itself ‘to decrease the incidence and severity of noncommunicable diseases
in Australia and New Zealand’ (p. 438). The WG ‘Translation, Policy and Communication’
reports on its activities in ‘three broad areas: knowledge synthesis, communicating this
knowledge and translating this knowledge’ (p. 438). The point for its policy uptake,
translation, and communication is just to keep the DOHaD message simple and present
it consistently by taking into account ‘the mindset of each user group’ [35].

It could be questioned whether mass communications directed at individuals are an
effective strategy of health promotion – and, incidentally, a good way to bring DOHaD
closer to societal action, whether individual or collective. Although a body of work on
‘right messages’ in health communication is built on intuitive assumptions about the
receptiveness of intended audiences, a whole social epidemiology literature exists on
what some call ‘communication inequalities’ [36]. These inequalities result from social
determinants (e.g. class, social networks, education access and quality, neighbourhood,
and built environment) that act on health literacy – much like they do on the individual
capacity to be an actor for change in one’s health. Health literacy and its translation into
responsible health-related behaviours go therefore beyond the process of tailoring the right
message to the right individual: rather, literacy demands the empowerment of the
individuals concerned and entails an interactional process between them and their social
environments [37–39].

The issue of DOHaD-related education requires therefore that language, metaphors,
and arguments adequately consider such multi-level and integrated views of literacy and
behaviour change for health. A nuanced critique of the centrality of behaviour change for
DOHaD-related policymaking can be found in a paper by DOHaD researchers Luseadra
McKerracher and colleagues [40]. They show that DOHaD knowledge translation (KT)
can be made compatible to different degrees with an emphasis towards social, commu-
nity, and institutional change. First, they put forward the ‘pragmatic and moral reasons’
against DOHaD KT. Educational interventions, they argue, could be detrimental to
mothers-to-be by placing ‘yet another layer of psychological responsibility (essentially
blame) on the[ir] shoulders’ (p. 424). To prevent this outcome, DOHaD KT should take
into consideration that individuals or communities ‘of lower socioeconomic status’ are
often simply ‘unable to prevent nutritional shortfalls, to avoid environmental contamin-
ants, or to avoid (or reduce) psychological and/or physiological stress in the environ-
ments’ (p. 424). It is thus ‘morally arbitrary’ to expect that improving the health literacy
of parents-to-be suffices as a policy translation of this field.

Second, the authors plead for the centrality of DOHaD KT to individuals in the
policy agenda of the field and consider it a duty ‘to actively disseminate crucial infor-
mation regarding pregnancy nutrition’ (p. 424). There are, they maintain, a few ‘teach-
able moments’ (p. 423) at different life stages (e.g. adolescence and pregnancy) where the
dissemination of health-related information may be effective. This is due to a combin-
ation of higher individual information-seeking and higher receptiveness and will to
engage in behavioural change. The fact, the authors conclude, that ‘expecting mothers/
couples, or people planning pregnancies are not being targeted’ represents ‘a surprising
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gap’ in current programmes. As problematic as DOHaD KT may be, the authors
recommend to multiply and reinforce KT strategies in more receptive populations:
access to information is a pillar of the policy translation of DOHaD [40].

McKerracher and colleagues attempt to formulate a balanced view concerning the
importance of sustaining direct-to-public KT efforts. They underline the importance of
KT all while ensuring ‘that public institutions hold the lion’s share of moral responsi-
bility for ensuring environmental nutrition/health equity’ (p. 425). Their strategy starts
from the recognition that DOHaD researchers, much like the concerned individuals,
cannot change the structural factors that shape ‘developmental environments, develop-
mental trajectories, disease risks over the lifecourse and long-term health outcomes’
(p. 425). It also puts at the centre the importance of KT initiatives: parents-to-be,
especially prospective mothers, ought to be informed while also being reassured about
the fact that their ‘capacity to improve their children’s developmental environments,
their bodies and behaviours’ is just ‘a small piece of a large and complex environmental
puzzle’ [40]. In the words of another DOHaD author critically addressing the field’s
emphasis on literacy and education, this issue should be treated with a nuanced view of
what actions are really available to a given person in a given context: ‘having information
about healthier diets and some of the skills does not necessarily mean that choosing the
healthier options is easy in today’s society’ [41].

8.4.3 Behaviour Change for the Sake of Pragmatism
Another conspicuous source of ambiguity in the policy discourses of DOHaD scientists
stems from a mismatch between tools, ways of knowledge-making, and the scope of a
clinical and/or public health science like DOHaD. While some pursue the line of research
inaugurated by Barker’s hypothesis (focusing on the populational effects of geographical
and socio-economic conditions), current epigenetic studies of developmental program-
ming in, for instance, a mother–child cohort often cast a far narrower outlook on these
issues. This understanding of aberrant developmental effects during pregnancy is located
in women’s bodies, and the corresponding interventions are putatively supported by this
evidence within the sphere of individual action and/or behaviour change. Thus, when
presenting their results and their relevance for public health, DOHaD researchers often
need to make multiple conceptual leaps: from the evidence produced at the individual
level to a concept developed at the populational level; from the molecular mechanisms of
developmental processes to the social and epidemiological factors that influence them; or
even from the animal models providing mechanistic knowledge of developmental pro-
gramming to the humans at the centre of clinical/primary prevention practice. Holding
these multiple layers of evidence – and potential policy interventions – together is a
difficult task. While awareness of the need to consider how all these factors interact is not
lacking in the literature, a whole different task is to produce compelling evidence to
intervene in these complex biosocial processes [42].

The challenge of holding together the individual and the collective, the clinical and the
populational, the behavioural and the structural constitutes a third (and last) way DOHaD
researchers end up legitimising – perhaps unwillingly – individual responsibilities for
health. Take, for instance, a series of papers by influential DOHaD researchers – and
contributors to this handbook –Mark Hanson, Peter Gluckman, and Lucilla Poston [1, 42,
43]. The complex social ramifications of DOHaD could not be stated in a clearer way in
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their work: ‘if the result is a culture of blame or shame, the resistance to change induced
[by DOHaD] will make the battle against NCD[s] even harder’ [43]. And yet, these authors
also affirm that there are ‘pragmatic’ reasons to support and promote lifestyle improve-
ments in ‘women and young girls’, much like in ‘men’ and ‘adolescents’ [43].

With pragmatism, Hanson, Gluckman, and Poston have in mind an argument we
partly encountered already above: there exist ‘teachable moments’ during anyone’s lifetime
that are a promising opportunity for an investment into health literacy with long-term
consequences. Educating adolescents could have a dramatic impact on individual ‘self-
efficacy’ and capacity ‘to make decisions about lifestyle themselves’ [43]. Therefore,
although ‘sensitivity’ and a ‘focus on empowerment’ are paramount [43], translations of
DOHaD knowledge into policy cannot afford to give up on the promotion of behaviour
change and healthy lifestyles in vulnerable populations. The challenge for DOHaD scien-
tists is striking the right balance between the need to offer ‘evidence-informed strategies
and where possible [also] pragmatic solutions’ [1]. More than formulating a theory of
DOHaD-inspired health justice, the challenge of DOHaD researchers is what can be ‘back
[ed] with impunity’ [1], or what ‘policy interventions may be most efficacious’ [44].

While tapping into the political potential of DOHaD would encompass ‘population-
based complex interventions’, the efforts of DOHaD researchers are limited by available
evidence and the affordances of the science they practice. Policy translations that support
lifestyle changes for women and their partners are often simply ‘a more immediate
message’ [1], which they can offer with assurance and factual support. This raises the
question of what DOHaD scientists can do from where they stand. In the absence of a
complex, systems-based approach to the multi-generational mechanisms of developmen-
tal programming and the social determinants of health, the promotion of individual
responsibilities for health – although tempered by DOHaD scientists’ own critical
reflexivities – appears to be a policy option with strong practical hold.

8.5 Discussion
Our systematic and critical review reveals that DOHaD scientists are no less concerned
than public health advocates or ELSA scholars with the pathogenic environments and the
social determinants of health that modulate developmental predispositions to adult
disease. While they do not lack awareness of the relevance of these complex and multi-
level processes for DOHaD thinking, they also know too well that reordering those socio-
material circumstances is beyond their reach. As one gets closer to the ways DOHaD
scientists write about individual agencies, parental behaviours, maternal/paternal life-
styles, and periconceptional health promotion, one cannot but notice their difficult
position. On the one hand, they deplore the social, environmental, and multi-
generational inequalities that pattern developmental exposures and reproduce health
inequities in our societies. On the other hand, they lack the evidence (validated know-
ledge), tools, and influence to fully take issue with the complex biosocial origins of
developmental programming and act upon the structural problems that interfere with
periconceptional health behaviours, gestational lifestyles, or infant health. In the face of
this situation, what remains open to these practitioners is the possibility to address
DOHaD knowledge and advice to parents-to-be, pregnant women, prospective fathers,
or couples in a reproductive project. Hence, the primary finding of our critical review is
that the ‘moral paradox’ of DOHaD gets in part explained by the challenges scientists face
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when elaborating upon the policy options backed up by their research and practice.
A thorough appreciation of their situatedness reveals that appeals towards individual
responsibility in DOHaD are far from being (yet) another neoliberal disciplining strategy
for health promotion. Quite the contrary, they are a suboptimal compromise. It is the
necessity of tailoring the complex policy messages of DOHaD to the concrete opportun-
ities for action and change available to most periconceptional health practitioners.
To them, what is better, rather than worse, in the absence of an opportunity for
structural change, is to encourage and educate prospective parents to become the actors
for change and protect the health of their future children.

This does not mean that the hyper-responsibilisation critique we highlighted above is
misplaced or unfounded. The truth is that, although grounded on pragmatic reasons, the
public policy strategies of DOHaD researchers often boil down to providing mothers,
fathers, and families with the ‘right’ information and to warning them about the long-term
health consequences of their lifestyles and behaviours. In this respect, social scientists and
ELSA scholars hit the right note when writing about (what we call) the ‘moral paradox’ of
DOHaD. By foreclosing the reflexivity on the syndemic and multi-level implications of
their knowledge, DOHaD scientists offer an ambiguous societal uptake of this evidence.
This paradoxically ends up reinforcing problematic discourses of individual responsibility
for health, especially in their uneven, gendered version that overburdens pregnant women
and mothers-to-be. By targeting health behaviours as a main interventional strategy within
their reach, DOHaD authors hamper the production of more elaborate policy imaginaries
flowing out of their field. Thus, the hypothesis by David Barker that gestational socio-
economic hardship translates into an unequal distribution of non-communicable adult
disease turns into an admonishment to individuals on how to behave ‘best’, urging them to
take the kind of control over their health that may simply be unaffordable to them from
their own social and environmental positionality. Here lies our second conclusion: the
‘moral paradox’ of DOHaD represents an ambiguous normative stance that mixes up the
pragmatic possibilities of clinical and public health sciences with the policy discourses,
practical ambitions, and political potential of a scientific field.

So, what can scientists do to avoid this situation? Taking scientists’ situatedness
seriously, no ready-made solution exists to complexify DOHaD knowledge and its policy
translations. This notwithstanding, scientists could at least embark upon two kinds of
concrete actions that might defuse the ‘moral paradox’ of DOHaD. First, they could
make explicit the tensions highlighted above at the core of their research: between the
individual intervention and the social aetiology of a condition, between the behavioural
recommendation and the need for political/structural change, between the tools and
knowledge of biomedical sciences and the possibilities of populational health research,
or, finally, between mechanistic knowledge and the need to remove the so-called ‘causes
of the causes’ of diseases [4]. When discussing their data, presenting their results, and,
especially, when positioning their science’s implications for policy and society, they
could explicitly acknowledge that what can be proven in the context of their research
does not capture the complex biosocial dynamics that bring about these phenomena in
the real world. DOHaD scientists could – as some of the authors we studied have already
done – clearly state in their writing that the individual ‘capacity to improve . . . children’s
developmental environments, their bodies and behaviours’ is just ‘a small piece of a large
and complex environmental puzzle’ [40]. While the knowledge they produce is of
immense value to shed light on bits and pieces of this puzzle, they can advocate caution
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in extrapolating general solutions from partial knowledge. If such a provision were
systematically part of the discussion sections of DOHaD papers investigating any of
the biological, behavioural, relational, social, structural, and environmental dimensions
of early-life programming (studied in conjunction, as much as in isolation – as they often
are), there would be little doubt about the policy framings of DOHaD research. The
‘moral paradox’ of DOHaD would simply be dispelled.

Second, another opportunity to counter the ‘paradox’ is to ensure that explanations,
interventions, and policy discourses support or initiate social interventions in relevant
developmental windows and biosocial pathways of disease. This is, of course, easier
said than done, as detailed by sociologist Michael Penkler in the context of DOHaD
studies of social-biological transitions [45] leading to diseases [46]. The challenge is not
simply identifying early-life predictive (epigenetic) biomarkers of relevance to adult
disease [47]. Rather, it resides also in the identification of the structural ‘windows of
plasticity’ and intervention in body–environment interactions [48]. Resilience and
reversibility of programming processes at different life stages are also largely unex-
plored corollaries of DOHaD evidence; a far more complex biopsychosocial approach
to early life in research settings is in order for the proliferation of different DOHaD
policy discourses.

The present work has tried to sketch a few points of normative ambiguity in scientific
writing as potential paths of improvements for the social and political circulation of
DOHaD research. In the wish to make social science critique instructive of novel avenues
of biosocial research, these suggestions should be read as no more than an analytical
contribution to finally dispel the ‘moral paradox’ of DOHaD. And, perhaps, also as a
contribution to a collaborative push to unleash DOHaD’s full political potential for social
reform, development, and change.
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Section 2

Chapter

9
The Social Life of DOHaD

Intra- and Intergenerational
Justice, Law, and DOHaD
Isabel Karpin

9.1 What’s Law Got to Do with It?

9.1.1 Introduction
Developmental Origins of Health and Disease (DOHaD) research focuses on the envir-
onmental causes of disease in the preconception, prenatal, and early-life periods of
human development. Epigenetics is a key mechanism that underlies this research and
refers to non-genetic inheritable changes that impact gene expression. DOHaD and
epigenetics research can provide a critical resource for legal thinkers determining the
lines of responsibility for environmental harms (both physical and psychosocial) that
affect a child’s growth and development. The epigenetic research that makes these claims
is both contested and controversial; nevertheless, some DOHaD scholars argue it pro-
vides evidence of the origin of early-life health harms in events that occurred during
pregnancy [1–3].1 Additionally, some researchers argue that it is possible for disadvan-
tageous epigenetic changes to occur in future children who were not even conceived at
the time of the harm to their putative parents and thus were never directly exposed.
Moreover, there is a body of scientific research that provides evidence that those
suffering disadvantage throughout their lifecourse in conditions of systemic oppression,
such as that arising from racism, sexism, or poverty, for example, may be disproportio-
nately subject to epigenetic molecular changes creating harmed subgroups that are then
intergenerationally reproduced as socially disadvantaged communities [4–10]. This
chapter argues that, despite the tendency in Western common law systems to individual-
ise responsibility, epigenetics may provide the key to an alternative approach that
highlights interconnectedness within and across generations. In this way, whole com-
munities and State systems may be held responsible rather than individuals.

Using examples from Australian, US, and Canadian legal systems, this chapter asks
what legal obligations, if any, should or can be imposed on contemporary society to
ensure not just the future ‘health’ of existing children (as they grow into adults) but also
the generations of people yet to be born? It examines the possibility of legal protections
and remedies for early-life and pre-life harms (ultimately manifesting as epigenetic
changes), including from psychosocial adversity stemming from systemic mistreatment.

When identifying a ‘risk pathway’ for the attribution of responsibility in DOHaD
research, there is a significant body of literature focusing on maternal causes for poor

1 For a sociological perspective considering the contestable nature of this scientific research see
Richardson S, this volume.
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health outcomes in children. At the same time a growing body of literature in the
interrelated field of epigenetics, highlights multiple and intersecting transmission path-
ways of harm stemming from marginalisation and disadvantage, including via the
paternal line [11–13]. Epigenetic and DOHaD research show that social harms emanating
from both psychosocial and physical environments can have long-term intergenerational
effects. This poses a challenge to the standard reflexive response in law that identifies
maternal responsibility and reinforces individualised models of blame. Epigenetics as an
explanatory discourse makes a case, I argue, for a legal duty owed by the State for the
harms caused by environments of systemic disadvantage. This would be a duty owed to
parental actors rather than by them – an approach that would demand laws and public
policy distribute responsibility across the community and demand State action.

9.1.2 Legal Persons and the Rights of Future Generations
The attribution of interests and rights (and thereby a capacity to be harmed) to an
imagined future person whose development and birth are highly contingent challenges
liberal legal and feminist views that rights should only accrue to legal persons. This is
because what constitutes a legal person in law is not settled. The environmental and
animal law fields have already had some success in attaching personhood status to
natural entities such as rivers and non-human animals [14, 15]. However, there is
ongoing concern that a flexible idea of personhood will be, if it has not already been,
co-opted to control women’s reproductive autonomy through the attribution of person-
hood to fetuses. Feminist disability scholars such as Rosemarie Garland-Thomson have
come up against this problem when trying to create a space for autonomous decision-
making in the abortion context alongside a deeper understanding of people with
disability [16]. The risk of harm to ‘future persons’, for example, is already a justification
used for a range of policy and regulatory strategies in Australia and the UK in laws
around assisted reproductive technology [17, 18].2 In those laws, the welfare of the future
child is paramount or must be considered carefully when making reproductive decisions.
The attribution of welfare rights to future individuals imposes a duty on existing
persons.3 An alternative and arguably more just approach, in keeping with feminist
accounts of the self, involves articulating a collective duty (moral, political, and legal) to
future generations. Edith Brown Weiss, for instance, argues that ‘each generation
receives a natural and cultural legacy in trust from previous generations and holds it
in trust for future generations’ [19, p. 2]. Given that it is a certainty that there will be a

2 Other signs include recent prosecutions in the US for stillbirth and miscarriage after drug use as
reported in the media in: Aspinwall C, Bailey B, and Yurkanin, A. They lost pregnancies for
unclear reasons. Then they were prosecuted. Washington Post, September 12, 2022 www
.washingtonpost.com/national-security/2022/09/01/prosecutions-drugs-miscarriages-meth-
stillbirths/ accessed 28/11/2022 and Dwyer D and See P, Prosecuting pregnancy loss: Why
advocates fear a post-Roe surge of charges. ABC News 28 September, 2022. https://abcnews.go
.com/Politics/prosecuting-pregnancy-loss-advocates-fear-post-roe-surge/story?id=89812204
accessed 28/11/2022.

3 Assisted Reproductive Treatment Act 2008 (VIC) s 5(a)’; Human Reproductive Technology Act
1991 (WA) s 4(d)(iv); Assisted Reproductive Treatment Act 1988 (SA) s 4A; Human Fertilisation
and Embryology Act 1990 (UK) s13(5)
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next generation, arguably, we can and must articulate legal and ethical duties in relation
to those future communities. Claims about the intergenerational transmission of harms
via epigenetic changes, however, demand a more complex articulation of the call for
intergenerational justice, one that incorporates or understands the impact of intra-
generational injustice – the unequal distribution of harms and resources within a
generation. Eisen et al. argue, for instance, that the

[T]endency in the orthodox intergenerational justice literature to define the ‘interests’ of a given
generation as an aggregate of all individual interests, is both misleading as description and
perilous as prescription. It glosses over the significant disparities within generations, and thus
cannot provide the analytical tools to think about how those disparities persist and transform
over time. [20, p. 5]

Epigenetic effects manifest when the body responds at a molecular level to the external
physical and psychosocial environment [21]. This may happen by activating biochemical
changes to methyl groups that modify the histones that wind around DNA, for example.
These epigenetic changes can alter the usual trajectory of a gene towards activation or
deactivation. In such cases, the outcome may be a disease or deficit that would not have
otherwise eventuated. The resulting harms can be significant and serious, including heart
disease, cognitive impairment, diabetes, and neurological disorders among others [9, 22,
23]. DOHaD research evidences epigenetic changes that occur to an existing person or to
a fetus during pregnancy. But, as foreshadowed above, there is also research showing that
even before a person becomes pregnant, changes to their or their partner’s epigenetic
system brought on by environmental harms may be passed on to the not-yet-conceived
[1–3]. While this research is still nascent and contested, it is significant that epigenetic
research is increasingly claiming to evidence the physical impact of systemic psycho-
social harms such as racism, colonisation, slavery, child abuse, gendered violence, and
socio-economic disadvantage [4–10, 24].

It is critically important to the development of a legal response to examine how
DOHaD scholars and those working in the field of epigenetics articulate these harmful
effects, because this will influence the way those harms are understood in the legal
context. Epigenetic understandings may fundamentally challenge the reliance on ideas
of individual responsibility in common law Western legal systems. I have argued
elsewhere that if law incorporated an epigenetic understanding, the response to cases
of systemic mistreatment would need to acknowledge the impact of a cultural milieu of
hostility to certain groups [25]. As epidemiologist Nancy Krieger states, ‘We live
embodied – and our bodies each and every day biologically integrate each and every
type of unjust, and also beneficial, exposure encountered, at each and every level’ [26,
p. 45].

The attribution of an obligation of care towards future persons is problematic
because, historically, the State’s interest in promoting the well-being of future persons
has been enacted on and through the presumptively recalcitrant bodies of reproductive
women. This has occurred using disciplinary legislative, medical, and public health
regimes that attribute culpability to individuals, and women in particular, for failure to
avoid poor reproductive outcomes [27]. However, this individualised model of blame
can only gain traction if we see the future child as having different and conflicting
interests from the people who created them. In fact, as I will show, a better approach,
which aligns with the trajectories of harm identified by epigenetic changes, is to argue
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that the well-being of future generations is impacted by social inequality (intra-gener-
ational inequality) as well as specific individual harms. This gives rise to a duty on the
State to protect the well-being of future generations by assisting the existing person
whose future progeny may be harmed by their unequal treatment. This would also
unburden the pregnant person or potentially pregnant person from sole or even primary
culpability and instead equip them with a claim themselves for legal remedies that
demand State protection from the risk of harm to the health and well-being of their
prospective children. In what follows, I draw on the research being undertaken in the
fields of DOHaD and epigenetics to make a case for a legal duty that is owed to parental
actors rather than by them for the harms caused by hostile, degrading, and discrimin-
atory environments.

9.2 Law’s Reliance on Discourses of Epigenetics

9.2.1 Expert Evidence and Epigenetic Narratives in Law
The term epigenetics has been slow to enter the legal lexicon in Australia. A review of
Australian legislation turns up almost no mention of epigenetics or epigenetic processes
in bills, Acts, regulations, and subordinate legislation [28, 29].4 A quick search of
Australian case law, however, identifies a small bundle of cases where the word epige-
netics has crept in once or twice. These cases evidence the slow but definite infiltration
into the law of a particular aspect of this scientific narrative that speaks to the inter-
generational impact of trauma. While these were only single paragraphs or sentences in
lengthy judgements that turned on many factors, their appearance is a sign that this
relatively new and highly contentious scientific discourse seeking to explain the DOHaD
is slowly finding its way into legal decision-making.

One example from Australian administrative law is a 2017 Coronial Inquest5 exam-
ining the deaths of 13 Aboriginal children and young persons in the Kimberley region6

of Western Australia. Epigenetics was referred to in that report to highlight the collective
impact of intergenerational trauma. The inquest was initiated because ‘there were similar
circumstances, life events, developmental experiences and behaviours that appear to have
contributed to making [the 13 children] vulnerable to suicide’ [30, para 1]. It is further
commented that

To focus only upon the individual events that occurred shortly before their deaths would not
adequately address the circumstances attending the deaths. The tragic individual events
were shaped by the crushing effects of intergenerational trauma and poverty upon entire
communities. That community-wide trauma, generated multiple and prolonged exposures to
individual traumatic events for these children and young persons. [30, para 3]

4 With an all-Australian legislation database search in Austlii, only the one following mention of
epigenetics was found: NSW Greyhound Racing Rules 2022 (NSW) r 150(1)(e) which prohibits
‘the administration of any gene editing agents designed to alter genome sequences and/or the
transcriptional or epigenetic regulation of gene expression’.

5 A coronial inquest is a formal hearing where the coroner exercises various powers to investigate a
death and consider evidence to determine the identity of the deceased and the date, place,
manner, and cause of death of the deceased.

6 The Kimberley region is the northernmost area of Western Australia. Approximately 40 per cent
of the population is of Aboriginal descent.
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Dr Paul Simons, the Kimberley region’s child and adolescent psychiatrist draws on
epigenetics to support his argument that the poor health and well-being of Indigenous
young people in the Kimberly region is, in part, due to ongoing trauma resulting from
colonisation and forced family separation. He states:

Before birth, some children are exposed to high levels of stress and trauma, to alcohol and
drugs, and poor nutrition; high levels of stress hormones in utero can affect the expression
of genes, and these epigenetic processes can affect brain development, such that babies can be
born hardwired to preferentially employ ‘fight and flight’ coping strategies as they develop, at
the cost of executive brain functioning, which facilitates emotional regulation. [30, para 195]
(my emphasis)

Scholars Warin, Kowal, and Meloni have cautioned that the use of epigenetic discourses
by Indigenous scholars and activists may result in a different kind of determinism tied to
‘milieu, history, and social and physical location (molecularly incorporated into the
body)’ [31]. The danger here is that the focus will not be on the environment that creates
the harm but on the individual who has been harmed, undermining possible remedies
and declaring them redundant. While this is a concern, there is the possibility of a
different response, and in the 2017 Coronial Inquest, the evidence led to a recommen-
dation for training in intergenerational trauma for those working with Indigenous youth
in the Kimberley region.

On the other hand, there are other areas of law where there is frustration that this
evidence is not being more thoroughly incorporated and considered. I consider three
areas briefly below.

9.2.2 Environmental Law
In the field of environmental law, there is a tendency to regulate to limit rather than
prohibit polluting agents. Eisen et al., for example, suggest that Canada and the United
States have a permissive approach to chemical regulation ‘in which the burden of proof
falls on those trying to show that chemicals are harmful’ [20, p. 13]. This needs to change
as evidence of long-term effects accumulates. Eisen et al. point out that there ‘is
increasing scientific support for the theory that children, even grandchildren, of those
exposed to brominated flame retardants (BFRs) and phthalates [ubiquitous chemicals in
household furniture and products] may incur health consequences’ [20, pp. 10, 17].

Legal scholars are drawing on epigenetic claims to argue that environmental protec-
tion needs to be crafted around the potential intergenerational and early-life impact of
toxic environments, understood as incorporating both physical and psychosocial harms.
As Rothstein et al. point out, systemic disadvantage increases the potential for harm from
polluted environments. They state that

It is well-known that disadvantaged populations with poor nutrition, substandard or
nonexistent healthcare, stress from factors such as housing instability and fear of violence, and
high-risk lifestyle factors increase susceptibility to environmental exposures. [33, p. 4]

In the case of chemical pollutants, for example, Scott et al. argue that ‘BFRs can be
thought to create a fleshy material archive of one’s social location, practices, and
movements. Not only are bodies embedded in social contexts and structures, but the
social is also embedded, literally, in material bodies’ [34, p. 333]. Thus, the presence of
BFRs does not just tell us about immediate harm but also about the likely location of that
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harm and the social circumstances that led to its magnitude. Intergenerational harm is
thus integrally linked to intra-generational inequality. Epigenetics too suggests that
people are integrated into harmed communities and are subject to multiple networks
of harming effects that are passed on to existing children and future generations,
distributing the responsibility for the harm across communities and the State. These
realisations demand a conceptual change to law’s traditional approach of assigning
responsibility by tracing an uninterrupted line of cause and effect.

9.2.3 Tort Law
US tort law offers another example where the traditional response to these kinds of harms
fails to protect those who are harmed. In torts, remediable transgenerational epigenetic
effects do not generally include those that manifest in the first unexposed generation
because the line of causation is narrowly cast and cannot accommodate multiple forms
of insult. The classic example is the case of diethylstilboestrol known as DES, the drug that
was given to women from the 1940s up to the 1970s to prevent miscarriage. It was
withdrawn from the market after it was found to cause vaginal cancer. The children who
were in utero when the drug was given were also found to have a higher incidence of
cancer and infertility as were the children of those children [35]. However, the US Courts
limited claims to the mothers directly given the drug and their children who had been
exposed in utero, disallowing claims beyond first-generation exposure because of what
they called ‘victim attenuation’ – namely, the difficulty of connecting, causally and
temporally, the tortious conduct, and the injured victim [29, 33, 35].

In other words, the greater the distance in time between the offence and the victim’s
injury, the greater the possibility for potentially unknown causal acts to have been
responsible or even partly responsible. However, as we have seen above, even when there
is direct exposure there is also a network of other environmental influences and effects
that may make one more susceptible to the harm. Individuals are exposed to thousands
of different toxins from multiple sources throughout their lifecourse. The likely scenario
where those who are most disadvantaged economically and socially are also those who
will be most harmed, allows for the argument that the identification of a single respon-
sible agent is untenable, leaving generations of victims with no recourse. On the other
hand, scholars such as Doci et al. argue that ‘individuals who are affected by epigenetic
side effects should have a right to obtain justice and to present an epigenetic case within a
legal system which is suited to handle it’ [29, p. 274].

9.2.4 Regulating Reproductive Bodies
On the other side of the coin is the willingness of law to identify a cause and effect when
it comes to the putative pregnant person. The proximity of a pregnant person to their
fetus appears to create a sufficiently un-attenuated line of causation that justifies pre-
emptive hyper-surveillance of their behaviour from policymakers, public health insti-
tutions, and sometimes legal actors. While the scientific literature is contested, it
nevertheless offers an alternate narrative that can be used to insist on a more complex
and contingent account of responsibility and harm. However, rather than cautiously
drawing on the scientific claims emerging in the fields of epigenetics and DOHaD that
trace a physical harm from psychosocial sources such as stress, trauma, violence, and
abuse against the pregnant or potentially pregnant person, public health initiatives tend
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to focus instead on the aspect of DOHaD research that identifies the pregnant woman as
the locus of harm. Pregnant women and those seen as of reproductive age are schooled to
modify their behaviour to counter some of these societal and environmental effects.

One example of such schooling is the US Centre for Disease Control (CDC) guidelines
on preconception care, for example, that were published in 2006 but are still referred to in
the literature. These guidelines have as their first recommendation that there should be
individual responsibility across the lifespan. They describe the ‘target population’ as women
from ‘menarche to menopause who are capable of having children, even if they do not
intend to conceive’ [36]. These women are told that they should be conscious of their
genetic factors and cumulative risks andmodify their diets accordingly. Among the lengthy
list of things for women to avoid while pregnant is a caution to be aware of ‘fetal exposures
to teratogens’. In the plain English version on their website, theCDCwarns women to avoid
harmful chemicals at work and at home. Perhaps unsurprisingly, there is thus considerable
concern among feminist legal scholars that more research in the field of DOHaD and
epigenetics will see women subjected to more scrutiny. Take, for example, studies such as
that of Roberts et al. linkingmaternal exposure to child abuse with a higher rate of autism in
their offspring, or Slykerman et al.’s study linking depression in early adolescence with
stress during pregnancy [37, 38]. These are just two examples among many [39].

Outside the discipline of law, scholars such as Sarah Richardson and Megan Warin
have cautioned against an approach that places women at the centre of this harm.
Richardson asks, for instance, whether there is ‘potential for this research to heighten
public health surveillance and restrictions on pregnant women and mothers through a
molecular policing of their behaviour?’[40, p. 210] Warin et al. argue that ‘A new and
powerful meta-discourse has emerged in which women are blamed for both their
reproductive physiology and their social role as mothers, thus constructing women as
potentially contaminating future generations by creating obesity lineages’ [41, p. 361].
This they say, ‘coupled with a neoliberal agenda that emphasises self-governance and
individual responsibility’, individualises the responsibility for harm, and it does so in a
gendered manner [41, p. 361]. In such a discourse, the responsibility for harm is shifted
back to the individual who must, it seems, find a way to protect her offspring from the
harms to which she herself has been subjected. A collection of cases where women have
been prosecuted for neglect and abuse in raising obese children or not protecting their
children from an abusive partner speak to the concern that epigenetics will be used to
increase the scope of that responsibility, not delimit it [43, 44]. Contrary to such cases,
feminist challenges suggest the need for an approach that recognises systemic injustices
that create, as stated above, networks of harming effects.

Interestingly, scholars Loi, Del Savio, and Stupka optimistically suggest that we
should look forward to ‘a society in which people can be informed by their family
physician of the accumulation of risk due to specific environmental insults, including
those arising prenatally and in early childhood for which people cannot be held respon-
sible’ [45, p. 143]. Unfortunately, however, their assumption that women will not be held
responsible is not borne out by recent history and is likely to be significantly amplified in
the next few years with the recent development of so-called epigenetic tests. According to
Dupras, Beauchamp, and Joly, these tests ‘may provide sensitive information about
individuals, not only their increased risks of diseases but also about their exposures
and lifestyles’ [46]. They list some of those exposures as comprising smoke, stress,
alcohol, and other ‘toxic chemicals’ and describe the tests as potentially ‘uncovering
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new layers of sensitive information about individuals that were not made accessible by
genetic tests’ [46]. Dupras et al. note the burgeoning industry specifically in the unregu-
lated field of direct-to-consumer epigenetic tests with companies such as Chronomics,
EpigenCare, Muhdo, MyDNAge and TruMe now offering them.

Arguably, women could be pressured to use direct-to-consumer epigenetic tests and,
depending on the outcome, be held responsible for the ‘harms’ that follow. Dupras et al.
indicate that one of the present uses of direct-to-consumer epigenetic testing is to reveal
a person’s smoke exposure history. In the traditional legal framing of individual respon-
sibility, this might be an area where a regulatory response is triggered. Typically, women
are viewed as culpable for harm if they smoke while pregnant, and while they might not
be morally condemned for unwittingly exposing themselves to secondhand or environ-
mental smoke, should they undergo a test that identifies their level of exposure to such
smoke, a new responsibility arises to respond to the information provided by that test,
and with it, a choice to either terminate an affected pregnancy or not move forward with
plans to become pregnant. This new burden of responsibility is further complicated by
the context of anthropogenic climate change, as demonstrated by epigenetic studies on
smoke exposure undertaken in the wake of the Australian bushfires of 2019, which
tracked the increased risk of adverse pregnancy and fetal outcomes for pregnant women
who were exposed to bushfire smoke [47]. Viewing exposure through the prism of the
individual maternal body in such studies highlights how social responsibility for harm
can be masked and neutralised by such testing regimes [47].

Developing an alternate approach entails recrafting laws and public policy to recog-
nise the network of harming effects. Ideally such an approach would distribute responsi-
bility across the community and demand State action and responsibility, as I will
examine in more detail below.

9.3 How Can Law Respond?
Because epigenetics blurs the distinction between the physical and the psychological by
revealing a physical register for psychological harm through changes to methylation and
the epigenome, it is possible to show how social adversity has physical effects. This kind
of evidentiary trail is particularly appealing to law.

9.3.1 Legal Orthodoxy and the Autonomous Individual
Legal systems found in most common law countries operate within an orthodoxy which, to
differing degrees, centres on the self-determining, independent, and autonomous individ-
ual both in terms of who it is aimed to protect and to whom it attributes responsibility.
At the same time and perhaps ironically, law is sometimes used to assign responsibility to
the harmed individual by characterising it as a failure of self-care and self-regulation. This
accords with a contemporary neoliberal ideology where, as Robertson puts it,

notions of individual autonomy, the free market and limited government are related, in a
mutually producing and sustaining way, to the imperatives of ‘self-care’ – in the form of self-
surveillance and self-regulation. [47]

It is clear then that we cannot understand or develop a response to epigenetic harms
derived from psychosocial adversity and their intergenerational impact without revising
these underlying ideological limitations.
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Feminist legal scholar Jennifer Nedelsky argues for an alternative model for law that
foregrounds our relational status. She states that ‘human beings are in a constant process
of becoming in interaction with the many layers of relationship in which they are
embedded’ [49, p. 38] and ‘a relational self requires relational conceptions of values,
which then require appropriate forms of law and rights built around those conceptions’
[49, p. 5]. This relational model is one alternative. Another is Fineman’s model of
universal vulnerability, a model that demands that laws are refashioned around people
as ‘embodied creatures who are inexorably embedded in social relationships and insti-
tutions’ and ‘experience the world with differing levels of resilience’ [49, pp. 1–7].
‘Resilience’ according to Fineman is not an inherent trait but rather a resource that is
unequally distributed. This occurs, as I have said elsewhere, ‘when the “assaults” of
inequality turn ordinary vulnerability (and dependency) into a politically amplified
source of embodied and abiding psychosocial harm’ [11, p. 1121].

In this vein, epigenetics offers us both a scientific account of cause and effect and a
model for a conceptual shift to the relational self as an animating architecture around
which to construct laws (rights, duties, and responsibilities). While there is a risk that
foregrounding epigenetics can lead to a new form of stigma – the epigenetically disad-
vantaged – I argue that epigenetic processes nevertheless offer a constructive metaphor
for rethinking legal rights and responsibilities. This is because epigenetic discourses
reveal the impossibility of the autonomous, self-sufficient individual of liberal legalism.

Laws and public policy that are reworked to recognise the network of harming effects,
however, must also be conscious of assumptions around what constitutes a harm.
Assertions of ‘harm’ are inevitably entangled in prescriptions about what is normal,
and therefore to talk about harm risks further stigmatising diverse embodiment. As such,
a disability studies critique must also be mapped over the top of any legal remedies that
are proposed to ensure that we do not simultaneously and unthinkingly instantiate
inherited difference as self-evidently a harm. (See also Azevedo et al. in this volume.)
Rosemarie Garland-Thomson has argued, for example, that feminist disability studies
‘questions our assumptions that disability is a flaw, lack or excess’ [51, p. 1157]. Eisen
et al. argue too that ‘critical disability studies scholarship calls on us to confront
evocations of “anomalous bodies” as emblems of a tragic or dystopian future as consti-
tuting a distinct set of harms with their own distinct intertemporal dimensions’ [20,
p. 40]. They go on to note, quoting Alison Kafer, that the critical disability studies
literature frames disability as relational and ‘that individuals inhabit: the social insti-
tutions, laws, and policies within which they are embedded and that regulate their daily
interactions and encounters; and the “social patterns that exclude or stigmatize particular
kinds of bodies, minds and ways of being.”’ [20, p. 40]. Clearly, then, any invocation of
relational accounts of harm and responsibility must not degrade anomalous embodiment
and determine it as presumptively harmed.

9.3.2 Bioinequality and the Dismantling of the Individual in Law
Creating a new conceptual apparatus for legal action requires a linguistic device that
names the previously unnamed. Karen O’Connell and I have developed the term
bioinequalities, a concept that ties together biology and inequality to offer a language
in which legislative life can be given to a harm previously unnamed in the law: the bodily
effects of unequal treatment [25]. What is understood by unequal treatment is not simply
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different treatment but disadvantageous treatment in a system of oppression and subor-
dination based on gender, race, socio-economic status, and ability among other traits.
Bioinequalities suggest material harms tied to systemic injustices that inhere in bodies
that occupy those systems both now and in the future. By taking account of the growing
literature suggesting that trauma associated with unequal treatment affects us materially
in our molecular biology and may be transmitted intergenerationally, it can be argued
that a legal response that provides only an individual remedy to an individual incident of
harm is insufficient. Instead, what is needed are positive legal obligations to protect
communities (and in particular disadvantaged communities) from harmful bioinequa-
lities that are shared among them both intra-generationally and intergenerationally.

Harmful environments in the workplace, in public spaces, in educational institutions,
and in private corporations currently operate within a cultural milieu that upholds
certain hierarchies of power and subordination that favour some individuals over others.
Treating harms as environmental anomalies only, and not pervasive, entrenches bioi-
nequalities by masking the way environments are reflections of cultural values and
standards of oppression. It fails to identify the cultural framework of inequality that
informs law and infiltrates legal processes and systems rendering the harms invisible to
normative (dominant group) legal thinking.

Currently, where law provides redress, it tends to do so on the basis that the incident
is resolved once the finding is made. The possibility that the harm continues materially
and internally is not addressed I have argued throughout this chapter that DOHaD’s
version of an interconnected and entangled human provides a unique counter to the
reductive individualised notion of legal subjectivity that currently pervades common law
systems. Legal thinkers must address the claim that the psychosocial harms of systemic
oppression cause harmful epigenetic changes in individuals and their progeny (both
gestating and not yet conceived), creating intergenerationally harmed communities.
Only by doing so can we craft real protective legal action that acknowledges that people
are not just harmed as individuals but are always situated inside an epigenetic logic of
relational, vulnerable, and continuous entanglement with others.
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Section 3

Chapter

10
Key Concepts for Biosocial Research

Lifecourse
Mark Tomlinson, Amelia van derMerwe, Marguerite
Marlow, and Sarah Skeen

10.1 Introduction
Lifecourse theory was developed in the last 50 years, combining neurobiology, child
psychology, developmental psychopathology, sociology, population sciences, and increas-
ingly genetics [1]. Up to the latter part of the twentieth century, the focus was largely on the
treatment of infectious diseases, acute illness, and injury within single-cause, simple
biomedical models [2]. This was followed by a growing awareness of the roles of social
and behavioural influences on illness, and revised bio-psychosocial models were
developed that focused on managing chronic diseases over time and shifting unhealthy
lifestyle choices [2]. However, health and social services continued to largely function
separately, and the integration of physical and psychological health programmes was
limited [2].

Lifecourse models take into account the influences of multiple risk and protective
factors, operating across health trajectories or pathways throughout the lifespan and
across generations [2]. The principles of lifecourse theory include: human agency in the
construction of lives, timing (the developmental consequences of life transitions or
events, which depend on when they take place in an individual’s life), linked or interde-
pendent lives (social and historical impacts are expressed through shared relationships),
and human lives in historical time and place [3]. Developmental psychology contributed
to the concepts of life stages and turning points, while sociology added the contributions
of history, social conditions, and adaptation [1]. Genetics has contributed numerous
concepts such as differential susceptibility [4]. A proliferation of research conducted
during the early twenty-first century, including a large number of longitudinal studies
that monitored continuity and change across the lifecourse, has prompted new ways of
thinking about developmental trajectories and entrenched the lifecourse perspective in
developmental research [1].

The lifecourse perspective overlaps with a number of theoretical traditions, including
sociocultural perspectives that emphasise the social meaning of age and developmental
stages, such as the socially defined, age-graded meanings associated with the biological
facts of birth, puberty, or death, for example [5]. The concept of the lifecourse can also be
historically linked to particular social transitions and to the meanings associated with a
specific cohort [5]. Lifecourse theory incorporates some of the principles of interactionist
thinking, particularly its emphasis on the interactions between the person and context,
and the organisation and shifts in the organisation of social structures and pathways
through the lifecourse [5]. Lifecourse theory is also based on Bronfenbrenner’s concepts
of the ecology of human development, including multi-level influences from the environ-
ment, extending from micro- to macro-level influences. The individual lifecourse
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furthermore shares conceptual premises with developmental science with its focus on
developmental trajectories and the dynamic interactions between events and processes
that occur across time frames in multiple contexts [5].

Previously, studies focusing on continuity and change from childhood and adulthood
tended to include only correlational and regression analyses of patterns between meas-
ures of outcomes at two time points, typically childhood and adulthood [5]. There was
very little exploration of what happened in between and what the mechanisms of change
and continuity were. Furthermore, there was limited awareness of individuals as agents
of change in their lives [5]. The lifecourse focus brought this into sharp relief and
replaced child-based, growth-oriented (ontogenic) explanations of development with
theories that account for development and ageing over the lifecourse. This focus empha-
sised how human lives are organised over time, including patterns of continuity and
change, which focus on the developmental effects of social change and transitions [5].
In this chapter, we explore the issues of continuity and change across the lifecourse,
developmental trajectories, and a lifecourse theory to investigate how exposures and
experiences influence different individuals in different ways, with some more vulnerable
or susceptible to risk than others, resulting in significant variability in developmental
outcomes.

10.2 Lifecourse Approach to Health
Modern healthcare systems need to synthesise prevention, treatment, and health promo-
tion and set in motion more integrated and networked strategies for designing and
implementing multi-level interventions that move beyond the individual to include
populations [2]. The lifecourse development perspective shifts our understanding from
simple, linear, mechanistic, and reductionist models to models that acknowledge that the
development of health is complex, interactive, holistic, and adaptive [2]. It also shifts our
focus to inclusive explanations about the developmental origins of health, how stress
influences current and future health, and the outcomes associated with dynamic inter-
actions between individuals and their multiple environments across time [6]. Lifecourse
perspectives provide a conceptual bridge between constructs that have until recently been
assumed to be opposites, such as nature and nurture, mind and body, individual and
population, and short-term and long-term change [2].

The lifecourse perspective incorporates pathways, which are constructed by the
choices and actions that form individual lifecourses, and their developmental implica-
tions and consequences, including potential resources and constraints [5]. Rutter and
colleagues argue that pathways involve dependent sequences, to include an exposure/
experience at one point in the lifecourse, how it affects the likelihood of others occurring
later in the lifecourse, and how this in turn influences health and developmental
outcomes, including chains of risk [7]. A number of concepts are relevant to pathways,
such as latency, which refers to the association between an exposure or experience at one
point in the lifecourse and the related developmental outcome years or decades later,
despite the presence of intervening exposure or experience [7]. Cumulative risk is
another relevant concept that describes multiple exposures, either to a recurrent single
factor or sequential exposures to different factors over the lifecourse, which combine to
influence development [7]. These factors relate reciprocally, so that children with
multiple exposures (to, for example, low socio-economic status [SES], poor parenting
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style, and residential instability) are likely to have more difficult trajectories than those
exposed to single-risk factors [7]. These constructs tend to coexist in the real world.
In fact, research conducted by Hertzman and colleagues in 2001 has demonstrated a
strong relationship between latency, pathways, and cumulative factors in childhood and
self-rated health at age 33 [7]. The current extensive focus on adverse child experiences
(ACEs, see also chapter Kenny and Müller) [8] is the next logical step building on the
work of Sameroff [9] and Hertzman [7].

Social interactions that are sustained by their consequences (cumulative) and behav-
ioural styles that tend to evoke maintaining reactions from the environment (reciprocal)
lead to behavioural continuities across the lifecourse [5]. Thus, both cumulative
continuity and reciprocal continuity result in the cumulation of experiences that main-
tain and further the same behavioural outcome [5]. Conversely, transitional experiences
disrupt continuity through individual agency, dispositions, situational constraints and
opportunities, and previous experiences that accompany individuals to new situations
[5]. This can bring about a significant change in behavioural trajectories and constitute a
turning point [5].

10.3 Developmental Origins of Health and Disease (DOHaD)
Research focusing on the Developmental Origins of Health and Disease (DOHaD) began
to emerge in the 1970s [10]. Subsequently, researchers began to integrate the new ‘fetal
origins’, and later DOHaD, research outcomes, with results from lifecourse sociology
and psychology to create newer lifecourse models of health and disease [2]. The theories
on which these models draw, such as evolutionary life-history theory, propose that
development during fetal life is designed to prepare the infant for a particular external
environment, and so, when conditions in utero match the conditions in infancy, devel-
opment occurs along pathways originating in utero [11]. However, when a mismatch
occurs between the intrauterine and postnatal environments, certain dimensions of
development may be compromised, or disadvantaged; for example, when intrauterine
undernutrition is followed by an oversupply of nutrients postnatally, it poses risks for
metabolic health [11].

The centrality of maternal and child healthcare in DOHaD focuses research and
intervention on health trajectories that can improve child health outcomes, as well as
health development across the lifespan, and possibly even into subsequent generations
[2]. There is substantial research evidence for the notion that maternal physiology, body
composition, diet, and lifestyle during pregnancy significantly influence the health of the
infant throughout their life, including the presence of cardiovascular and metabolic
illnesses (such as hypertension, obesity, and type 2 diabetes), atopic conditions, cancer,
and neurological impairment [12].

10.3.1 Biological Embedding and Differential Susceptibility
DOHaD research, framed by a lifecourse perspective, can account for how both ordinary
and extraordinary experiences may ‘get under the skin’ by altering biological functions
during developmental windows of opportunity, which can ultimately shift lifecourse
trajectories and influence intergenerational health patterns [7]. There are four
systems that have the features of biological embedding: the HPA axis and the associated
secretion of cortisol; the autonomic nervous system and its relation to epinephrine and
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norepinephrine; the development of the prefrontal cortex (including memory, attention,
etc.); the primitive amygdala and locus coeruleus, and associated higher order cerebral
connections, mediated by serotonin and other important hormones that are involved in
systems of social affiliation [7]. For example, poor nurturance, through the mediation of
gene expression, may lead to a disturbed HPA axis, impaired capacity for complex
learning, and high age-related declines in learning and memory capacity [7].

Chronic stresses cause wear and tear on the HPA axis, which leads to dysregulation.
This, in turn, may result in either hypo- or hypersecretion of cortisol with lifelong
implications for health [13, 14]. It is also clear that it isn’t either genes or the environ-
ment, or even genes and the environment, but gene-by-environment interactions that
affect developmental trajectories [7]. Epigenetic processes – for example, DNA methyla-
tion – have been identified as important processes through which early environmental
signals are altered into conditionally adaptive shifts in key functions in metabolic,
endocrine, and neuroregulatory pathways [7, 15]. These changes produce systematic
developmental biases towards more adaptive functioning in terms of growth, metabol-
ism, immune responsivity, developmental pace, and behaviour, although changes are not
uniformly protective [7]. Epigenetic changes, which occur in response to environmental
cues, also play a role in the development of psychopathology and chronic medical
conditions [7].

Exposures and experiences affect individuals differently, and there is significant vari-
ability in developmental outcomes. Approximately 15 per cent of children may be more
biologically reactive to their immediate social environment than other children [7]. The
effect of this on pathological outcomes is bivalent, as it can be protective or risk-enhancing
depending on context [7]. This has been described as differential susceptibility, which
refers to the risk-enhancing or risk-abating character of the social contexts children inhabit
[16]. Experimental studies have shown that the majority of children with low autonomic
reactivity have only slightly more symptoms in families with high family conflict, while the
high-reactivity children display a combination of significantly more symptoms in high-
conflict families but markedly fewer symptoms than peers in families with low levels of
conflict [16]. As a result the 15–20 per cent of study children with the highest levels of
reactivity either demonstrated the worst outcomes or the best outcomes, as a function of
the level of conflict in their families [17]. It has been argued that more reactive children
were more sensitive to both positive and negative social influences, while children who
were low in reactivity were able to function adequately in a variety of contexts [18, 19].
Boyce and Ellis (2005) outline the following principles:

A. Exposure to high-stress childhood environments enhances biological sensitivity to
context and increases the child’s capacity to identify and respond to
environmental threats;

B. Exposure to particularly supportive childhood environments also enhances biological
sensitivity to context and increases receptiveness to social supports and
resources; and

C. The majority of children are not exposed to environments that are either very
stressful or very supportive, which reduces biological sensitivity to context and
protects them against stressors [20].

Differential susceptibility is a useful concept to bear in mind when attempting to account
for why environmental and intervention effects have been shown to be both variable and
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typically modest in published studies [21]. This is possibly a function of samples
including both more and less susceptible individuals, which renders the average effect
across all participants an invalid index of intervention effectiveness [16]. For example,
distinguishing between short-allele and long-allele carriers was significant in determin-
ing the effectiveness of a maternal–infant attachment intervention. Specifically, for
infants with one or two copies of the short allele of 5HTTLPR, the intervention improved
attachment quality dramatically and significantly, while for those with only the long
allele, the intervention produced no significant changes [4]. Differential susceptibility
demonstrates in this way that averaging across all participants does not produce mean-
ingful results [4]. Adverse social conditions such as socio-economic disadvantage
increase the risk for various and multiple types of pathology by producing a generalised
susceptibility [7]. Typically, social adversities include feedback loops that result in one
stressful or traumatic event following another, resulting in extremely negative social
contexts [22].

Although preconception and intrauterine experience have demonstrated marked
effects on later health outcomes, there is a huge body of research that shows that
childhood is a critical period for preventive and intervention efforts [16, 23].
Neurobiological susceptibility is not categorical and should be viewed as occurring on
a continuum [16]. It is also important to bear in mind that less susceptible individuals
may benefit from more intense intervention efforts to obtain results similar to those who
are more susceptible [16]. Furthermore, less susceptible individuals may not always stay
that way, and individuals may be more or less susceptible in different stages across the
lifespan [16]. For this reason, and because equity matters as much as intervention
efficacy, certain groups should not be excluded from supportive services [16]. This is in
addition to population-level interventions advocated by the lifecourse health perspec-
tive to prevent poor developmental outcomes, such as folic acid supplementation
during pregnancy. One cross-cutting risk factor that results in a generalised suscepti-
bility or vulnerability to risk which is broadly pathogenic and presents a host of
challenges occurring at multiple ecological levels, is socio-economic disadvantage
(SED).

10.3.2 A Cross-Cutting Theme: Socio-economic Disadvantage and
Exposure to Adverse Childhood Events
Socio-economic disadvantage early in life has repeatedly and robustly been shown to
influence health outcomes across the lifespan, even when considering later SES.
Socio-economic disadvantage in infancy is associated with higher infant mortality
and adverse birth outcomes [24]. In both childhood and adolescence, SED has
been linked to an increased risk for asthma, dental problems, and physical inactivity
[24]. In terms of psychological health outcomes, a range of researchers have shown that
SED is linked to poor language, cognitive deficits, and behavioural difficulties during
childhood and higher rates of substance abuse, disruptive behaviours, and depression in
adolescents [24].

Heightened stress levels appear to be the most important mediating mechanism
underlying the influence of socio-economic disadvantage on health development [24].
Childhood socio-economic disadvantage is linked to greater exposure to stressors,
including harsh parenting, exposure to violence, separation from parents, lower school
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quality, negative peer relations, substandard housing, pollutants, noise, and crowding
[24]. Meijer and colleagues have also demonstrated that neighbourhood deprivation poses
risks, including a lack of access to physical and cultural resources such as fresh fruits and
vegetables, open space and other recreational amenities, libraries, and transportation, in
addition to higher levels of exposure to violence and crime [25]. Those who have been
exposed to SED are significantly more likely to encounter multiple, chronic, and severe
stressors, which over time disables individuals’ capacity to cope [24].

Exposure to ACEs such as those associated with socio-economic disadvantage is
robustly associated with a range of childhood outcomes, including impaired physical
growth and cognitive development, higher risks for childhood obesity, asthma, infec-
tions, non-febrile illnesses, disordered sleep, delayed menarche, and non-specific somatic
complaints [26]. Although these health conditions vary according to ACE characteristics,
age of occurrence, and specific types of exposures, it is clear that the more ACEs the child
is exposed to, the more likely she or he will have complex health problems, with multiple
needs across developmental, physical, and mental health domains [26]. Among
ACEs, caregiver mental health is particularly important in terms of child health out-
comes and is especially important for children aged under 5 years [26]. Retrospective
studies have shown that ACEs also increase the risk of chronic non-communicable
diseases, substance abuse, sexual risk-taking behaviours, suicide, domestic violence,
and impaired physical and mental health, which may lead to the transfer of ACEs to
the next generation [26].

Chronic exposure to cumulative risk factors linked to socio-economic disadvantage
‘gets under the skin’, by leading to dysfunction in the brain and associated physiological
systems, and these dysfunctions impact the likelihood of physical and psychological
illnesses [24]. Neurobiological mechanisms of stress emphasise three areas of the brain
that are involved in stress perception, appraisal, and regulation, namely, the amygdala,
hippocampus, and medial prefrontal cortex [27]. Ulrich-Lai and Herman argue that the
purpose of these areas of the brain is to regulate the physiological stress systems,
especially the hypothalamus-pituitary-adrenal axis and autonomic nervous system [27].
Chronic exposure to adversity exceeds the neuroendocrine system’s ability to maintain
homeostasis and, particularly during life stages associated with greater neuroplasticity
(from pregnancy to early childhood), influences important components of brain devel-
opment involved in cognition, self-regulation, and physical and mental health [26].
As we have noted, chronic exposure to stressors can result in hyper- or hypo-responsivity
of the HPA axis, which represents impaired adaptation and results in a higher likelihood
of eventual exhaustion. Lopez and colleagues cite a multitude of studies that show that
HPA-axis dysregulation has far-reaching effects on young children and may manifest as
both internalising and externalising behaviours [26].

The allostatic load model is important in this regard, as it suggests that exposure to
chronic stress may result in wear and tear in primary stress regulatory systems (the
hypothalamus-pituitary-adrenal axis and autonomic nervous system) and, consequently,
in secondary physiological stress systems (metabolic processes, inflammatory and
immune responses, and cardiovascular responses), which may lead to long-term damage
and impairment [24]. Dysregulation of these physiological systems, which is understood
in terms of allostatic load, is a strong indicator of health development outcomes in
adulthood, including cardiovascular disease, diabetes, as well as cognitive impairment
and premature mortality [24].
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10.4 Limitations and Future Directions
Although there have been major strides in lifecourse health research, there continue to
be significant gaps and limitations in the available research, particularly in terms of
translation to policy and practice [6, 28]. Much of the research on the early biological
origins of later health outcomes is based on animal studies, there are few longitudinal
studies on preconception and pregnancy, and three-generational data are limited [6].
In addition, most lifecourse and developmental research is based on studies that have
not been designed for this specific purpose [6, 28]. Banati (2018) argues, in reference
to the cross-sectional measurement of the Sustainable Development Goals, that longi-
tudinal data add depth and complexity in understanding the lifecourse and provide
answers to ‘why’, which is crucial to the nature and timing of interventions [1].
A number of important lifecourse constructs – such as stress, weathering, and allo-
static load – are not consistently defined or measured, and we lack knowledge of how
these constructs could be best operationalised across different life stages, such as
childhood and adolescence [29].

In spite of progress, much of the available research still uses reductionist statistical
approaches that focus on isolating causal variables [6, 28]. More sophisticated statistical
methods, such as longitudinal growth models to explore health trajectories, and multi-
level modelling to better understand contextual contributors to health status, as well as
decomposition methods to determine the influence of multiple risk and protective
factors at different life stages on future health outcomes are necessary [6, 28]. New
methods of analysis based on dynamic systems approaches are more suited to the
complexity of the lifecourse health framework, but these have been limited in their
application to understanding the roots of health disparities [6, 28]. Dynamic systems
methods differ from correlational and regression approaches and include a number of
computational approaches that can be applied to model dynamic and shifting inter-
actions between individuals and their multiple environments, as well as complex pro-
cesses such as feedback loops and non-linear relations [6, 28].

Despite the focus of lifecourse health research on structural and upstream policy and
community-level factors influencing health status disparities, most research continues to
examine downstream determinants, for example, health behaviours and healthcare [6,
28]. There is still limited knowledge of how complex processes resulting from dynamic
interactions between biological, environmental, social, and behavioural factors over time
produce disparities in population health [6]. Many debates are unresolved, such as the
relative importance of early vs. later exposures and the timing and plasticity of sensitive
periods in development [6, 28].

The lifecourse health framework offers a foundation for more integrated, preventa-
tive, and developmentally prepared health systems that are developed around the central
notion of advancing health and health-promoting environments across the lifespan and
across generations [6, 28]. Cross-disciplinary knowledge can only be generated when
there is an integration of lifecourse research, greater cooperation, and more collabor-
ation and synthesis of disciplines [6, 28] to allow the development of a common set of
principles that promote resilience under stress [30]. This requires integrated, transdisci-
plinary funding opportunities and research agendas [31].

A lifecourse perspective is relevant to all dimensions of health but is most relevant to
health equity [32]. A lifecourse perspective allows us to examine and understand how
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health disparities develop, are amplified or mitigated, as well as reproduced across gener-
ations, which may allow us to intervene more effectively [32]. Specifically, this perspective
helps us understand how social risks and opportunities create vulnerability or resilience at
each life stage, and how they accumulate, or are reduced across lives and generations [32].
The lifecourse perspective highlights stark disparities – children from relatively more
wealthy contexts have benefitted the most, while there has been a limited impact on the
poorest, who continue to need more resources and safety nets to mitigate the effects of the
multiple vulnerabilities they face [1].

In this chapter, we have drawn attention to how socio-economic disadvantage
contributes to pathology across the lifecourse and beyond. The findings have far-
reaching implications for policymakers and interventionists. In the spirit of equity, the
lifecourse perspective and DOHaD theory suggest that early, population-level interven-
tion (at critical or sensitive periods) may prevent the consequences of exposure to socio-
economic disadvantage and all its associated risks. In addition, and perhaps in combin-
ation with population-level interventions, the concept of differential susceptibility sug-
gests the importance of identifying risk indicators that render some more vulnerable
than others and the urgency of conducting more research on the factors that influence
responsivity to interventions. Identifying indicators that point to both additional risk or
vulnerability and heightened responsivity to intervention will allow for the more efficient
implementation of targeted services. This approach may be our best chance at addressing
the probability of socio-economically linked disease outcomes and its repercussions,
which are likely to be felt across multiple lifetimes.

References
1. Banati P. Bringing life course theory to

the sustainable development goals. In:
Verma S, Petersen A, editors.
Developmental Science and Sustainable
Development Goals for Children and
Youth. Cham, Switzerland: Springer
International Publishing; 2018.
pp. 313–328.

2. Halfon N, Larson K, Lu M, Tullis E, Russ
S. Lifecourse health development: Past,
present and future. Matern Child Health
J. 2014;18(2):344–65.

3. Elder GH. The life course as
developmental theory. Child Dev. 1998;69
(1):1–12.

4. Morgan B, Kumsta R, Fearon P, Moser D,
Skeen S, Cooper P, et al. Serotonin
transporter gene (SLC6A4)
polymorphism and susceptibility to a
home-visiting maternal-infant
attachment intervention delivered by
community health workers in South
Africa: Reanalysis of a randomized

controlled trial. PLoS Med. 2017;14(2):
e1002237.

5. Elder GH, Shanahan MJ. Handbook of
Child Psychology. Lerner RM, editor.
New Jersey: John Wiley & Sons; 2006.

6. Halfon N, Forrest CB, Lerner RM,
Faustman EM, Tullis E, Son J.
Introduction to the Handbook of Life
Course Health Development. In:
Christopher B. Forrest, Neal Halfon, and
Richard M. Lerner, editors. Handbook
of Life Course Health Development.
Cham, Switzerland: Springer; 2018.
pp. 1–18.

7. Hertzman C, Boyce T. How experience
gets under the skin to create gradients in
developmental health. Annu Rev Public
Health. 2010;31:329–47

8. Hughes K, Bellis MA, Hardcastle KA,
Sethi D, Butchart A, Mikton C, et al. The
effect of multiple adverse childhood
experiences on health: A systematic
review and meta-analysis. Lancet Public
Health. 2017;2(8):e356–e66.

138 Mark Tomlinson, Amelia van der Merwe, Marguerite Marlow, and Sarah Skeen

https://doi.org/10.1017/9781009201704 Published online by Cambridge University Press

https://doi.org/10.1017/9781009201704


9. Sameroff A. A unified theory of
development: A dialectic integration of
nature and nurture. Child Dev. 2010;81
(1):6–22.

10. Barker DJP. The origins of the
developmental origins theory. J Intern
Med. 2007;261(5):412–7.

11. Salsberry P, Tanda R, Anderson SE,
Kamboj MK. Pediatric Type-2 Diabetes:
Prevention and Treatment Through a Life
Course Health Development Framework.
In: Christopher B. Forrest, Neal Halfon,
and Richard M. Lerner, editors.
Handbook of Life Course Health
Development. Cham, Switzerland:
Springer; 2018. pp. 197–236.

12. Fleming TP, Watkins AJ, Velazquez MA,
Mathers JC, Prentice AM, Stephenson J,
et al. Origins of lifetime health around the
time of conception: Causes and
consequences. Lancet. 2018;391
(10132):1842–52.

13. McEwen BS. Protective and damaging
effects of stress mediators. N Engl J Med.
1998;338(3):171–9.

14. McEwen BS. Effects of adverse
experiences for brain structure and
function. Biol Psychiatry. 2000;48
(8):721–31.

15. de Kloet ER, Fitzsimons CP, Datson NA,
Meijer OC, Vreugdenhil E.
Glucocorticoid signaling and stress-
related limbic susceptibility pathway:
About receptors, transcription machinery
and microRNA. Brain Res.
2009;1293:129–41.

16. Ellis BJ, Boyce WT, Belsky J,
Bakermans-Kranenburg MJ, van
Ijzendoorn MH. Differential
susceptibility to the environment:
An evolutionary – Neurodevelopmental
theory. Dev Psychopathol. 2011;23
(1):7–28.

17. Boyce WT. Epigenomic susceptibility to
the social world: Plausible paths to a
‘Newest Morbidity’. Acad Pediatr.
2017;17(6):600–6.

18. Boyce WT, Ellis BJ. Biological sensitivity
to context: I. An evolutionary-
developmental theory of the origins and

functions of stress reactivity. Dev
Psychopathol. 2005;17(2):271–301.

19. Boyce WT. The Orchid and the
Dandelion: Why Sensitive People Struggle
and How All Can Thrive. London: Pan
MacMillan; 2019.

20. Boyce WT, Ellis BJ. Biological sensitivity
to context: I. An evolutionary–
developmental theory of the origins and
functions of stress reactivity. Development
and Psychopathology. 2005;17:271–301.

21. Ellis BJ, Boyce WT, Belsky J, Bakermans-
Kranenburg MJ, Van IJzendoorn MH.
Differential susceptibility to the
environment: An evolutionary–
neurodevelopmental theory. Development
and Psychopathology. 2011;23(1):7–28.

22. Masten A, Cicchetti D. Developmental
cascades. Dev Psychopathol. 2010;22
(3):491–5.

23. Patton GC, Olsson CA, Skirbekk V,
Saffery R, Wlodek ME, Azzopardi PS,
et al. Adolescence and the next
generation. Nature. 2018;554
(7693):458–66.

24. Kim P, Evans GW, Chen E, Miller GE,
Seeman T. How socioeconomic
disadvantages get under the skin and into
the brain to influence health development
across the lifespan. In: Halfon N, Forrest
CB, Lerner RM, Faustman EM, editors.
Handbook of Life Course Health
Development. Berlin: Springer; 2018.
pp. 463–97.

25. Meijer M, Röhl J, Bloomfield K, Grittner
U. Do neighborhoods affect individual
mortality? A systematic review and meta-
analysis of multilevel studies. Soc Sci
Med. 2012;74:1204–12.

26. Lopez M, Ruiz MO, Rovnaghi CR, Tam
GK, Hiscox J, Gotlib IH, et al. The social
ecology of childhood and early life
adversity. Pediatr Res. 2021;89(2):353–67.

27. Ulrich-Lai YM, Herman JP. Neural
regulation of endocrine and autonomic
stress responses. Nat Rev Neurosci.
2009;10(6):397–409.

28. Halfon N, Forrest CB, Lerner RM. Life
Course Research Agenda (LCRA),
Version 1.0. In: Halfon N. FC, Lerner R.,

Lifecourse 139

https://doi.org/10.1017/9781009201704 Published online by Cambridge University Press

https://doi.org/10.1017/9781009201704


Faustman E., editors. Handbook of Life
Course Health Development. Cham,
Switzerland: Springer; 2018. pp. 623–45.

29. Halfon N, Forrest CB. The emerging
theoretical framework of life course
health development. In: Halfon N, Forrest
CB, Lerner RM, Faustman EM, editors.
Handbook of Life Course Health-
development Science. Berlin: Springer;
2017. pp. 19–43.

30. Ungar M. Systemic resilience: Principles
and processes for a science of change

in contexts of adversity. Ecol Soc.
2018;23(4).

31. Suleiman AB, Dahl RE. Leveraging
neuroscience to inform adolescent health:
The need for an innovative
transdisciplinary developmental science
of adolescence. J Adolesc Health. 2017;60
(3):240–8.

32. Braveman P. What is health equity: and
how does a life-course approach take us
further toward it? Matern Child Health J.
2014;18(2):366–72.

140 Mark Tomlinson, Amelia van der Merwe, Marguerite Marlow, and Sarah Skeen

https://doi.org/10.1017/9781009201704 Published online by Cambridge University Press

https://doi.org/10.1017/9781009201704


Section 3

Chapter

11
Key Concepts for Biosocial Research

Syndemics
Edna N. Bosire, Michelle Pentecost, and Emily
Mendenhall

11.1 Introduction
Recognising how early experiences frame and impact later health is a central focus of
DOHaD. However, rarely in DOHaD studies are the synergistic characteristics of
diseases throughout the lifecourse a central focus. Syndemic theory can enhance our
understanding of health over the lifecourse by integrating a more synergistic understand-
ing of early stressors and long-term adverse health, often caused by the interactions of
health and social conditions. Syndemic theory posits that disease concentrations (where
diseases cluster together) and disease interactions (what adverse effects result from the
clustering) cause more health adversity due to their synergistic dynamics. Moreover,
because the clusters and interactions of health conditions share upstream drivers,
designing interventions to mitigate one condition may have larger-scale impacts on
health and well-being. In this way, syndemic theory can contribute meaningfully to
DOHaD studies because it considers how and why diseases occur, cluster, and interact
across the lifecourse. Further, DOHaD thinking is inherent to syndemic theory, which
recognises how chronic stress and inflammation over the lifecourse can play central roles
in the interaction and exacerbation of certain infectious and/or non-infectious health
conditions. Recognising how and why health conditions cluster together, and what
factors from early life through adolescence may have a major impact on adult multi-
morbidities, can advance both DOHaD and syndemic thinking.

In this chapter, we consider how syndemic thinking can advance DOHaD scholarship
by critically engaging with the synergistic underlying conditions of early life that pro-
foundly affect health and disease in later life. In what follows, we describe the history of the
syndemics framework and provide a few examples of how the framework has been used in
other studies. We discuss the synergies of syndemic and DOHaD theory. We draw on our
work with the ‘Birth to Thirty’ birth cohort based at the Developmental Pathways for
Health Research Unit (DPHRU) at the University of the Witwatersrand to provide some
examples of how social, psychological, and biological factors cluster and drive health and
disease over a lifetime, and demonstrate how the syndemic framework may benefit
DOHaD research.

11.2 History of Syndemic Theory
The term syndemics was first proposed by Merrill Singer [1] to demonstrate how socio-
economic, political, or environmental factors influenced the frequently co-occurring prob-
lems of substance abuse, violence, andHIV. Singer and Clair [2] defined syndemics as a set of
intertwined and mutually enhancing epidemics involving disease interactions at the
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biological level that develop and are sustained in a community/population because of harmful
social conditions and injurious social connections. Singer argued that the synergies of
epidemics are crucial for understanding what diseases emerge, where, and why. Specifically,
syndemics theory focuses on disease concentration (the where) and disease interactions (the
how) and provides a framework for understanding what drives disease clusters and for
designing interventions that might mitigate these effects. Others have described syndemics
by thinking about interactions of ‘people, place, and time’ and as a ‘constellation of affliction’
[3]. In many ways, the syndemics framework provides a clear way of thinking about disease:
rarely does an individual or population experience a disease in isolation from other
conditions – such as social, political, or historical contexts where people live.

Singer first proposed the SAVA Syndemic, showing how substance abuse, violence, and
AIDS cannot be understood in isolation among inner-city residents of Hartford,
Connecticut. Singer argued that the local HIV epidemic could not be dissociated from
the local epidemic of substance abuse and that the pathways of transmission were inextric-
ably linked and deepened by structural violence [1]. In this way, Singer emphasised that
understanding local history and social context was fundamental for understanding the
social life of an infectious disease. The SAVA syndemic framework is now widely used to
develop interventions in the field of HIV/AIDS, while recognising that the interactions
between and concentration of diseases have a history and may share an origin. This
framing provides clear pathways for intervention, such as through integrating mental
health and substance use interventions for the prevention of and living with HIV.

Three rules frame syndemic thinking [1, 2], and these rules are crucial for defining
what comprises a syndemic and what does not [4]. First, two or more diseases concen-
trate within a population. In many cases, this relationship is well documented in the
epidemiological literature, often cited as a comorbid or multi-morbid relationship.
Second, disease interactions are measurable through bio-bio, bio-social, or bio-
psychological pathways, which may include anything from well-documented interactions
in biology (such as inflammation) to cultural dynamics (like stigma). Third, macro-scale
forces precipitate disease clustering, framed by factors at the macro-level (such as
structural violence) to meso-level (such as immigration or gender-based policy) and
micro-level (such as interpersonal violence or chronic food insecurity). DOHaD takes a
similarly integrative approach, recognising how early exposures to adversity and chronic
stress, particularly in relation to nutrition, can profoundly shape disease risk later in life.
It is this adversity and the diseases that emerge that often become syndemic; chronic
stress and inflammation are closely linked to non-communicable diseases, and these
conditions increase the risk for or compromise health when one confronts infections like
HIV. It is these underlying conditions, and the weakening of immune function, that
compromise one’s ability to fight off or live well when multiple serious conditions
concentrate together within individuals and communities. The elevated risk of morbidity
and mortality among people with such conditions, who are socially and economically
marginalised, was exemplified by the recent COVID-19 crisis.

Another example is the syndemic of violence, racist immigration policy, diabetes,
depression, and abuse (verbal, emotional, physical, or sexual) among Mexican immi-
grant women living in the Chicago metropolitan area, as described by Emily Mendenhall
[5]. In a mixed-methods study consisting of data collected through life history narrative
interviews, biological specimens, and validated psychiatric instruments, Mendenhall
describes how interpersonal violence and fear (bound to immigration policy) drove
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distress. These experiences linked stress and trauma from undocumented migration and
navigating a racist immigration system to the deleterious effects of living with chronic
illness (type 2 diabetes) amidst financial uncertainty. In this case, the adverse health
effects of these larger forces, often obscured, could be observed in the epidemiological
data demonstrating the close biological and psychological links between depression and
type 2 diabetes [5, 6]. A central focus of this work was to describe how study participants,
despite seeking care for diabetes or being identified by the state as having diabetes (e.g.
via Medicaid), could not become well without psychological healing and overcoming
structural barriers like a lack of safety and food [7]. In this way, their diabetes was
entangled in a feedback loop with traumatic memories, family stress, chronic financial
uncertainty, and untreated depression that required nuanced care and support from the
clinic, their community, and their families [5].

These examples illustrate how syndemic co-factors build throughout a lifetime.
DOHaD studies can emphasise at what time and in what ways interventions for one
aspect of a syndemic may elevate overall health and well-being by lessening the inter-
actions within and among syndemic problems [8] – in this way, syndemic and DOHaD
theories are complementary and synergistic.

11.3 How Syndemics Thinking and DOHaD Studies Are
Inherently Synergistic
Understanding the social and biological histories of people is as fundamental to the syndemic
framework as it is for DOHaD studies. Histories of disease have long engaged with a ‘disease
biography’ approach – where diseases are viewed as biological entities, overlooking how
diseases become interconnected and co-occur through social and political processes [9, 10].
Thinking about the rise and decline of syndemics across time, as well as intergenerationally,
provides an opportunity to recognise the fundamental role of contexts and driving forces
that underlie how and why diseases interact within bodies and populations in a certain
time and place. Studies central to driving DOHaD scholarship, such as of the 1944 Dutch
Hunger Winter famines [11] and other famines such as in China and Nigeria [12, 13], can
provide situational evidence for why and how socio-political contexts may have affected
biological risk for disease later in life or across generations. DOHaD studies emphasise how
experiences of deprivation can provokemultiple and overlapping chronic conditions later in
life, but rarely do they emphasise how these synergistic interactions occur and why. In many
ways, DOHaDstudies are already thinking syndemically, butmaking these links clearer, with
a focus on interactions that perpetuate disease experiences, can provide clearer modes for
intervention [14]. Using syndemic theory in DOHaD research could push forward an
understanding of the connectedness of synergistic conditions through time and across
space. This allows for syndemics to be studied historically and may allow researchers to
fundamentally understand current syndemics and anticipate future ones.

Another attractive aspect of syndemics framework is its broad applicability to
conditions or diseases that commonly cluster together such as malnutrition, obesity,
and diabetes; HIV and TB; and HIV and non-communicable diseases such as diabetes
and mental health [15]. This provides a chance to develop interventions that respond to
these diseases concurrently and in an integrative manner as opposed to dealing with
individual diseases. Further, preventing syndemics requires not only prevention or
control of each disease, respectively, but also understanding and controlling the forces
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that tie the diseases together. Insights gained from understanding syndemics (e.g. HIV
syndemics research) can then be transferred and applied to other syndemics.

Syndemics often emphasise how deleterious social and political conditions such as
poverty, food insecurity, inequalities, or political instabilities expose populations to
disease clustering and interactions across the lifecourse [16]. These factors further shape
disease burden, from immune responses to healthcare access. The reverse is also true;
disease burden and limited access to healthcare may influence social and economic
conditions or processes [17]. For DOHaD research, the syndemic framework may allow
researchers to understand diseases holistically by examining how biological synergisms
cluster and are worsened by social and structural forces. In other words, the syndemics
framework may shed some light on inequalities in diseases and health and why some
people suffer more than others within or outside the same geographical locations. For
instance, although conditions like type 2 diabetes have been associated with old age [18],
we know that insulin resistance can emerge and afflict younger people in part because
economic pressures and intensified economic inequalities cause increasing stress, and
viral and metabolic conditions are increasingly linked [19–22]. This may best be exem-
plified in countries such as South Africa that have experienced extraordinary social and
political changes [23]. Metabolic disease appears to emerge at earlier ages in South Africa
and makes people sicker faster compared to other developed countries [24, 25].

While DOHaD interventions often focus on child, maternal, and preconception
health as influential for health across the lifecourse, a syndemic lens is useful to
foreground the social or environmental challenges that interact in the early life period
to influence well-being. For example, part of our collaborative work in South Africa
under the Healthy Life Trajectory Initiative (HeLTI) has suggested that women suffer
considerably because of long-term exposure to hardships, poverty, and intergenerational
conflicts at home [26]. Women may also frequently parent alone, in part due to parental
separations and the early departure of the father in the context of women giving birth
before marriage [26]. Women with girl children, fearing for their daughters’ futures,
sometimes exert undue pressure on their children to achieve educational goals and find
secure employment before marriage or childrearing, but this can lead to significant
intergenerational tensions. Daughters express stress, anger, anxiety, depression, and
suicidal ideations [26], which may affect the risk of early pregnancy [27]. Patriarchal
culture plays a crucial role in girls’ experiences, where a hierarchy of power and privilege
that typically favours men over women, and boys over girls, affects access to food, school,
jobs, emotional support, and other crucial aspects of well-being. This then reinforces a
systemic inequality that undermines the rights of women and girls and restricts the
opportunity for women, men, and gender minorities to express their authentic selves.

This example illustrates the complex social dynamics that affect young people’s
health, from ways of thinking about sexuality and power to financial security, emotional
support, and conceptualisations of a healthy life and well-being. Social, psychological,
and biological conditions emerge and interact in different ways throughout the life-
course. By disentangling how conditions interact and perpetuate one other, clinical
programmes can integrate mental and physical healthcare, and policymakers can also
prioritise community-based interventions, given that, as we have found in Soweto,
people engage in health-seeking far beyond the clinic and can improve their overall
health and well-being by engaging in activities that may be religious or relational [28].

Moreover, syndemic theory can advance DOHaD studies as it highlights where,
when, and how disease concentration or interaction is likely to occur across the
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lifecourse. For example, households that are exposed to violence (e.g. gender-based
violence including intimate partner violence, child maltreatment, or early marriages)
may have consequential impacts in later life. Studies have shown that children born in
households that experience violence may have developmental delays first seen in infancy;
anxiety and mood disorder symptoms and poor peer relationships first seen in child-
hood; substance use, abuse, or addiction or a diagnosis of substance use disorder often
first seen in adolescence; and increased risk for personality and other psychiatric
disorders and relationship problems during adulthood [29]. Other research shows that
among people exposed to major psychological stressors in childhood, there are elevated
rates of morbidity and mortality from chronic diseases of ageing [30]. Understanding
such factors can enable the development of timely interventions to ensure that disease
clustering does not happen.

In sum, syndemic thinking in DOHaD studies can illuminate how macro-scale
factors such as structural violence, meso-level factors such as health policies, and
micro-level factors such as intimate partner violence influence disease clustering and
interactions and produce poor health outcomes.

11.4 Conclusion
Syndemic theory facilitates an understanding of the cumulative effects of social and environ-
mental influences, and how these interact with other variables such as demographic,
biological, genetic, and epigenetic factors across the lifecourse. The syndemic framework
underscores a need to focus on social inequality as a root cause of syndemic clustering and
interactions and demonstrates that population-level disease prevention can only occur by
addressing the large-scale social and structural forces that shape both individual and
population health. In addition, addressing harmful or injurious forces at family, commu-
nity, and population levels can help reduce disease clustering or interactions now and later in
life. In this sense, the syndemic framework can highlight ‘hotspots’ where there is a high
likelihood of disease clustering now or in the future and provide an opportunity to intervene
before the clustering and interaction take place. Finally, the syndemic framework provides
an avenue for interdisciplinary research – as it focuses on multi-layered factors that shape
disease distribution at the population level. Thus, integrating syndemics in DOHaD studies
may enhance cross-disciplinary research. The framework also enables researchers to address
one of the greatest barriers to health improvements: the failure to examine linked phenom-
ena. Syndemic theory allows researchers to move beyond understanding the proximate
causes of diseases and draws attention to the processes that create clusters of disease and
noxious living conditions for particular populations, affected by a particular condition. It is
therefore imperative for DOHaD to think syndemically to understand disease patterns
across different time periods.
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Section 3

Chapter

12
Key Concepts for Biosocial Research

Embodiment
ZiyandaMajombozi andMutsawasheMutendi

12.1 Introduction
Embodiment is an established concept within the fields of medical anthropology and
other social sciences. It has been used as a way of thinking and writing about the body
and bodily experiences that challenge dualistic assumptions about the mind and the
body. This chapter explores the various ways in which the concept of embodiment has
been used in the social sciences and health sciences research with a particular focus on
the ‘first 1000 days’ and the Developmental Origins of Health and Disease (DOHaD).
By drawing on case studies and ethnographic data, this chapter illustrates how the
concept of embodiment can be used as a heuristic or analytical tool to challenge the
way we understand the body – particularly the ailing body, the sick body, and the
birthing body. We draw on examples that illustrate how the concept of embodiment
has the potential to contribute to DOHaD research. Using the concept of embodiment as
a tool within DOHaD research allows us to show the ways in which challenging social
environments and stressors have long-term effects on health and biology [1].

12.2 What Is Embodiment?
According to Musolino et al. [2], the conceptual framing of embodiment came into
social science writing as a critique of the highly contested theory of Cartesian dualism,
which continues to be the dominant approach to understanding and treating the body in
other disciplines. René Descartes’s theory of dualism asserts that the mind and the body
are separate entities that exist independently of one another and that could not exist in
unity. Descartes believed that ‘. . .Mind was unextended, an immaterial but thinking
substance and body was an extended, material but unthinking substance’ [3]. This theory
had implications for science and, of interest to this paper, the practice of medicine.
In medicine, the body is often portrayed as a biological fact, an object, a collection of cells
and tissue, a ‘. . .machine, void of mind or soul’ [4]. This can mean that the mind and its
significance in one’s experiences of health and illness are not accounted for. However,
since the 1970s, anthropologists and other social scientists have challenged Cartesian
dualism and have suggested different ways to think about the body, one of which is the
concept of embodiment.

While the concept of embodiment has been used differently within various discip-
lines, we will draw on three notions of embodiment that are of particular relevance to
DOHaD: first, the political economy approach within critical medical anthropology [5];
second, the phenomenological approach conceptualised by Csordas [6]; and finally, the
biosocial approach, drawing on Nancy Krieger’s work [7]. Thus, the first part of the
148
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chapter is a survey of how embodiment has been theorised and used within the social
sciences. In the second half of the chapter, we argue that DOHaD should embrace social
science concepts as biosocial collaboration compels cross-disciplinary legibility and a
shared vocabulary. We provide a discussion of why embodiment (conceptualised in the
three ways we present) is a useful theoretical tool for DOHaD science. In doing so, we
illustrate why it is important to integrate concepts/tools from social sciences, in this case
embodiment, to deepen our awareness and understanding of the kind of influence
environmental experiences can have on the development of health and disease over the
lifecourse. We suggest that employing the embodiment concept can make DOHaD
research and interventions more socially just and socially sensitive.

12.3 Approaches to Embodiment
The political economy approach to embodiment is best described by Nancy Scheper-
Hughes and Margaret Lock. In their seminal essay, The mindful body: A prolegomenon to
future work in medical anthropology, Nancy Scheper-Hughes and Margaret Lock [5]
conceptualise the body as something that is ‘simultaneously a physical and symbolic
artifact, as both natural and culturally produced, and as securely anchored in a particular
historical moment’ [5]. They propose the idea of three bodies. Firstly, the ‘individual
body’ represents one’s personal experiences, perception, and consciousness of their body.
Secondly, the ‘social body’ focuses on the messages that the body sends and how the body
is perceived and analysed by others. Thirdly, the ‘political body’ focuses on the regula-
tion, control, and surveillance of bodies. This way of thinking about the body challenges
the view that the body is simply a biological fact. The idea of the three bodies not only
challenges mind–body dualism but also opens up a new lens of analysis in which illness is
not experienced solely in the mind or the body but is crucially shaped by social and
political structures. This is best illustrated by their concluding words:

What we have tried to show in these pages is the interaction among the mind/body and the
individual, social and body politic in the production and expression of health and illness.
Sickness is not just an isolated event, nor an unfortunate brush with nature. It is a form of
communication – the language of organs – through which nature, society and culture speak
simultaneously. The individual body should be seen as the most immediate, proximate terrain
where social truths and contradictions are played out, as well as a locus of personal and social
resistance, creativity, and struggle [5]

The phenomenological approach to embodiment conceptualised by Thomas Csordas has
also been widely influential within anthropology and social sciences discourses. Csordas
[6] proposed the idea of phenomenological embodiment to move away from discourses
that frame the body as a passive subject. Instead, he advocates for a conceptual framework
that captures human existence as relational, temporal, embodied, and situated [8]. Csordas
[6] sees the body as ‘a biological raw material’ that ‘inherits its culturality through the
process of embodiment’. This approach has allowed scholars to illuminate how culture and
history shape bodily experiences. Used in this way, the concept of embodiment provides us
with useful tools for thinking about everyday taken-for-granted bodily practices, about
how bodily knowledge is acquired, and about how, in turn, this acquisition accounts for
the differences in how people hold and use their bodies (gestures or accents) [2, 9].

The biosocial approach to embodiment goes beyond ‘considering’ how culture and
politics influence health and illness experiences to show the detrimental implications of not
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considering embodiment. A failure to consider embodiment can lead to deeply unjust
experiences of health and illness as the social becomes biological. Scholars such as Nancy
Krieger have described embodiment as ‘a concept referring to how we literally incorporate,
biologically, the material and social world in which we live, from conception to death; a
corollary is that no aspect of our biology can be understood absent knowledge of history
and individual and societal ways of living’ [7]. Embodiment for epidemiology grapples
with the implications of how global and local social, political, and economic structures
shape people’s lives and become embodied in individual sickness and suffering [10].

We now move onto three case studies that illustrate the usefulness of the above
approaches to embodiment. It is important to note that we do not advocate for any one
approach to embodiment; we see all the approaches we have surveyed here are equally
useful. The case studies below show us an alternative to the DOHaD tendency to individu-
alisation and blame that is often directed towards women for negative outcomes with
regard to reproduction. For example, Manderson and Ross [11] suggest that DOHaD
research and the interventions born from it tend to over-emphasise the maternal role in
keeping the fetus safe and healthy. As a result, there is a tendency to focus interventions on
women with the assumption that a woman’s body is ‘an incubator of population health,
both in the immediate present and, according to current understandings of epigenetics, for
two generations (at least) into the future’ [11]. This has the unintended consequence of
leaving other bodies such as those ofmen underexamined and puts the responsibility of the
health and well-being of future generations solely on women, leading to the surveillance of
particular bodies in order to control population health [11]. The following case studies
provide insight into how the experience of pregnancy cannot be adequately grasped by
focusing on the individual mother. Instead, they illustrate how an embodiment approach
can better illuminate the environmental and structural conditions surrounding pregnancy.

12.4 Case Studies
Anthropologist Emily Yates-Doerr’s [12] work in Guatemala effectively illustrates how
health and illness are shaped by social and political structures. Yates-Doerr [12] provides
an insightful multi-layered analysis using embodiment to trace the relations and material
conditions that shape the worlds of mothers and their infants. In 2006, the Central
American Free Trade Agreement came into effect. This resulted in Guatemalan markets
importing an influx of US market foods, which included unhealthy and highly processed
foods that were not a staple commodity prior to the implementation of the international
trade agreement. Furthermore, the liberalisation of the Guatemalan food economy
meant it became more expensive for the country to locally produce staple commodities,
thus resulting in the proliferation of supermarkets that could mass import food into the
country. Yates-Doerr [12] notes that the rising rates of diabetes, heart disease, hyperten-
sion, and other illnesses associated with dietary practice within the country are in part
due to the transformation of the region’s food economy brought about by the inter-
national trade agreements [12, 13]. Like Yates-Doerr, many other scholars have noted
that the introduction of the Western diet, especially the emergence of highly processed
foods in particular countries, corresponds to the rising rates of cardiovascular diseases
and hypertension [14]. Thus, in the case of Guatemalan women, the high rates of obesity
and diabetes in infants cannot be solely blamed on a mother’s individual lifestyle choices.
The political economy of Guatemala is embodied in the lives and bodies of women and
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their infants; in Rubin and Hines’ words [15], political economy ‘enters the body’,
transforming the bodies of women and their infants, and affects their health outcomes.

The second example we draw on is fromMutsawashe Mutendi’s [16] work on maternal
health among South African platinum mineworkers. Mutendi [16] shows how platinum
mining makes mineworkers vulnerable to various occupational health-related problems,
particularly reproductive health-related problems. The exposure to toxic chemicals while
mining underground can potentially be harmful to the health of pregnant women and the
health of the fetus. Her work shows how women opt to evade mining policies that stipulate
that when a female mineworker discovers that she is pregnant, she should report her
pregnancy to human resources so that an alternative and safer job can be found for her.
Under such policies, if the number of pregnant women exceeds the number of available
alternative jobs on the surface, the remaining pregnant mineworkers are sent home by the
mining company until they give birth. In such cases, women will only be compensated for
four months of maternity leave, as stipulated by the Basic Conditions of Employment Act
(BCEA) of 1997, Section 25 [17]. Hence, pregnant mineworkers in this context opt to
conceal their pregnancies and continue working underground despite the reproductive
dangers that this potentially poses to the mineworkers, their fetuses, and subsequent
generations. Mutendi highlights the complex political and economic realities and multiple
forms of vulnerability faced by female mineworkers during pregnancy. These include how
pregnancy, mining policies, the fear of being economically redundant, motherhood,
exposure to toxins, and the in utero experience shape one another.

Some of the groundbreaking research conducted on the biosocial approach builds on
Krieger’s work on embodiment, to show how racial inequality can result in poor health
outcomes for particular groups of people (see Meloni et al. in this volume). For instance,
the work of neonatologists David and Collins [18] illustrates how racial oppression can
be embodied and influence the health outcomes of infants. In Disparities in infant
mortality: what’s genetics got to do with it?, David and Collins explore the differences
between infants of African American women and white women in the United States,
with a particular focus on the disparities in low birth weight between the two racial
groups. Their research shows that low birth weights of infants were not a result of genetic
predisposition but rather the socio-economic and environmental influences that African-
born women were exposed to, which changed their biology, putting them at a higher risk
of birthing infants with low birth weight. Their research speaks to the ways in which
structural racism is embodied: it enters the bodies of women of colour, and the stressors
associated with racism lead to women having unfavourable maternal health outcomes
and their infants also having bad outcomes such as low birth weight and premature
birth. Thus, the social issue of racism manifests itself in biological ways. Although
research that is framed within the biosocial approach of embodiment is largely Euro-
American as is shown in the example above, there have been some recent strides in this
topic within South Africa. Kim et al. [19] look at the intergenerational mental health
impacts of prenatal stress in South Africa, focusing on a longitudinal birth cohort in
South Africa called Birth to Twenty Plus (Bt20++). Their research illustrates how the
trauma caused by apartheid conditions, coupled with other societal ills such as poverty
and inequality, can be inherited and embodied by children in utero and affect their
mental health in the future. Kim et al.’s key findings are that trauma and stressors caused
by apartheid conditions have had enduring biological effects that continue to influence
socio-emotional behaviour and mental health across the lifecourse [19].
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12.5 Discussion
As the definitions and case studies that we have used in this chapter make clear, the
conceptual framework of embodiment allows us to connect the subjective experiences of
the body to broader social contexts and also shows us how the body is inscribed with
history, politics, and culture. That is, individual bodily experiences are shaped by social,
political, historical, and cultural forces [5, 20]. Furthermore, the concept of embodiment
has allowed social scientists and health scientists to incorporate more nuanced
approaches to quantify stress or other social, cultural, and material circumstances that
could influence one’s illness or sickness [21]. As Buklijas et al. mention in this volume,
DOHaD research is based on the premise that conditions experienced in the womb,
infancy, and childhood could potentially predict adult biological and health outcomes
[21]. In the same vein, Krieger [7] argues that the clues to the current changing health
population patterns can be found in the dynamic social, material, and ecological contexts
in which people are born into, develop, and interact within.

While the focus is on interventions that aim to modify the behaviour and lifestyle of
pregnant women might be useful, there are much larger structural forces at work beyond
the control of the mother. The case studies we have presented demonstrate that we cannot
divorce the body from politics and cultural context. Thus, to understand health and
disease, DOHaD research needs to go beyond looking at what is present in the body, or
the personal decisions made by an individual. Considering these case studies, we would
want to look beyond the pregnant women who choose to work underground or pregnant
women who eat processed food. Instead we want to consider the amalgamation of socio-
economic-political factors that influence the decision-making of pregnant women and,
ultimately, their health and that of their unborn babies. Such a deepened awareness can
bring about more socially aware representations of women in DOHaD research and more
socially just DOHaD interventions. In the Kim et al. case, for example, the health outcomes
of pregnant women and future generations must be understood in the context of the racial
inequality and injustice that occurred during apartheid South Africa; these have biological
implications for Black maternal bodies. This awareness of how racial inequality and
injustice can be embodied demands DOHaD research and interventions that take seriously
the health impacts of racial inequality. In bringing attention to broader contexts, an
embodiment approach would also encourage DOHaD interventions to focus on other
reproductive actors and caregivers beyond pregnant women, including men and adoles-
cents, as well as attending to broader contexts.

Adopting an embodiment approach in DOHaD research is challenging but vital. Such
an approach widens the scope and focus of intervention, takes racial discrimination,
political issues, and structural violence into consideration, and investigates how those
socio-economic-political issues may enter the body and cause disease. An embodiment
approach to DOHaD research navigates questions such as: how do bodies experience
pregnancy and childbirth? How do certain contexts produce particular kinds of experi-
ences of pregnancy? How do the circumstances under which women are pregnant enter
their bodies and cause disease or ill health? Under what circumstances are bodies learning
how to be pregnant and how to then feed an infant? How do others relate to certain
pregnant bodies? What kind of power relations play out in the pregnant body, and how
does this affect the health outcomes of the mother and child? Our hope is that using
embodiment as a tool will help DOHaD researchers heed Krieger’s call in her latest work,
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to use what we know about how injustice and inequalities shape people’s health to guide
our actions and direct resources into ‘prevention, redress, accountability and change’ [22].

12.6 Conclusion
This chapter has defined and illustrated embodiment as a crucial concept for theorising the
body and illness in social and health sciences. These perspectives highlight that the body is
relational, temporal, embodied, and situated. Using embodiment as a conceptual tool
allows us to go beyond highlighting how structural inequality can literally be embodied
and trigger sickness and move towards emphasising the transgenerational implications of
health as a result of the previous generation/s embodying social ills. DOHaD science
provides the scientific backing for the embodiment concept as it clearly shows that
environmental factors impact health. This chapter calls for DOHaD research and inter-
ventions that not only acknowledge the environmental impact on health but also consider
and include that wider environment and wider social structures in the interventions
proposed. Embodiment is an insightful analytical tool that allows for conducting
DOHaD research that can attend to social, political, cultural, and material processes and
ultimately produce socially aware and socially just research and interventions. Embracing
social science concepts such as embodiment also allows for shared vocabulary between
DOHaD scientists and social scientists, which is vital for biosocial collaboration.
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Section 3

Chapter

13
Key Concepts for Biosocial Research

Causal Crypticity
Sarah S. Richardson

Causal crypticity is an epistemic norm in the field of maternal–fetal effects science. That
is, fetal origins researchers assert causal hypotheses about links between small permuta-
tions in the gestational environment and later life outcomes. The causes and effects of
these permutations are typically not directly observed but are inferred from variations in
developmental outcomes or health risks that occur later in life, often along a decades-
long chain of other exposures and experiences. To advance these hypotheses requires
field-wide epistemic norms that accept, in most cases, an ineliminable crypticity –
meaning both subtlety and elusiveness – in the causes and effects under study.

This feature of Developmental Origins of Health and Disease (DOHaD) science is not
the perception of hard-nosed sceptics. Many DOHaD researchers are frank about its
causal dilemmas [1–3]. DOHaD scientists have faced fierce criticisms of their theories
and findings by scientists who doubt the plausibility of their causal claims [4–7], and
scientists in the varied research streams that comprise fetal origins/maternal effects
science have been openly debating the question of causality for decades. The search for
causal mechanisms propelled the entry of epigenetic methodologies into the field and
contributed to the pioneering of new inference causal testing models such as Mendelian
randomisation to attempt to examine the plausibility and strength of hypothesised causal
relations [8–12].

The crypticity of causality in DOHaD is no standard-issue causality conundrum.
As I argued in The Maternal Imprint: The Contested Science of Maternal-Foetal Effects
(2021), from the field’s inception, causal crypticity has been deeply carved into the
historical development of the field and will likely continue to be a persistent feature of
any research in maternal–fetal effects science, regardless of the amount of data acquired
or the sophistication of computational methods employed [13]. Nods to the context-
specificity and complexity of causal attributions in DOHaD science do not sufficiently
acknowledge the persistent, intransigent crypticity of causality in maternal–fetal effects
science, nor do they capture the social dimension of its function as an epistemic style in
DOHaD discourse.

High tolerance for causal crypticity can be defined as a field-defining epistemic norm
that accepts a persistent state of indeterminacy about the empirical reality, strength, and
magnitude of hypothesised causal phenomena that are the object of study. Causal
crypticity distinguishes approaches to causal reasoning within DOHaD from certain
ideals of scientific inference prising replicable experiments, intervenability demonstrat-
ing causal invariability across conditions, and identification of a physiological mechan-
ism [14]. But this does not imply that causal crypticity is particularly epistemically
suspect compared to other causality-seeking knowledge projects. Causal crypticity is
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not a term intended to pinion the scientific merit or rigour of DOHaD science but to
characterise its epistemic norms to better understand the field’s theories, its evidential
base, and the judgements that undergird its inferences. My claim is descriptive, not
evaluative: causal crypticity operates as an epistemic norm in DOHaD science.

In this chapter, I explicate and develop the concept of causal crypticity, first intro-
duced in Richardson (2021). Causal crypticity can be understood in three ways: as an
epistemic norm; as a boundary-delimiting signature of field culture or epistemic style;
and as a promissory mode. Contending with causal crypticity as a norm-shaping feature
of the knowledge landscape of maternal–fetal effects science, I conclude, demands
reflection on strategies for ethical and accountable practices of claimsmaking in
DOHaD science, in a world where its findings are received as carrying social implications
in arenas ranging from reproductive autonomy to efforts to redress the health implica-
tions of racism and intergenerational trauma.

13.1 Crypticity
The term ‘cryptic’ has multiple connotations, which I embrace. Something that is cryptic
may be real but difficult to decode or retrieve. Equally, something that is cryptic can be
unclear, and whether it is real or not can be impossible to discern. Phenomena that are
cryptic are elusive, shape-shifting, and impermanent in form. DOHaD science connects
cryptic effects with cryptic causes. Cryptic effects are findings of health outcomes in
exposed compared to unexposed populations that are small in effect size and that present
inconsistently across different study cohorts; moreover, such crypticity in reported
outcomes is persistent and unresolved despite expanding volumes of data. Cryptic effects
are typified by DOHaD studies reporting small absolute changes in risk factors for
common diseases among populations of healthy, average births exposed to a hypothe-
sised intrauterine variable.

The field’s tolerance for causal crypticity is in clear evidence, for instance, in the
Dutch famine studies, a touchstone in DOHaD research. The Dutch famine studies are
often presented as definitively demonstrating a causal link between nutrition in the
womb and obesity and related metabolic conditions, including high blood pressure,
diabetes and insulin resistance, and cardiovascular disease. These metabolic outcomes
are based on measures taken from a small sample of 422 survivors, in their fifties, who
were gestationally exposed to the famine (and matched siblings) during the four months
of the acute famine of 1944–1945 in the Netherlands [15]. As researchers will readily
agree when queried, the findings from these studies are much less generalisable, and
much more contingent and uncertain, than portrayed in the standard textbook narrative.
Famine survivors have been found to have, on average, modestly elevated blood pressure
compared to non-survivors [16]. Women gestated during the Dutch famine have, on
average, an extra few centimetres around the waist, at age 59, than their non-exposed
sisters [17]. However, the effect sizes in such findings are small. They are also unstable,
appearing and disappearing across different age cohorts and genders/sexes within the
study populations. Critical reviews demonstrate that the Dutch famine studies have
shown a few, if any, stable metabolic outcomes of significant effect size specifically
correlated with in utero exposure to famine [18].

Other statements frequently reiterated in the literature, such as that early exposure to
famine doubles the risk of obesity, are, upon examination, not supported by current
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evidence but are statistical relics of dated metrics of what constitutes abnormally
overweight body composition from the 1970s [19]. Furthermore, researchers have
struggled to identify biological mechanisms that could account for the purported specific
causal effects of famine exposure during gestation. A much-celebrated early finding of
epigenetic changes in the insulin-like growth factor 2 (IGF2) gene among famine
survivors has never been replicated [20, 21]. Subsequent studies attempting to find
epigenetic mediators of triglyceride levels among survivors have not withstood causality
inference testing [3]. Yet even as effects are causally cryptic – effect sizes remain small,
findings are contested and conflicting, and mechanisms are elusive – the Dutch famine
studies are presented in the literature as a foundation and model for future work [22],
and scientific publications, textbooks, and popular media frequently feature studies of
health outcomes among ageing members of the cohort of infants gestated during the
Dutch famine as a gold-standard example of the promise of developmental origins
science [23].

Causal crypticity characterises the explanations for cryptic effects because such cryptic
effects are unstable and variable, such that they make non-ideal observations for sub-
stantiating a link to a specific cause. In the case of maternal intrauterine effects, in which
the direct effects of perturbations during gestation are already challenging to observe,
measure, or quantify, causal crypticity is particularly amplified. This is because, due to
the many environmental and genetic confounders of early human development, in nearly
every case the cryptic maternal effect is an endpoint of complex, multiply confounded
causal chains, frequently occurring at a significant temporal distance from the hypothe-
sised initial exposure, which itself is sometimes a confounded, variably defined, difficult-
to-measure ‘cryptic cause’ such as ‘stress’ or ‘metabolic dysregulation’.

Such crypticity is apparent even within maternal–fetal programming science that is
often presented as most foundational, most settled, and as presenting the most extreme
exposures, the largest effects, and the most incontrovertible findings, as in the Dutch
Hunger Winter studies. The field’s high tolerance for causally cryptic findings as
constituting knowledge helps us understand how such findings, which at best offer
support for what may be model-theoretically plausible or physiologically possible,
become concretised as a textbook, settled science, and as known or proven facts within
the field of DOHaD.

13.2 Causal Crypticity as an Epistemic Style and
Promissory Mode
Tolerance for causal crypticity, as a feature of the DOHaD field’s culture, norms,
standards, or epistemic style, is apparent in the forms of evidence accepted within the
DOHaD field as contributions to scientific knowledge and reflected in its shared
assumptions about the questions and objects of interest. For example, the quality of
crypticity is arguably constitutive of what makes something a developmental or maternal
effect rather than, for instance, a birth defect or anomaly. Causal crypticity is, further-
more, integral to the central questions and problems that the DOHaD field addresses and
to how it goes about addressing them. As Gemma Sharp, Debbie Lawler, and I have
argued, the question of whether maternal–fetal programming effects are real is in many
senses not a question for researchers in the DOHaD field. For DOHaD researchers, it is
indisputable that programmable maternal–fetal effects are real [24]; the question is only
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whether we can see and prove them, given that the biology involved must be very
complex and that the pragmatics of studying maternal–fetal effects in human popula-
tions is challenging.

Scientific fields are social formations. Sociologists and historians of science posit that
scientific fields function most efficiently to advance empirical understanding of phenom-
ena when there is a shared culture of sorts and when the field agrees on its core
questions. As a part of this boundary-defining work, fields typically close down or defer
certain questions as well as certain epistemological considerations [25–28]. Causal
crypticity can be tolerated, one might hypothesise, when it serves other important
functions for the field as a social formation. Following scholars of scientific hype [29,
30], one speculation is that causal crypticity may function to keep fetal origins science at
the centre of controversy, with findings persistently described as emergent, yet to be
validated, still being tested, and even essentially contested. In part because of this, causal
crypticity could work cathectically to draw intrigue and to construct a continually self-
replicating arc of future speculation and possibility. In this way, causal crypticity may
function as an electric current that both makes the field of maternal–fetal effects a
flashpoint and draws curious researchers to it.

In this sense, causal crypticity can be understood as a promissory discourse that
conveys causal-ish claims that generate excitement and interest [29]. Thus, although the
field is now more than three decades old, its claims are frequently presented as offering a
new, emergent, and provocative resource for science. It is commonplace to read in
publications, to hear at an academic conference on DOHaD, or to find in a media
presentation of DOHaD research a statement such as: ‘In recent years, research from the
field of the Developmental Origins of Health and Disease (DOHaD) has suggested that
events before birth can have life-long consequences’ [31]. Such broad statements sug-
gesting a powerful causal relation between intrauterine environment and later life health
are, technically speaking, perfectly consistent with a collection of unreplicated findings
that intrauterine exposure X is associated with small effects on offspring outcome Y in
study population Z, yet it also implies stronger and more widely validated causal effects
actionable for public health and in the clinic than present evidence can support.

Specifically, causal crypticity may function socially and discursively to generate
excitement and interest in the scientific field by pointing towards a future in which
knowledge of such cryptic patterns could be harnessed to optimise health outcomes [32].
Notably, cryptic patterns of perturbations linked to outcomes do not promise control or
prediction for any particular individual, but at best speak to patterns and trends and to
risk categories and potential problems at the level of population groups [33]. These
patterns and risk categories generate uncertainty and require concern and ongoing
monitoring.

In a world rife with crises, risk, and uncertainty, the potential for cryptic sources of
fetal developmental perturbation requiring ongoing tracking is everywhere. We thus see
speculation about the relevance of developmental origins theories to nearly every area of
social anxiety and uncertainty, including natural disasters and political or economic
crises, from the 9/11 attacks [34–36] to climate change [37–39], to most recently, the
COVID-19 pandemic [40–42]. Writing in 2021, Tessa Roseboom and colleagues warned
in the Journal of the Developmental Origins of Health and Disease that ‘the legacy of this
pandemic looms large for unborn babies . . . These individuals, being unseen and
unheard, are likely to go unprotected’. The implications of experiencing the pandemic
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while in the womb, these authors assert, will affect an entire generation and ‘all of our
future societies’: ‘Today’s (unborn) children will drive growth and development in our
future societies. [. . .] We must now act to prevent further scarring of the life chances of a
generation’ [41]. The potential for harm to the ‘unborn’ is pervasive, as in Figure 13.1,
which conceptualises the mother’s work, daily hassle, and even the condition of
pregnancy itself, as health-imperilling stressors transmuted to the fetus through the
mother [42].

DOHaD science on maternal–fetal effects promises to inform public policy to
improve future outcomes, but causal crypticity entails that DOHaD research is not, by
and large, likely to produce interventions driven by the reversal of biochemical mechan-
isms at the moment or site of programming [33]. In a field of inquiry characterised by
the epistemic style and promissory mode of causal crypticity, interventions, while hoped-
for, are ultimately less the order of the day than demonstrating the possibility or
plausibility of harm. In the case of DOHaD, this harm is conceptualised as a limitation
on future potential. That is, DOHaD findings of cryptic effects deliver evidence of
limitations or lesions in the potential for life flourishing, from early mortality to
educational achievement. Powerful ableist, Western norms and pressures to optimise
birth outcomes, complemented by globalist, development economics frameworks for
measuring human capital in the metrics of health and at the level of the body, help
sustain this promissory mode in maternal–fetal effects science [43–46]. The range of
possible future adverse outcomes is so wide that the full implications of the develop-
mental harm can never be fully grasped, only proxied by limited quantitative physio-
logical measures such as adiposity or blood pressure. Moreover, it is argued that these
harms are set so early in development that compensating for or redressing the harms will
be challenging. DOHaD researchers frequently suggest that early developmental harms
might only be redressed in future generations by removing or waiting out the scourge of
trauma, poverty, or metabolic deprivation.

13.3 Causal Crypticity in the Context of Big Data and
Postgenomic Science
While DOHaD science has long operated with a high tolerance for causal crypticity, the
epistemic norm of causal crypticity, as I have characterised it here, increasingly might be
said to characterise the knowledge claims and knowledge practices endemic to data-rich,
twenty-first-century postgenomic biomedical life sciences, particularly those endeavours
operating in complex biosocial causal spaces. Indeed, as commentators have pointed out
[47], in many areas of postgenomic biomedicine, causal claims are not expected to result
from investigations. It is expected that the strength of findings will vary depending on
contextual factors and that findings will not replicate across all datasets. Even as
researchers strive to validate causal connections, a tolerance for a certain permissiveness
with implying the likely causality of observed correlations is increasingly integrated into
the norms and culture of postgenomic biomedicine.

There is a broader social context for these shifts in knowledge paradigms in the
postgenomic life sciences. The epistemic style of causal crypticity is primed to flourish in
a knowledge culture defined by massive information. The epistemology of massive
information is defined by constructs such as ‘search’, trending ideas, chatter, pattern
recognition, the notion of ‘data mining’, network, and systems-like ideas about the
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Figure 13.1 ‘Overview of potential maternal prenatal stressors during the current COVID-19 pandemic as part
of the early life course medicine’.
Source: Schoenmakers et al. [42]
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connectivity of all things, total information, emergence, and surveillance [48]. This
epistemology contrasts sharply with ‘magic bullet’ or ‘master molecule’ approaches to
knowledge that are oriented towards control, intervention, and cure [49]. In a knowledge
culture embracing causal crypticity, grievance or evidence of harm is not expected to
surface as a gaping wound – acute, localisable, and repairable – but as a population-level
signal – subtle, elusive, and with harms and benefits of uncertain interpretation.

Similarly in postgenomic science, signals are not expected to be single-gene lesions
[50], but polygenic scores or risk calculi that must be carefully contextualised against a
backdrop of population genetic structure, developmental context, and social conditions.
These sciences, underpinned by genome-wide association studies, multidimensional
forms of social data, and AI-informed analytics, are made up of statistically sophisticated
evidence of correlations between biological and social outcomes. While these correl-
ations themselves do not support causal inference, causal crypticity enables a presump-
tion of the likelihood of causality. Findings are narrated within a larger frame that
implies a strong assumption that such correlations, summed in their entirety, are
evidence supporting an intuition of causality. This shift in epistemic norms is collapsing
the twentieth-century oppositional distinction between the complexity-affirming ‘dissi-
dent’ anti-genetic determinist sciences and the reductionist and determinist gene-centric
biological sciences [51].

In sum, causal crypticity is an epistemic norm that aligns with the speculative and
promissory mode of today’s transnational, big data-crunching science, which proposes to
mine previously undetected patterns across populations, unlocking a key to who we are
and where we are going in our uncertain era of demographic transformation in lifespans
and family size, technological change, and environmental crisis. Like these fields,
DOHaD pleads for a deferral of judgement and for more space for free investigation,
by implicitly suggesting that cryptic patterns long postulated or hypothesised, and for
which current evidence is trace-like at best, will soon be detectable as meaningful sources
of human variation in health – once we have the data and the proper data mining tools to
retrieve those patterns. In this way, within the postgenomic life sciences, DOHaD science
offers an index case of the leading edge of a broadening trend of embracing the bold
pursuit of cryptic causes.

13.4 Ethical and Accountable Claimsmaking in DOHaD Science
under Conditions of Causal Crypticity
In The Maternal Imprint, I traced the history of attempts to empirically confirm
speculations about the long-term or permanent effects of experiences or exposures in
the womb [13]. The book followed three intertwining threads within this history: First,
discourses about maternal agency and responsibility for reproductive outcomes. Second,
progressive, anti-genetic determinist constructs of the biosocial body position the
maternal–fetal relation as a particularly heightened space for the inscription of social
and environmental context on the body. Third persistent and unresolved questions about
the limits of empirical science in confirming the causal effects of intrauterine perturb-
ations on disease distribution in human populations.

This third, seemingly epistemic dimension, I argued, cannot be fully pulled apart
from the other two. This is because bold causal claims in the absence of consistent and
convincing evidence of predictive, intervenable effects can only persist if there is a
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powerful social and scientific imaginary carrying them forward. The churning, resilient,
charged space of maternal responsibility for optimising reproductive outcomes and the
subversive, hopeful, riveting, intuitive, and narratively compelling picture of bodies
embedded in environments and social systems are two such imaginaries.

The subtle effect sizes and complex confounding typical of causal claims in DOHaD
science are not simply an everyday causal challenge but rather function as both a defining
epistemic norm of the field and a future-oriented social discourse. The concept of ‘causal
crypticity’ directs attention to the links between causal crypticity as an epistemic norm, the
production of risk categories, and the promissory hype cycle of science.

Fields such as DOHaD are defining the epistemic terrain of postgenomic inquiry,
particularly at the interface of the genetic and social sciences [51]. For some DOHaD
scientists, the concept of causal crypticity as I have motivated it here may at first provoke
defensiveness. Most scientists understand themselves instead to be seeking – even if not
always finding – causal relations grounded only on rigorous empirical inference.
However, embracing this feature of DOHaD research could make DOHaD a laboratory
for grappling with causal crypticity in a reflective and forthcoming manner. This surely
includes strengthening frameworks for making causal inferences in the face of causal
crypticity, as some already are [2, 52]. But it also includes practices such as rigorously
placing risk claims emerging from such sciences in context, in particular through
collaboration with social scientists exploring the socio-structural dimensions of health
and lifecourse development [53], accurately characterising the degree of uncertainty in
scientific findings in this area [54], and educating the consumers of such science in the
features of reasoning in a field defined by causal crypticity.
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Section 3

Chapter

14
Key Concepts for Biosocial Research

Intergenerational Trauma
Jaya Keaney, Henrietta Byrne, MeganWarin, and
Emma Kowal

14.1 Introduction
The term intergenerational trauma describes how trauma experienced in one generation
can lead to trauma in the lives of descendants. For scholars and practitioners of
Developmental Origins of Health and Disease (DOHaD), intergenerational trauma is
an important aspect of human experience that can shape physiological development and
influence individual, family, and community health across generations. In a DOHaD
model, parental and community experiences of trauma can be transmitted in utero and
in early life, having a cumulative physiological effect such that historical experiences are
embodied in the present. In this chapter, we provide a conceptual overview of ‘inter-
generational trauma’ in the interdisciplinary field of DOHaD research. The concept has
been variously defined in relation to other disciplines and implicitly or explicitly drawn
on other concepts such as historical trauma, transgenerational trauma, and post-
traumatic stress disorder (PTSD). Intergenerational trauma is of interest to many
disciplines and frameworks in part because it lends itself to ‘biosocial’ understandings
of violence and discriminatory social contexts as physiologically embodied. Yet, inter-
generational trauma also presents challenges for scientific study due to the difficulties
inherent in stabilising it as a scientific object. As a group of social theorists working
across anthropology, gender studies, and science and technology studies (STS), we attend
in this chapter to both the operationalisation of intergenerational trauma in DOHaD
research (including the increasing importance of epigenetic mechanisms) and the par-
ticularities of how intergenerational trauma is enacted as a supposedly stable entity in
science. Given the growing public interest in intergenerational trauma, and its increasing
clinical uptake for the care of marginalised communities, this chapter also considers a
range of important questions related to policy translation, biopolitics, and social justice.

14.2 What Is Intergenerational Trauma?
Broadly speaking, intergenerational trauma can be understood as ‘emotional and psycho-
logical wounding that is transmitted across generations’ [1]. It is entangled with the allied
concepts of historical trauma and transgenerational trauma. While often used synonym-
ously with intergenerational trauma, we distinguish historical trauma here through its
connection to large-scale historical violence ‘such as enslavement, colonization, and geno-
cide’ [1, 2]. While this understanding of historical trauma falls within the remit of
intergenerational trauma, the latter can also encompass traumatising experiences that do
not register in large-scale histories of global violence but occur on more personal and
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micro-scales, such as interpersonal violence. ‘Transgenerational trauma’ is another term
that is often used synonymously with intergenerational trauma (e.g. [1, 3]); however, in the
DOHaD field, the term ‘transgenerational’ has a specific meaning that pertains to epigen-
etic mechanisms of transmission to two or more subsequent generations (as discussed in
more detail later in this chapter). As we define it here, intergenerational trauma does not
imply a particular kind of violence or a particular biological mechanism of transmission.

A capacious concept, intergenerational trauma has captured the attention of theor-
ists, clinicians, and writers across innumerable fields. These range from Indigenous
studies [2, 4], psychology and psychiatry [5–7], social work [3], and public health, to
literature [8], queer studies [9], and memory studies [10]. Scholars across these fields
differently approach intergenerational trauma as a useful concept for thinking through
human relatedness, collective identity formation, and the channels through which
histories and legacies are embodied, suturing us across time and space. Theories of
how intergenerational trauma is inherited vary widely across these different approaches –
from attention to narratives and material culture shared in families [3], to artistic texts
and collective remembrance practices through which new generations are enculturated
[10], to somatic mechanisms of implicit or bodily memory held by individuals [3, 7].

While social environments were key to early formulations of DOHaD [11], the
increasing molecularisation of the environment has narrowed the focus to biological
mechanisms of transmission. This includes two important junctures. The first is the
transmission to a fetus of a pregnant person’s real-time experience of a traumatic event/
environment or its after-effects. Developmental programming in utero and in early life
in response to trauma can foster a greater propensity for stress and mental health
challenges [12] and can contribute to low birth weight, preterm birth, chronic disease,
and immune and metabolic dysfunction later in life [13–15]. The second juncture is the
effects of patterns of parental care behaviours, including breastfeeding, nutrition, and
emotional responsiveness [16]. Here, the destructive effects of trauma in caregivers’ own
lives, often compounded by material disadvantage and ongoing discrimination, can lead
to the re-creation of traumatising contexts for children. Manifesting as developmental
challenges, sustained distress, and detachment from caregivers, communities, and cul-
ture, this is often referred to as the ‘cycle of trauma’. Here, trauma is both cause and
effect. Past traumas suffered by parents, communities, or ancestors may be an origin of
an individual’s present-day health challenges and may also manifest as personal experi-
ences or psychological symptoms of trauma.

The scholarly genealogy of intergenerational trauma and its potential mechanisms is
often traced to empirical studies of the effects of the Holocaust on children of survivors
[16, 17]. These studies found that the children of Holocaust survivors experienced
mental health challenges characteristic of those who experienced trauma directly [1,
p. 2]. The application of the concept has since broadened considerably, including to
explore the impacts of colonisation on First Nations communities [2, 4]; the effects of
forced displacement and armed conflict on survivors and refugee populations [18–20];
intergenerational harms among African American communities wrought by trans-
Atlantic slavery and enduring racism [21, 22]; and the embodied legacies of systemic
gender-based violence [19, 23].

While ‘trauma’ is deployed as a stable biomedical entity in DOHaD-informed studies,
defining and measuring trauma scientifically is a complex endeavour always entangled
with social worlds. Far from a ‘timeless unity’ [24, p. 3], trauma is made measurable
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within diagnostic categories and measurement tools that stabilise it as a pathological
disease entity. Chief among these are the diagnosis of PTSD, which was added to the
Diagnostic and Statistical Manual (DSM) in the 1980s and has been critical to studies and
therapeutic interventions for trauma; and measurement tools such as the Adverse
Childhood Experiences scale [25, 26], which aims to quantify experiences of trauma
through scales tabulating challenging events and living conditions.

Such tools conceptualise and enact trauma differently from one-another and in context-
dependent ways [27]. For example, the association between context, symptom, and rela-
tionship is differently assembled in individual study designs. As Judy Atkinson and co-
authors [28, p. 289] have written, trauma is variously conceived as an ‘event, environment,
or reaction’. Trauma is often implicitly conceptualised as an event itself, for example, a
collective historical trauma or a set of adverse childhood experiences. Yet in other contexts,
it is defined as the distress exhibited in response to an event or situation [1, p. 16]. These
slippages have a significant impact on understanding what trauma is, who is affected, and
the scales of intervention. Defining trauma with reference to a particular historical event
such as colonisation, for example, risks homogenising members of a group by assuming
they all experienced the event as similarly traumatising [6]. As Andrew Kim [29] writes,
studies of stress and trauma can also often result in researchers assessing whether a given
event is traumatic according to their own worldview rather than through deep engagement
with the worldview and reference points of the participants. Furthermore, studies that focus
conceptualisations of trauma on an event can make it challenging to attend to heterogenous
groups for whom traumas are compounding or not easily delineated as discrete events.
As Cerdeña et al. [1, p. 2] note, one of the reasons that Latinx communities are under-
represented in the literature on intergenerational trauma may be due to their significant
heterogeneity and the multiple overlapping sources of trauma, including diverse forms of
colonisation, political oppression within Latin America, dangerous passages of international
migration, and systemic racism.

14.2.1 DOHaD Research, Epigenetics, and Transgenerational Trauma
As discussed above, much of the early scholarly literature surrounding DOHaD has
focused on historical cohorts that have experienced trauma from war and nutritional
deprivation (particularly famine – for example, the Biafran (1967–70) or Chinese famine
(1959–61)). The oft-cited Dutch Winter famine from the Second World War is perhaps
the best known: a period of severe malnutrition forced on Dutch families by Nazi
occupiers in the western part of the Netherlands in 1944–45. Pregnancy data, birth
records (including placental weights and birth weights), and daily food ration cards were
collected from women across differing trimesters in order to map any developmental
‘insults’ from ‘hostile environments’. The perinatal and gestational data collected (includ-
ing data from fathers) have been tracked across the lifecourse of the children as they
progressed into adult life. Thirty thousand people died as a result of malnutrition and
extreme cold, and the children conceived and born during the famine were found to have
disproportionally higher rates of adult disease risk, such as diabetes, coronary heart
disease, and cancer (with different outcomes dependent on respective trimesters in utero
during the famine) [30, 31]. Researchers claim the Dutch Winter famine cohort as an
example of intergenerational transmission of adverse exposures that is linked to
epigenetic changes.
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In the DOHaD context, much attention has been given to epigenetics in relation to
transgenerational trauma. Broadly defined, epigenetics is the study of how various
external factors, including food, stress, and toxins, alter genetic expression. While
interest in the ‘science’ of trauma was strongly rooted in neurology and neurobiology
in the 1980s [24], epigenetics has recently emerged as a popular concept when it comes to
attempts to codify trauma in a scientific or biological frame. Epigenetic studies look at
how the epigenome is impacted by various factors that modify DNA and the proteins it
binds to, therefore affecting how genes are expressed. The most widely studied mechan-
ism through which this occurs is DNA methylation. DNA methylation is often described
through the metaphor of a volume knob on a stereo, operating by ‘turning down (or even
off ) certain genes in some cases and turning up other genes in other cases’ [32, p. 200–1].
Epigenetics offers a biological pathway for the transmission of impacts of traumatic
events from one generation to the next, and also potentially between more than two
generations (known as ‘transgenerational transmission’). Transgenerational epigenetic
transmission is established in some non-human models, such as the nematode C. Elegans
[33, 34], drosophila [35, 36], honeybees [37], and rodents [38–40]. Though well under-
stood in animal models, transgenerational epigenetic transmission in humans is heavily
debated. Despite this contestation though, the theory itself – that multiple generations of
families and communities hold the epigenetic ‘marks’ of previous social environments
and experiences – is widely discussed in relation to trauma both within and beyond the
field of DOHaD.

14.3 Critiques of Trauma: Biopolitics and Pathologisation
Given the rising public and scholarly interest in epigenetic mechanisms of trauma
transmission and intergenerational trauma more broadly, it is important to consider
some questions related to policy translation, biopolitics, and social justice. While
trauma-informed approaches have become increasingly important in DOHaD science
and therapeutic interventions globally, researchers must also pay attention to cultural
specificity and the limitations of cross-cultural translation. Trauma manifests in bodies
in ways that are deeply localised, framed by situated histories, cultures, and modes of
embodiment [29]. While instruments to measure stress and trauma are often adapted for
local contexts, this is not always effective, with localised idioms of pain and distress
rendered illegible [1, 41, p. 18]. Non-Western theories of intergenerational trauma and
the holistic epistemologies of embodiment that they derive from, such as ‘blood memory’
among Native American communities [42] or ‘communal wounds’ [43] and ‘trauma
trails’ [3] among Indigenous Australians, may likewise be rendered illegible by biomed-
ical definitions and measures that place emphasis on the individualised scale of the
patient. Differing cultural concepts of time, reproduction, and kinship that do not rely
on colonial imperatives of linear temporalities also need to be considered. Compounding
these challenges is the difficulty of measuring trauma when it is ongoing, without a clear
beginning or end. For many communities that face intergenerational trauma, violent
forces such as colonisation, racism, and socio-economic inequality are not only forma-
tions connected to historical events but are ongoing structures of devastation with deeply
felt daily impacts.

One of the most pressing interrelated questions around invoking intergenerational
trauma in DOHaD is how to effectively translate this into policy in such a way that
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avoids pathologising individuals and instead addresses ongoing structural inequalities.
In the Australian context, with which the authors are most familiar and from where we
write, there is considerable concern that ‘trauma’ and associated concepts such as
intergenerational trauma and trauma-informed care are becoming ‘buzzwords’ that are
used in policy discussions but do not lead to any concrete policy changes. Instead,
invoking ‘trauma’ can obfuscate the need to direct attention to specific socio-
environmental situations that need to be urgently addressed. The use of ‘intergenera-
tional trauma’ in particular can lend to a sense that the marginalisation and discrimin-
ation that continue to impact the lives of many people are somehow inevitable and
fixed [44].

For example, prominent Aboriginal scholar Chelsea Watego recently contended that
the strikingly high rate of incarceration of Indigenous people in Australia, which is often
described as an ‘intergenerational trauma issue’, is in fact an ‘institutional racism issue’
[45]. As seen in this example, there is a risk that trauma is being used as a vague umbrella
term that does not name or make explicit the proximate sources of trauma. ‘Trauma’ can
be a euphemism for the experience of forces like racism, poverty, and domestic violence,
erasing the perpetrators (individual and/or state) and placing attention on the ‘recipient’
of the trauma and their capacity to ‘manage’, rather than on structural injustice and
policy failures that need correcting. In the case of DOHaD, where the concept of
intergenerational trauma is often invoked in relation to parenting, we are concerned
that discourses of trauma can perpetuate increased surveillance of the ability of parents
to cope with ‘their trauma’, rather than keeping the lens squarely focused on the
structural conditions that lead to circumstances of difficulty in which families live.

Further, this focus on individual risk factors and parenting is often directed towards
women and mothering. In their review of literature on intergenerational trauma in
Latinx communities, Cerdeña et al. [1] found that, of the many mechanisms of inter-
generational trauma transmission, the ‘vast majority center around disrupted maternal
behaviour (e.g. maternal distress, maternal substance abuse, harsh parenting) and
impaired attachment’. They describe this focus on maternal behaviour as a ‘weakness’
in DOHaD literature on intergenerational trauma as it fails to account for structural
barriers [1, p. 17]. This slippage or trick is a common problem in studies of trauma, and
in the DOHaD field more generally. Here, theories attuned to the biosocial are engaged
to bring to light structural inequalities and marginalisation at socio-ecological levels (e.g.
intergenerational trauma). Yet through the research process the undue focus on individ-
ual (and most often, maternal) behaviour as the scale of inquiry routinely propagates
reductive frames of individual responsibility.

14.4 Conclusion
Intergenerational trauma is a powerful concept within the scientific fields that contribute
to DOHaD research, and within a range of academic disciplines in the humanities and
social sciences. The reach and utility of intergenerational trauma is a strength, allowing
concepts from DOHaD research to travel far beyond the field and, in turn, to be
influenced by many other disciplines concerned with biopolitics and social justice.
However, with these strengths come inevitable weaknesses. Intergenerational trauma
can be used to denote a cause, a mechanism, an effect, or all three at once. This
capaciousness of the concept increases its usefulness to a range of scholars but decreases
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its precision. When there are attempts to operationalise intergenerational trauma
through more precise definitions (e.g. PTSD diagnosis) and measurements (e.g. ACE
scales), these can erase certain experiences of trauma, for example, those derived from a
range of chronic experiences of racism and marginalisation rather than a discrete
historical event. Further, focusing on the effects of intergenerational trauma on individ-
uals often leads to a focus on interventions that seek to improve individual coping
mechanisms rather than interventions that address the structural causes of trauma for
marginalised groups. This can cause pathologising treatment of these groups as ‘inher-
ently’ traumatised, paradoxically compounding the effects of intergenerational trauma.
Similarly, a focus on pregnancy and maternal care as a mechanism of the transmission of
intergenerational trauma can lead to the pathologisation of mothers as inherently risky
to their children and as a site of surveillance and interventions.

For intergenerational trauma to be an empowering concept that leads to structural,
collective change rather than punitive measures towards individuals, the tendency of
DOHaD research and media reporting of this research to focus on mothers’ individual
behaviours needs to be challenged (see [46–48]). Similarly, the keen interest in inter-
generational trauma in DOHaD research should be balanced by stories of survivance and
strength from communities that face intergenerational marginalisation. The growing
interest in intergenerational trauma among a wide range of scholarly and clinical
practitioners provides an opportunity for DOHaD researchers to exert a wide influence.
The onus is on DOHaD researchers to ensure this influence leads to outcomes that
promote social and reproductive justice.
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Section 3

Chapter

15
Key Concepts for Biosocial Research

Bioethnography
Elizabeth F.S. Roberts, JaclynM. Goodrich, Erica C.
Jansen, Belinda L. Needham, Brisa N. Sánchez, and
MarthaM. Téllez Rojo

Critical social scientists and scholars in medical anthropology, sociology, geography,
science technology studies, and feminist theory had hoped that, by moving past genetic
reductionism, DOHaD and allied postgenomic frameworks might become a bridge
between life and social sciences [1–5]. DOHaD research, however, especially within
biomedical paradigms, has often retained a reductive focus on the behaviour of individ-
uals, especially mothers, instead of on the larger political-economic processes and environ-
ments that contribute to poor health and exacerbate inequality [6–10]. Additionally,
DOHaD researchers, who tend to reside in high-resource environments, often universalise
their own experience as they develop research questions and test hypotheses, rather than
identifying the most relevant research questions for people living within circumstances
quite different from their own.

DOHaD researchers can counteract this reductionism and universalism by incorpor-
ating more open-ended, iterative, observational methods into their investigations. Our
multidisciplinary team engaged in an environmental health birth cohort study in Mexico
City has been developing one such tool, ‘bioethnography’, which provides DOHaD with
an even more powerful and sensitive framework for understanding the relationship of
the environment to health outcomes and disease burdens. Our bioethnographic
approach combines methods and data from both ethnography and the life sciences to
arrive at a better understanding of the larger histories and life circumstances that shape
health, disease, and inequality. Unlike most mixed or biocultural methods, where
ethnographers are often asked to consult on data after its collection, bioethnography

The authors are deeply grateful for ELEMENT PI, Karen Petersen’s support and encouragement in
developing this paper, and our bioethnographic approach over the last decade. The various projects
described in this paper were made possible by members of the ELEMENT team in Mexico and the
United States: Libni Avib Torres Olascoaga, Luis Bautista, Astrid Zamora, Laura Arboleda Merino,
Ana Benito, and Adriana Mercado. The team from the NESTSMX project also provided insight and
support for practising and theorising bioethnography: David Palma, Mary Leighton, Ernesto
Martinez, Alyssa Huberts, Hannah Marcovitch, Faith Cole, Zoe Boudart, Paloma Contreras, Krista
Wigginton, Branko Kerkez, and Lesli Scott. This chapter is much stronger through conversations
with the editors of this handbook – Michelle Pentecost, Jaya Keaney, Tessa Moll, and Michael
Penkler – as well as our workshop exchange buddies Chris Kuzawa and Ayuba Issaka, with
members of the Biosocial Birth Cohort Network led by Sahra Gibbon. The bioethnographic efforts
we describe here were funded and supported by the Instituto Nacional de Salud Pública, the
National Institute of Health, the National Science Foundation, the Wenner Gren, and the
University of Michigan through the Institute for Research on Women and Gender, the College of
Letters Arts and Sciences, and the Institute for Social Research Center for Group Dynamics.
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makes open-ended ethnography a first step, which provides the capacity to generate
better hypotheses and better data about the developmental origins of disease.

Ethnographers usually reside long term with or near the people they are learning
from, so that they can observe the dynamic environments that shape research partici-
pants’ lives. Additionally, ethnography tends to entail a wider aperture than focus groups
or interviews, because the ethnographer does not predetermine a list of ‘standardised’
questions in advance. In its beginning stages, ethnography fosters what can seem like an
excessive initial vagueness to scientists who are accustomed to deductively posing
hypotheses in advance. By approaching a study population in a non-hypothesis-driven
fashion, ethnography allows for deeper insights into how, where, when, and why people
do what they do. Open-ended observations about a group can provide the basis for
collecting more relevant and accurate environmental, quantitative, and biomarker data.
While ethnographic findings are produced from a small sample size, they can guide the
development of context-specific epidemiological hypotheses and appropriate data collec-
tion procedures to test them. In other words, ethnography can be used to generate
empirically grounded theories and hypotheses about environmental causal mechanisms,
which can then be tested in larger, population-representative samples [11].

A short example of how we have used bioethnography to understand sleep illustrates
the process. In 2016, birth cohort researchers began designing a new adolescent sleep
survey that asked cohort participants, now teenagers, about length of sleep, perceived
sleep quality, technology use before bedtime, and sleep difficulties, which would be
combined with accelerometer data. At the initial survey design meetings, the ethnog-
rapher, who had lived near and worked with cohort families, noticed that the life science
researchers assumed that participants had their own bedrooms, or at most shared them
with one other person. Even though the ethnographer had never explicitly studied
sleeping arrangements among project participants, she knew that in most participant
homes, bedrooms accommodate up to eight people at once. This insight allowed the
researchers to include survey questions about bedroom sharing. When the team analysed
the data, they found that adolescents who shared a bedroom had lower levels of mental/
emotional sleep disturbances than adolescents who did not share a bedroom, which
complicates the assumptions embedded in research conducted among middle-class
populations that bedroom sharing negatively impacts sleep quality [12, 13]. This collab-
orative experience prompted the team to design a new bioethnographic sleep study that
seeks to characterise the complex social, chemical, and economic ecology of sleep within
households in Mexico City.

15.1 Bioethnography’s Background
Since 1994, researchers involved in the longitudinal birth cohort study, Early Life
Exposures in Mexico to ENvironmental Toxicants (ELEMENT), have carried out chem-
ical or molecular analysis of blood, urine, breast milk, hair, toenails, bone, and teeth, as
well as administered questionnaires and psychometric testing on over 1,000 mother–
child pairs, mostly living in working-class neighbourhoods in Mexico City [14]. These
women and children return for periodic follow-up visits. Initially, ELEMENT researchers
focused on the effects of early-life lead exposure on neurological development in
childhood (Tellez-Rojo et al., 2002). Over time, ELEMENT expanded to include add-
itional metals, and other chemical exposures, that might affect conditions like diabetes,
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obesity, menopause, and sleep. Many ELEMENT researchers deploy a DOHaD framework,
investigating whether chemical, dietary, or social ‘exposures’ during pregnancy, infancy,
and puberty impact health outcomes [15]. In 2014, a medical anthropologist (Roberts, first
author) began collaborating with ELEMENT to carry out long-term ethnographic obser-
vations with ELEMENT participants. Roberts aimed to combine her ethnographic findings
about the lives of working-class participants with ELEMENT biomarker data. The goal of
this ‘bioethnographic’ process was to ask questions more specific to the study population
and to produce better knowledge about dynamic and situated bodily processes in a highly
unequal world.

In 2014–2015, Roberts carried out long-term ethnographic work with a subset of six
ELEMENT participant families, gathering extensive qualitative data on their everyday
lives. This research involved living in participant neighbourhoods and spending three to
six hours at a time with specific families, returning multiple days each week over the
course of a year, and then follow-up visits ever since. During these visits, Roberts
participated in and documented the families’ daily routines, including neighbourhood
activities, such as festivals and political events, through field notes, photographs, and
recordings, which were later thematically coded [16]. After this initial intensive field
work year, Roberts began working with ELEMENT researchers to combine ethnographic
and biomarker data in projects focused on nutrition, sleep, and household water
infrastructure in order to ask research questions that could not be answered through
any one data source alone.

Bioethnography then is the combination of two different methodologies – ethnographic
observation and biochemical sampling – in an analysis that understands environment–body
interactions as always relational, contingent, and constructed phenomena. This combin-
ation of methods might sound like other mixed-methods approaches, but bioethnography
is more open-ended than combining focus groups or interviews with quantitative data,
where the focus and questions have been decided in advance. Additionally, bioethnography
avoids designating biomarker data as ‘biological’ and ethnographic observations as ‘social’.
Avoiding these domain designations makes it easier to grasp how phenomena like diabetes
are produced together through class hierarchy, epigenetic processes, international trade
agreements, household organisation, body mass index (BMI), and zoning laws, which are all
parts of an ‘environment’.

The team’s experience with the iterative design and counter-intuitive results of the
sleep study described above also demonstrated that bioethnography can reduce one of
the biggest unseen challenges to DOHaD and health science investigations more gener-
ally. Euro-American researchers tend to be from middle-class backgrounds, which
emphasise individual autonomy, while their study subjects tend to be from communities
designated as, in some way, marginalised. Without knowing they are doing so, middle-
class researchers tend to universalise their own experience and often do not know how to
identify the important environmental drivers of the developmental origins of disease.
Instead, many focus on what can be easily measured, like the characteristics of individ-
uals (e.g. mother’s education or lack of it) or seemingly individual behaviours like sleep
or eating, which, in practice, are deeply social.

Our bioethnographic collaborations have allowed us to develop three principles that
guide our ongoing research projects: (1) individuals are not necessarily the most mean-
ingful unit of analysis when, beyond households and neighbourhoods, nation-states and
political and economic processes shape bodily conditions [17]; (2) biological conditions
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are as dynamic and historically shaped as any other process; and (3) an open-ended,
ethnographically inductive stage before narrowing the aperture to a specific and testable
hypothesis is a powerful means of generating robust research questions about the
relationship of environment to disease. In the next section, we lay out how these
principles can be applied to DOHaD-focused research by using examples from our
bioethnographic work within ELEMENT, focused on eating and nutrition.

15.2 A Bioethnographic Approach to Eating and Nutrition
Throughout its first decades, ELEMENT researchers collected data about the diet and
nutritional intake of ELEMENTmothers and children through standardmethods, including
semi-quantitative Food FrequencyQuestionnaires (FFQs). ELEMENTresearchers published
papers analysing prenatal and early childhood consumption patterns with health outcomes
in adolescence, including body weight, metabolic markers, and timing of sexual maturation
[18–20]. In order to understand what biological mechanisms could explain how maternal
nutrition during gestation influences children’s health, the ELEMENT team examined links
between maternal diet and the epigenome (DNAmethylation) of the children [21]. In 2013,
this research took on additional urgencywhen theWHOdesignatedMexico theworld’smost
obese industrial nation.

Soon after this designation, Roberts commenced ethnographic fieldwork in the
households of ELEMENT participants and their neighbours. Much of her research
focused on how ELEMENT families and their neighbours purchased, prepared, served,
shared, and ate food. Roberts’ ethnographic findings affirmed what most ethnographies
of food have long demonstrated about many non-elite communities: that eating is
intrinsically collective [22, 23]. Few eat alone, and food is rarely measured, controlled,
organised, or experienced as pertaining to individual health. Eating and sharing food
reinforces collective survival, especially in economically precarious environments [24,
25]. In addition, girth and fat are often valued among groups who have experienced past
deprivation, and sharing food is a common and potent way to care for others, especially
children [26–28].

In light of the importance of shared eating, public messaging on billboards and
public-service announcements decrying junk food, especially soda, as unhealthy seemed
particularly tone-deaf to how participant households and their neighbours shared food
and ate with others. The ubiquity of soda and the need to demonstrate love outweighed
health education messages about the harms of soda. By ethnographically following study
participants from their households and neighbourhoods to ELEMENT study visits, it was
clear that ELEMENT study participants likely underreported consumption of FFQs,
especially soda, because participants knew that soda was considered unhealthy by those
administering the survey. Likewise, when sugar-sweetened beverages were banned from
schools, women hid soda in their children’s lunches by putting clear soda in single-use
water bottles [28]. These ethnographic observations demonstrated that questionnaire
items, such as ‘how much soda did you consume last week?’, are not likely to produce
accurate data. Instead, researchers might develop surveys and questionnaires that ask
respondents to describe the crucial elements of different meals or eating/drinking events
throughout the day. Or perhaps: who shares in a meal? What do people ideally drink at
meals? Who buys it? How much does it cost? Which household members drink what
beverages? All of these questions might provide a better portrait of when, how, and why
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soda is consumed. Additionally, if DOHaD researchers built in ethnographic research
early on, even before the recruitment of pregnant women, they would know more about
the environments of their study participants, which could help them avoid the unin-
tended moralism so common to survey data collection.

Ethnography also made it easier to see how the abundance of pleasurable foods
available to share in working-class households in Mexico City is produced through global
processes and trade agreements. Retail and census data have demonstrated that the North
American Free Trade Agreement (NAFTA) inundated Mexico City’s food landscape with
cheap, mass-marketed goods. Following NAFTA, Mexico overall registered increases in
caloric intake, particularly for low-income households [29]. In addition, government
subsidies in the form of tax incentives, sugar subsidies, and water rights have made soda
nearly as cheap as purchased water, and Mexico is now one of the largest per capita soda
consumers on earth [30]. Public health researchers’ response to this rise in soda con-
sumption continues to focus on individual behaviour as driving this change, in effect
continuing to designate mothers (i.e. their soda consumption patterns during pregnancy
and the amount of soda they provide to their children) as the relevant environment to
understand children’s health and development. But what if, instead, DOHaD researchers
used longitudinal surveys and biomarker data before and after NAFTA to test the
hypothesis that trade agreements like NAFTA are environmental processes that impact
disease incidence?

Ethnographic findings about study participants’ food environments allowed the team
to carry out a new ELEMENT diet and nutrition analysis. In one paper, our bioethno-
graphic team compared ethnographic data about eating with the FFQ data of 550 cohort
adolescents to reassess assumptions about diet patterns that standard epidemiological
studies correlate with the nutrition transition [31]. The nutrition transition tends to be
understood as a process in which people ‘choose’ to forsake traditional diets for Western
diets, which are categorised as distinct dietary patterns. Our bioethnographic approach
to understanding eating among cohort participants told a different story.

We found that rather than moving from one dietary pattern to another, the patterns
we identified likely reflected the economic status of a household. If we had only carried
out an epidemiological analysis, we might have characterised participants with a higher
score on the plant-based and lean protein dietary pattern as choosing to follow an overall
‘healthy’ or ‘traditional’ diet. By including ethnographic data, we found, however, that
adolescents with a higher score on this pattern likely lived in more economically stable
households, where there were enough resources to prepare a large afternoon meal for
sharing, with leftovers remaining for subsequent days. Furthermore, it was evident that
in all household diets and meals there were elements of ‘Westernised’ and ‘traditional’
foods. This co-occurrence suggests that instead of adopting a more ‘Westernised’ pattern
of eating and living, households may simply be incorporating available and affordable
‘Western’ foods into their typical meals. In sum, our bioethnographic findings chal-
lenged understandings about the nutrition transition as coming from individual prefer-
ence or that families make clear-cut distinctions between traditional and Western foods.
Importantly, our findings allowed us to call for more attention to how economic
processes alter eating.

In another paper, we examined the range of other factors besides maternal body mass
(understood in DOHaD terms as the outcome of biology and behaviour) that contribute
to children’s body mass [32]. The rapid worldwide increase in obesity in the last three
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decades, particularly in Mexico, suggests that forces beyond the biology and behaviour of
mothers are at play in shaping weight. Our ethnographic data showed how transform-
ations in Mexico’s food landscape made it easier than ever before for parents to provide
children with cheap pleasurable processed foods and that at least 38 per cent of children’s
BMI is not linkable to heritable factors like mother’s BMI. Attempts then at intervening
in ‘food’ choices of mothers and families are less likely to be effective without interven-
tions on the upstream drivers of diet and food availability, such as curtailing tax
subsidies to transnational food and beverage corporations.

The bioethnographic findings of these two papers helped elucidate our first two
principles for bioethnographic research described above: (1) eating and nutrition must
not be understood through the lens of individual choice, and (2) biological conditions
are inseparable from social processes. The effect of NAFTA on body mass over time
makes it clear that metabolic processes are not separate from political economic pro-
cesses, and trying to tease out the biological and social determinants of body mass may
lead to missing the larger context producing the phenomena under question [33, 34].
In other words, the developmental origins of adult diseases such as obesity are not
located solely, or even primarily, in the ‘maternal environment’.

Additionally, our initial papers on eating and nutrition provided support for our
third principle that ethnography can become a key driver for iteratively producing
research questions, collecting data, and interpreting results, which then can generate
hypotheses that are locally situated in the lived experiences of the study’s participants.
In 2017, we commenced a larger scale bioethnographic project – developed through
initial ethnographic observations – that in working-class communities in Mexico City,
water tends to arrive intermittently, with complex effects. Household members experi-
enced water as unreliable and unhealthy even though state authorities declare that at least
85 per cent of the nation receives water that is safe to drink [35]. We also found that
within the context of the advertising, ubiquity, reliability, and palatability of soda,
drinking tap water made little sense.

These observations about the complex reality of water in working-class neighbourhoods
have formed the basis for the bioethnographic study, ‘Neighbourhood Environments as
Socio-Techno-Bio Systems: Water Quality, Public Trust, and Health in Mexico City’
(NESTSMX). NESTSMX combines ethnographic, environmental health, and environ-
mental engineering methods to better understand the discrepancy between health mes-
saging on the benefits and safety of water and residents’ distrust in water. Over the
course of three years, we carried out multiple visits in 60 ELEMENT households (a large
‘n’ by ethnographic standards), collecting water quality, real-time water sensors, biomet-
rics, health biomarkers (epigenetic and cortisol), and ethnographic data pertaining to the
household and neighbourhood water environment [36]. So far, our findings demonstrate
that within these 60 households, water intermittency and low water pressure compel
residents to install domestic water management infrastructure – that is storage units,
tubing, and pumps – which can negatively impact water quality. When water stagnates at
collection points, chlorine disperses, providing an excellent environment for bacterial
growth. There are also indications that specific kinds of water intermittency might
impact water quality: for example, receiving water a few days a week might encourage
more harmful bacteria growth in storage units. Household residents, especially the adult
women who manage water provisioning, are quite familiar with the signs of water
quality deterioration, which contributes to their distrust of tap water. These complex

Bioethnography 179

https://doi.org/10.1017/9781009201704 Published online by Cambridge University Press

https://doi.org/10.1017/9781009201704


biosocial findings point to how intermittency might contribute to making soda a more
sensible choice than water and might contribute to the incidence of chronic diseases, like
diabetes. Our team is currently collaborating with the Encuesta Nacional de Salud y
Nutrición (ENSANUT) to examine the impact of water intermittency on health, gender,
and economic dynamics at a national scale.

Our complex bioethnographic understanding of intermittency has been made pos-
sible through our open-ended ethnographic process. If we only carried out surveys about
attitudes or beliefs about water, just collected biomarker data, or only conducted an
ethnography of eating and drinking, we would have foreclosed the possibility of under-
standing the complex reasons people drink soda or bottled water. With NESTSMX, we
can apprehend how food environments – now dominated by multinational corporations,
as well as urban planning and domestic architecture – dramatically shape what and how
people drink in Mexico City. NESTSMX’s bioethnographic approach demonstrates that
taking time to ascertain the relevant complex early life environments is a powerful means
to understand health and disease over the lifecourse.

15.3 Bioethnography and Causal Mechanisms
The open-ended and iterative nature of bioethnography serves as a ‘seed bed’ for
understanding and potentially measuring ‘the how and the why’; in other words, what
meaningfully shapes early life environments that contribute to later life disease [37, 359].
Most epidemiologically informed DOHaD studies deploy standard regression techniques
that attempt to isolate the unidirectional effect of an exposure (e.g. maternal diet during
pregnancy) on an outcome (e.g. offspring BMI) [38, 39]. Few pay attention to partici-
pants’ bodies as dynamically situated in a specific time and space. By providing a means
to examine how or why phenomena cause and are caused by more than one variable
within a particular context, bioethnography enables the development and testing of
context-specific theories behind these complex interrelationships.

Implementing an early open-ended ethnographic period can be used to develop
theory-based hypotheses and to test causal mechanisms in specific contexts. For example,
it is often assumed that proximity to supermarkets supports healthy diets. With this
assumption in place, researchers have developed a suite of tools to measure the relation-
ship of individual dietary intake to contextual factors like supermarket proximity.
Ethnographic observations of ELEMENT participants revealed, however, that supermar-
ket access might actually be detrimental to healthy eating patterns among people in
working-class neighbourhoods in Mexico City. In these neighbourhoods, women pro-
cure fresh produce available from open-air mobile markets and procure sodas and
processed food from supermarkets, where they are cheaper compared to their neigh-
bourhood corner stores. In addition to measuring the proximity of supermarkets, which
has become standard in food environment research, investigators could deploy ethno-
graphic work early on to make more context-specific measures of food outlets and their
role. By also including economic processes such as the displacement of mobile markets
with supermarkets as part of the dynamic food environment, researchers can move
beyond individual behaviour and develop a more accurate picture of the causal mechan-
isms behind nutritional intake that develop over time.

Open-ended bioethnographic research can identify more relevant, sensitive measures
of behavioural mechanisms and improve upon a standard set of variables that are
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otherwise assumed to be universalisable from one context to another. After this open-
ended stage, epidemiological methods can be implemented to test the generalisability of
ethnographic observations in larger study populations. During survey question develop-
ment and testing, bioethnographic research teams can test survey validity through cross-
referencing responses to survey items with ethnographic observations of daily life on a
sample of study participants. Such cross-referencing could also be used to further refine
and extend survey instruments. Ultimately, the more comprehensive bioethnographi-
cally informed and highly granular data that are specific to the context and population
under study can be used to statistically test causal mechanisms using traditional epi-
demiological methods. Validating and testing theories derived from ethnographic obser-
vations of mechanisms in the same population where they were observed can fill critical
gaps in studies that associate environments with health and disease over the lifecourse.

15.4 Conclusion
As we have detailed elsewhere, there are enormous challenges to proposing, designing,
and carrying out bioethnographic research [16, 37, 40]. Investigators in the life and social
sciences are situated in radically different research ecologies with different obligations,
incentive structures, epistemological assumptions, funding mechanisms, and research
models and practices, all of which can pose challenges to interdisciplinary collaboration.
Publishing can be difficult because of the specific disciplinary demands of journals
around acceptable data sources and writing style. Perhaps the biggest challenge of all is
how funding mechanisms are structured. For instance, in the United States, NIH funding
requires researchers to narrow their research questions into specific aims and testable
hypotheses in advance, which make it difficult to develop a comprehensive understand-
ing of the complex environmental processes that shape the lifecourse. So far, our
bioethnographic research within ELEMENT has been funded through the National
Science Foundation and internal university sources. These sources, however, do not
typically provide enough funds to carry out bioethnographic work with a large enough
sample size for validity in life science research.

The challenges to bioethnographic research posed by structural issues like funding
result in the exact reductionism and universalism that bioethnographic research seeks to
overcome. Addressing these difficult issues is crucial, so that DOHaD researchers can
adopt more open-ended and iterative approaches like bioethnography to ask better
questions, produce better data, and arrive at more comprehensive knowledge about
how environmental processes shape health and disease over the lifecourse.

References
1. Lock M. The Epigenome and Nature/

Nurture Reunification: A Challenge for
Anthropology. Medical Anthropology.
2013;32:291–308.

2. Landecker H, Panofsky A. From Social
Structure to Gene Regulation, and Back:
A Critical Introduction to Environmental
Epigenetics for Sociology. Annual Review
of Sociology. 2013;39:333–57.

3. Niewohner J. Epigenetics: Embedded
Bodies and the Molecularisation of
Biography and Milieu. BioSocieties.
2011;6:279–98.

4. Meloni M. How Biology Became Social,
and What It Means for Social Theory.
The Sociological Review. 2014;62
(3):593–614.

5. Jablonka E, Lamb MJ. Evolution in Four
Dimensions : Genetic, Epigenetic,

Bioethnography 181

https://doi.org/10.1017/9781009201704 Published online by Cambridge University Press

https://doi.org/10.1017/9781009201704


Behavioral, and Symbolic Variation in the
History of Life. Cambridge, MA: MIT
Press; 2005.

6. Lamoreaux J. Reproducing Toxicity.
Environmental History. 2021 Jul;26
(3):437–43.

7. Mansfield B. Race and the New Epigenetic
Biopolitics of Environmental Health.
BioSocieties. 2012;7(4):352–72.

8. Paxson H, Helmreich S. The Perils and
Promises of Microbial Abundance: Novel
Natures and Model Ecosystems, from
Artisanal Cheese to Alien Seas. Social
Studies of Science. 2014;44(2):165–93.

9. Pentecost M. The New Trial
Communities: Challenges and
Opportunities in Preconception Cohorts
[Internet]. Somatosphere. 2021 [cited
9 Nov 2021]. Available from: http://
somatosphere.net/2021/birth-cohort-
studies-new-communites-pentecost.html/

10. Valdez N. Weighing the Future: Race,
Science, and Pregnancy Trials in the
Postgenomic Era. First ed. Oakland:
University of California Press; 2021. 284 p.

11. Krieger N, Davey Smith G. The Tale
Wagged by the DAG: Broadening the
Scope of Causal Inference and
Explanation for Epidemiology.
International Journal of Epidemiology.
2016 1 Dec;45(6):1787–808.

12. Zamora AN, Arboleda-Merino L, Tellez-
Rojo MM, O’Brien LM, Torres-Olascoaga
LA, Peterson KE, et al. Sleep Difficulties
among Mexican Adolescents: Subjective
and Objective Assessments of Sleep.
Behaviour Sleep Medicine. 2021
13 May;2:1–21.

13. Chung S, Wilson KE, Miller AL, Johnson
D, Lumeng JC, Chervin RD. Home
Sleeping Conditions and Sleep Quality in
Low-Income Preschool Children.
Sleeping Medical Research. 2014 30 Jun;5
(1):29–32.

14. Perng W, Tamayo-Ortiz M, Tang L,
Sánchez BN, Cantoral A, Meeker JD, et al.
Early Life Exposure in Mexico to
ENvironmental Toxicants (ELEMENT)
Project. BMJ Open. 2019 1 Aug;9(8):
e030427.

15. Goodrich JM, Dolinoy D, Sanhez B, Zang
ZZ, Mercado-Garcia A, Solano-Gonzalez
M, et al. Adolescent Epigenetic Profiles
and Environmental Exposures from Early
Life through Peri-adolescence.
Environmental Epigenetics. 2016;2(3).
https://academic.oup.com/eep/article/2/3/
dvw018/2415066

16. Roberts EFS, Sanz C. Bioethnography:
A How To Guide for the Twenty-First
Century. In: Meloni M, editor.
A Handbook of Biology and Society.
London: Palgrave Macmillan; 2017.

17. Diez-Roux AV. Multilevel Analysis in
Public Health Research. Annual Review
in Public Health. 2000;21:171–92.

18. Cantoral A, Téllez-Rojo MM, Ettinger AS,
Hu H, Hernández-Ávila M, Peterson K.
Early Introduction and Cumulative
Consumption of Sugar-sweetened
Beverages during the Pre-school Period
and Risk of Obesity at 8–14 Years of
Age. Pediatric Obesity. 2016 Feb;11
(1):68–74.

19. Jansen EC, Zhou L, Perng W, Song PX,
Rojo MMT, Mercado A, et al. Vegetables
and Lean Proteins-Based and Processed
Meats and Refined Grains-Based Dietary
Patterns in Early Childhood Are
Associated with Pubertal Timing in a Sex-
Specific Manner: A Prospective Study of
Children from Mexico City. Nutritional
Research. 2018 Aug;56:41–50.

20. Mulcahy MC, Tellez-Rojo MM, Cantoral
A, Solano-González M, Baylin A, Bridges
D, et al. Maternal Carbohydrate Intake
during Pregnancy Is Associated with
Child Peripubertal Markers of Metabolic
Health But Not Adiposity. Public Health
Nutrition. 2021 24 Nov;9:1–13.

21. Wu Y, Sánchez BN, Goodrich JM,
Dolinoy DC, Cantoral A, Mercado-Garcia
A, et al. Dietary Exposures, Epigenetics
and Pubertal Tempo. Environmental
Epigenetics. 2019 Jan;5(1):dvz002.

22. Carsten J. The Substance of Kinship and
the Heat of the Hearth: Feeding,
Personhood, and Relatedness among
Malays in Pulau Langkawi. American
Ethnologist. 1995;22(2):223–41.

182 Elizabeth F. S. Roberts, et al.

https://doi.org/10.1017/9781009201704 Published online by Cambridge University Press

https://academic.oup.com/eep/article/2/3/dvw018/2415066
https://academic.oup.com/eep/article/2/3/dvw018/2415066
https://academic.oup.com/eep/article/2/3/dvw018/2415066
https://academic.oup.com/eep/article/2/3/dvw018/2415066
http://somatosphere.net/2021/birth-cohort-studies-new-communites-pentecost.html/
http://somatosphere.net/2021/birth-cohort-studies-new-communites-pentecost.html/
http://somatosphere.net/2021/birth-cohort-studies-new-communites-pentecost.html/
http://somatosphere.net/2021/birth-cohort-studies-new-communites-pentecost.html/
http://somatosphere.net/2021/birth-cohort-studies-new-communites-pentecost.html/
https://doi.org/10.1017/9781009201704


23. Weismantel M. Making Kin: Kinship
Theory and Zumbagua Adoptions.
American Ethnologist. 1995;22
(4):685–704.

24. Carney MA. The Unending Hunger:
Tracing Women and Food Insecurity
Across Borders. Oakland: University of
California Press; 2015. 272 p.

25. Fielding-Singh P. How the Other Half
Eats: The Untold Story of Food and
Inequality in America. New York: Little,
Brown Spark; 2021. 352 p.

26. Kulick D, Meneley A. Fat : The
Anthropology of an Obsession. New
York: Jeremy P. Tarcher/Penguin; 2005.
p. 246 p.

27. Yates-Doerr E. The Weight of Obesity
Hunger and Global Health in Postwar
Guatemala. Oakland: University of
California Press; 2015.

28. Roberts EFS. Food is Love: And So, What
Then? BioSocieties. 2015;10:247–52.

29. Berrigan D, Arteaga SS, Colón-Ramos U,
Rosas LG, Monge-Rojas R, O’Connor
TM, et al. Measurement Challenges for
Childhood Obesity Research Within and
Between Latin America and the United
States. Obesity Review. 2021 Jun;22(Suppl
3):e13242.

30. Delgado S. México, primer consumidor
de refrescos en el mundo [Internet].
Gaceta UNAM. 2019 [cited 16 Dec 2022].
Available from: www.gaceta.unam.mx/
mexico-primer-consumidor/

31. Jansen E, Marcovitch H, Wolfson J,
Leighton M, Peterson K, Téllez-Rojo M,
et al. An Analysis of Dietary Patterns in a
Mexican Adolescent Population: A Mixed
Methods Approach. Appetites. 2020;

32. Téllez-Rojo MM, Trejo-Valdivia B,
Roberts E, Muñoz-Rocha TV, Bautista-
Arredondo LF, Peterson KE, et al.
Influence of Post-Partum BMI Change on
Childhood Obesity and Energy Intake.
PLOS ONE. 2019 Dec 12;14(12):
e0224830.

33. Gálvez A. Eating NAFTA: Trade, Food
Policies, and the Destruction of Mexico.

1st ed. Oakland: University of California
Press; 2018. 288 p.

34. Vaughan M, Adjaye-Gbewonyo K, Mika
M, editors. Epidemiological Change and
Chronic Disease in Sub-Saharan Africa:
Social and Historical Perspectives.
London: UCL Press; 2021. 378 p.

35. Espinosa-Garcia AC, Diaz-Avalos C,
Villarreal FG, Malvaez-Orozco RVS,
Mazari-Hiriart M. Drinking Water
Quality in a Mexico City University
Community: Perception and Preferences.
EcoHealth. 2015;12:88–97.

36. Martinez Paz EF, Tobias M, Escobar E,
Raskin L, Roberts EFS, Wigginton KR,
et al. Wireless Sensors for Measuring
Drinking Water Quality in Building
Plumbing: Deployments and Insights
from Continuous and Intermittent Water
Supply Systems. ACS EST Eng. 24 Oct
2021;acsestengg.1c00259.

37. Roberts EFS. Making Better Numbers
Through Bioethnographic Collaboration.
American Anthropologis. 2021;123
(2):355–59.

38. Clark J, Martin E, Bulka CM, Smeester L,
Santos HP, O’Shea TM, et al. Associations
between Placental CpG Methylation of
Metastable Epialleles and Childhood
Body Mass Index Across Ages One,
Two and Ten in the Extremely Low
Gestational Age Newborns (ELGAN)
Cohort. Epigenetics. 2019 Nov;14
(11):1102–11.

39. Strohmaier S, Bogl LH, Eliassen AH,
Massa J, Field AE, Chavarro JE, et al.
Maternal Healthful Dietary Patterns
During Peripregnancy and Long-Term
Overweight Risk in Their Offspring.
European Journal of Epidemiology.
2020;35(3):283–93.

40. Leighton M, Roberts E. Trust and
Distrust in Multi-disciplinary
Collaboration: Some Feminist
Reflections. Catalyst: Catalyst: Feminism,
Theory, Technoscience [Internet]. 2020;6
(2):1–27. Available from: https://
catalystjournal.org/index.php/catalyst/
article/view/32956/26855

Bioethnography 183

https://doi.org/10.1017/9781009201704 Published online by Cambridge University Press

https://catalystjournal.org/index.php/catalyst/article/view/32956/26855
https://catalystjournal.org/index.php/catalyst/article/view/32956/26855
https://catalystjournal.org/index.php/catalyst/article/view/32956/26855
https://catalystjournal.org/index.php/catalyst/article/view/32956/26855
https://catalystjournal.org/index.php/catalyst/article/view/32956/26855
http://www.gaceta.unam.mx/mexico-primer-consumidor/
http://www.gaceta.unam.mx/mexico-primer-consumidor/
http://www.gaceta.unam.mx/mexico-primer-consumidor/
http://www.gaceta.unam.mx/mexico-primer-consumidor/
http://www.gaceta.unam.mx/mexico-primer-consumidor/
https://doi.org/10.1017/9781009201704


https://doi.org/10.1017/9781009201704 Published online by Cambridge University Press

https://doi.org/10.1017/9781009201704


Section 4

Chapter

16
Translations in Policy and Practice

Translating Evidence to Policy
The Challenge for DOHaD Advocacy
Felicia Low, Peter Gluckman, andMark Hanson

16.1 Introduction: DOHaD over Two Decades
Maternal, newborn, child, and adolescent health (MNCAH) is clearly established to be a
driver of health across the lifecourse and generations [1]. It is now 20 years since the
founding of the International DOHaD Society, based on the research themes of the Fetal
Origins of Adult Disease (FOAD) established by David Barker and others at the end of the
last century. From its inception, Developmental Origins of Health and Disease (DOHaD)
research largely focused initially on metabolic control and the major organ systems, such
as cardiovascular, lung, and kidney; it also focused on pathophysiology rather than on
normal development. It took some time for the incorporation of phenotypic variation in
normal development to be recognised as part of the continuum of adaptive and maladap-
tive developmental plasticity [2, 3]. Similarly, the field has been slow to recognise that the
same conceptual paradigm applied to the effects of developmental processes on brain
development and socio-emotional health – with effects in the short term on infant and
early childhood neurocognitive, emotional, and behavioural development – and then on
school readiness, educational attainment, employment prospects, and wider contributions
or costs to society [4, 5]. [See also Cohen in this volume.]

Research in DOHaD accords with other agendas that have developed in parallel over
the last two decades, such as The First 1000 days and Best Start to Life [6, 7]. It is referred
to in the 2011 UN Political Declaration on the Prevention and Control of NCDs [8], the
2015 Global Strategy for Women’s, Children’s and Adolescents’ Health [9], and the
2016 report of the WHO Commission on Ending Childhood Obesity [10]. From this
point of view, it could be argued that DOHaD has already been translated to inform
policymaking at an international level. However, it has only been referred to in very
general terms rather than indicating or identifying specific interventions, and so it has
not influenced policymaking significantly. Even the lifecourse concept that underlies
DOHaD has not been widely adopted within health policies, for example in Europe
where a specific review was commissioned [11].

Although the epidemiological observations of Barker and other researchers in FOAD
and DOHaD initially focused on high-income countries (HICs), it was clear from the
outset that the insights into the impact of early development on later health and disease
would be even greater in low-middle-income countries, especially as their societies
passed through nutritional and economic transitions towards aspects of HIC lifestyles
[12]. From this standpoint, much of DOHaD thinking was reflected in the Sustainable
Development Goals (SDGs; e.g. Target 3.4 that aims to reduce by one-third premature
mortality from NCDs by 2030). Again this was largely aspirational and not linked to
specific actions. Since 2015, many additional challenges to health have arisen globally, in
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particular those stemming from the COVID-19 pandemic, continuing food insecurity,
the accelerating impact of climate change and environmental degradation, and conflict
and economic factors leading to large-scale migrations. The midterm evaluation of
progress towards attaining the SDGs shows that insufficient progress has been made
[5] and most areas of MNCAH have even deteriorated [13].

An aspect that is only now receiving significant attention concerns the ethical, moral,
and social justice arguments for advocating greater policy focus on the application of
DOHaD science. (See Chiapperino et al. and Kenney and Müller in this volume.) Many
forms of disadvantage are passed across generations in multiple ways, and this raises
questions about individual and societal responsibilities to protect the environment and
the health prospects of future generations. DOHaD research has extended our under-
standing of intergenerational disadvantage, including the biological mechanisms by
which environmental influences can project across generations to have significant
implications for their future well-being. Examples of these mechanisms include having
a shared nutritional environment [14], microbiota transfer [15], and the influences of
maternal mental state on offspring brain development [16]. Epigenetic processes may
play a role in embedding these intergenerational embodiments of disadvantage [17].

Maternal, newborn, child, and adolescent health is particularly vulnerable to the
detrimental effects of challenges faced by societies, as is clear from the effects of
COVID-19, climate change, and conflict, all of which are known to exacerbate pre-existing
inequalities in MNCAH. Examples from COVID-19 include unplanned pregnancies
resulting from lack of access to contraception, missed child vaccinations, teenage girls
dropping out of school, and domestic violence [18]. DOHaD insights therefore provide an
understanding of how the bedrock of social and economic resilience of societies to such
challenges, now and in the future, can be undermined, and make a powerful argument for
greater investment in MNCAH during socio-economic shocks [19].

The UN Global Strategy for Women’s, Children’s and Adolescents’ Health (2016–2030)
states that economic investment in this area will yield a tenfold return [9] (but see the
chapter by Cohen in this volume). This argument is based on the long-standing work of the
Nobel Laureate in Economics Professor James Heckman and his team; even so there are
compelling reasons to think this may be an underestimate [20, 21].

For these reasons, DOHaD researchers need to equip themselves to argue that their
research and concepts should inform health and wider policymaking. To a great extent,
this has not happened. Here we discuss why.

16.2 Understanding the Role of Scientists in Policymaking
Translating scientific knowledge and evidence into policy is far from straightforward.
Science alone rarely makes policy; there are always considerations that extend well
beyond the ambit of science and that mostly lie with policymakers and society [22,
23]. While science itself is not value-free, many other value-based considerations influ-
ence decision-making. All policymaking involves making a choice (including whether to
act or not), and in making such choices, decision-makers must assess which stakeholders
benefit from a decision, and which do not. This is core to the political dimension of
policymaking [24].

Science has its own distinct cultures, methods, and epistemologies and is not simply a
matter of assimilating ‘facts’ universally agreed by researchers [25]. Even though it may
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be badged as objective, in reality science too involves value judgements, for example over
what questions to investigate and how to do so, and especially over the sufficiency and
quality of evidence from which to draw conclusions [26]. Such values – which may vary
between disciplines, research teams, or institutions – shape the knowledge about which
there is consensus. Policymakers also have their own cultures and values, which are likely
to accord more closely with wider social values than with those of scientific researchers.
Faced with this potential gap, there is increasing recognition of the need for boundary
structures and processes to broker the interchange between science and policy [23].

Scientific data, however robust, do not equal information, or the knowledge and
evidence that policymakers will accept as sufficiently important or compelling to neces-
sitate a potential policy initiative. Moreover, policymakers have many sources of infor-
mation in addition to that from scientists – tradition and beliefs, local knowledge,
anecdotes, and the personal representations made to them all the time by a range of
stakeholders or ‘experts’. Science is but one source of such information, and when it is
constantly contested, by scientists themselves as well as other constituencies and wider
dissemination of misinformation, its impact is diminished. Scientists should not put the
policymaker in the position of being a scientific referee as this will lead to uncertainty
and inaction [23].

It is therefore more important than ever for scientists to understand how policy-
making works, recognising that it is not a linear process and does not necessarily have
clear or straightforward objectives. It is usually shaped by acute external factors, as well
as by political and societal values. In addition, politicians increasingly must make
decisions on a very short timescale, perhaps even a few days for major issues, with
suboptimal information and little opportunity to consult experts. They are unlikely to be
trained in scientific methodology. They will have to depend on input from civil servants,
who may have considerable experience but who may also bring their own agendas and
reflect departmental priorities.

Policymaking is thus essentially about making choices between different options
that affect different stakeholders in different ways, and with different consequences,
many of which are not certain. Virtually all policymaking involves complexity, uncer-
tainty, and a degree of risk. But perceptions of complexity and risk vary, not only
between scientists and policymakers but also between government departments too: a
policy that seems to carry a low risk for the treasury may have an unacceptably high
risk for a defence department.

The so-called ‘policy cycle’ almost never operates as is sometimes suggested in
textbooks, and perhaps it never did except in the minds of theorists [22]. The cycle
(awareness raising > problem definition > identification of options > policy selection >
implementation > evaluation) is manifestly cumbersome and time-consuming and
requires consensus and concerted action across government departments. Getting
beyond the mindset of the policy cycle first requires recognition of the complex nature
of policymaking and ensuring that awareness-raising by scientists addresses what policy-
makers need.

There are two distinct components to translating evidence to policymaking: evidence
synthesis and evidence brokerage. Evidence synthesis must be much more than a narrow
summary from a single field of science. It must be pluralistic and consider all the
domains that might impact on achieving a policy goal and the questions that will matter
to a policymaker (e.g. direct and indirect impact, effect size, and so forth). Evidence
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brokerage requires individuals who are skilled in the language and needs of both the
policy and scientific communities and are able to translate between them. This requires
what has often been called honest brokerage [27]. The basis of effective brokerage is
being clear about what the science shows, what questions it does not answer, and what
options emerge from it [23].

Problem definition by scientists does not help the policymaker. They expect the
science community to present solutions they can enact. So when problems are presented
they must be accompanied by solutions that are scalable, impactful, and supportable
both ideologically and by a broad range of stakeholders [22]. In general, this favours
attention to problems that have an identifiable single solution rather than a complex and
complicated set of potential solutions. Yet, DOHaD science is unlikely to deliver simple
single interventions with significant impact; rather it indicates the need for a broad shift
in attitude and priorities within the policy and political community. A further complex-
ity is that while interventions must be early in the lifecourse, the economic return
accumulates over many subsequent decades [20, 28, 29]. Indeed, as has been suggested
in areas such as climate change, issues where the return is in the distant future are
unlikely to secure urgent political attention [30]. This is not helped by the use of
discounting in economic forecasting [31], which argues against the deployment of funds
to address long-term objectives, especially those affecting the beginning of life.

16.3 Translating DOHaD: What Do Policymakers Need
from Scientists?
Any solution to a problem presented to policymakers must be based on a high degree of
scientific consensus. This is seldom the case; scientific research by its nature competes
for funding and recognition. Thus policymakers will be justifiably suspicious if the
suggested solution is simply a disguised request for more funds for an area of research.

Even where there is consensus within the scientific community, it must still be presented
to policymakers without hubris, condescension, or alarmist speculation. Wherever possible,
economic and societal-value considerations of the proposed solutions need to be included,
but again these should not stray beyond evidence. The gathering of such evidence may
require participatory research, for example with a population or patient group, but this is
time-consuming and raises its own methodological problems, especially where children and
adolescents are concerned. (See Tu’akoi et al. in this volume.)

DOHaD science in many ways has not matured to the point where this participation
has been achieved. Nor has the scale of the solution to the problem it encompasses been
adequately defined. For example, while it is widely accepted that the risk of later NCDs
has in part its origin in early life, and while there is no dispute that over 70 per cent of
deaths globally every year result from NCDs [32], the contribution of DOHaD processes
to the risk, vis a vis unhealthy lifestyles in adulthood and genetic variation, is not really
known. This needs to be addressed if future advocacy is to be effective. At present, the
strongest advocacy for DOHaD involves the counterfactual, based on untestable assump-
tions; that is the health and financial cost of inaction rather than the benefits of action.

DOHaD is a multidimensional issue, so interventions to address it will be complex.
However, there is a lack of compelling research showing the benefit of such interven-
tions. Rather, based on the evidence to date, a likely programme of intervention would
involve a diffuse set of recommendations for preconception health for both parents,
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pregnancy management, nutrition, and nurturing care for the early years.
Recommendations involve in part changing individual behaviour and in part structural
issues concerning inequality and intergenerational disadvantage; these are holistic issues that
challenge all governments and societies. There are no good precedents on which advocacy
can be based.

DOHaD science will inevitably suffer from the fact that it advocates for preventive
measures to address future burdens of ill health. Policymakers are not likely to act on
prevention measures other than vaguely agreeing that ‘prevention is better than cure’
[33]. Because the benefits of an intervention based on DOHaD science will accrue at
some point in the future well beyond the duration of an electoral cycle or two, it is
unlikely to convey any sense of urgency. For this reason, DOHaD advocacy needs to
encompass the short- (e.g. pregnancy outcomes and socio-emotional health in the pre-
school years), medium- (educational attainment, adolescent health, and well-being), and
longer-term (NCDs) implications of its evidence.

A first question policymakers will inevitably ask when presented with the evidence
for a solution will be the following: given all the competing demands on resources and
the interests of a range of stakeholders, do they need to do anything about it and, if so,
when? As in other areas of advocacy for a cause, the evidence behind the message is only
one aspect of the process; at least as important can be who is conveying the message and
how it is framed. Clearly DOHaD needs to employ its most influential spokespersons,
but it also needs to couch its messages in terms of other policy issues that are relevant,
such as climate change, the impact of pandemics such as COVID-19, economic develop-
ment, and ongoing conflicts and migration. Each of these has detrimental effects on
population health and economic consequences, and each raises questions of equity and
social justice [34–36]. There is a strong argument that each of these challenges has the
most pronounced short- and longer-term effects on MNCAH, and therefore insights
from DOHaD research could be highly relevant to mitigating such effects.

It has to be recognised that most advocacy-based approaches to policymakers fail.
Persistence and reshaping the brief with relevant influential stakeholders therefore need
to be the key aspects of the process, built in from the start. It can be helpful to ensure that
a multiple streams theory approach is adopted, by which the domains or streams of
problem, policy, and political components are included [37]. It may then be necessary to
wait for a window of opportunity to open, for example as a result of external events,
which makes a change in policy desirable, necessary, or appropriate, so making reception
of an advocacy approach more likely to be positive. Successful approaches usually
involve a collaboration between and consensus among a range of groups. Therefore,
DOHaD advocates need to work with allies and form allegiances in ways that have not
been undertaken to date. Even more important is to work towards providing advocacy
for ‘the right intervention at the right time’. In practice, this means considering how a
particular policy initiative might align with other ongoing initiatives. Spillover benefits
may be critical, for example plans to address childhood obesity may have benefits for
educational attainment.

While DOHaD has a broad agenda and relevance globally, nonetheless from a
practical point of view any advocacy initiatives must be relevant and deliverable at a
local level. This may involve comparisons between populations or regions and perhaps
include accountability for previous commitments. DOHaD advocacy needs to link to
ongoing initiatives and be locally adaptable as well as globally relevant.
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16.4 An Alternate and Complementary Approach:
Devolved Solutions
DOHaD science effectively argues for a greater focus on the state of the parents before
conception and on the support of the parent and infant in multiple ways through and
after pregnancy, in the expectation that the offspring’s potential through life will be
protected or enhanced. Indeed, many of the later costs to that individual and to society
are predictable from the age of about three [5, 38]. But the interventions needed are
complex and context dependent. What might be appropriate in terms of nutritional
advice for a family in a high-income country is not the same as that needed in a country
where food insecurity is endemic. And even within a high-income country, there will be
large foci of nutritional deficiencies within some components of the community. Further
the very nature of the DOHaD challenge requires a multilateral approach that is both
universal and targeted. For example, to focus on nutrition and not to consider emotional
stress would be unlikely to improve outcomes significantly. That said, the DOHaD
agenda aligns with wider issues of great concern, such as environmental despoliation
and climate change, the impact of climate change, COVID-19, and the current cost of
living crisis [39].

It is difficult in the current state of DOHaD knowledge to get beyond the conclusion
that most progress will be made through local action. Certainly, this needs government
support, but communities are in the position in many places to identify needs and to take
action. However, this requires a new form of partnership with the science community,
one that is meaningful and involves, codesign, respect for lay input, and a long-term
commitment. This type of action-focused transdisciplinary research is neither easy to do
nor easy to fund. It requires researchers to get out of their comfort zones, and it requires
a commitment to long-term engagement, which in turn does not fit well with traditional
academic incentives. Building trust with a community, adjusting scientific ideas to local
knowledge and expertise, and through a local cultural lens can require sustained com-
mitment before anything concrete can be planned. Many issues here outside the scope of
this review are discussed in this handbook and elsewhere [40]. Yet if the DOHaD
community is to see its knowledge turned into action, local engagement offers a
productive and rewarding pathway. In turn, with a local focus, a broader form of
advocacy for wider action is created.

16.5 Final Comments
Since the field first emerged, most DOHaD research has been premised and designed on
the assumption that a singular developmental trigger would change biology with specific
latter outcomes that manifest under particular conditions [41]. That model assumed that
devising a singular intervention might be possible. But, 35 years on, it is clear that
subsumed within the DOHaD ‘space’ are multiple and overlapping ways in which the
developmental trajectory can be affected that in turn can have variable impacts later
depending on genetic influences and later environmental exposures. With this under-
standing comes the need to think differently about how DOHaD knowledge enters the
public domain. This requires partnership with others committed to the MNCAH field
and translation of DOHaD knowledge and advocacy into a greater awareness of the
importance of intergenerational health and circumstance. The solutions needed do not
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involve singular interventions and will require a reorientation of society and community
values. An approach in part focused on the community, in part on the policymaker, is
required. The DOHaD research community itself must now also evolve to meet these
obligations.
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Section 4

Chapter

17
Translations in Policy and Practice

Framing DOHaD for Policy
and Society
Chandni Maria Jacob, Michael Penkler, RuthMüller, and
Mark Hanson

17.1 Introduction
Developmental Origins of Health and Disease (DOHaD) research has shown that social,
economic, and environmental experiences and exposures in early life greatly affect an
individual’s ability to develop, grow, and experience long-term health and well-being.
Recently, the focus has moved from animal and biomedical studies on DOHaD mech-
anisms [1] to the translation of research findings into wider public health intervention
and policy. The DOHaD concept has gained some international attention in the last 10
years, for example figuring prominently in reports from the World Health Organization
(WHO), including the Commission on Ending Childhood Obesity [2]. At the same time,
a lack of clear strategies to implement the concept has led to only partial translation into
policies, public health interventions, and clinical practice [3].

When communicating with policy and other audiences, researchers usually engage in a
practice known as ‘framing’. Framing is a concept from communication studies, social
psychology, and sociology that is based on the premise ‘that an issue can be viewed from a
variety of perspectives and be construed as having implications for multiple values or consider-
ations’ [4, p. 104]. Framing is an act of communication that presents a specific view and
thereby ‘enables individuals to organize experience, to simplify and make sense of the world
around them, and to justify and facilitate collective action’ [5, p. 183]. Frames can highlight
specific aspects of an issue or solution and implicate particularmoral judgements [6]. Frames
are collectively shared and persistent, often developing over time, but can also be used
strategically to champion specific interpretations of facts and to promote specific avenues
for collective or policy action. The concept can be used as a tool to understand how scientific
facts are ordered and presented, thus imbuing them with meaning and values when commu-
nicating findings to policy and society (see also Kenney and Müller in this volume).

In this chapter, we investigate how DOHaD researchers and interdisciplinary net-
works rooted in the DOHaD paradigm frame their research in attempts to translate it
into policy, and we discuss the potential and challenges of these frames. We first provide
a brief overview of prevalent forms of framing in DOHaD more generally before we
discuss two empirical examples in which some of the authors have been involved.

CMJ is supported by the European Union’s Horizon 2020 LifeCycle Project under grant agreement
No. 733206. MH is supported by the British Heart Foundation and the National Institute for Health
Research, UK, through the Southampton Biomedical Research Centre. RM and MP were supported by
the DFG German Research Foundation through the project ‘Situating Environmental Epigenetics’
(403161875). Both CMJ andMH aremembers of the Preconception Partnership and the Venice Forum.
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We conclude by highlighting opportunities to frame DOHaD messages in a social justice
framework, and we propose directions for future research and advocacy.

17.2 Overview of Common DOHaD Frames
Other contributions to this handbook discuss at length how DOHaD science has been
and continues to frame its findings. Hanson and Buklijas show how a social medicine
frame was prominent in the formation of the early DOHaD field. David Barker’s work,
for instance, had a strong focus on how social and health inequalities are linked and
perpetuated, and Barker was centrally involved in efforts to promote social policies
aimed at reducing inequities in health. This frame, with its strong focus on social
determinants of health, was increasingly replaced by a biomedical frame that fore-
grounded individual and somatic factors, particularly the maternal body. According to
Hanson and Buklijas, this ‘telescoping’ [7], from social conditions to dietary components
and molecular pathways, has been the result of broader socio-political contexts and a
related restructuring of DOHaD as a firmly biomedical field.

The foregrounding of different causal factors within a DOHaD frame is tied to how
responsibilities are distributed and to who is regarded as the most pertinent agent for
action. Chiapperino et al., also in this handbook, highlight the ‘paradox’ that DOHaD
research communication, while often rhetorically acknowledging social determinants,
still in practice often focuses on individual responsibility for action, especially targeting
women’s dietary and other health behaviours [8, 9]. The frames used for communication
to the general public about preventing non-communicable diseases (NCDs), for instance,
through the media, largely emphasise individual behaviour change (particularly mothers’
lifestyles, weight loss, and diet modification) and diminish the role of other agencies (e.g.
food industries and marketing) [10]. Framing DOHaD findings in a way that emphasises
women as primarily responsible for their offspring’s healthy development has been
criticised as promoting maternal blame and stigma. Richardson et al. (2014) in a critical
article wrote that ‘exaggerations and over-simplifications are making scapegoats of
mothers, and could even increase surveillance and regulation of pregnant women’ [11].

Many DOHaD researchers welcome this critique, and prominent figures have co-
authored articles that call for a wider framing that moves away from maternal blame and
individual attributions of responsibility. Such a social justice framing [12] instead empha-
sises the social, political, and economic dimensions that shape developmental outcomes and
calls for policy translations of DOHaD that emphasise the need for action through social
policy and health equity [9]. Yet, based on reviews of interventions using a DOHaD model
[13] and a recent ethnographic study of researchers working in DOHaD-focused institutes
[14], it is evident that the DOHaD and lifecourse fields largely still use a biomedical frame.
More recently, some DOHaD scholars have begun to promote the formation of wider
multidisciplinary coalitions and advocacy networks to improve messaging, framing, and
ultimately policy impact. In the following, we explore two such coalitions and if and how
their framing activities depart from and improve on the status quo in DOHaD.

17.3 Case Studies of Two Multidisciplinary Coalitions and
Advocacy Networks
As Low and colleagues describe in this volume, there is a serious effort to translate
DOHaD knowledge into policy and society through advocacy by collaborative networks.
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These have been based on a ‘facilitational’ model of advocacy [15] that emphasises the
joint and participatory production and communication of knowledge by collaborations
between scientists, civil society organisations, and policymakers, as seen for instance with
climate change-related policies [16]. Several such multi-sectoral alliances have been
formed in the last decade to advocate for collective action to translate DOHaD and
lifecourse research into policy at national and international levels. Below, we discuss two
such networks – the Venice Forum [17] and the UK Preconception Partnership [18].

In order to explore how DOHaD messages have been framed by these two networks,
we consider two aspects proposed by global health policy experts [5]: problem definition
(internal framing) and positioning (external framing). Problem definition is concerned
with how actors internal to the network view or conceptualise the issue and its solutions.
Within a network, there may be a common understanding of or disagreement on the
primary rationale for why an issue is important. Positioning on the other hand deals with
how the messages are communicated to an audience external to the network, with the
goal of inspiring them to act. While an internal consensus on framing increases credibil-
ity when presented to external audiences (such as policymakers), the success of a frame
can also depend on the legitimacy of the experts endorsing it. Positioning is often
tailored to resonate with the target external actors such as policymakers or funding
bodies [5].

As both the Venice Forum and the UK Preconception Partnership broadly focus on
the translation of messages from DOHaD research, with common actors in membership
for both groups, there has been overlap in frames used by them. We first present an
overview of each network (Table 17.1)1 and the frames they use in their collective
advocacy before discussing the implications of the employed frames.

17.3.1 The Venice Forum (Global)
The Venice Forum was established in 2019 by a group of independent academics and
healthcare professionals to explore the impact of economic and other crises (e.g. war and
famine) on DOHaD outcomes globally. Based on evidence that crises such as the
2008 economic downturn have a disproportionate impact on women and children, the
main goal of the Venice Forum is to advocate for an ethical imperative of supporting
early childhood development, thus preventing the intergenerational passage of risk.

This agenda gained new urgency by the COVID-19 pandemic, which further exposed
inequalities in health and well-being [14], but also inequalities in responses to the
pandemic. For example, research during the early stages of the pandemic (for example
on vaccine safety) often excluded children and pregnant or breastfeeding women [20].
Post-pandemic, the focus of the Venice Forum shifted from the impact of economic
crises and natural disasters on MNCH to understanding factors that build resilient

1 Both networks have partly overlapping membership. For example, the first and last authors of this
chapter have been actively involved in both networks. The Partnership and the Forum have also
collaborated to write joint statements, for example, providing input into the call for evidence for
the UK Women’s Health Strategy in 2021. This written input has focused on building a robust
case for MNCH through measurement, monitoring, and better-quality data and implementation
through a multi-sectoral approach, developing practical messages for the public and addressing
ethnic and socio-economic disparities in women’s health.
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societies, making an argument for embedding MNCH as core to research and policy-
making aimed at developing healthier societies [21].

The Forum has often framed its policy messages in economic terms. It has developed
key arguments from early-life interventions such as the Perry Preschool and Abecedarian
programmes that show how such interventions can have long-term economic benefits,
higher school completion rates, college attendance, lower rates of teenage pregnancy,
dependency, and welfare [22, 23]. The rationale for employing an economic frame that
emphasises long-term cost reductions and returns on investment has been the assumption
that non-health outcomes are important issues from a policymaker’s perspective. Ongoing
projects by the Forum include specific recommendations for policy, for example introdu-
cing parental leave for the first six months of life. The assumption is that the economic

Table 17.1 Overview of the two advocacy networks

Venice Forum Preconception Partnership

Aim/Key
agenda

To make the case for increased
investment in maternal, newborn, and
child health (MNCH) for long-term
benefits to the population and for
inter-generational impact

To ‘normalise’ the concept of
pregnancy preparation and improve
population health through
intervention in the preconception
period

Focus DOHaD-related outcomes,
transgenerational health, and
engagement with policymakers for
advocacy

DOHaD-related outcomes,
translation of evidence into policy,
and co-production with public
health authorities in the UK. Key
target groups have been future
parents, policymakers, and
practitioners.

Origin Established in 2019 as an informal
think tank

Established in 2018 with the
publication of the landmark Lancet
series [19] on preconception health

Governance
and
membership

Led by a core team of six board
members with a clinical and academic
background in DOHaD. The annual
international forums include an
informal network of health-oriented
professionals, academic and scientific
societies (from obstetrics and
gynaecology, neonatology and
paediatrics, public health, health
economics, social science, and
education), clinical organisations,
patients’ rights groups, and NGOs
predominantly from high-income and
European contexts.

Led by two academic chairs with
well-defined subgroups and roles.
The remit of the group has
expanded with membership
predominantly from UK-based
academics (from fields of nutrition,
sexual reproductive health, public
health, psychology, mental health,
epidemiology, etc.), public health
entities, NGOs, charities, and
healthcare professionals (obstetrics
and gynaecology, community
health workers, and general
practitioners).

Target
audience

Global policymakers Predominantly UK focused
policymakers, the general public,
and clinical organisations
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frame is more likely to elicit a response from finance ministers and other governmental
departments outside healthcare. In this context, the Forum has strategically tried to
promote a ‘technification’[24] of the issue – in this case conveying the economic costs of
a lack of investment in early years and in parenthood and portraying the issue as one that
can – and should – be addressed primarily through science and economics, and not
necessarily on the individual level, thus developing an ‘investment case’ for MNCH.

At the same time, the Forum has also adopted a contrary approach, emphasising the
need to reframe the way ‘value’ is conceptualised in policymaking and financing. While
supporting the development of an investment case described above, the Venice forum
has also challenged the dominant view that economic growth measured by GDP is an
adequate measure of success, when it does not include unremunerated contributions to
society such as childbearing, domestic work, and care – largely conducted by women in
most societies [17]; see also Cohen in this volume. The Venice Forum has explored and
promoted newer frames of a ‘caring economy’ [25] that include well-being as an
indicator of economic success over GDP and employ alternative measures to include
unremunerated work, such as the Human Capital Index or the Genuine Progress
Indicator. The goal of these new frames is to shift the approach from mainstream
economics that focuses predominantly on market relations towards feminist economics
that values women’s contributions. However, framing issues of health in terms of
economic benefits always carries the risk of contributing to rather than resisting
approaches in which health only matters in terms of its economic impact, rather than
emphasising health and access to healthcare as human rights and values in themselves.

The Forum has also strategically engaged in linking MNCH to the climate crisis,
recommending inter-sectoral actions required to address climate change – such as
reducing air pollution and low-environmental impact diets – that are also beneficial
for health. Such focus on policy framed in terms of human and planetary well-being
might benefit from the existing momentum for the climate crisis agenda. The Forum
perceives that climate is of high importance to younger people, thus providing an
opportunity to disseminate messages by highlighting their concurrent benefits for health
and the environment.

The Venice Forum has also strategically decided to emphasise the benefits of inter-
generational health to prioritise investments in MNCH. While a focus on child/newborn
health might have greater political traction, such a focus potentially competes with the
maternal health agenda when the health of the fetus is emphasised at the expense of
women’s health for their own benefit [26]. A framing of MNCH in terms of long-term
investments used by the forum can thus compete with an ethical frame that positions
MNCH as a matter of women’s rights and equity – a frame that was also utilised by the
Forum, which called for urgent action in this area due to slow progress.

Overall, the Venice Forum has targeted policymakers and international health organ-
isations using a variety of different framings – a social justice framing, economic
framings, frames related to intergenerational health benefits, synergies with climate
change, and ethical frames for women’s rights.

17.3.2 The UK Preconception Partnership (United Kingdom)
The 2018 landmark Lancet series on preconception health [19] made a strong case that
‘preconception’ forms a key period for health interventions that have long-term benefits
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for subsequent maternal and child health. The Partnership that formed after this series
meets regularly and has worked extensively with local authorities in the UK and
stakeholders such as the Office for Health Inequalities and Disparities (OHID) (under
the Department of Health and Social Care, UK). Targeted engagement, particularly in
the local/national context, has been an advantage for the Partnership, facilitated by the
inclusion of knowledge brokers (stakeholders facilitating knowledge transfer from
research to policy) in the network.

While the Partnership is interdisciplinary in its membership, there is a higher repre-
sentation from healthcare organisations and the biomedical sciences (see Table 17.1). The
Partnership’s stated goal is to ‘normalise’ the concept of preparation for pregnancy and
parenthood, thus framing adolescence and early adulthood as a ‘pre-conception period’
where young people should be encouraged and empowered to engage in healthy activities
both for the sake of their own health and also to prepare for (potential) pregnancies.

The Preconception Partnership has overall adopted a lifecourse approach to precon-
ception care, focusing on adolescent health, inter-pregnancy health, and post-partum care
as key periods to include in the definition of preconception health. The Partnership has
positioned this approach within a reproductive justice framework that considers ‘the
human right to maintain personal bodily autonomy, have children, not have children,
and parent the children we have in safe and sustainable communities’ [27]. In supporting
women’s rights to make decisions related to fertility and contraception, the Preconception
Partnership (among other global networks) has endorsed universal screening for preg-
nancy intention with clinical tools to discuss the desire to be pregnant or avoid pregnancy
[28, 29]. This also relates to the reproductive justice framework that includes equitable
access to a range of health services such as contraception, sexual health, and abortion
(which women of colour and marginalised groups often have barriers accessing as a core
component). However, an overemphasis on reproductive health could propagate a view of
women as ‘vessels of reproduction’ [30], in which young women are primarily viewed and
addressed as future mothers [31]. Ongoing work by members also has focused on the
extension of health behaviours to adolescence, for example through school-based inter-
ventions to promote scientific and health literacy [32].

A recent study by Jacob [33] has shown different and partly competing ways of
framing the internal discussions and external communications of the Partnership.
On the one hand, the Partnership has framed preconception health as a systemic issue
and promoted policies and public health campaigns aimed at addressing socio-economic
inequalities in women’s health. One prominent Partnership initiative has been to
improve the evidence base for health policy focused on the preconception period and
to hold policymakers accountable for issues in preconception care that show links with
deprivation. To this end, the Partnership has focused on using routine data from
maternity care programmes to develop a report card on preconception health status in
the UK [34]. The analysis of national maternity services data (England) highlighted
inequalities based on age (e.g. younger women were less likely to take folic acid supple-
ments preconception), ethnicity, and deprivation and in turn provided outcomes and
indicators for accountability. Members’ publications have also emphasised the impact of
wider determinants of health [35] and called on governments as key actors to address
preconception health at the policy level.

At the same time, framings of risk factors like obesity as being linked to systemic
problems influenced by the environment and deprivation contrasted with recommendations
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to change lifestyles with support from clinicians. The clinical setting, where clinicians often
meet women with or without their partners, was often framed as an effective and easily
accessible platform for the dissemination of preconception health messages. In this view,
postnatal care presents a ‘window of opportunity’ for both the next pregnancy and early
childhood development [29, 36]. However, such recommendations were also critically
discussed within the Partnership, as it was argued that they could lead to individual
attributions of responsibility and a stigmatised framing of behaviours deemed unhealthy,
particularly among low-income populations. It was argued that focusing on influencing
behaviours through the dissemination of health messages also assigns a set of values and
moral implications, falling disproportionately on women and addressing them primarily as
reproductive agents [33].

In order to address these issues, the Partnership has recently conducted several public
engagement activities to investigate appropriate ways for developing and framing health
messages that avoid unintended and harmful consequences. Unsurprisingly, using the
term ‘preconception’ was not preferred by participants (women living in the UK) [37].
Additionally, participants also recommended gender-inclusive terms that could capture
the interest of men, who often felt excluded from the conversation on health for their
children [38]. While the area of male preconception health and its impact on long-term
health has been increasingly discussed within the Partnership, messages related to men’s
health before pregnancy were often lacking in their outputs. Framing preconception
health mainly around women’s health and bodies could further alienate men and non-
binary individuals from engaging in health messages and conversations around precon-
ception care [38]. Studies from low- and middle-income settings have, however, shown
that men were keen to be involved in engaging in such conversations [39]. The need to
represent health findings without causing alarm is key for the public’s engagement with
preconception health messages, considering the probabilistic nature of the associations
in DOHaD studies [9]. Framings related to ‘unplanned pregnancies’ as a risk factor for a
negative outcome were often used by the Partnership. This may also need to be revisited
as studies have shown that people may not perceive unplanned pregnancies to be a
negative outcome, nor is pregnancy intentionality a straightforward idea [40, 41].

Another question that proved internally contentious within the Partnership was how
to frame obesity. Though publications have acknowledged the wider determinants of
obesity and the need to reduce stigma in clinical conversations, obesity is also framed as a
condition in need of medical treatment or intervention [29, 36, 42], in accordance with
recent World Obesity Federation campaigns (2018–19). However, internally members of
both the Partnership and the Venice Forum have contested this medical framing, as
over-medicalising the issue presents challenges in policy translation. One such challenge
is that an increased focus on addressing obesity through healthcare and weight manage-
ment services might lead to reduced investments in preventive policies that target
systemic drivers of obesity, such as the marketing of foods or food composition.
Framings of obesity as a medical condition also potentially conflict with a social justice
framework. Feminist scholars and fat activists have argued that framing obesity in
medical terms may contribute to weight stigma in which individuals are blamed for
their body shape and ill health. Such frames in particular target women and minorities
and lead to localising structural problems within individual bodies, thus potentially
deflecting policy attention away from the systemic conditions that drive inequities in
health. (See Lappé and Valdez in this handbook.) Additionally, conversations focusing
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only on weight can also lead to unintended consequences such as repeated cycles of
weight gain and loss, eating disorders, weight stigmatisation, and mental health issues,
thus calling for a person-centred approach [43].

From a social justice perspective, health interventions and policies based on individ-
ual behaviour change appear as particularly problematic. Such interventions were also
debated internally within the Partnership, with one point of debate being how health
messages related to preconception health should be framed. Preconception health inter-
ventions that target individual behaviour change predominantly focus on rational
aspects of decision-making (e.g. providing information on food-based dietary guidelines
and Eatwell plates), and overall DOHaD health messaging tends to focus on risks and
potential negative outcomes. In contrast, the Preconception Partnership has recom-
mended appealing to emotional aspects of the benefits of healthy growth and develop-
ment [8]. This is especially relevant as health messages compete with framings by the
private sector, which focus on selling comfort and happiness – for example with the use
of infant formula. Framing preconception health messages in more positive terms has
the goal of improving the public and policy uptake of these messages.

Thus the Preconception Partnership has used framings similar to the Venice Forum
on intergenerational benefits and health across the lifecourse, social justice, and the
reproductive justice framework. However, medicalised framings of obesity are still
evident along with a focus on women’s fertility and pregnancy planning.

17.3.2.1 Competing Framings in DOHaD Health Advocacy
Research findings from DOHaD can be framed in different ways, imbuing them with
different meanings to link to different types of policy recommendations. Such frames
may not incorporate all aspects of the issue in question and present a risk of oversimplifi-
cation of a complex field, as seen in the above examples. Figure 17.1 is a conceptual
figure summarising examples of framings used by the networks in publications and other

Figure 17.1 The framings used within groups and for communicating to an external audience are illustrated in
the figure. Certain framings may have potentially negative consequences, while others have more positive effects
as shown by the arrow.
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media, which we have listed by the potential impact it could have if applied in healthcare,
policy, and interventions.

DOHaD frames may emerge in multiple ways, not limited to evidence generated
from research but also as a response to the evidence demand from governments/policy-
makers, major societal events, and public opinion. Efforts to bring DOHaD insights into
policy and health interventions are often driven by a sense of urgency and an under-
standing that it is an ethical imperative to act now to improve MNCH and to address
persistent inequalities in health. This sense of urgency often translates into efforts to
influence policy and the public ‘effectively’, for example through strategically framing
DOHaD messages in ways that make them more palatable to policymakers and the
public, and thus more likely to influence policies and health behaviours.

Such efforts and emphasis on urgency can also lead to unintended consequences that
may be at odds with the goal of promoting health equity and social justice – especially
when the potential negative impacts of employed framings are not given adequate
consideration. For example, alarmist language – obesity as ‘a ticking time bomb’, or
the ‘war on obesity’ – might be an adequate way to garner policy and media attention,
but it also has the potential to increase weight stigma when fat people are implicitly
framed as a threat to society, economic prosperity, and the welfare state’s future [44].
This becomes particularly problematic when public health campaigns are aimed at
marginalised parts of the population.

Similarly, an economic frame of ‘returns on investment’ might be well suited to
attract policymakers’ interests – but it carries the danger of propagating eugenic logics
when women are targeted primarily in the name of the offspring’s health, as discussed by
Cohen in her contribution to this volume. And a framing that highlights individual
agency in relation to factors that influence the development of health and disease may be
well suited to inform individual action – but runs the risk of also increasing blame and of
reinforcing health inequalities as not everybody has the necessary resources to act.

The analysis of our two case studies has shown contestations around how to frame
DOHaD for policy and society. Individualising and potentially stigmatising frames were
critiqued in internal discussions. At the same time, there are strong incentives for
simplistic frames to ‘effectively’ translate DOHaD. While such framings might make
strategic sense, DOHaD researchers should be aware of the trade-offs and potential costs
of such framings. This shows the need for constant reflection and negotiation around
appropriate ways of framing DOHaD messages – with interdisciplinary advocacy net-
works being well suited to facilitate such negotiations by bringing together different
disciplinary, societal, and policy viewpoints.

17.4 Recommendations for Reframing DOHaD
Kenney and Müller in this volume provide a useful list of suggestions on how to engage
in crafting and propagating health-related narratives. We highly encourage readers to
consider these recommendations. Here, based on our discussion of our two case studies,
we highlight a few points.

First, we want to highlight how important it is to be reflective about the framings
employed in translating DOHaD messages into society and policy. In order to achieve
societal and policy impact, there is a need to strategically employ specific framings.
At the same time, scholars and practitioners should also be conscious of the potential
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negative impacts of the framings employed and about what trade-offs are involved when
employing specific frames. However, this demand for ‘targeted messaging’ could also
have led to competing or conflicting frames within the same network, as seen in the case
studies. We advise DOHaD researchers to be particularly cautious when employing
economic framings when talking about the value of health, when employing alarmist
language, and when promoting interventions that target predominantly individual health
behaviours.

Second, our discussion of the two case studies shows that finding and employing
appropriate framings is a continuous process. As Chiapperino et al. in this volume
discuss, DOHaD researchers often in principle subscribe to and are motivated by a
social justice framing of DOHaD, which highlights the need to address inequities in
health through social policy. Such a social justice framing is also fundamental to the
Forum’s and Partnership’s work, but at the same time there are powerful institutional
and policy incentives to frame health messages in ways that are antithetical to such a
social justice framing (see also Penkler 2022). There are competing interests and factors
at work that encourage perhaps more reductionist framings of DOHaD findings that
imply more individual translations. Finding the adequate balance and engaging in
DOHaD messaging that is both effective and avoids negative outcomes is a continuous
process that DOHaD researchers should be reflective about. Such ongoing reflection can
also help tackle the challenge of developing messages that account for both the
individual-level and population-level actions required to address the health issues in
consideration. An example of work towards this is the Preconception Partnership’s
multidisciplinary representation and ongoing study with the public on the appropriate
inclusive language to be used in public health messaging related to preconception health
[38]. We recommend a continued need for engagement and reflection on the frames
used by both networks due to the conflicting frames discussed.

Thirdly, advocacy networks such as the case studies included here are particularly
well suited for such negotiations. They offer ways of breaking the siloes of academic
research groups and allow researchers to engage with the public, wider disciplines, and
policymakers. They allow the inclusion of different disciplinary, societal, and policy
viewpoints and a forum to engage and negotiate about appropriate framings. Diversity
within networks (disciplinary and geographic) and links with a wider range of actors
outside research (policy, communities, private sector, healthcare sector, charities, and
activists) are needed to develop solutions that are sensitive to the available resources and
environmental and socio-economic factors influencing health behaviours, cultural prac-
tices, and differences in behaviours based on ethnicity/income groups. Our recommen-
dation in this context is to further broaden advocacy coalitions to also include more non-
scientific, non-health, and non-policy actors, such as activists and community members.
Co-creating frames is a way of making them more socially robust and aligned with values
of social justice and equality, as work in the Preconception Partnership has shown when
including civic society. In order to pursue co-creation effectively, it is important to
include a wider range of stakeholders (including civic society) proactively and early on,
including them in upstream discussions about what appropriate frames and goals are,
and not only downstream. Such engagement can help ensure that the very goals of
advocacy networks (such as ‘improving health’) should not be taken as given, but up for
negotiation when engaging collectively in finding appropriate frames for translating
DOHaD into policy and society.
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In conclusion, we argue that a return to ‘business as usual’ by adopting medical and
individual framings for DOHaD translation would be inadequate to address the increas-
ing disparities in MNCH, obesity, and NCD-related issues. Such a global outlook, which
includes justice and addressing inequalities, will help in translating the DOHaD and
lifecourse models into policy that integrates not only life stages from preconception but
also all wider societal factors that shape human well-being.
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Section 4

Chapter

18
Translations in Policy and Practice

The Impact of Community-Based
Participatory DOHaD Research
Siobhan Tu’akoi, Mark H. Vickers, Celeste Barrett-
Watson, Kura Samuel-Ioane, Teaukura Puna, Drollet
Joseph, and Jacquie L. Bay

18.1 Introduction
As outlined in the preceding chapters, the Developmental Origins of Health and Disease
(DOHaD) concept is a lifecourse approach that describes how environmental exposures
in the early-life stages can impact later-life health outcomes. This paradigm has
developed considerably since Barker’s early findings, solidifying links between adverse
early-life events in childhood, pregnancy, and preconception and later risk for non-
communicable diseases (NCDs) [1, 2]. Such risk events are not experienced equally, with
structural and social determinants such as economic stability, housing, access to health-
care, and the wider built environment influencing the ability of individuals and commu-
nities to experience good health. Within the DOHaD field, there is increasing support for
the integration of social justice and participatory lenses in research, acknowledging that
all people deserve equal opportunities to be healthy [3–5]. Such approaches require
partnerships that empower and collaborate with the communities who participate in
research in order to reduce the power imbalance and better understand the contexts in
which health challenges are situated [4]. This encourages the normalisation and inclu-
sion of different types of evidence that are all valuable for addressing health issues,
including scientific evidence, sociological factors, and local community knowledge. This
chapter describes how a community-based participatory research (CBPR) approach used
within the DOHaD field could significantly benefit researchers, communities, and health
outcomes. It outlines what CBPR involves and current participatory DOHaD work being
undertaken and draws on examples of our own CBPR in the Cook Islands.

18.2 Community-Based Participatory Research in DOHaD

18.2.1 What Is Community-Based Participatory Research?
Community-based participatory research is a collaborative approach to research that aims
to engage researchers and community members in equal partnership throughout all stages
of the research process [6]. It is widely understood that CBPR developed from action
research, an approach proposed in the 1940s by social scientist Kurt Lewis as a way of
addressing social problems by undertaking research with or by the study population [7].
Although referred to by a variety of terms, such as action research, participatory research,
action science, co-operative inquiry, and community-based research, the shared idea
between these concepts is participatory knowledge production that involves the study
population [7]. A critical aspect of the CBPR approach is acknowledging that both
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researchers and community members hold essential knowledge that is equally valuable for
conducting rigorous and impactful research. Western research approaches have tradition-
ally assumed that research phenomena can and should be separated from their broader
context to conduct valid and reliable studies [7]. CBPR rejects this assertion and recognises
the value of different types of knowledge and contextual evidence. In his work exploring
the power of professionals and local communities working together, Corburn describes
expertise not as an objective truth but as something that can be collaboratively produced to
enable better research and policy solutions [8]. Researchers are trained in experimental,
epidemiologic, and systematic data collection practices, validated by statistical significance
and other professional standards [8]. This knowledge is typically tested via forums such as
peer review processes and media. On the other hand, communities hold important local
knowledge that has been acquired through experiences, cultural and social traditions, and
intergenerational storytelling. This knowledge can be tested via forums such as public
narratives, community stories, and media [8]. CBPR approaches emphasise that both
forms of evidence are critical for improving research validity and driving social change
within communities.

Table 18.1 outlines nine general principles of CBPR proposed by Israel and colleagues
that reflect multiple approaches and lessons learned from previous participatory research
structures [9].

Empowering communities to be actively involved in conceptualising and leading
research is important from a social justice perspective. Criticisms of non-participatory
research studies often include a lack of understanding of local socio-cultural factors,
leading to limited acceptability of findings by the communities themselves [10].
In particular, research on Indigenous and marginalised communities has historically
been conducted without community input, leading to uninformed conclusions that may
not address community priorities and contributing to a general mistrust of research by
those communities [11]. Fitzpatrick and colleagues acknowledge that ‘researchers have
often been perceived as doing research on, and not with Indigenous people, with little
regard to local cultural protocols and languages and without seeking consent from
communities’ [11]. Social justice and empowerment are the foundations of CBPR,
ensuring that communities are equal partners in setting research questions, conducting
the research, and interpreting what the data mean. This approach not only values the
community’s expertise but also addresses their moral right to data ownership and
leading research that affects their own community.

Key benefits of CBPR include the potential for research findings to be more accept-
able and impactful, leading to community-led action and, in turn, increased potential for
long-term benefits [12]. Salimi and colleagues systematically reviewed CBPR health
projects and found that they enhanced skills and capabilities within the community,
resulting in community-level action [13]. CBPR approaches can also be valuable in
ensuring the participation and retention of historically marginalised ethnic groups
who are traditionally underrepresented in health research [14]. A review by Cook found
reciprocal benefits of working together, stating:

Academic researchers reported that community collaboration had been valuable in making
the studies possible and valid and in generating credible data. Community partners
helped academic researchers to recruit and retain study participants . . . (and) to render
research more culturally sensitive and acceptable to the participants and relevant to the local
context. [12, p. 669]
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To create better and more robust DOHaD knowledge for action and social change,
particularly for Indigenous and disadvantaged groups, partnerships between researchers
and the communities that contend with the real-world challenges are essential.

18.2.2 CBPR in the DOHaD Field
Penkler and colleagues argue that better understandings of the health contexts where
communities engage are critical to equitably improving intergenerational health and
well-being [4]. Utilising CBPR and actively engaging communities in co-developing
research projects can provide major benefits for DOHaD research, local community
capabilities, and health outcomes [4]. While CBPR approaches remain limited in the
DOHaD field, there are key examples where partnerships and participatory frameworks
have enhanced the research and knowledge translation processes. Presented below is a
snapshot of three participatory approaches grounded in DOHaD theory. Each carries out
important work to contribute to the health and well-being of their communities.

Table 18.1 General principles of CBPR [9]

Principles Explanation

1. Acknowledges the community as a unit of
identity.

Identifying and working with groups that
share a common membership or identity, such
as a social network, ethnic group, or
geographical neighbourhood.

2. Builds on the strengths and resources
within the community.

Developing the strengths, expertise, and
assets that already exist within a community.

3. Facilitates a collaborative, equitable
partnership across all research phases.

Requires a foundation of mutual respect and
trust to ensure all partners share decision-
making and control throughout the research.

4. Fosters reciprocal exchange and capacity
building among all partners.

Recognising that all parties bring diverse and
valuable knowledge and experiences.

5. Integrates knowledge generation and
translation of research findings for the
mutual benefit of all partners.

Making a commitment to ensuring research
findings are translated into action.

6. Focuses on public health concerns that are
relevant to the community using an
ecological perspective that recognises the
multiple determinants of health.

Recognising the individual, community, and
societal contexts and considering broader
determinants of health and disease.

7. Involves systems development using a
cyclical and iterative process.

Within the system or partnership, this involves
a cycle of feedback to develop and improve
each stage of the research.

8. Disseminates findings to all partners and
engages them in wider dissemination.

Ensuring the research is disseminated in ways
that are useful and appropriate for all partners.

9. Prioritises a long-term process and
commitment to sustainability.

Making a long-term commitment to ensuring
the sustainability of projects or action
outcomes beyond a single funding period is
critical.
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In recognition of the inequitable health outcomes faced by Australia’s Aboriginal
population, for example the increased likelihood of premature birth and poorer infant
outcomes compared to the rest of the population, the Gomeroi Gaaynggal programme
was established [15]. Initially designed by reproductive scientists, the study underwent an
extensive two-year community consultation phase with Aboriginal organisations and
health services, Elders, young mum’s groups, men’s and women’s groups, prison staff,
and wider community members that revealed key community priorities [15, 16]. As a
result, Gomeroi gaaynggal became a two-pronged approach, including a research study
and a community-focused arts health programme. Working in partnership with
Aboriginal communities in New South Wales, the programme’s research focuses on
understanding the drivers of adverse health outcomes during pregnancy among
Indigenous women and how that affects long-term health and infant health. One study
on the prospective cohort of Aboriginal women and infants showed that less than 50 per
cent of breastfeeding women were meeting nutrient requirements for folate, iodine, and
calcium. Although breastfeeding initiation was high at 85.9 per cent, the median dur-
ation of breastfeeding was only approximately 42 days, in contrast to the recommended
six months [17]. The research identified the need for promoting sustained breastfeeding
practices and improving education on optimal nutrition for mothers and infants.

The arts health portion of the programme was initiated after Aboriginal partners
identified a widely held view among the community that existing antenatal education
classes were not culturally appropriate for their community [15]. Acknowledging that
antenatal class attendance can have benefits not only for improving education and access
to healthcare but also for increasing social connectedness and support networks, Gomeroi
Gaaynggal established a culturally appropriate arts health centre [15, 16]. A range of topics
are covered in the education programme, including antenatal care, mental health, and
dietetics [18]. The centre also facilitates cooking classes, cultural art activities, baby health
checks, and spaces for local artists and Elders to share stories. The programme continues to
evolve in line with what is needed and relevant as decided by the community themselves.
By fostering strong relationships with Aboriginal families, Elders, and community
members, the Gomeroi gaaynggal research team recognised the positive impact this had
on building an Aboriginal research cohort, study retention, and improvements in health
literacy and antenatal outcomes from the arts health programme. While acknowledging
that this participatory approach can be a costly and lengthy process, the benefits for
research, translation of research findings, and, importantly, for the health and social
outcomes of the local Aboriginal community are clear [15].

In Alberta, Canada, the ENRICH research team has developed similar CBPR
approaches. In particular, their collaborative work with a large Cree First Nations
community aims to address the disproportionate health burden experienced by
Indigenous women by exploring better ways of supporting women and families in
pregnancy and post-partum [19]. After an initial year and a half of strong engagement
with the community, a research partnership was formalised via a Community Advisory
Committee, which included Elders, health and social service professionals, and wider
community members [20]. This committee collaborated with researchers to jointly
design research protocols, interpret data, and contribute to dissemination. This resulted
in several research and knowledge translation pathways, including exploring Cree men’s
experiences of their partner’s pregnancy, implementing cultural sensitivity interventions
for primary care staff, and understanding effective prenatal care for Cree women
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[19, 20]. The latter involved an ethnographic CBPR study investigating views and
perceptions of prenatal healthcare providers in the Cree community of Maskwacis,
Alberta [20]. Interview findings showed that strong relationships, cultural understand-
ing, and a sense of trust and non-judgement were key for First Nations women to receive
effective prenatal care, while a lack of cultural appropriateness could lead to poorer
outcomes and sustain health inequities. The study emphasised that time invested in such
healthcare interactions to build relationships and trust should be standard and not
viewed as extra [20]. The authors encouraged healthcare providers to actively engage
with local Indigenous communities, stressing that reviewing literature or completing
cultural competency courses is not enough to gain meaningful understandings of
Indigenous experiences. By using a CBPR approach, the ENRICH team and the Cree
First Nations community have built a strong research–community partnership that can
investigate and address important health issues to improve the overall well-being of the
Indigenous community.

Another example of research–community collaboration is the Abuela, Mamá y
Yo (AMY) project. The AMY project was established by a partnership between the
Oregon Health and Science University and Familias en Acción, a non-governmental
community organisation focused on the health of Latino families in Oregon, the United
States. The research-based programme partners with Latinx families and Latinx-serving
organisations and is centred on DOHaD and intergenerational well-being, recognising
the high rates of obesity and type 2 diabetes in the local Latino community [21]. Abuela,
Mamá y Yo provides a culturally specific food equity nutrition education programme
that addresses the root causes of health inequities and builds participants’ knowledge
around upstream determinants [21]. Community leaders have been trained to facilitate
the AMY curriculum in community classes with core topics including the first 1000 days,
breastfeeding, and decolonising food systems [22, 23]. Although evaluation is ongoing,
initial mixed methods research, including pre- and post-surveys, has reported an increase
in participant knowledge across all topics, particularly in relation to the first 1000 days
concept. Similarly to other CBPR approaches in the DOHaD field, AMY researchers
acknowledge the benefits of close community partnership, including the ability to
constantly adapt and tailor to the community’s needs, ensuring their work is relevant
and impactful for the population of interest [22].

These research–community partnerships emphasise the importance of strong and
sustained relationships in DOHaD research. This process can be particularly impactful
for Indigenous and/or low- and middle-income communities where there may be
mistrust due to past experiences of exploitative, one-sided research. Simply presenting
to a community and requesting permission to undertake a research proposal is inad-
equate [24]. Community engagement and collaboration before a proposal is created and
throughout each stage of research can ensure respect and integrity. Such collaborations
build a greater level of trust and can strengthen ‘buy-in’ or willingness to participate in
studies. When communities are actively leading research, there can also be a better
understanding of where research needs to be targeted. The participatory DOHaD
projects above describe how continuous feedback loops enable communities to contrib-
ute perspective and guidance regarding research directions and issues of local relevance
and ultimately lead to the translation of evidence into action. CBPR approaches that co-
construct research priorities and co-design studies ensure that the dignity of commu-
nities is upheld and can result in more relevant and impactful interventions. This is
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particularly important for Indigenous, historically marginalised, and low-income com-
munities that are often disproportionately impacted by risk factors and, as a result, can
experience poorer health outcomes.

18.3 A Case Study in the Cook Islands
We have previously published a systematic review that found a lack of DOHaD research
occurring in low- and middle-income countries, particularly within the Pacific region
[5]. The Cook Islands, with a resident population of 14,802, is one such Pacific nation
that lacks research into DOHaD and early-life causes, despite experiencing some of the
highest rates of NCDs and related-risk factors worldwide. Through a CBPR partnership
focused on addressing these health challenges, researchers and the Cook Islands com-
munity co-developed research questions, data collection methods, and ways of know-
ledge translation. This section outlines the background of our Cook Islands partnership
and the importance of using local models in research and explores a selection of research
studies that have been carried out under this collaboration.

18.3.1 The Cook Islands
The Cook Islands is a self-governing state in free association with New Zealand. Its
current health status is greatly influenced by a history of colonisation, Westernisation,
and changing trade policies. Food imports have increased considerably since the late
twentieth century, influencing a nutrition transition from traditional diets sourced from
the land and ocean to more processed foods high in fat and sugar [25]. Approximately,
88.5 per cent of adults aged 18–64 years old are overweight and 61.4 per cent are obese
[26]. Insufficient physical activity is reported among 33 per cent of adults, raised blood
pressure affects 28.5 per cent, and raised blood glucose levels impact 23.5 per cent of
adults [26]. Non-communicable diseases affect approximately 30 per cent of the popula-
tion and contribute to 80 per cent of all deaths in the country, 36 per cent of which occur
before 60 years old [27]. Risk factors among younger age groups are also of concern, with
a 2015 global school health survey reporting 63.7 per cent of Cook Islands students aged
13–17 years were overweight/obese [28]. Although biannual school health checks are
conducted in the Cook Islands to assess body mass index, lice, and skin conditions, there
was a lack of in-depth data on metabolic health and, concurrently, no data on how this
might be influenced by the early-life environment. This gap was identified, and action
was taken to begin to address it within the work of The Pacific Science for Health
Literacy Project (PSHLP) [29], a CBPR partnership between researchers, health profes-
sionals, educators, and community members.

The Pacific Science for Health Literacy Project is a multi-sectoral community-based
participatory research project established initially across partners in the Cook Islands,
Tonga, and New Zealand, and currently in action via an ongoing partnership between
the Cook Islands Ministry of Education, Te Marae Ora Cook Islands Ministry of Health,
and the Liggins Institute, University of Auckland. The partnership was established in
2012 via a pre-feasibility grant from the New Zealand Ministry of Foreign Affairs and
Trade, which identified perceived commonalities in goals between potential partners,
those being the Ministries of Education and Health in Tonga and the Cook Islands, and
the University of Auckland’s Liggins Institute in New Zealand. Staff from the Ministry of
Foreign Affairs and Trade in New Zealand, Tonga, and the Cook Islands facilitated
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partner introductions over a period of four months, resulting in an agreement to enter
into a six-month pre-feasibility study. The purpose of this study was to build relation-
ships by enabling potential partners to meet, share, and listen, examine the potential of a
partnership, and, importantly, co-write a grant application for pilot funding [30].

The PSHLP phase I pilot was funded from 2013 to 2016 and extended through to 2017,
examining the potential of the school curriculum for developing scientific, sociological,
and health literacies and facilitating adolescent-led actions [31]. Learning programmes
were established that facilitated this development via the exploration of local community
health challenges such as diabetes, obesity, and nutrition. This included examining the
science of DOHaD using local and international evidence. By involving teachers from
science, health and physical education, and social sciences, the programme encouraged the
examination of issues from a systems perspective while also promoting educational goals
associated with assessing multiple perspectives in relation to complex issues [32–34].
Engagement in the programme encouraged further locally led questions and provided
opportunities for research capability development. In 2016, the funder and community
representatives decided that a deliberation process should be undertaken to identify
whether and how the programme should be developed. Stakeholders including community
leaders, health and education experts, parents, diplomats, and representees from non-
governmental organisations and government agencies such as sport, child development,
and agriculture met over a period of two days. This resulted in a plan to again work in
partnership to propose the next phase of this CBPR and seek funding. Achieving funding
to scale up took a further two years, during which time all partner schools from the pilot
continued to use and grow the programmes. Resourcing partnership building and acknow-
ledging the importance of local evidence guided by local frameworks that can inform
community interventions and policies is key to effective CBPR.

18.3.2 Local Models and Methodologies
Research conducted using mainstream research frameworks and resulting programmes
often have limited transferability for Indigenous and historically marginalised commu-
nities [35]. Framing research using local customs, traditions, and ways of knowing is one
way to ensure it is contextualised and culturally relevant to the community of interest.
Cook Islands collaborators within the PSHLP discussed the importance of utilising local
frameworks and methodologies to ensure the research had a strong foundation in local
knowledge. Oraanga pitoenua, or health and well-being, is a holistic concept in the Cook
Islands that refers to what makes people healthy, happy, and well [34]. The five dimensions
include kopapa (physical well-being), tu manako (mental and emotional well-being),
vaerua (spiritual well-being), kopu tangata (social well-being), and aorangi (total environ-
ment) [34]. Like other holistic health models, oraanga pitoenua includes considerations for
the health of one’s body, thoughts and feelings, values, and beliefs, and for social and
family relationships. It also incorporates aorangi and the recognition that one’s connec-
tions with the land, the sky, and the ocean are important aspects of holistic health and well-
being. This concept of oraanga pitoenua was central to the adolescent health research
conducted in the Cook Islands, acknowledging that well-being is not simply an individual
issue but related to our community relationships and connections to the environment.

Another key framework used in this research was the Tivaevae model, a Cook Islands
research methodology first established by Teremoana Maua-Hodges in 1999 [36]. The
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framework uses the traditional tivaevae quilt-making process as a metaphor for a
collaborative approach to research [37]. In the Cook Islands, tivaevae are colourful,
hand-sewn patchwork quilts commonly created by a group of women and led by one
ta’unga (expert). The three key stages of tivaevae-making are 1. Koikoi (picking), the
preparation stage where patterns for the quilt are discussed and selected, 2. Tuitui
(stitching), whereby patterns are stitched together and sewn onto the blank canvas,
and 3. Akairianga (reviewing), where the completed tivaevae are gifted or displayed at
birthdays, graduations, and other special occasions [38]. Five key principles underpin
this tivaevae-making process: taokotai (collaboration), akairi kite (shared vision), tu
inangaro (relationships), uriuri kite (reciprocity), and tu akangateitei (respect). The
Tivaevae model applies this same process and key principles to research. Koikoi repre-
sents the initial stages of a research project where collaborations, ideas, and knowledge
sharing occur to conceptualise research questions and plan a project. Tuitui is the
‘making’ stage of research where data are collected, analysed, and interpreted to create
a story. Akairianga refers to disseminating research findings and determining how the
evidence can be translated into real outcomes for the community. The Tivaevae model
ensured PSHLP research was grounded in local Cook Island ways of knowing and
emphasised the importance of having a shared vision and reciprocal relationships
between researchers and the community.

18.3.3 Partnerships for DOHaD Research
The PSHLP partnership between researchers and the Cook Islands community embed-
ded the Tivaevae model and local concepts of oraanga pitoenua from the beginning of
the research process. As discussed previously, the PSHLP was formed to support health
and science literacies within Cook Islands schools. Over time, knowledge sharing and
collaborative discussions of DOHaD resulted in local partners questioning why there was
no local evidence, given the high rates of NCDs and related risk factors. Cook Islands
students participating in the PSHLP learning programme at school also began to
consider the lack of local evidence and became increasingly interested in having access
to and understanding their own health data. These discussions from Cook Islands
students, educators, and health professionals within the PSHLP led to a research project
aimed at extending local adolescent health measurements, linking these back to birth
records to explore potential DOHaD associations and considering how to translate this
evidence into positive outcomes for students themselves and the wider community.

We have previously published a short report on the process and key results from this
initial study [39]. Educators, health professionals, and researchers worked together to
facilitate and measure a range of health indicators among Year 9 adolescents (approxi-
mately 13 years old) in Cook Islands high schools from 2016 to 2018. Measures included
height, weight, waist circumference, blood pressure, blood glucose, and total cholesterol
levels. To support participating adolescents in understanding and having access to their
own data, the PSHLP team co-created a resource named ‘My Health Profile’ where
students could record and chart their measurements, alongside simple, informative
health facts [40]. Teachers supported the development of these understandings during
class time. Of the 195 students included in the study, our findings showed that approxi-
mately 68 per cent were overweight/obese, 46 per cent were affected by central obesity,
and 43 per cent had raised blood pressure [39]. When linked with birth data, this study

214 Siobhan Tu’akoi, et al.

https://doi.org/10.1017/9781009201704 Published online by Cambridge University Press

https://doi.org/10.1017/9781009201704


found a significant inverse association between birthweight and central obesity in
Rarotongan adolescents. Data sense-making workshops with collaborators and commu-
nity members emphasised the potential for DOHaD and investment into the early-life
environment in the Cook Islands in order to optimise oraanga pitoenua later in life and
across generations. They also recognised key areas of improvement for future research,
including larger sample sizes, increasing the accuracy of measures, and further exploring
the influence of school, home, and community contexts.

A key part of the Tivaevae model is akairianga, referring to the appropriate dissemin-
ation and knowledge translation of the evidence collected. Collaborators discussed how
the local early-life data collected in addition to international evidence could be translated
into positive outcomes for the community. A key discussion point was the need to
increase community awareness of early-life concepts and provide an easily accessible,
localised resource for new mothers, fathers, and families. We have previously published a
paper that reports the CBPR process we undertook with a range of professional and lay
groups in Rarotonga, Cook Islands, in order to co-design a local early-life resource [41].
With recruitment led by our Cook Islands collaborators, we conducted a series of
collaborative focus group workshops with the House of Ariki and Koutu Nui (traditional
chiefs and leaders in the Cook Islands), health professionals, pregnant women, current
mothers of young children, Takamoa Theological College students, the Cook Islands
National Youth Council, Internal Affairs, and the Child Welfare Association. After a
series of co-designing workshops and draft reviews, a finalised resource titled ‘Lifelong
health: Our Tamariki’ was created. Participants discussed the lack of physical resources
available to expecting mothers and fathers, particularly emphasising the lack of locally
relevant, contextualised information. They expressed that Cook Islanders would be able
to relate to and form an attachment with the finalised resource and that it would help to
start the conversation of nutrition, early-life health, and intergenerational impacts [41].
Although initially delayed by COVID-19, research is underway to assess the understand-
ing of DOHaD and early-life concepts in the community both before and after the
booklet is released. Local collaborators are also planning the initial launch of the resource
in the community and its distribution to antenatal clinics, workplaces, and high schools
across the islands.

The research described above is just a portion of the ongoing PSHLP work in the
Cook Islands with other studies including investigations into adolescent physical activity
levels, mental health, and the co-development of other health literacy resources as
requested by the community. The CBPR approach has enabled strong relationships
and reciprocal exchanges of knowledge between researchers and community members.
Local partners set research directions that they feel are important and relevant for their
community. Side-by-side collaboration throughout data collection and interpretation
phases not only enabled ‘buy-in’ but also allowed for insight into relevant contextual
factors that may explain specific data trends. Taking a CBPR approach has also proved
beneficial for research translation. Ensuring the community was involved from the
beginning helped to increase the acceptability of findings and strengthen community-
led action. The views held among communities are not always homogenous, and thus it
is important that this process of building and maintaining relationships is given the
necessary time and breadth. CBPR is an approach that respects the dignity of local
communities, prioritises shared power and reciprocal knowledge, and can ensure
research evidence is translated to be impactful.
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18.4 Future for CBPR in DOHaD
Although there is increasing recognition from researchers in the DOHaD field about the
need to conduct research alongside community partners, projects where this has occurred
remain limited. This may be due to the challenges of developing strong community
engagement. First and foremost, building relationships and trust with a community can
be a lengthy and sometimes difficult process.Many communities already harbour amistrust
of science and research due to historical experiences of exploitation. Developing strong,
trusting relationships should therefore be a long-term commitment and is not typically
acknowledged under the traditional role of a researcher [7]. Additionally, as funding
structures require a research proposal to be set out before funding is allocated, this can lead
to many hours of unpaid work to develop strong collaborations with communities that can
then together put forward a project proposal. However, ensuring a ‘cyclical and iterative
process’ where research projects are able to be sustainable and fully owned by the commu-
nity to ensure continuation beyond research funding limits is important and achievable via
CBPR [7]. Regardless of the challenges, there is a need for more DOHaD research to adopt
CBPR moving forward. The current examples in the DOHaD field typically relate to
community awareness or education programmes within Indigenous and historically mar-
ginalised communities.While this is important and needed, researchers outside these spaces
should also consider adopting CBPR principles and local cultural models for both quantita-
tive and qualitative DOHaD research to ensure relevancy and contextually appropriate
outcomes. CBPR can ensure the reciprocal sharing of different forms of knowledge, develop
capabilities, and contribute to improving overall health and well-being.

18.5 Conclusion
Community-based participatory research aims for equal partnership and sharing of
knowledge between researchers and communities. It has its foundations in social justice
and empowerment and can be used to build trust and capabilities in underprivileged
communities. There are examples in the DOHaD field of how CBPR positively guides
how research is conducted. Our own work in the Cook Islands shows that CBPR
relationships may develop slowly and over a long time. However, what can result is a
community that is empowered to learn, ask questions, and make positive social changes,
and researchers that can also learn and adapt research contextually. Institutions and
funding bodies should acknowledge and promote such forms of collaborative partner-
ships to ensure that research can be appropriately conducted and sustainably embedded
with the goal of improving long-term and intergenerational well-being.
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Section 4

Chapter

19
Translations in Policy and Practice

The First 1000 Days and Clinical
Practice in Infant Mental Health
Anusha Lachman, Astrid Berg, Fiona C. Ross, and
SimoneM. Peters

19.1 Introduction
The chapter begins with two premises. First, infancy is a crucial time in human develop-
ment, both physically and cognitive-affectively. During the first three years of life, the
infant develops from being helpless and absolutely dependent to being able to move
independently and make its needs known through language. In this time, the foundations
are laid for socio-emotional and cognitive development. These premises are confirmed in
DOHaD research, where the earliest period of life has clearly been demonstrated to be
significant in shaping individual health over the life cycle and intergenerationally, and
thence shaping population health over time. The second premise arises from the recogni-
tion by the World Health Organization (WHO) that mental health is a right. It is included
in the United Nations Sustainable Development Goals (SDGs), where Goal 3 makes
explicit its significance for the accomplishment of other goals [1]. The latest State of the
World’s Children Report [2] specifically focuses on children’s mental health.

A large body of research suggests that some aspects of mental health and illness may
be heritable. There is also clear evidence that environmental factors in the perinatal
period can have durable effects on cognitive and emotional development and function
and that infancy and the perinatal period offer opportunities to identify and ameliorate
such effects [3]. The DOHaD-inspired ‘first 1000 days of life’ campaigns, for example,
indicate the potential to alter developmental trajectories and protect children against
environmental risk factors through early intervention. There is also growing recognition
that supportive social relations in the early period promote adaptive cognitive and
emotional functioning over time and potentially through the generations. The WHO
et al.’s [4] endorsement of ‘nurturing care’ is a recognition of how material and
emotional care produce improved long-term individual and social outcomes. These
include better social relationships and psychological stability and improved schooling
outcomes. In the longer term, they are assumed to result in greater work productivity
and economic stability. So compelling are the findings that the Lancet Commission on
Mental Health identifies child and youth mental health as ‘a moral imperative’ (1 p1578).
This gives impetus to work that seeks to support caring relations and ameliorate the
conditions under which human development takes place.

19.2 Why Infants? Infant Mental Health and Well-Being
Infant mental health refers to the ‘young child’s capacity to experience, regulate, and
express emotions, form close and secure relationships, and explore the environment and
learn’ [5, p. 6].
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Like DOHaD, infant mental health (IMH) is a convergent field of study, informed by
multiple disciplines, including paediatrics, allied medical disciplines, developmental
psychology, psychiatry, neuroscience, clinical practice, and public mental health advo-
cacy. As such, it cuts across disciplines, giving it a broad and inclusive foundation for
research and implementation. Its aim is to identify and enable positive developmental
trajectories for children [5]. Its central tenet is that the human infant is born with a
capacity to explore the environment, learn, experience, and express emotions. While
learning is lifelong, the plasticity of the developing brain makes early childhood critical.
From the start, in utero, the infant takes in and absorbs the stimuli from its environment
and gradually forms internal images and representations in its mind of what it means
and what it requires to be a member of a particular community. Far from being a
blank slate or tabula rasa, the infant comes into this world with a ‘story’ and sensory
experience [6].

Cognitive well-being and affective stability are critical to adaptive responses to the
world and, in addition to their individual effects, are seen by developmental practitioners
as central to the making of stable societies and productive workforces. For these
capacities to unfold, the baby requires human relationships. Infant mental health thus
takes as its central concern the relationship between infants and caregivers. The emphasis
on relations is vital, marking an important shift away from the focus on individual
psychological disturbance to a concern with the promotion of infant well-being and
flourishing within the networks of relations that comprise their lives. To theorise this,
IMH draws on developmental psychology, particularly attachment theory, in explaining
well-being and promoting secure relationships that form the basis of social and
intellectual functioning.

While it is not always thought of as DOHAD research, there is considerable evidence
from multiple fields that demonstrates that the early social environment is an important
shaper, sometimes determinant, of early child psychological development, which in turn
influences long-term child health outcomes [7, 8]. A robust body of scholarship shows
that stressors during early development (including prenatally) can affect cognitive and
emotional development and generate mental health problems that endure into or may
only fully materialise in adulthood [9]. Stressors produce neuro-biological effects that
have lasting, potentially heritable effects on mental health [10]. Different kinds of
stressors at different times in development may have different effects and different
outcomes [11]. Specific biological and chemical pathways are disputed [12] and are still
under investigation [13]. Some of these findings are also attributable to the broader
socio-economic circumstances under which children are raised. In addition to these
influences, there is growing attention to the possibilities of transgenerational transmis-
sion of mental health risks and illness. This may be a result of genetic inheritance,
epigenetic processes [14], and/or because affected adults may be less able to provide
secure environments for raising children, particularly where social-political-economic
circumstances are inhospitable.

The interplay between genetic predispositions and the physical and psycho-social
environment thus lays the foundations for mental and physical health [15]. Infant mental
health understands that these are mediated by relations in context. The emphasis on
relations is critical. Relationships are embedded in context, and we suggest that more
attention needs to be paid to the latter. In the remainder of the chapter, we explore
contextual factors significant for infant mental health before turning to our work on
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localising the model of IMH, a process we characterise as attunement to context. The
latter seeks to enable a picture of well-being that has resonance and efficacy in the
contexts in which we work in southern Africa and that has the potential to shift the
gamut of social relations to enable better support of infants and their relational worlds.

19.3 Exposure and Resilience
While the epigenetic and neurobiological processes that shape outcomes are still under
investigation, knowledge of the effects of psycho-social stressors in infancy on child and
adult mental health has a history that predates DOHaD. Socio-economic factors are
particularly significant. There is a substantially higher prevalence of common perinatal
mental health disorders in low- and middle-income countries (LMICs) than in higher
income countries, particularly in poorer peri-urban and rural areas [16, 17]. Mother–
infant dyads in LMICs may be exposed to multiple cumulative environmental factors
that may confer risk on infant outcomes. Parental capacity to provide the kind of care
that promotes security in infancy and good developmental outcomes can be severely
compromised in adverse conditions such as poverty, particularly when mothers are
themselves at risk for mental health disorders [18]. Concern has been raised about the
links between maternal stress and later mental health disorders in children, including,
among others, attention deficit hyperactivity disorders (ADHD), depression, and poor
development of linguistic, cognitive, and socio-emotional skills [9].

In South Africa, for example, poverty, inequality, insecurity, and gender-based
violence produce and compound very high rates of perinatal depression and anxiety
and mental illness [19, 20]. Risks appear to be cumulative: for example, shocks in early
childhood are correlated with a greater risk of mental illness in adulthood [2, 21].
Research on Adverse Childhood Experiences suggests that there is a ‘graded relationship’
between early exposure to emotional, physical, and sexual abuse and later disease and
risk behaviours [22]. More recent cohort studies in South Africa have suggested that
there is a graded relationship between ACEs, adult ill health, and adult risk behaviours
including antisocial behaviours.

Longitudinal studies are increasingly showing the effects of early life experiences,
particularly toxic stress, on development [23, 24]. There is robust evidence pointing to
the transmission of maternal (and some paternal) factors in mental ill health,
especially regarding the links between maternal depression and stress and child
development. However, the precise mechanisms remain complex. In a review, Wan
and Green [25] highlighted that most children of mothers with mental health problems
do not inevitably develop lasting attachment difficulties. While children in settings of
vulnerability (social adversity and caregiver mental illness) may be at higher risk of
developing relational difficulties, many go on to develop positive developmental out-
comes and secure attachments, indicating that childhood resilience may be facilitated by
the efforts of mothers and others to mitigate the immediate and potential impact of
maternal mental illness [26].

Indeed, evidence from the cognate fields of psychiatry, psychology, and child devel-
opment [5] clearly demonstrates that the kinds of insults described above can be partially
offset by attentive care practices. These are presumed to provide the grounds for secure
relating that in turn sets in motion processes of resilient adaptation shown to be critical
in long-term health. A large body of evidence demonstrates that attachment relations
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between the infant and the caregiver are critical for physical survival, optimal develop-
ment of the brain, and resilience through the lifecourse. Interventions in this early
sensitive phase of life have been shown to promote well-being in a more effective way
than interventions later in the life cycle.

This is a critical concern for international organisations such as UNICEF, Save the
Children, and the WHO, among others, which have become increasingly focused on
‘parenting’ to ameliorate or offset social shocks and promote resilience and social
competence. It is important that ‘parenting’ be understood as a component of the
infant’s environment and not as the solution for factors that lie well beyond parental
control. This suggests that we need to pay critical attention to how to theorise the
contexts and environments that shape exposures and resilience. Given the emphasis on
‘environment’ in DOHAD research, this should not come as a surprise.

19.4 Universalist Models and Local Contexts
As Zeanah and Zeanah note, ‘One of the most distinctive features of the early years is the
clear importance of multiple interrelated contexts (e.g. caregiver–infant relationship,
family, cultural, social, and historical) within which infants develop’ [5, p. 19]. How
we theorise those relationships and their ‘multiple, interrelated contexts’ matters, as do
the assumptions we make about their role in well-being. Much of what has been written
on human development has been drawn from populations from Western, educated,
industrialised, rich and democratic (WEIRD) societies [27]. This leaves out or ignores
the majority of the world’s infants and young children. It also means that much of what
has been ‘evidence-based’ comes from a biased and limited sample. Work from South
Africa, particularly from the Parent-Infant Mental Health Service in Cape Town [28] and
the Ububele Umdlezane Parent-Infant Project in Johannesburg [29], and from ongoing
practical work in parenting centres, child support services, and perinatal healthcare
projects, suggests that care needs to be taken in how we understand the formative
influences on babies of the specific social worlds around them. Contextual factors,
including ongoing legacies of racism and social inequalities, combined with cultural
variations in ideas about parenting, childrearing, and diverse family structures, make it
difficult to apply a ‘one-size-fits-all’ approach to understanding IMH and the interven-
tions needed to support and protect it. This is an important consideration for DOHaD
scholarship, especially as questions about how to understand and investigate the ‘envir-
onment’ and its press on partly permeable bodies become more critical [30].

Take, for example, the assumptions about kinship embedded in theoretical models
animating IMH. Attachment theory anticipates that a child learns the security from
which to explore the world with confidence from its primary caregiver’s arms. This
caregiver is frequently posited to be the mother – as is often the case. But it is also the
case that many people are involved in childcare, especially after an early period of
seclusion. Some are recognised in the literature: female relatives such as aunts and
grandmothers; people employed to offer care, such as nannies and workers in early
childhood development centres [31, 32]. Much less recognised are the informal networks
of adults and older children whose supportive care generates a wide social net for
children – as Keller and Chaudhary [33] call it, ‘cradles of care’ – that can be endangered
if it is not recognised as part of social and emotional well-being. While the responsibility
of infant care rests mainly with adult caregivers, in many places, younger generations
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share in childcare roles. These in turn are dependent on the immediate and distal social
environment in which they live. Economic hardship or ease, disadvantages, cultural
norms and values, and political circumstances impact the parent and other caregivers
and the relationship with the infant. As a common African proverb has it, ‘It takes a
village to raise a child’. Indeed, it was precisely this proverb that was used in South Africa
to launch a Provincial First Thousand Days Campaign in 2016 that seeks to undo
historical legacies of ill health, particularly stunting, through close attention to infant
well-being.

The impact of historical factors on structures supporting infant well-being is particu-
larly significant in the southern African context. For example, the migrant labour system
that long characterised family life for many Black South Africans and those in neigh-
bouring states has produced complex familial arrangements across the region. The HIV
pandemic that, until relatively recently, produced mass illness and death in the absence of
antiretro viral drugs, shifted caring practices to a wider range of kin and other networks,
some of which became tightly stretched in impoverished contexts. Ongoing political
instabilities and economic insecurities in the subregion generate considerable mobility in
family life, including ongoing separations of mothers and babies. The resultant social
forms are not the simple ‘nuclear family’ long presumed to be desirable and normative,
but complex and shifting adaptations to changing circumstances. And indeed, there is
growing evidence that the nuclear family itself, on which much developmental theory
rests, makes caring effectively for children much more difficult than is the case in more
complex households – the same households that have long been stigmatised for their
deviation from the nuclear model [34]. There is therefore a need to factor into our
models of well-being the diverse sources from which children receive nurturing care
while still recognising and supporting the primary (dyadic) caregivers. Doing so presents
a more accurate perspective on the environments that support children and complicates
an overly simplistic equation of relations as solely dyadic and the ‘woman as environ-
ment model’ that has, until recently, beset DOHaD research [35, 36].

While DOHaD research has largely focused on the effects of maternal factors on
epigenetics and neuropsychological development, there is growing interest in the pater-
nal factors [37]. Similarly, in psychiatry, there is a small but growing body of research
that explores paternal factors on infant well-being [38]. This suggests that a father(-
figure)’s mental state affects infants directly (through inheritance and parenting prac-
tices) and indirectly (through the effects of mental illness on family stability and
emotional tenor) and contributes to infants’ internalising and externalising behaviours.
Lasting consequences include the risk of child psychopathology [ibid.].

In psychology, although there was early recognition that infants attach to their
fathers as well, most research has also focused on the mother–child dyad. More recent
scholarship on paternity demonstrates that fathers affect the infant’s well-being both
indirectly and directly [39] and that positive infant–father relationships result in healthy
emotional and social outcomes for the infant [40] and over the lifecourse [41, 42]. The
father’s relationship with the infant’s mother indirectly affects the infant’s well-being.
Indeed, research conducted in Soweto, South Africa [43], concluded that father involve-
ment may reduce postnatal maternal depression and improve maternal mental health,
with important implications for infant well-being.

Well-being needs to be broadly understood. In many parts of southern Africa, it is
the father’s responsibility to ensure the incorporation of the child into meaningful social
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worlds and secure wider sets of relationships. Andile Mayekiso describes this as ‘social
attachment’: the work of enabling cultural identifications and securing social well-being
through the rituals that identification enjoins [44]. In contexts where historical processes
have shattered family life, the absence of a paternal figure whose kin can be relied on to
structure belonging may have severe mental health consequences. And yet, despite the
significance of the paternal role in an infant’s life, men are still marginalised in both
practices of parent–infant psychotherapy and psychoanalytic and IMH theory [45].

19.5 Translation to the Clinical Setting: Increasing
Awareness and Increasing Knowledge
The reality for many South African infants and young children, and indeed children in
much of the world – including in some of the world’s richest countries – remains one of
significant deprivation. Beyond the drivers of socio-economic disadvantage, access to
quality healthcare and mental health services – in particular, for caregivers – remains
neglected and under-resourced. Limited mental health resources (including both phys-
ical structures and human resources) impact clinicians’ abilities to screen and offer
support, referrals, and appropriate early interventions.

In South African public health, there has been tragically poor investment in mental
health services and support at both community and district levels [46, 47]. While our
IMH training programme (described below) responds to the need for awareness and
upskilling of local care providers at a grassroots level, the ability to integrate screening
and support of infants at risk remains out of reach. Health and family support network
providers are faced with a difficult choice: to identify problematic or at-risk dyads early
but be limited in what they can be offered or to continue to focus on purely physical and
social risks that can be addressed within a resource-constrained system. With task
shifting/sharing1 being one of the key focus areas of the SDGs, we believe the answer
may lie in innovative approaches that attempt to upskill existing allied and support
workers to identify mental health risks in their standard practices of care and to adapt
treatment models to this and similar settings. This has the potential to bring mental
health into the mainstream of everyday clinical practice. So, if infants are routinely
weighed, immunised, and assessed for physical health conditions at local clinics, an
IMH-friendly approach would then include additional questioning around the relation-
ship and interactions of the infant and caregiver. Caregiver mental health screening is
then included as part of the infant health screening, true to IMH’s relational underpin-
nings. Where health practitioners are attuned to cultural values, practices, and historical
circumstances, this can also contribute to aligning scientific knowledge about infant well-
being to specific contexts, helping to create the localised ‘nurturing care’ imagined in
global health discourse.

To bring awareness of IMH into everyday clinical practice, we needed a simple
screening tool that would blend in with existing local conditions and practices.
Drawing from European work on caregiver and infant screening at the primary health-
care level, Puura, Berg, and Malek developed the Basic IMH Screen (BIMHS) [48], a five-

1 Task shifting or task sharing refers to the re-allocation of healthcare tasks to non-traditional
healthcare workers (HCWs) such as community HCWs and allied professionals. This is
particularly important in low-resource settings.
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item tool that can be readily identified by a primary HCW. Items are ‘basic’ in the sense
of being universally present or valid for infants and their caregivers. They are embedded
in and form an implicit sine qua non in the World Association of Infant Mental Health
Position Paper on the Rights of Infants [49].

The items consist of two simple questions for the mother/primary caregiver: Are you
worried about your infant/child? How have you been feeling? The third item is the weight
of the infant that is routinely plotted on a growth chart. The fourth and fifth items are
simple observations of the infant’s eye contact with the caregiver or health worker, and
moments of shared pleasure between the infant and caregiver. The last item is the
intuitive sense of the HCW about the dyad: is the relationship between the two of
concern or not?

If there is concern about any of these items, the caregiver may be given an earlier
appointment to determine whether the concern persists or not. Only after several such
checks, should the infant be followed up at a more specialised clinic or service. The
BIMHS is thus meant to ‘flag’ vulnerable dyads and to provide them with additional
support, which, if given early enough, may prevent a less-than-optimal trajectory.

The BIMHS has been incorporated by the Western Cape Provincial Department of
Health into existing maternal and infant screening tools as part of a DOHaD-inspired
focus on the first thousand days of life.

In environments characterised by inequality, support in this respect can be signifi-
cant, although it does not outweigh the importance of structural reform for population-
level effects. This is particularly true where mental health challenges in the perinatal
period continue to be overshadowed by complex systemic issues in health systems. These
include a lack of resourcing, limited collaborative care between obstetric antenatal and
psychiatric services, stigma, cultural misconceptions, and a lack of accessible and sus-
tainable service delivery models. They can be partly addressed by general and mental
healthcare professionals encouraging an awareness of the impact of perinatal mental
health on early IMH, as well as early dyadic screening and intervention, and careful
attention to cultural and social factors shaping infant potential and well-being.

19.6 Developing Comprehensive Approaches to IMH
In stark contrast to international standards of care espoused by high-income countries
(HICs) and international organisations such as the WHO and UNICEF, the African
continent offered no professional postgraduate degrees focusing on IMH until the
development of a structured master’s degree programme at Stellenbosch University to
attempt to address this need [50]. This programme applies social medicine principles to
train interdisciplinary practitioners to enter a diverse workspace, with the intention of
integrating IMH-specific approaches into existing clinical offerings. Its diverse curricu-
lum addresses human development, social and mental health influences on parenting
practices, and accommodates both professional diversity and cultural diversity. It aims to
develop interdisciplinary practitioners skilled in clinical observation and screening while
also contributing to the critical local research agenda in the IMH field.

The ways that care, attachment, and relationships form and are understood in
everyday practices are not universal. This raises the challenge of developing teaching
models and course content to reflect local practice while remaining true to the core
principles of the field of IMH. The ambitious degree programme has navigated
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pedagogic and logistical challenges in training and assessment methods, content applic-
ability, and competency evaluation. Legacies of economic, social, and political disadvan-
tage in South Africa continue to impact higher education and training, especially in
multiculturally diverse classrooms such as ours. Teaching faculty has to navigate sensi-
tively, with awareness of an underlying English language and Eurocentric bias on
pedagogy and outcome assessments. A critical stance is required when evaluating
students within the field of their own training background (such as allied health and
humanities) while integrating a new field of IMH (relying on psychological and bio-
logical health origins). The programme integrates alternative blended teaching methods
with traditional coursework to accommodate students’ academic and professionally
diverse backgrounds. The result has been a rich and evolving offering of a complex
and diverse learning environment that speaks to the true cultural and ethnic diversity of
South African students and the health-seeking population of its children.

Graduates of the MPhil programme integrate their learnings in context-specific
health and psychological settings, including infant feeding clinics, well-baby immunisa-
tion visits, and mothers attending routine antenatal or assisted fertility services. This
demonstrates the relative ease with which IMH can be included in standard packages of
care, without requiring greater specialisation. This speaks to the true nature of IMH and
its influence across sectors. Such findings can be applied to DOHaD interventions also.

There has been resistance. One of the main challenges in approaching an established
subject field in Africa is the ability to share and contribute to the existing international
literature. ‘Publish or perish’ has never been more relevant than in the current climate.
Yet there is resistance from peer-reviewed publication avenues to specific contextual
offerings that are not considered favourably by or as being of interest to ‘global’ (i.e.
American-Eurocentric) audiences [51]. The field of IMH disproportionately favours a
Eurocentric approach [52]. This is a contentious issue for researchers in LMIC settings
who struggle to balance the desire to produce locally relevant and culturally sensitive
research with the need to accommodate Euro-American expectations and HIC contexts.
Infant mental health work in Africa challenges that norm, desiring to develop a field and
produce academic offerings originating in Africa and for Africa; offerings that are
sensitive to the manifold ways people produce well-being in different contexts.
In localising the model of health, then, we seek to enable a picture of well-being that
has resonance and efficacy in the contexts in which we work and may shift the gamut of
social relations to enable better support of infants and their relational worlds. The model
we have described here may be useful to DOHaD practitioners seeking to do the same.

19.7 Conclusion
Broad environmental factors – poverty, malnourishment, racism, interpersonal and
structural violence, and inequality – are critical factors shaping mental well-being.
Such environmental insults have lasting, possibly heritable effects. Research on brain
development and plasticity suggests that early experience of positive dyadic and broader
relational ties is critical in supporting infant well-being, promoting resilience, and
potentially reducing rates of mental illness later in life. Relationships are not only outer
social connections but are also evident as inner neural brain circuitry in every individual.
The context and relationships that each infant is born into give meaning and voice to this
complex matrix of inner and outer and bind the subjective with the objective. There is
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here an important project in bridging the divide between the sciences of the brain and
heredity and those of the psyche and relationship. Drawing from the literature and
southern African experience, we suggest that approaches to human well-being that centre
relationality both enable optimal outcomes and may map onto ontologies in much of
the non-Western world. This in turn enables knowledge to be localised to specific
conditions, something that is critical in DOHaD research. In southern Africa, under-
standing and supporting infant well-being requires attunement to the damaging effects
of colonialism and postcolonial economic formations on family life and an effective
training infrastructure. Southern scholarships, concerned with the interplay of power,
history, and everyday life, can help to illuminate some of the more problematic assump-
tions about social environments and generate interventions that are reflective and
responsive to local conditions. The result will be the culturally and socially adaptive
approaches called for in the WHO’s Nurturing Care Framework, with particular
emphasis on promoting secure relationships that are essential for future social and
cognitive functioning.
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Section 5

Chapter

20
The Biosocial in Practice

Understanding Child
Development: A Biosocial
Anthropological Approach to
Early Life
Emily H. Emmott and Sahra Gibbon

20.1 Introduction
A biosocial understanding of child development frames development as a dynamic
process that influences, and is influenced by, childrearing environments [1]. This
encourages a complex understanding of the determinants of development by considering
both biological and socio-cultural factors, which in turn encourages cross/interdisciplin-
ary approaches. There is strong evidence that the Developmental Origins of Health and
Disease (DOHaD) is best understood from a biosocial perspective that acknowledges and
seeks to better understand the dynamic interactions between the biological and social [1];
however, cross/interdisciplinary research often encounters barriers and challenges such
as epistemological differences and misunderstandings [2]. Understanding how research
around child development has been conducted may help inform and facilitate effective
biosocial collaborations.

Anthropology, being a diverse discipline spanning biological and social-cultural
studies, is well positioned to examine and inform biosocial approaches. There has been
long-standing interest in the biosocial within and beyond anthropology [3] as well as
established traditions such as biocultural approaches in US-based anthropology that have
long sought to better align social and biological sciences [4]. Recently, there is an
emerging biosocial agenda in anthropology, in particular, medical anthropology (cf.
Singer et al. on ‘syndemics’ [5], Lock on ‘local and situated biologies’ [6], Roberts on
‘bioethnography’ [7], and Gibbon et al. on ‘biosocial medical anthropology’ [8]; see also
Alvergne on ‘evolutionary medicine’ [9]). Anthropology is as a result particularly well
placed to contribute to work within DOHaD to foster better biosocial frameworks of
understanding child development.

Building on this previous work, in this chapter we reflect on how different disciplines
have conceptualised ‘early life’ with particular insights from evolutionary, social, and
medical anthropology to challenge and further expand the narrow framing of DOHaD
focus and to show the scope of a biosocial perspective. First, we introduce how childhood
and early life have been studied in anthropology, followed by a discussion on how early
life has been conceptualised in public health, lifecourse, and development research.
We then discuss how concepts of early life may impact caregiving practice and childhood
environments, which in turn impacts research on early life itself, with longitudinal birth
cohort studies as an example. While recognising that there are points of difference in
approach and analysis in the disciplinary reflections brought together in this chapter,
and also that our discussion and analysis are far from comprehensive, we nonetheless
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highlight the need for critical and reflective thinking about the ways in which we do
biosocial research, and the impact it has on our understanding of DOHaD. Overall, we
suggest that a more reflexively engaged biosocial anthropological dialogue around
research on early life helps to broaden the scope of cross-disciplinary work that can
more fully engage with the complex and dynamic process of childhood development and
present a more nuanced framework of early life for DOHaD informed research and
health practice.

20.2 ‘Early Life’ in Anthropology
Children, childhood, and child development have long been a focus of interest in
anthropology, with some considering it as central to its foundation and disciplinary
development [10]. By studying children across cultures, anthropologists in the early
twentieth century directly challenged the notion of ‘childhood’ as universal or that child
development is shaped solely by physiology, biology, or hormones, instead showing how
early life is a period of both intense socialisation and cultural transmission [11–13].
Anthropologists continue to engage with early life by describing the variety of child-
hoods across cultures, examining how ecology and culture impact development, and
testing processes of cultural transmission, to name a few [14–16].

At the same time, there is a great deal of heterogeneity in the way that children and
childhood have been studied [17, 18], and how this period of the lifecourse is
approached; a diversity that provides a particular resource for widening the lens of
DOHaD research and perspectives on early life. This is reflected in a more psychologic-
ally informed focus on child development in US-based anthropology that draws from
lifecourse theory [19]. A focus on childhood in anthropology is also informed by what is
called ‘four field’ approaches that include physical and cultural anthropology as well as
archaeology and linguistics [14, 16], as demonstrated, for example, in the classic work of
Margaret Mead [12]. While European anthropology also attended to children’s lives, this
was by contrast more as part of an evolving ethnographic tradition that aimed to
examine wider social structures rather than child development per se (cf. Malinowski
[20] and Richards [21]). A more explicit focus on childhood, however, emerged within a
constructivist-situated paradigm that highlights personhood and agency in examining
early socialisation [18, 22, 23]. While there are differences in the historical evolution of
research in anthropology on children and childhood development, it is true to say that
diverse traditions of anthropology (including those beyond a Euro-American context –
see, for instance, work in South Africa such as Reynolds [24] and Ross and Pentecost
[25]) have collectively helped to show how child socialisation is variably influenced by
both culture and ecology, while also recognising that there are some shared mechanisms
and processes.

Notably this broad landscape of anthropological work has led to directly challenging
Eurocentric ideas in developmental psychology and beyond, including Bowlby and
Ainsworth’s ‘attachment theory’, which not only fails to consider non-Western caregiving
approaches [26] but sees intensive caregiving by a primary caregiver as biologically
adaptive [27]. An evolutionary anthropological perspective highlights the importance of
a wide range of caregivers beyond the mother, with humans evolving a cooperative
childrearing system [28]. Cross-cultural, comparative research highlights how attachment
to a single individual is not always observed nor optimal [26]. In summary, diverse
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histories of engagement with early life across different traditions of anthropology provide
an important basis and resource in widening biosocial dialogue. This enables us to
consider how DOHaD-informed research, policies, and practices might be expanded to
encompass a broader range of factors and contexts in childhood development.

20.3 Concepts of ‘Early Life’ and Optimal Developmental
Environments
In contemporary public health research and practice, child development is typically
viewed as a process of growth where individuals gain socio-emotional, physical, and
cognitive traits until they reach their ‘final state’ in adulthood [29]. Development is
often represented in terms of trajectories, where there is an expected and optimal path of
growth, or in terms of milestones, where development is sequential and additive. Taking
physical development as an example, anthropometric measures are commonly mapped
onto the WHO’s child growth standards, which describe ‘normal child growth [trajec-
tories] from birth to 5 years under optimal environmental conditions’ [30]. Here,
average development is often perceived as ‘good development’, and being under- or
overdeveloped may potentially be problematic with an increased risk of negative health
outcomes. Similarly, motor skills may be mapped onto expected milestones using the
Ages and Stages Questionnaire, a threshold-based, age-specific global screening tool
assessing developmental progress [31]. Here, development is conceptualised as hierarch-
ical where later stages of development are ‘more advanced’ and often perceived as ‘good
development’. For both trajectories and milestones, development is underpinned by
biology, interacts with the environment, and builds through time. What children experi-
ence and how they develop in early life act as foundations for later life, framing the
lifecourse approach as critical for developmental research. Combined with this is the idea
of sensitive and critical periods, particularly in the first few years of life where ‘the brain
is “tuned” by the input from the environment’ [32].

This view of early life, by default, places children as immature beings on their
journeys to adulthood, with implications for how we research and engage with children
and caregivers, and what we consider as optimal childrearing practices and environ-
ments. For example, in ‘Western’ countries such as the United Kingdom, United States,
and Australia where such views are normative, children are typically viewed as being
different to adults, and as highly sensitive to caregiver input and external environments
[33–35]. Research findings recommend sensitive parenting practices that focus on
understanding and responding to the child’s needs without frightening the child, and
such parenting practices are argued to be crucial in constructing secure attachments to
the caregiver, and a foundation for ‘good development’ across a range of socio-emotional
and behavioural outcomes [33]. Consequently, there are social expectations to create
child-centred, developmentally appropriate, and stimulating environments that are typ-
ically age specific and separated from the adult world, allowing ‘children to be children’
[33–36]. For instance, caregivers in England are encouraged to ‘read and look at books
together’ because ‘it will help [children] with their future learning . . . allows you to bond
with them and is good for emotional wellbeing’ [37], informed by evidence that ‘books
serve as inputs to influence an infant’s visual, social and linguistic development’ [32].
Here, the act of reading books together is framed as a scientifically recommended extra
activity caregivers can carry out for the infant, independent of their day-to-day ‘adult
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activities’, which serves as a developmentally appropriate stimulus to encourage ‘good
development’.

However, not all cultures share the view that childhood is foundationally a time of
growth, conflicting with the dominant notions of ‘early life’ in contemporary public
health, lifecourse, and development literature [38]. For example, Helen Kavapalu [39]
describes how concepts of childhood in Tonga stemmed from how ‘children are per-
ceived as inherently vale (foolish, ignorant, “crazy”)’ where socially undesirable charac-
teristics such as laziness, aggression, and disobedience were viewed as ‘natural’.
Punishment, including corporal, was commonly used by caregivers to remove such traits
and instil socially desirable traits – a form of caregiving practice viewed as harmful,
outdated, and often outlawed in high-income nations. In Tonga, however, ‘good devel-
opment’ is dependent on removing traits, contrasting with the idea that development is
necessarily a process of cumulative growth, with caregiver punishment being an effective
tool to guide children away from socially undesirable characteristics.

Broadly, the belief that development requires removal of traits is not necessarily an
incorrect one, from what might be seen as a traditional science perspective. Removal of
traits occurs throughout childhood, with processes such as synaptic pruning (a process of
development in the nervous system that eliminates synapses) being a core aspect of brain
development and possibly later health [40]. Humans also possess a range of ontogenetic
adaptations that are traits with specific functions for specific timepoints in development,
to address the challenges associated with childhood and adolescence [41]. These traits
may disappear before adulthood and are not immature versions of adult traits. A simple
example is the newborn rooting reflex, where neonates turn their heads with an open
mouth when touched around their cheek or mouth; a trait that disappears during
infancy. High self-efficacy in early childhood, where young children aged 3–4 years tend
to overestimate their abilities, has also been argued to be an ontogenetic adaptation to
facilitate exploration and engagement with the external environment [42]. If focusing on
these characteristics of development, children could be conceptualised as ‘full beings’
who are perfectly adapted to their socio-ecological niche of childhood.

The view that children are ‘full beings’ has been documented across cultural contexts
outside of the Western world, reported by many anthropologists including Margaret
Mead who described Samoans as viewing ‘children as little adults’ [12]. Reframing
children as ‘full beings’ somewhat conflicts with the Western focus on early life as an
immature period of growth – with potential implications for what might be considered
as an optimal developmental environment. In contrast to the child-centred approach
frequently championed in the West, Samoan children were not provided with tailored
age-specific, developmentally appropriate environments: when describing their play,
Mead states, ‘For dolls they have real babies; at six they are expected to sweep up the
real house and pick all the scraps off the floor’ [12]. In Samoa, therefore, ‘children being
children’ did not require children to be removed from the adult world; they were
assumed to be competent in carrying out specific tasks, and play was incorporated into
everyday life. Full societal participation was seen as key for children to develop the skills
and knowledge they required for the future, meaning the child-centred approach pro-
moted in the West may be seen as a poor caregiving practice.

Overall, the concept of early life as a period of growth, dominant in Western contexts,
influences how we construct optimal childrearing practices and environments. The focus
on growth frames children as immature and sensitive, reflected in the promotion of
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child-centred sensitive parenting practices. However, in cultural contexts where early life
is not strongly equated to be a period of growth and immaturity, there may be
fundamental schematic conflicts, particularly around removing children from the adult
world. While evidence shows sensitive parenting leads to ‘good development’ in the West
[33], it does not come without cost: assuming children are immature and vulnerable can
encourage containment of children within developmentally appropriate and safe envir-
onments, which may limit their freedoms, agency, and social participation, which in
itself impacts their learning and development [34, 35]. The presumed significance of
caregiver input for ‘good development’may lead to excessive and intrusive caregiving, or
helicopter parenting, which has been associated with poorer mental and physical health
outcomes for adolescents and young adults [42]. It may also overburden common
caregivers such as mothers, with the emergence of intensive mothering cultures that
have implications for their health and well-being [36].

20.4 How Concepts of Early Life Impact Research
We have seen above how concepts of childhood and development impact how caregivers
interact with and construct environments around children and how in turn these
conceptual framings themselves impact practices of child development. We suggest that
concepts of early life also inform research and subsequently the understanding of the
DOHaD. Here, we examine this hypothesis by using longitudinal birth cohort studies as
a paradigmatic broad terrain of research on early childhood and the lifecourse. Analysis
of how early life research is framed and situated theoretically and methodologically in
birth cohort studies further illuminates how cultural framings of early development
shape research practices. We suggest that critical reflection on how this terrain of
research on early life is culturally constituted within birth cohort studies may also help
to inform future directions for biosocial research.

Longitudinal birth cohort studies that follow the social and biological aspects of
people’s lives have been an important methodological tool for different research com-
munities, mainly epidemiological, for over 60 years [43]. These studies have been
particularly useful for understanding developmental patterns and causal pathways [44],
contributing to the DOHaD knowledge/evidence base. In this sense, birth cohort studies
serve as a resource for and are also a ‘technology of’ biosocial research [45]. Recently,
there has been an explosion of interest in birth cohort studies, with renewed efforts to
maintain existing cohorts and new birth cohorts being established in many national
contexts [46]). Detailed historical records that track the social context of intergenera-
tional lives, while not always necessarily formulated as birth cohort studies as such, have
been equally important. With public health and child development often underpinned by
DOHaD frameworks, birth cohorts and other longitudinal studies have fuelled and
facilitated an intense research focus on the ‘early life stage’ of pregnancy, infancy, and
childhood and now also encompass the preconception period [47]. In turn, a range of
‘life stages’ have become ‘critical windows’ for public and global health interventions,
with early interventions championed for their preventative approach and effectiveness
[32, 48]. As Lappé and Landecker [49] point out, specific environments have become
foregrounded in postgenomic and biosocial research, with consequences for how differ-
ent stages of the lifecourse, including childhood and parenting, are temporally situated as
being relevant to health. In this way, birth cohort research contributes not only to new
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temporal framings of the lifecourse but also to its explicit periodisation, suggesting
discrete and definable life stages.

While there is today an intensive contemporary research focus on early life, its
environment, and its consequences, this is arguably far from comprehensive. Birth
cohort studies do allow researchers to better understand the biological and social
determinants of development, including in childhood development and also across the
lifecourse of participants [44]. Nevertheless, these studies have traditionally focused on
limited aspects of the childrearing environment, almost exclusively focusing on the
‘microsystem’ within the ecological system (i.e. the immediate environment experienced
by the child) [50], and in particular relying on the concept of the nuclear family
household. For example, the Avon Longitudinal Study of Parents and Children [51]
reveals an impressively detailed account of parenting and the household environment,
including the pets that were owned by the families of birth cohort participants, how
much toothpaste was put on the toothbrush, and when children first ate a raw carrot.
However, there is surprisingly little information from beyond the household, such as
who children see outside of this social context and what activities they do with them.
This household focus persists in recent British birth cohorts such as the Millennium
Cohort Study [52], which continue to hold limited information on how families and
children interact with potentially important caregivers such as grandparents and even
siblings of cohort participants, who are not always included in such studies.

The prioritisation of the microsystem and the household arguably stems from biases
in what is valued as important aspects of the childrearing environment, including by the
DOHaD and birth cohort research community, with research focus (and funding)
directed towards these topics. To date, researching ‘early life’ has been heavily influenced
by norms such as intensive mothering and the perception that two-parent nuclear
families are the ‘default’ family structure [36, 53]. However, it has long been established
that the environments beyond the household matter [52], including non-parental care-
givers who are essential in the human childrearing system [2, 53]. Disciplinary silos, with
their own traditions and theories, not only limit the understanding of DOHaD but may
also introduce monocultural biases [53] and perpetuate an ongoing tendency for dyadic
thinking in foregrounding parent (mostly mother) and child relations [54]. We suggest
therefore that biosocial collaborations require critical reflection on how early life and
childhood environments are culturally framed and examined in research contexts such as
longitudinal birth cohorts, including how this may vary depending on histories and
genealogies that shape systems of public health, concepts of the biosocial, and the
emergence and evolution of birth cohorts in diverse national contexts. Understanding
how norms and assumptions are built into research on early life is the first step in both
challenging these normative parameters and evolving new approaches that can more
fully address both diversity and variability in childhood development.

20.5 Conclusion
The examples above evidence how societal views of childhood and development have
implications for childrearing practices, and in turn, understanding children’s develop-
mental outcomes in DOHaD research, outlining how biology and society may interact to
shape the DOHaD. Further, our cross-disciplinary and cross-cultural examinations show
how our understanding of DOHaD is influenced by the meaning of childhood and

236 Emily H. Emmott and Sahra Gibbon

https://doi.org/10.1017/9781009201704 Published online by Cambridge University Press

https://doi.org/10.1017/9781009201704


development. This also has consequences for the staging and framing of the current
intense focus on early life and childhood in birth cohort studies, raising many questions
about what ‘good’ development in childhood looks like and challenging the idea of this
process as necessarily linear and additive.

Cross-disciplinary research initiatives such as the Biosocial Birth Cohort Research
(BBCR) network (https://bbcrnetwork.com) provide an important infrastructure for
widening the frame of research in DOHaD on child development. They also help create
contexts for collaboration, such as that between our own sub-disciplinary expertise of
biological and medical anthropology. Such collaborations while nascent and in dynamic
formation also lead to new research questions and challenges. This includes other
dimensions of a biosocial approach that we have not been able to fully address in this
chapter and that also need further elaboration through more detailed, reflexive, and
engaged cross-disciplinary dialogue. Exactly how the cultural politics of childhood are
variously invoked and contested in the intense focus on this stage of the lifecourse in
birth cohort studies and in the way that DOHaD is implemented in public and global
health are just some of the areas for future investigation. Similarly how the figure of the
child and childhood continues to symbolically represent future promise in these contexts
is, as yet, relatively underexamined. Integrating analysis of the wider institutional contexts
of research cultures (including funding priorities) that are manifest in and help sustain the
infrastructure for DOHaD-focused and birth cohort studies would also further expand the
scope of critical reflexive engagement. DOHaD research has much to gain from viewing
developmental processes that shape childhood and health outcomes in highly context-
specific ways; an understanding that is both underlined and strengthened through cross-
disciplinary dialogues, such as those with biosocial anthropology outlined here.
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Section 5

Chapter

21
The Biosocial in Practice

Building Biosocial Collaboration
in the HeLTI–South Africa Trial
Michelle Pentecost, Catherine E. Draper, Khuthala
Mabetha, LarskeM. Soepnel, and Shane A. Norris

21.1 Introduction
While the Developmental Origins of Health and Disease (DOHaD) as a field has been
built on extensive physiological and epidemiological observational studies, there is
recognition that the evidence base requires a shift to human intervention trials if it is
to have any policy traction [1]. As intervention studies become more commonplace in
the field of DOHaD, it is also essential to integrate a multidisciplinary perspective and
social science approaches. Indeed, DOHaD is proving to be a productive and creative
ground for biosocial collaboration between scientists and social scientists (including
psychologists, anthropologists, sociologists, and science studies scholars), with recogni-
tion that integrating social science in interventions ensures that there is ongoing atten-
tion to assumptions embedded in research frameworks; maintenance of complexity in
the face of the temptation to reach for the silver bullet; a retained sensitivity to socio-
political and historical context; and active brokerage of new experimental forms of
engagement with the communities of actors involved [2–4]. Such contributions are
especially important given that DOHaD intervention studies will most frequently use
complex public health interventions, where traditional methods are unable to capture the
complexity of how context impacts intervention (and vice versa). New methods are
required for understanding non-linear relationships and explaining results [5].

This chapter summarises lessons from the established literature on biosocial collab-
oration in trial contexts and considers their application in DOHaD intervention trials.
Using the case study of the Healthy Life Trajectories Initiative (HeLTI), we illustrate the
dynamics of a biosocial approach in action and discuss the benefits of building research
infrastructures in DOHaD such that diverse disciplinary perspectives are given
equal standing.

21.2 From Observation to Intervention: Time for Pragmatism?
As discussed in the introduction to this volume, DOHaD was formalised as a field with
the consolidation of both physiological and observational studies of developmental
programming that showed consistent associations between early life factors and adult
health and disease outcomes, for example the relationship between birth size (lower birth
weights) and adult non-communicable disease outcomes [6]. At the time the DOHaD
Society celebrated its 10th World Congress in 2019, the field had expanded significantly
to study a much wider range of associations, including the effects of early-life factors on
mental health outcomes. However, both past and present DOHaD Society presidents
highlight that DOHaD’s translation to policy has been hindered by the kinds of evidence
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that DOHaD science has produced, citing the ‘much needed transition from observa-
tional to interventional studies’ [1, p. 265] alongside developing knowledge of the
pathways to policymaking.

While interventions during pregnancy were an obvious first step, outcomes of
behavioural interventions demonstrated limited evidence of efficacy in what is a very
narrow time period. The LIMIT trial demonstrated that antenatal lifestyle interventions
did not decrease the risk of infants born large for gestational age or impact maternal
outcomes, but did reduce the risk of birthweight exceeding 4kg [7]. The UPBEAT trial
similarly showed that antenatal lifestyle interventions for obesity in pregnancy are
insufficient to affect rates of large-for gestational-age births and gestational diabetes
[8]. A narrative systematic review of 27 studies of the effects of weight management via
dietary counselling and dietary interventions in overweight or obese pregnant women
showed little effect of these on childhood obesity outcomes [9].

There is thus a significant swing to assess interventions before conception to shape
intergenerational health. Preconception care is an explicit focus of the World Health
Organization’s (WHO) 2017 report of the Commission on Ending Childhood Obesity
and the subject of a 2018 Lancet Series [10]. A systematic review and meta-analysis of the
association between pre-pregnancy body mass index and child obesity confirmed the
significantly increased odds of child obesity with increased maternal BMI, to the order of
264 per cent [11], with those authors recommending preconception interventions as a
logical course of action in the light of these findings.

Testing the preconception intervention hypothesis requires large-scale trials of com-
plex public health interventions that commence before pregnancy and track individuals
and their potential offspring for long periods to assess intergenerational health impacts.
In partnership with WHO, HeLTI is the first consortium of randomised controlled trials
of this kind in China, Canada, India, and South Africa. HeLTI aims to evaluate the
efficacy of interventions initiated prior to conception and for those that become preg-
nant, continued during pregnancy, infancy, and early childhood to address offspring
obesity and development. As the test case for starting interventions in the preconception
period, HeLTI is thus of huge significance to DOHaD science. Building on long-standing
efforts towards interdisciplinary collaboration in trial contexts, HeLTI is also an import-
ant test case for what this volume terms ‘biosocial collaboration’. Biosocial collaboration
here refers both to methodologically innovative ways of working and conceptual collab-
orations between disciplines (see Béhague et al., 2008 [12]), which should work in
tandem to produce new models of understanding health and disease.

Lifecourse approaches encounter significant challenges around the best research
practices and techniques in studies that include both long-term observational and
interventional components [13]. Public health research thus increasingly works to
understand not only whether a particular intervention will improve health or not but
also how that intervention works to do so [14]. To achieve this, trial design, especially for
behavioural and other complex public health interventions, increasingly employs ‘com-
plex’, ‘pragmatic’, or ‘realist’ frameworks. As aims have shifted to encompass not only
‘what’ works (or not) but also ‘how’ it works (or not), trial design and process evaluation
have incorporated interdisciplinary collaboration between epidemiologists, implementa-
tion scientists, evaluation specialists, and qualitative health researchers [15]. There is an
expanding literature on the integration of qualitative methods into randomised con-
trolled trials, especially of complex public health interventions [5]. Historically there
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have been epistemological limitations placed on the kinds of qualitative methods deemed
applicable in the biomedical framework of trials, which has constrained the use of
approaches from disciplines such as anthropology, sociology, or psychology [16].
However, the ‘turn to the complex’ in public health research acknowledges a broader
set of social factors that influence health [14] and obliges pragmatic and adaptive trial
designs that encompass more innovative and iterative qualitative methods.

21.3 Bukhali: The HeLTI–SA Trial
For HeLTI–South Africa, the Bukhali individual randomised controlled two-arm trial
has recruited between 6000 and 7000 women aged 18–28 in Soweto for a complex public
health intervention, which statistically should lead to a pregnancy and birth cohort of
about 1530 mother–child pairs. All women aged 18–28 years are eligible except for those
with a prior diagnosis of type 1 diabetes mellitus or epilepsy and those who are unable to
provide informed consent. The primary trial outcome is to assess the effect of a four-
phase intervention (preconception, pregnancy, infancy, and early childhood) on the
index child’s adiposity at five years of age (fat mass index [fat mass/height]2 derived
from dual-energy X-ray absorptiometry). The trial also assesses a range of secondary
child outcomes (anthropometric, metabolic, developmental, and behavioural); secondary
maternal outcomes (anthropometric, nutritional, physical health, mental health, and
behavioural); and phase-specific outcomes in the 4-phase trial [17]. The intervention is
community healthcare worker-driven and comprises a programme of nutritional and
health screening and support interventions, including micronutrient supplements, health
information booklets, and monthly informational interventions in-person or by tele-
phone that use healthy conversation skills, a motivational interviewing technique that
focuses on empowering participants to explore opportunities for and obstacles to
behaviour change [18]. These sessions cover themes, including diet, exercise, sleep,
contraception, safe sex, and emotional well-being, as well as health checks and measure-
ments at in-person visits. The control group receives ‘standard of care plus’, comprising
access to standard community primary healthcare provisions, as well as additional
services provided by the control team at the trial site, including free HIV and pregnancy
tests, and general non-health-related advice, for example finances, insurance, and access-
ing child support. Women in the intervention arm who become pregnant receive
additional interventions including an ultrasound scan and health promotion materials
on diet and physical activity in pregnancy, child developmental milestones, and accessing
state child support. In the postnatal period, interventions will focus on current messa-
ging about breastfeeding, nutrition, care, and developmental stimulation outlined in the
South African ‘Road to Health’ booklet received by each birthing parent at the child’s
birth, and women will be encouraged to return to preconception healthy behaviours. For
the full trial protocol, see Norris et al. 2022 [17].

21.4 A Pragmatic DOHaD Trial
HeLTI–SA exemplifies the ‘pragmatic’ trial model. There is an explicit framework of trial
as a process, where ongoing learning and adaptation to new knowledge as it arises are
expected and desirable, such that the trial becomes a dynamic platform that does not just
test the primary hypothesis – that preconception interventions might improve childhood
metabolic and developmental outcomes – but also undertakes process evaluation
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analyses, as well as generating new hypotheses as situations arise, that can then also be
tested in the course of the trial.

From the outset, the HeLTI team have needed to adapt the framework to a complex
context of urban poverty. Pilot trial implementation of Bukhali led to significant changes
to both the trial design and implementation approaches [19]. While the trial was initially
conceptualised as a cluster randomised trial with 30 random geographical units in
Soweto, the pilot demonstrated significant cluster contamination due to participants’
movement between households and parts of Soweto as part of a strategy of resource-
sharing between different households [19]. This accords with the ‘domestic fluidity’ that
anthropologists have noted as common for southern African households [20, 21].
HeLTI–SA was consequently converted to an individual randomised model. Pilot quali-
tative work was also able to capture the key priorities and key challenges for women in
Soweto. Women are focused on obtaining further education and securing employment,
while navigating difficult socio-economic circumstances [19]. As a result of the pilot,
other key changes to Bukhali design and implementation included modifications to the
intervention delivery, from group to individual sessions and to mostly telephonic rather
than in-person delivery (a requirement further amplified by the onset of the COVID-19
pandemic and lockdowns in South Africa); the inclusion of additional incentives that
respond to some of the priorities women discussed (such as making provision for the
printing of their CVs at the research unit); and the implementation of a system for the
delivery of supplements to participants’ homes.

The focused approach to adapt to the contextual complexities of the trial goes beyond
the pilot. The pragmatic trial model means that the research team is highly responsive to
new challenges or concerns as they arise [18]. The pilot findings that women preferred
telephonic engagements meant a switch to delivering interventions telephonically. South
Africa ranks third in Africa with regard to mobile phone penetration and therefore
provides a robust platform for mHealth prospects [22]. The widespread availability of
mobile phones has enhanced healthcare communication [23] as they are cost-effective
and facilitate health professionals in clinical trials to stay in contact with participants
and, where possible, deliver intervention components telephonically [23, 24]. Crucially,
this adaptation preceded the COVID-19 pandemic and meant that the trial continued
even during periods of lockdown in South Africa.

However, for the duration of the trial thus far, this has also meant a reliance on
mobile coverage and continuity of mobile phone numbers for participants, raising
concerns over participant accessibility in clinical trials that have been previously recog-
nised within telemedicine and medical informatics [25]. Although a large proportion of
individuals who are enrolled in the HeLTI trial own mobile phones, lower retention rates
were observed among some participants who were hard to reach by mobile phone. The
lack of accessibility and reachability of these participants was largely attributed to
changes in their mobile phone numbers. Losing contact with some participants
prompted further qualitative work to assess the reasons behind frequent changing of
mobile numbers by trial participants and to identify other factors contributing to the
challenges of contacting participants. Although a mixed-methods approach was
employed to understand this outcome, the quantitative data produced contradictory
results that did not confirm the qualitative findings as the majority of the participants
had not changed their mobile phone numbers, contrary to what was observed in the
qualitative data. Twenty in-depth interviews were conducted with the HeLTI cohort who
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were hard to reach by mobile phone. Their narrative accounts revealed that the partici-
pants predominantly changed their numbers due to mobile phone technical issues, such
as poor battery life, faulty charging systems and mobile phones, and application crashes.
Other challenges with contacting participants included network coverage issues, not
personally owning a mobile phone, and phone (and thus sim card) theft. Participants
also often left their phones at home to mitigate against theft. The significance of the daily
risk of crime becomes a key data point for understanding participants’ ‘unreachability’
and why proposed interventions may or may not work in this context.

During the implementation of HeLTI–SA, questions also arose over terminations of
pregnancy among HeLTI participants, observed to occur in about 5.2 per cent of
pregnancies enrolled prior to 20 weeks gestational age. This has led to a qualitative
inquiry into participants’ reasons for terminating their pregnancy. Using 10 in-depth
interviews, the team used a socio-ecological model [26, 27] to explore how contextual
and social complexities at micro- and macro-levels, including the COVID-19 pandemic,
impacted participants’ decision to terminate their pregnancy [28, 29]. The main reasons
for termination included intra-personal factors, such as financial instability and depend-
ency; not being emotionally prepared for pregnancy; and the impact of pregnancy on
future employment and education opportunities. Reported interpersonal reasons
included a lack of partner support and stability and the threat of an adverse impact on
family dynamics, including abusive behaviour. In addition, participants’ experiences
reflected the impact of family and community beliefs around termination, accessibility,
and attitudes of termination services, and the participants’ sense of agency in choosing to
terminate. Interestingly, the COVID-19 pandemic seemed to play a secondary and
indirect role in participants’ choice to terminate their pregnancy, mainly as a potential
contributor to socio-economic insecurity. Exploring these factors across socio-ecological
domains provides an understanding of unintended pregnancies in this setting and can
help align termination services more effectively with women’s needs. By extension, it also
sheds light on the social and contextual elements impacting (1) the practical implemen-
tation of HeLTI in terms of pregnancy loss and (the team’s understanding of ) the
number of participants retained in the trial through pregnancy and (2) participant
experiences of (unintended) pregnancy, which can contribute to an informed interpret-
ation of participant engagement with the intervention in its various phases. In the
preconception phase, for example, a deeper understanding of participants’ circumstances
and priorities can help explain the degree to which intervention components resonate
with young women without (current) pregnancy intent. In the pregnancy phase, insight
into the experiences and challenges faced in the context of unintended pregnancy can, for
instance, highlight the need for additional support among participants.

Utilising a dynamic approach means that emerging obstacles also present opportun-
ities to address novel research questions. Attending to new questions through qualitative
work with trial participants not only allows for practical adjustments to trial protocols to
ensure participant retention but also illuminates social factors that might later account
for or help trialists to make sense of trial outcomes. Equal investment in the gathering of
biological samples and qualitative data means that integrated biosocial analyses are
possible. In a nutshell then, intervention trials that adopt biosocial models are not only
more likely to ensure that the trial reaches completion, but they are also more likely to
offer meaningful conclusions that contextualise findings in ways that matter for learning
and policy recommendation.

Building Collaboration in HeLTi–South Africa Trial 245

https://doi.org/10.1017/9781009201704 Published online by Cambridge University Press

https://doi.org/10.1017/9781009201704


21.5 Discussion
The novelty of DOHaD intervention studies raises important theoretical and methodo-
logical questions that cannot be parsed without a biosocial lens. This is especially crucial
for DOHaD research that employs complex public health interventions, given that these
present their own unique methodological and epistemological issues [14, 30, 31]. The
manner in which social context is understood and accounted for in trials has the
potential to amplify or diminish attention to the social drivers of health inequities.
Collaborations that encompass anthropological and science studies perspectives are
more likely to account for the structural and processual factors that might offer ‘real-
world’ explanations of trial outcomes [16]. Pragmatic and adaptive designs in DOHaD
intervention trials allow for both the robust methodology and contextual relevance that
are required when testing complex public health interventions [14]. Ensuring that this
balance is struck is essential given that it will have a direct bearing on how recommen-
dations are framed at the end of the trial. In sum then, a biosocial collaboration that
affords ‘the social’ equal weight as an aspect of the trial to be studied, incorporated, and
analysed means that trial outcomes are better explained and that recommendations are
more suitable to local context [32].

As Béhague and colleagues described some time ago, focusing on methodological
innovation without an equally rigorous approach to conceptual collaboration risks
reinventing old dichotomies (deductive or inductive; specific or generalisable) that do
not hold in reality, where ill-designed qualitative methods can be equally reductionist
[12]. A commitment to the development of shared conceptual models that are theoretic-
ally innovative and critically informed alongside appropriate methods is thus a better
hallmark of meaningful biosocial collaboration. Examples include the development of
the syndemics framework (see Chapter 15 in this volume); bioethnography (Chapter 15
in this volume); and foundational work that has developed novel methods to integrate
ethnography and statistics [33].

On ‘doing’ biosocial collaboration in practice, it is useful to borrow Anthony
Stavrianakis’s concept of collaboration: ‘a worthwhile collaboration is one in which
two kinds of participants, in their engagement, are able to name a problem or do a
practice that in their position as participants (prior to engagement) they would not have
been able to do . . . Collaborative participation presupposes an endeavour of transform-
ation’ [34]. This is very rarely straightforward, given the necessary work required to
delineate the boundaries of collaboration and to navigate pre-existing organisational and
disciplinary hierarchies and the range of ethical and social demands that collaboration as
a practice may introduce ([34], see also Niewöhner in this volume). However, it is critical
for both the constitution of evidence in DOHaD research and the framing and commu-
nication of the DOHaD message. As outlined in the introduction, DOHaD requires an
expansion of its evidence base, and in a fashion that is likely to have a policy impact.
As DOHaD scientists themselves begin to take on the language of seeking evidence for
‘politically palatable’ solutions, it is crucial that social scientists seize the opportunity at
hand – the openness of DOHaD to transdisciplinary evidence synthesis as a more
productive way to find scalable solutions to the question of fostering intergenerational
health. This transdisciplinary approach in HeLTI will in itself serve as a case study and
will be documented so we may further learn how to better integrate these ideas in future
DOHaD-inspired RCT research.
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Section 5

Chapter

22
The Biosocial in Practice

Doing Environments in DOHaD
and Epigenetics
Sophia Rossmann and Georgia Samaras

22.1 Introduction: Environment as an Elusive Concept
Every organism lives in an environment. We are able to sense, measure, experience, and
even change environments. Simultaneously, environments influence and shape us. For
scholars in the Developmental Origins of Health and Disease (DOHaD) field, research-
ing environmental effects on health is a key concern: the interdisciplinary field has a long
history of drawing attention to the environment and its potential influence on health
trajectories by traditionally relying on observational studies in human populations [1].

As scholars from the field of science and technology studies (STS), we are especially
interested in understanding what the environment ‘is’ that emerges in biomedical
research and its interactions with our bodies. Such questions prove particularly import-
ant in the current postgenomic era, where new scientific research challenges the previous
emphasis on the gene as a core explanatory concept for human development by reinvig-
orating the role of the environment [2].

In recent years, environmental epigenetics has emerged as a key approach towards
better understanding disease aetiologies in DOHaD research, which offers scientists a
molecular mechanism to trace how environments biologically inscribe themselves into
bodies and change health trajectories. Epigenetic research explores how socio-material
environments, such as toxicants, stress, nutrition, or poverty, induce biochemical and
structural changes on the DNA that impact gene expression, without changing the
genetic code itself. In contrast to permanent changes in the DNA (e.g. gene mutations),
epigenetic changes are not fixed but allow us to understand bodies as dynamically shaped
by the environments in which they live [3].

Although the environment is gaining renewed attention in biomedical research, it
still lacks an overarching theoritisation: even in life science publications dedicated to
explore the nexus between epigenetics and the environment, scientists barely offer a
detailed description of how to theorise the environment that organisms live in. Broad
definitions of the environment as multiple factors, for example ‘[c]hemical pollutants,
dietary components, temperature changes and other external stresses’ [4, p. 97], reveal
that the environment is often conceived of as everything that surrounds cells and
organisms. It is a loose definition that foremost understands the environment as distinct
from anything genetic [5, 6].

In this chapter, we first discuss how DOHaD research tends to operationalise and
measure environments to produce knowledge on how environmental experiences relate
to health outcomes. We then show why it is important for researchers to consider how
they conceive of and address the environment. We argue that what ‘is’ the environment
is not self-evident but something that needs careful consideration. By scrutinising how
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environments come to matter in epigenetic DOHaD research, we aim to lay the ground
for interdisciplinary critical reflections about the social and political dimensions of
DOHaD.

22.2 Environments, DOHaD Research, and Environmental
Epigenetics
In the twenty-first century, DOHaD has moved towards researching the health effects of
a variety of environmental factors. Looking at how complex socio-material environments
enter DOHaD research reveals how environments as research objects are not just ‘out
there’; instead, researchers have to actively do environments in the laboratory. For
example, in population-based research, DOHaD scientists use measurements such as
body mass index or birthweight as indicators for the food environment of cohort
participants [7], while in experimental rodent models, food becomes operationalised as
a nutrient component [8]. We therefore suggest that how DOHaD researchers are doing
environments needs careful consideration to understand the consequences that these
doings might have and for whom.

Social sciences’ and humanities’ conceptualisations of the notion of environment
offer theoretical avenues for how to conceive of the relationship between organisms and
the environment in which they live [9]. Understanding this relationship as dynamic and
mutually influencing renders stressors not as stressors per se but as phenomena that
become stressors in relation to an organism. In theory, DOHaD has the potential to
provide evidence on how diverse biological and socio-material environments spanning
across different scales (intrauterine environment to neighbourhoods to social and eco-
nomic structures) interact with organisms in a non-linear fashion and impact developing
organisms and populations across different temporal horizons (preconception, prenatal
periods, infancy, childhood, adolescence, adulthood, and generations). However, oper-
ationalising and measuring these dynamic, perhaps ‘unfinalizable relations’ [10, p. 708]
between environments, bodies, spaces, and times is proving to be a challenging task for
DOHaD researchers [11].

Social scientists appreciate the potential of epigenetic research to unpack what counts
as environments and to reconsider questions of individual and collective responsibility
towards these environments, potentially furthering political quests for health equity and
social and environmental justice [12, 13]. At the same time, they frequently criticise that
concepts of environments in the life sciences tend to be too simplistic [14] or lack
consensus over what is meant by ‘environment’ [15]. There are three central social
science critiques on how epigenetic DOHaD research operationalises the environment.

First, social science scholars have pointed out that epigenetic research tends to reduce
complex environments to how environmental factors have an effect on the molecular
level. For example, Landecker [16] demonstrates how research in nutritional epigenetics
reconfigures the complexity of food to a molecular exposure capable of changing
epigenetic mechanisms and the metabolism: what we eat has come to be framed as an
epigenetic environment, that is an external exposure that conditions the (prenatal) body
for later-life health outcomes such as diabetes or heart diseases.

This ‘molecularization of biography and milieu’ [3] that is rendering complex envir-
onments, relationships, and histories in terms of their molecular effects on bodies has
been cautioned against also by DOHaD researchers in interdisciplinary collaboration.
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Social and life scientists together have argued how such an understanding might obscure
how these exposures are socially patterned and unequally distributed across the social
worlds we live in [17, 18].

Second, social science scholarship has discussed the potential of DOHaD research to
individualise environments. As Chiapperino et al. extensively discuss in this handbook,
epigenetic DOHaD research tends to focus on individual behaviours and traits as
primary sites to make environmental exposure visible. This focus can be problematic
as neglecting how structural factors impact health beyond individual decisions can lead
to rendering exposure situations as products of lifestyle decisions, thereby favouring
behavioural over structural health interventions. Thus, individuals might be responsi-
blised for managing their health risks and diseases [17].

Interestingly, as Warin et al. [19] outline, DOHaD research originally had a focus on
how gendered socio-economic effects of maternal undernutrition impact the disease
susceptibilities encountered in adulthood. However, with an increasing focus on over-
nutrition, maternal obesity, and diabetes, DOHaD’s notions of the environment have
become narrower over time, ‘telescoping’ on the uterus as ‘“the environment” of
scrutiny; . . . the social environment [became] an independent and secondary context’.
[19, p. 456]. Such tendencies to become more concerned with individual-level factors and
choices also speak to a gendered stereotype of female caregiving that is especially
prevalent in the Global North and perpetuates culturally situated concepts of the envir-
onment as singular and bounded [12].

Lastly, social scientists have argued how specific experimental set-ups in epigenetic
DOHaD research give more attention to some environments than others [20]. Studying
clinical trials in the UK and USA, Valdez [14] demonstrates how with selecting some
experimental set-ups (e.g. animal models and randomised clinical trials), researchers
choose certain environmental factors as significant over others, ultimately influencing
what public health professionals regard as central for designing and implementing
interventions. These choices often stem from the epistemological traditions of scientific
fields. For example, in social epidemiology, diet might be access to different types of food
shaped by socio-economic structures [20]. In comparison, nutritional epigenetics oper-
ationalises diet as environmental exposures in the form of nutrients [16], whereas in the
mundane experiences of family meals diet, even if considered unhealthy, might be
interpreted as expressing love to one’s family members [21].

22.3 Caring for More Complex Environments in DOHaD Research
With environments playing a central role in DOHaD research, we believe it is important
to consider how scientists measure and operationalise environments. As findings are
increasingly taken up in healthcare and global policy guidelines [22], they have social and
political consequences for wider society. They shape how society understands diseases,
(re-)assigns responsibilities towards tackling them, and what health strategies and inter-
ventions are imagined possible. If framings of the environment are mostly done on the
individual level and as simplistic factors, they steer interventions in the direction of
educational public health messaging and lifestyle changes rather than examining the
structures that undergird certain choices (cf. Chapter 16).

However, this does not mean that DOHaD researchers do not engage in reflections
on the complexity of human lives. Penkler [11] shows how the simplistic environments
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emerging in DOHaD study designs are sometimes ‘at odds with the researchers’ own
normative commitments and aspirations’ and their aim to position themselves against
the ‘reductionist science’ (p. 2) of gene centrism in the 1990s and 2000s.

Looking at very recent developments in DOHaD fields provides interesting cases of
researchers’ attempts to conceptualise environments in more complex ways and to shift
attention to environments that might have a positive effect on health trajectories.
Informed by our own ethnographic fieldwork in environmental epidemiology
(Rossmann) and neurobiology (Samaras), we briefly discuss two examples: green spaces
and stress as a complex experience. Both examples exhibit a fundamental question that
receives renewed attention with environmental epigenetics: how can DOHaD research
account for the entangled relationship between organisms and environments?

22.3.1 Green Spaces
Green spaces (e.g. parks) have been associated with a plethora of beneficial health outcomes
such as improved physical and mental health and a lowered risk of cardiovascular and
respiratory diseases. Treated as an exposure variable, green spaces tend to be operationalised
using established variables available and harmonised across different cohort studies. These
variables currently include (1) surrounding greenness using satellite-derived indices to
quantify the intensity of greenness; (2) access to a green space within 300 metres of
residence; (3) straight line distance to the nearest green space; and (4) area of the closest
green space.

Yet, what green spaces ‘are’ at the specific institute for epidemiology and public health
at which Rossmann conducted her fieldwork is not fixed from the start but instead the
outcome of a series of negotiations among the researchers. Rossmann could observe how
green spaces are done in practice: in scientific articles, international guidelines, through
infrastructures and their available data sets, and in scientific meetings. Researchers actively
assemble the variable ‘green spaces’ using different types of aggregated data, including
satellite images, topographical maps, questionnaires, measurements, and experiences
through particular modes of calculation. They reflect upon its temporal dimension meas-
ured as the greenest moment of the year and time spent in green spaces; spatial dimension
measured quantitatively as distance, access, and size and qualitatively emphasising the
importance of local environments; and social dimension considering how people might
experience and use these spaces differently, where green spaces can create both restorative
effects and stressful experiences when perceived as dangerous.

At the end of these negotiation processes, the group Rossmann followed will have
decided to focus on two variables to analyse for one of their first publications on
epigenetic changes in relation to exposure to green spaces: greenness and access. These
two variables will appear as clear-cut definitions of green spaces in their publication,
momentarily stabilising a specific version of green spaces reintegrated into the classical
terminology of exposure variables while excluding the process that went into deciding
upon them.

22.3.2 Stress as a Complex Experience
The experience of stress has long been a subject in neurobiological research. This branch
of research describes stress as having a potential pathogenic effect, leading to depression
or anxiety, especially when considered severe or occurring over a long period of time.
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Rendered as an environmental exposure, neurobiologists tend to operationalise stress by
eliciting a systemic response, for example by placing mice into a narrow tube to measure
the traces stress leaves behind as changes in DNA methylation or histone modifications.
In these re-enactments, stress is reduced to (a series of ) singular measurable events that
challenge organisms, obscuring how stress is omnipresent in a lab rat’s life, for example
through differences in their handling or housing.

The work of the research group with which Samaras conducted her ethnographic
fieldwork contrasts with this reductionist approach. The group attempts to invite a more
complex notion of environment into the mouse model by including what they term
‘social’ factors: they create a completely new experimental arena for the mice to live in to
construct a ‘semi-natural’ or ‘enriched’ environment that allows the researchers to test
the mice in groups. This highly sophisticated experimental arena, termed ‘complex
behaviour’, consists of various interconnected cages in which the mice are offered toys,
food, and water at all times. By extending the experiment over several days during which
the mice experience exposure to stress, undisturbed phases, and even positive environ-
ments (toys), researchers attempt to emphasise the temporal dimension of the environ-
ment and to account for the dynamics of experiencing stress. Stress emerges as a
processual experience that spans across life instead of singular events that are discon-
nected from most parts of an organism’s life. The ‘complex behaviour’ set-up therefore
allows researchers to understand stress as an environmental phenomenon proceeding in
action, where the mouse is triggered and then equilibrated, triggered again, and so forth.

Both examples demonstrate that it matters to care for constructing more complex
exposure variables and research arrangements. First, these examples illustrate current
developments in DOHaD to move away from a historically strong emphasis on ‘dam-
aged-centred’ [23] research towards environments with buffering and restorative effects.
Green spaces, for example, are assembled as elements of the urban environment that can
have buffering effects, counterbalancing adverse health trajectories. Similarly, the ‘complex
behaviour’ experiment offering ‘enriched environments’ encourages conversations on how
positive social interventions, especially early in life, might have therapeutic effects [cf. 24].
Taking seriously the dynamic and processual character of environments across time
increasingly means for DOHaD researchers to also consider ‘positive’ environments.

Second, these more complex renderings of environments shift attention away from
dominant interventions on the individual level towards understanding organisms
embedded in the ecologies in which they live. Evidence on green spaces is directed at
policymakers to raise questions on how to design the cities where we want to live.
‘Complex behaviour’ experiments shift attention to how certain variables of interacting
life circumstances shape health outcomes.

22.4 Obstacles to Put Complex Environments into Practice
As outlined in the previous section, DOHaD researchers discursively care about acknow-
ledging the dynamicting character of environments, with some moving towards incorp-
orating more complexity into the study designs. Simultaneously, most DOHaD
researchers grapple with this complexity: being embedded in institutional contexts and
established infrastructures hampers scientists to put their complex understanding of
environments into practice [11]. We see three obstacles arising from the current discip-
linary and research policy structures from putting main drivers of this challenge.
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First, while constructing environments as phenomena taking place over time carries
more ecological validity, this poses new challenges as to how to turn these considerations
into research set-ups that capture the dynamic relations. Ackerman et al. [25] identify a
‘moral economy of quantification’, which arises from the dominant and collectively
negotiated virtues in science that ‘shape . . . how knowledge about complex causality
can be produced.’ (p. 213). This moral economy favours operationalisations of environ-
ments that can be turned into ‘precise measurements’ and data to be harmonised and
traded across laboratories. Such aspirations to produce universal data incentivise
researchers to focus on environments that are easier to manage in the laboratory, making
it unrewarding to operationalise environments as experiences arising from structural
circumstances.

Second, these epistemological reasons are intertwined with the power of current
research infrastructures and framework conditions in the life sciences [26]. As Pinel
[27] points out, the biological environment to trace how exposures and experiences
produce epigenetic changes is embedded within a social environment of the entrepre-
neurial university where research is conducted. This environment is structured and
influenced by multiple overlapping scales of funding bodies, audit cultures, peer-
reviewed journals, and scientific communities and their established practices. Thus,
decisions on how to operationalise environments are not only guided by the research
questions but also depend on institutional settings, economic aspects (e.g. time and
material resources), and technical infrastructures (e.g. computing power available for
statistical analyses) [27].

Third and relatedly, the current and rather rigid logic of publishing may not allow to
include how researchers negotiate which environments to re-enact and how. Life science
publication culture is mostly geared towards representing research as linear and produ-
cing unambiguous results. We know from STS that research practices are tedious
processes in which scientists have to negotiate what materials and methods they in-/
exclude, how, and why [28]. To account for these local and situated experimental
conditions that bring about the final research results, as discussed above with green
spaces and stress, would require a new publication ethos that allows research to be
portrayed as a dynamic and social process, for instance, in the form of an extended
Materials & Methods section [29].

22.5 Conclusions: Avenues for Interdisciplinary Conversations
The environment represents an elusive concept to capture for biomedical research. With
findings from DOHaD research becoming increasingly relevant for policy and healthcare
[22], it matters how scientists conceive of and address the environment. In order to
conceptualise environments that allow for more complexity in research designs, we
discuss the merits of interdisciplinary collaboration in which social and life scientists
together engage in critical reflections about the social and political dimensions of
DOHaD.

On the epistemological level, including certain environments in research designs is
necessarily selective to become workable: most research has to be reductionist to a
certain degree to be feasible. Engaging in these kinds of ‘pragmatic reductionisms’ [30]
demands reflections on the strategic choices and trade-offs made and their potential
political consequences outside the scientific arena. To take this task seriously, we
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consider it important for both, DOHaD researchers and social scientists, to critically and
responsibly question their own practices: being aware of which reductionisms they want
to engage in, that is which reductionisms they potentially reproduce with their research
and still comply with.

On the practical level, interdisciplinary collaborations could help provide more
complex accounts of the biosocial environments that shape health trajectories across
the lifespan and generations. Examples of the forms that these collaborations can take
can be found in this handbook (Chapters 15 and 29). Roberts et al., for example, propose
the method of bioethnography, which combines ethnographic observation and biochem-
ical sampling and encourages both social and life scientists to engage in an open-ended
and iterative process of doing research.

Niewöhner advances the term ‘co-laboration’ to think about interdisciplinary collab-
orations, as he argues elsewhere, in terms of ‘temporary, non-teleological, joint epistemic
work aimed at producing disciplinary reflexivities not interdisciplinary shared outcomes’
[31, p. 2]. In other words, interdisciplinary work is not about giving up on one’s own
disciplinary positioning but encouraging spaces to think differently about one’s own
knowledge practices. Such spaces to engage in processes of mutual learning emerge from
encounters in ‘reading groups, joint empirical work, visiting conferences together,
writing together, designing and conducting experiments together’ [31, p. 18].

We propose that such interdisciplinary collaborations, even when situated in diver-
gent research ecologies, prove fruitful to further discussions on doing environments.
We suggest five (non-exhaustive) reflections for these discussions to account for the
different epistemological and socio-political dimensions environments are made up of in
DOHaD research:

1. to discuss doing environments as an active achievement, that is as a product of the
decisions made and methods used to know and measure environments
(performative dimension);

2. to take seriously the temporal dimensions of environments beyond their re-
enactments as singular damage in the laboratory (processual dimension);

3. to carefully consider how environments as research objects are embedded in the
(research) contexts in which they occur, that is to acknowledge accounts of
environments as historically, socio-politically, and economically influenced
(situational dimension);

4. to understand doing environments as political, bearing potential consequences for
which environments become relevant outside the scientific arena
(political dimension);

5. and to allow for interdisciplinary reflexivity to identify blind spots in defining
environments across disciplines (reciprocal dimension).

We hope that these reflections further encourage interdisciplinary conversations about
the importance of carefully attending to how environments are done in DOHaD
research. We consider it necessary to acknowledge doing environments as a concrete
research practice and as a repertoire in scientific discourse, instead of leaving this central
scientific task undiscussed. In doing so, DOHaD researchers could, for example, take
into account environments beneficial to organisms and invest in studying the effects of
‘enriched’ environments [24]. This could open up discussions about the restorative
effects of social interventions and help address structural problems in public health
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policy [cf. 13]. Here, we see a great opportunity to go beyond individualised and damage-
centred narratives in DOHaD research in order to tell scientific stories that account for
the complexity of biosocial worlds.
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Section 5

Chapter

23
The Biosocial in Practice

Narrative Choreographies
DOHaD, Social Justice, and Health Equity
Martha Kenney and RuthMüller

Communicating research findings is a storytelling practice. The stories we tell as researchers
are important to how publics understand research findings and how research circulates in
society. This is especially true for fields that have important social, political, or policy
implications, such as the Developmental Origins of Health and Disease (DOHaD). In its
emphasis on gestation and early childhood, DOHaD research often focuses on the behav-
iours of parents (especially mothers) as crucial to the development and health of their
children. Depending on how the story is told, this can lead to blaming mothers for future
diseases [1]; however, this is not the only possibility. If we zoom out and focus the narrative
not on the individual, but on the larger social, economic, and political environment, it is
also possible to use DOHaD research to problematise the structural conditions that shape
health across generations [2, 3]. In this case, the upstream social determinants of health such
as wealth inequality, economic exploitation, sexism, and systemic racism become targets for
public health intervention. The stories we tell about the research matter to how research
questions are framed, how studies are conducted, how findings are interpreted, and what
kinds of interventions are proposed. Thus, it is important to understand storytelling as
crucial to the practice of doing responsible research at the science–society interface.

We use the term ‘narrative choreographies’ [4] to capture the way researchers,
clinicians, science journalists, and other actors conceptualize and embed DOHaD know-
ledge claims as part of larger scientific, social, and political narratives. Sometimes
narrative choreographies are strategic, where we deliberately choose language to encour-
age certain interpretations of research findings and discourage others; however, more
often than not we employ narrative choreographies unconsciously, using scientific and
cultural narratives that are available to us in our wider social environment – which can
have unintended consequences. For example, DOHaD narratives are often focused on
the effects of maternal obesity1 and gestational diabetes on fetal development. Feminist
science studies scholar Sarah Richardson argues that this narrative focus can lead to self-
rapprochement in mothers who have a BMI classified as ‘obese’ and a lower standard of

Ruth Müller’s work on epigenetics and DOHaD has been supported by the German Research
Foundation DFG through the project grant “Situating Environmental Epigenetics” (403161875;
PI: Ruth Müller). Ruth Müller’s and Martha’s Kenney’s work on this chapter has further been
supported by a collaborative research residence fellowship at the Brocher Foundation in Hermance,
Switzerland, in 2022. Please see their website for information on their mission and programs:
https://www.brocher.ch/en/?
1 We use the terms obese and obesity in this article because they reflect scientific discourse. We would
like to note though that these terms have been criticized and rejected by many fat rights activists
and fat studies scholars because they are understood as pathologizing fat bodies (e.g., [5]).
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care in clinical encounters. Furthermore, framing obesity in children as a negative
outcome of maternal obesity runs the risk of ‘replicating harmful stereotypes and
misconceptions that contribute to stigma about fat children, which in itself can harm
their mental and physical health and imperil their safety’ [6, p. 215]. These narratives
could be productively rescripted to focus on access to tasty, culturally appropriate,
nutritious, and affordable food for parents and children rather than pathologising the
size of their bodies. When we rely on narrative conventions we inherit from our field, we
can miss the opportunity to ask critical questions about how to tell responsible stories
about our research. While we don’t always have control over how our research is
interpreted in other arenas, carefully constructing narrative choreographies increases
the likelihood that our research will have the social impact we desire.

Our years of working with DOHaD researchers have taught us that many researchers
in this field do research explicitly with the intention of affecting positive changes in the
world: they want to increase the health and well-being of people, especially those who have
historically been disadvantaged, marginalised, and underserved. However, current narra-
tives emerging from DOHaD often unintentionally serve to further stigmatise these groups
rather than support their health and well-being [7, Chiapperino et al. in this volume].

In this chapter, we advocate for deliberately choreographing DOHaD narratives to
address structural inequality and support struggles for social justice and health equity.
In order to do this, we suggest moving away from focusing on individual responsibility,
and instead, emphasising the social determinants of health. A narrow focus on individual
responsibility can unduly blame people for their health status and the health status of
their children, without addressing the causes of inequality, which are structural and
socially determined. We further recommend crafting narrative choreographies that avoid
pathologising people who have experienced early life adversity, and instead focus on
possibilities for healing, growth, and health throughout the lifecourse.

In your own research area, you will likely have a sense of some of the harmful
narratives that circulate among researchers, in policy, and in the wider media; these may
be different than those we present here. We encourage you to reflect on how to
choreograph your DOHaD narratives to avoid harmful social and political implications
and to suggest policy interventions that better support parents, children, and commu-
nities. We offer three examples from our own research to demonstrate how to recognise
narrative choreographies at work in DOHaD and neighbouring fields with an eye
towards avoiding potential pitfalls and connecting research with the real-life challenges
that communities face due to inequality and discrimination. We conclude by offering
recommendations for DOHaD researchers who are interested in workshopping their
own narrative choreographies.

23.1 Example #1: Epigenetics of Maternal Care
Our first example comes from a research area that has emerged from a series of experi-
ments on the epigenetic effects of maternal care in rats conducted at McGill University.
These experiments have not only been influential within the field of environmental
epigenetics but also in fields like DOHaD that have significant policy implications. The
McGill group found that when a mother rat licks and grooms her pups regularly, it leads
to the stronger expression of a glucocorticoid receptor gene in the pups’ brains, which
makes them calmer and easier to handle as adults [8]. When there is less licking and
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grooming behaviour, they found that the rat pups become more anxious and aggressive,
a change in behaviour that is considered to be epigenetic in origin and is thought to last
throughout the lifecourse. When this research is translated into claims about human
behaviour and health, it is often embedded in narrative choreographies that blame
mothers for undesirable epigenetic changes that affect the health and well-being of their
offspring [1, 9, 10]. Despite the fact that rats do not practise bi-parental care, the model
organism findings are used to argue that human mothers are responsible for the future
health and disease of their children, without paying attention to the role of fathers,
extended family, paid caregivers, and the environment beyond the home [11]. This too-
quick translation between model organisms and humans leads to narratives that focus on
mothers’ parenting behaviours without considering the larger social and economic
environment in which parenting occurs [10].

For example, in the article, ‘Maternal warmth buffers the effects of low early-life
socioeconomic status on pro-inflammatory signaling in adulthood’ [12], Chen et al. use
the McGill experiments to frame their research on ‘maternal warmth’ in humans.2 They
find that in low socio-economic status (SES) households, high levels of maternal warmth
protect children against the negative health effects of poverty, which they measure via
biomarkers of immune activation and systemic inflammation. At the end of the article,
they discuss the policy implications of this research:

Working to alleviate poverty, as lofty and important a goal as this is, has remained an
intractable problem in our society. Complementing this effort, encouraging and teaching
parenting behaviors that facilitate warm emotional climates, even in the face of adversity, might
prove to be a supporting, effective target of intervention (as suggested by cross-fostering and
environmental manipulation studies in previous animal research).

[12, p. 735]

By framing poverty as ‘intractable’, these researchers advocate instead for interventions
on the individual level, such as parenting classes for low-SES women. This narrative
choreography precludes interventions that target the upstream social determinants of
health, and instead places the burden of social transformation on low-SES mothers to
protect their children from a world that is stacked against them from the start.
Furthermore, they do not discuss the structural reasons for low-SES status such as
racism, discrimination against people with disabilities, and xenophobia.

Individual interventions are popular in a neoliberal policy climate that seeks the most
cost-effective solutions to public health problems. However, these interventions do not
target the root cause of health inequity and put the burden for change on the most
vulnerable. In the US context, where systemic racism limits life chances for Black
Americans, prominent political activist and scholar Angela Davis and her sister, Fania
Davis – a leader in the restorative justice movement – write:

While the difficulties besetting the family should by no means be dismissed, any strategies
intended to alleviate the prevailing problems among poor Black people that methodologically
target the family for change and leave the socioeconomic conditions perpetuating Black
unemployment and poverty intact are doomed to failure at the outset.

[13, p. 81].

2 See Kenney 2022 [11] for a longer discussion of this article and the problem of interventions that
target individuals.
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Following Davis and Davis, public health interventions that focus on poor and racialised
mothers3 fail to support efforts for anti-racism and economic equality [see Valdez and
Lappé in this volume]. Rather than parenting classes and other forms of public health
surveillance, Chen et al. could advocate for more parenting resources, such as paid
parental leave, free daycare, and affordable food and housing. Local activists and
organisations as well as researchers in sociology and social work who support low-SES
parents might be able to offer specific policy recommendations that would be relevant to
their goals. Seeking out the necessary experts and expertise for crafting responsible
narratives and policy recommendations is essential for DOHaD research to have a
positive impact on the life worlds of the people they study. We include specific recom-
mendations for interdisciplinary inquiry and collaboration at the end of our chapter.

23.2 Example #2: NEAR Science Trainings
In our work on the McGill experiments on the epigenetics of maternal care in rats [10],
we became concerned by narrative choreographies that focused almost exclusively on the
damage caused by early-life adversity. We felt that a focus on damage without a
concomitant discussion of healing and reversibility could run the risk of pathologising
those who have experienced childhood adversity and increase stigmatisation and dis-
crimination [14; see also Meloni et al. in this volume]. However, in our later fieldwork in
the US Pacific Northwest, we were surprised to find that this research had been taken up
by actors outside of DOHaD and public health and placed into a different narrative
choreography that emphasised how widespread early-life adversity is and that focused on
possibilities for healing, health, and well-being throughout the lifecourse.4

At our field site, actors reported a crisis in schools, which was characterised differ-
ently depending on who we spoke to. This is how the crisis was framed by a community
leader at a local nonprofit:

We have a very high teen suicide rate here. The school district, the reason that they became
motivated for trauma-informed practices [was that] they had two high school students the same
year [die by] suicide. It’s a small school, right? The then-superintendent was just devastated.
And she goes to her school board and says, ‘We had two kids kill themselves. We’ve got to do
things differently.’ They didn’t know what to do differently, but she and her district became
kind of like this learning community.

(NEAR-org 2)

One of the novel approaches they adopted to address this crisis was NEAR Science
trainings. These trainings are based on the findings of the CDC-Kaiser Adverse
Childhood Experience (ACE) Study, which shows that the more ACEs a person has
experienced out of an ACE score of 10,5 the more likely a person is to develop negative

3 It is also important to note that policy interventions that focus on the poor mothers are often
covertly targeting racialised mothers in the United States and other national contexts. This can
inflect how the problems and the solutions are framed, even if race is not explicitly mentioned in
the article.

4 For more information on our findings, see Müller and Kenney 2020 [4].
5 The ten Adverse Childhood Experiences (ACEs) that make up the ACE score are as follows:
emotional abuse, physical abuse, sexual abuse, mother treated violently, household substance
abuse, mental illness in household, parental separation or divorce, criminal household member,
emotional neglect, and physical neglect.

Narrative Choreographies 261

https://doi.org/10.1017/9781009201704 Published online by Cambridge University Press

https://doi.org/10.1017/9781009201704


physical and mental health outcomes across the lifecourse. In the trainings, trainers
combine the ACE Study with more recent research findings in epigenetics and neuroscience
to explain how ACEs can lead to negative health and behavioural outcomes. The NEAR
acronym brings these different research strands together; it stands for Neuroscience,
Epigenetics, ACEs, and Resilience.

Although the findings of the CDC-Kaiser ACE Study can be discouraging for those
with ACEs, the trainers frame the NEAR Sciences as ‘sciences of hope’. They employ
narrative choreographies that deliberately avoid biological determinism (i.e. ACEs
always lead to negative health outcomes) and pathologisation (i.e. stigmatising people
with ACEs). For example, after saying that toxic stress can rewire the brain to expect
danger everywhere, the trainers make clear that this is not necessarily negative or a
disease state; they explain that people with ACEs have ‘protector brains’ and are well
suited for high-stress careers such as ‘first responder’. Trainers emphasise that ACEs are
common and that having ACEs does not necessarily mean future ill health. They tell the
story of a doctor who was highly successful and respected in her community. When she
attended a NEAR Science training, she raised her hand during the discussion and said, ‘I
have all ten ACEs; why did I turn out so well?’; she went on to talk about the support she
received in her life that led to her success. This story is used to illustrate how resilience –
which is often defined as interpersonal – can protect people against the potential negative
health effects of ACEs. One adage that trainers repeat frequently is that a positive
relationship with ‘one caring adult’ can support resilience. Although this at first may
appear similar to the notion that maternal warmth can ‘buffer’ against early childhood
adversity, the NEAR Science trainings move the locus of responsibility out of the home
and into the community and the institutions that support children (e.g. schools). They
emphasise that this “one caring adult” does not have to be a mother or parent to be
effective. Thus, in the NEAR Science trainings, the biology of early life adversity is
framed as actionable with community support, rather than dooming people to a life of
poor mental and physical health.

When ACEs are framed as deterministic, prevention becomes the only solution to the
problem of ACEs. And while prevention is important, it does not help those who have
already experienced early-life adversity live healthy and fulfilling lives. The narrative
choreographies of the NEAR Science trainings emphasise that ACEs are common and
assert that it is possible to intentionally build resilience in individuals and communities.
For example, inspired by the NEAR Science trainings, schools are making changes to
how they address difficult behaviours. In the NEAR Science framing, these behaviours
are understood to be as a result of ACEs rather than wilful disobedience. Therefore,
schools are intentionally reducing punitive disciplinary measures, such as suspension
and expulsion, and introducing practices from restorative justice and trauma-informed
care [4].6 Restorative justice is an established alternative to punitive justice that focuses
on building and maintaining relationships and repairing harm. This approach allows
children to engage in social-emotional learning and mend relationships rather than be
excluded from the community when they harm others. This rejection of received forms

6 This is especially important in the US context as suspensions and expulsions are strongly
correlated with adult incarceration. The disproportionate punishment of Black children in
schools contributes to the disproportionate incarceration of Black adults – a phenomenon known
as the school-to-prison pipeline [25].
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of punitive discipline and this new focus on maintaining strong interpersonal relation-
ships creates novel possibilities for children with ACEs – and indeed all children – to
flourish in the school environment. The narrative choreography of the NEAR Science
trainings, with its emphasis on growth, learning, and healing throughout the lifecourse,
makes these kinds of novel interventions possible.

23.3 Example #3: An Obesity Epidemic in the Global South?
The last example we will discuss concerns the effects of maternal nutrition on children’s
health. While maternal nutrition is a broad topic of concern within DOHaD [15], here we
specifically focus on discourses within DOHaD that engage with the rise in average BMI in
the Global South [16]. Researchers in DOHaD have been warning that obesity is on the rise
in nations such as India where eating habits are changing, and more people are adopting a
so-called ‘Western diet’. This shift is thought to increase the risk of non-communicable
diseases (NCDs) in the population. In the popular science book, Mismatch: Why Our
World No Longer Fits Our Bodies, Gluckman and Hanson have argued that this dietary
transition constitutes a ticking ‘lifestyle disease timebomb’ [17], while others have called
India the new ‘diabetes capital’ of the world [18]. The DOHaD explanation for India’s rise
in average BMI and NCDs is that there is a mismatch between the current nutritional
environment and the nutritional environment of the previous generation. In utero, the
current generation was exposed to their mothers’ diet, which is assumed to be variously
‘less processed’, ‘traditional’, or contributing to ‘undernourishment’. Experiencing their
mother’s diet as a fetus would have programmed the bodies of the current generation to
anticipate low-caloric foods through their lifecourses. Thus, their bodies would exhibit a
‘thrifty’ metabolic phenotype that gains body weight easily when transitioning to a
calorically dense ‘Western diet’, putting them at an elevated risk of NCDs.

Narratives in the DOHaD literature about why eating patterns change in post-
colonial contexts such as India are often focused on individual choices: adopting a
Western diet is thought to be a sign of wealth and cosmopolitanism, particularly in the
growing Indian middle class (see, e.g. [19]). Indians in this context are often framed as
eager to catch up with the West and unaware of the possible health consequences of their
new diet. At the same time, phrases like ‘lifestyle disease timebomb’ construct Indian
bodies as a threat to themselves as well as to global health. By adopting these paternalistic
and alarmist narrative choreographies to discuss emerging health challenges in India,
DOHaD inadvertently perpetuates colonial tropes that serve to obfuscate histories of
colonial violence and persistent post-colonial power differentials. It also upholds the
notion that it is the role of Western science to educate and manage non-white bodies in
the Global South – an ongoing legacy of colonial science.

There are different narrative possibilities, however. When discussing a rise in median
BMI in India, DOHaD researchers could draw attention to how Western food corpor-
ations have come to colonise food markets in the Global South and increasingly control
the foods that are available to the local population, as well as large-scale industrial
agriculture that encourages monoculture. They could also discuss the shift in priority
setting in local agriculture towards crops for export rather than traditional foods for local
consumption. In this context, researchers could partner with local social movements and
activists who work to achieve food sovereignty and access to healthy, affordable foods
and follow their lead in how to define problems, solutions, and interventions.
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23.4 Recommendations for Narrative Choreographies
Drawing on the three examples listed above, we have compiled two sets of recommen-
dations for DOHaD researchers who are interested in connecting their research to social
justice and health equity goals. The first is a set of suggestions for developing an active
practice of choreographing DOHaD narratives. The second is a list of pitfalls we have
observed in commonly circulating DOHaD narratives. These lists are not exhaustive, and
we fully expect pitfalls to change over time as the research field grows and narratives
change. The important part is to recognise that storytelling is a consequential scientific
practice and to reflect on the social and political effects of the stories we tell about
our research.

23.5 How to Make and Revise Your Narrative Choreography
• Reflect on the narratives you are currently using when communicating your research.

Consider why you are using these narratives and how they could be reimagined to
better support positive change. Ask yourself: who is included in the narrative, and
who is excluded? Who is held responsible for healthy/unhealthy development, and do
they have the resources and support needed to effect change? Does this narrative
reinforce or challenge existing inequalities? Are there any implicit stereotypes about
gender, race, sexuality, disability, fatness, or other categories of difference that should
be addressed? Which policy positions does this narrative support or undermine?
Does this narrative explicitly advocate for social justice and health equity goals?

• Partner with stakeholders, communities, and organisations that represent and
support vulnerable people. Learn about the real-life problems that parents, children,
and communities face and what kinds of interventions and resources would most
benefit them. If possible, connect your research findings with these goals.

• Reach out to colleagues in other fields such as science and technology studies,
education, social work, history, women and gender studies, and ethnic and area
studies as potential research partners to benefit from their expertise and to learn
viable alternatives to dominant narratives.

• Deliberately plan your narrative choreographies. Decide which framings and
interventions you want to promote and which might be harmful and should be
avoided. Consider whether the language you are using supports this plan or
surreptitiously works against your goals. Practise your narrative in front of different
audiences to learn how it is received and make changes accordingly.

• Revise your narratives. Storytelling is situated. What might work well in one context
may not work in another [20]. Re-choreograph narratives for different audiences and
as political language and awareness changes. For example: what does it look like to
talk about racism and health in the wake of the Black Lives Matter movement? Or
childhood sexual abuse after the #MeToo movement?

23.6 Pitfalls to Avoid
• Avoid policy recommendations that identify marginalised individuals and families

as the singular target of intervention. Employ narrative choreographies that
emphasise structural issues such as racism, wealth inequity, and the upstream
social determinants of health. Connect DOHaD findings to key issues in social
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justice and health equity. Advocate for resources that support parents and children’s
healthy development.

• Avoid narratives that pathologise those with ACEs or perinatal exposures. Instead,
use non-deterministic frameworks that acknowledge opportunities for health and
resilience across the lifecourse. Recognize that early-life adversity is common; when
early-life adversity is framed as rare and pathogenic, it can alienate and shame people
with these experiences. Partner with educators and others who work with children to
create institutions and programmes that support social-emotional growth.

• When doing research that involves a different national or social context, pay
attention to power differentials and to how global histories shape the available
narratives. No matter what our social position and national context, it is important to
avoid imposing our own problem/solution framework on the lives of others. Often
people themselves are the best experts on their own lives and can readily identify
which problems are important/unimportant and which interventions are helpful/
harmful [21]. Avoid using alarmist language and terms like ‘obesity epidemic’ or
‘disease timebomb’ to speak about entire populations, and thereby, implicitly framing
them as a danger to themselves and to global health writ large.

• Avoid pathologising obesity in pregnant women/people and in children in both
research and clinical encounters. Making people feel shame about their bodies is an
‘affective determinant of health’ [22] that can negatively impact pregnancy and health
outcomes [23]. DOHaD narratives should support people’s health goals regardless of
their body weight, disabilities, mental health status, etc. Health can act as a moral
category [24] that is used to shame people who ‘deviate from an imagined ideal norm
of health, youth, fitness and . . . attractiveness’ [22]. It is important to avoid shaming
and blaming those who fall outside of a perceived norm. Question your own
assumptions about health and listen to those who have had negative experiences with
the healthcare system.

• Reflect on your own research area and add any additional pitfalls you haven’t seen to
this list.

We believe that many researchers in DOHaD are committed to strengthening social
justice and health equity worldwide. We offer these recommendations in a spirit of
collaboration and hope that they open more opportunities for partnership across discip-
lines and sectors as we attempt to address the significant public health implications of
DOHaD. Deliberate narrative choreographies, narrative choreographies that link NCDs
back to structural violence and avoid individual blame, constitute one important practice
in the co-creation of responsible biomedical research and clinical practice.
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Section 5

Chapter

24
The Biosocial in Practice

Interdependence
Reworking Ontogeny through
Tendrel Fishbones and Dirty Chickens
Shivani Kaul and Emily Yates-Doerr

24.1 Introduction
In 2008 and 2013, The Lancet published a series on maternal and child undernutrition
that laid the groundwork for public health policymakers to approach nutrition as a
foundational component of global development. In the series introduction, Robert Black
and his co-authors emphasise a hierarchy of medical and monetary factors that cause
malnutrition and serve as sites for intervention. Using a framework developed by
UNICEF, they list eight color-coded risk factors, all stacked vertically [1]. ‘Basic’ causes
of malnutrition like ‘social and economic conditions’ and ‘lack of capital’ sit at the
bottom of the stack (see Figure 24.1). Then come monetised ‘underlying’ conditions like
‘income poverty’, which is listed prior to and distinct from conditions like ‘unhealthy
household environment’. At the top of the stack, closest to undernutrition, are ‘immedi-
ate’ causes such as ‘inadequate dietary intake’ and ‘disease’. In the first article of the
series, Geneva and US-based authors emphasised the period from conception to the
second birthday – a period of roughly 1000 days – as a ‘crucial window of opportunity’ to
address undernutrition [2, p. 510]. The series’ second article emphasises the health and
‘human capital’ consequences of malnutrition. Here, the multidisciplinary authors draw
on the Developmental Origins of Health and Disease (DOHaD) hypothesis to argue that
poor fetal nutrition in early life leads to ‘irreversible damage’ to future adult health,
school achievement, and adult income for up to three generations [3, p. 340].

The dominant logic woven through this publication series is that a narrow window of
physiological development has profound implications for future health and economic
productivity, which neoclassical economists value for its contribution to gross domestic
product (GDP). Though the potential nutrition interventions discussed in these papers
range from land reform to rest during pregnancy, most ‘proven’ nutrition interventions
the authors recommend focus on what they call immediate causes. The third article
illustrates the overarching message of the series: that policy actions on maternal and
child undernutrition can include a wide range of interdependent interventions while
excluding ‘important interventions that might have broad and long-term benefits’

The writing and research for this chapter were supported by European Starting Council Grant
#759414 for research on Global Future Health. We thank Stephanie Lloyd, Pierre-Eric Lutz, and
Andie Thompson for thorough and incisive feedback on an early version of this chapter; Noel
W. Solomons and Michi Penkler for their close readings; and all of the editors for their care through
the process of review. Noel Solomons died on March 23rd, 2024, as we were reading the page proofs
for this chapter. We dedicate it to his commitment to rethinking the fields of biology and nutrition
through insights from science in the Global South.
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because they are ‘outside the scope’ of review, or because they lack an appropriate
evidence base appropriate evidence like randomised control trials [4, p. 418]. ‘We must
be targeted in our approach’, one US-based politician has said about the need to address
malnutrition during the early developmental stages (see also Jacob et al. in this volume).

In our chapter, we draw upon research on child development that inspires a reworking
of The Lancet’s causal models and the policies that result. The DOHaD scientists in Bhutan
and Guatemala whose work we describe are in conversation with The Lancet’s series on
child development. But whereas The Lancet’s authors place ‘social, economic, and political’
factors at the edge of the conversation about child development, these scientists place
cultures, economics, politics, and ecologies squarely at the heart of development, advancing
a theory of ontogeny that insists on a complex and interdependent web of causation.

Ontogeny (from the Greek words onto/being and genesis/birth) is a term biologists
use to describe physiological growth and development. It emphasises how an organism’s

Figure 24.1 The Lancet model of causal interdependence
[1, p. 244]

268 Shivani Kaul and Emily Yates-Doerr

https://doi.org/10.1017/9781009201704 Published online by Cambridge University Press

https://doi.org/10.1017/9781009201704


form emerges through a process of temporal maturation, with early-life inputs coming to
shape later-life physiological structures. This chapter illustrates how different scientific
models for ontogenic (biological) development shape the terrain of possibility for global
(economic) development, which warrants attention since scientists’ vision of development
impacts the interventions they design. In Bhutan, we highlight the example of ‘fishbone’
modelling that unfolds child development factors along multiple, horizontal, spatial, and
temporal themes. That child development is the effect of collective well-being amplifies
Buddhist relational logics of tendrel, or interdependent origination. In Guatemala, we
highlight the example of the ‘dirty chicken hypothesis’, which directs attention to ecological
relations. In the Guatemalan case, the normative question of how the organism should
develop is one that requires also asking whether the environments that shape and surround
this development are well supported.

While The Lancet’s models and the Bhutanese and Guatemalan models for malnutri-
tion all emphasise interdependence between humans and their surroundings, they differ
in how they organise this interdependence, and, as a result, where the work of interven-
tion must fall. Whereas The Lancet’s models are linear and hierarchical, resulting in a
policy focus on what and how mothers eat, the theories of interdependent ontogeny that
we describe in Bhutan and Guatemala insist upon the value of an ecological approach to
health policy, where any given intervention must be reformulated away from targeting
individuals to instead amplify caring coalitions. ‘Target’, we learn from this theory of
ontogenesis-as-interdependence, is frequently the wrong metaphor: human communities
and landscapes must be cared for together.

24.2 Bhutan: The Fishbone Model

24.2.1 The Golden 1000 Days
Since 2008, the Geneva-based organisation Scaling Up Nutrition (SUN) has been
rallying governments, multinational corporations, and non-profit organisations to
fund 13 ‘high impact’ interventions selected from The Lancet series. The organisation
has become ‘the most important symbol for the increased interest in nutrition’ in
global development today [5, p. 552]. Leaders in food policy from 65 countries have
joined SUN so far. But some governments have not been so quick to sign up for this
targeted approach to intervention and financing. In 2016, the Royal Government of
Bhutan sent three representatives to Bangkok to attend the SUN workshop on public
finance for nutrition in Asia. Bhutanese representatives did not join SUN, instead
citing the need to complete more research on broader actions that follow different
pathways of maternal health.

Scientists and policymakers in Thimphu, the capital of Bhutan, have been mobilising
over the last decade around a range of interventions related to the first 1000 days agenda,
known locally as the ‘Golden 1000 Days’. This agenda has generated passionate public
discourse within Bhutan – a country never directly colonised, in which an alternative
philosophy of economic development circulates named Gross National Happiness (GNH).
The agenda’s proposed interventions include standard actions like micronutrient powders,
breastfeeding and nutritional counselling, and conditional cash transfers, but also broader
socio-economic interventions such as six months of paid maternity leave for all civil
servants. Additionally, the Golden 1000 Days builds on existing development policies to
ensure GNH or collective well-being, including the constitutional protection of 60 per cent
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of the country’s forest coverage, free education, and fully state-funded biomedical and
Sowa Rigpa (Tibetan) healthcare, with an emphasis on primary care [6].

24.2.2 Developing Differently
While The Lancet authors model the causes of malnutrition through hierarchical,
monetary, and medicalised factors, Bhutanese scientists emphasise interdependence
across causal domains – adopting a more horizontal and multidisciplinary approach to
addressing undernutrition. Take, for example, the work of Deki Pem, Deputy Dean of
Nursing & Midwifery at Khesar Gyalpo University of Medical Sciences in Bhutan. When
conceptualising The Golden 1000 Days agenda in Bhutan in 2015, Deki published a
‘fishbone’ diagram for child development designed to model cause and effect [7]. The
‘fishbone’ is a conceptual tool that identifies multiple factors that could be contributing
to unanticipated outcome variation developed by Japanese organisational theorist Kaoru
Ishikawa in the 1970s. Deki used this modelling technique to fan out the potential risk
factors for undernutrition to 14 factors (see Figure 24.2). She organised these factors
horizontally, not vertically. Instead of separating and then ordering undernutrition’s
causes into basic, underlying, and immediate causal classes, the ‘fishbone’ model brings
concerns for the environment, society, and culture, parental care, and eating into the
conversation of ontogeny. Collective norms of care appear along the sociocultural rib,
and safe drinking water features in the environmental rib. What women themselves eat
or feed their children becomes a small part of this causal map.

Social &

Cultural

Care
Stimulation

Care

Fooding practice

Parenting Parent behaviours

Alcohol
consumption

Smoking

Knowledge

CHILD
DEVELOPMENT

Matemal
nutrition

NutritionEnvironment

Figure 1: Fish bone diagram for child development causality. Fish bone
diagram presenting the factors affecting child development.

Diseases in the
community

Safe environment

Access & utilization of
safe drinking water 

Breastfeeding

Complementary
feeding

Macro & micro
nutrients

Figure 24.2 The ‘fishbone’ model of causal interdependence
[6, p. 2]
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Multiplying the causal origins of child development opens up alternative strategies for
nutrition intervention and research. Approaching the Golden 1000 Days through the ‘fish-
bone’model, it becomes difficult to imagine designing effective interventions targeting what
women eat – though economists and nutritionists working for the Ministry of Health and
international organisations like the World Bank do promote micronutrient sachets and
behaviour change interventions in Bhutan [8, 9]. As a nursing practitioner and medical
university instructor, Deki has been concerned about customary alcohol use during preg-
nancy and first food practices that might disrupt exclusive breastfeeding, but her horizons
were open. A wide range of remaining known unknowns compel her work – from inter-
generational changes in the relationship to food and childcare due to rural-urban migration
to the capital Thimphu, to potential sources of environmental lead exposures.

Over a shared plate of omurice, Deki explained to Shivani her recent collaborative
research on elevated blood levels among children in Thimphu and Phuntsholing. The
specific concern in this study on undernutrition was anaemia, ‘a critical public health
problem in Bhutan’, with indicators that had not improved in over 18 years [7, p. 2]. The
multiplication of causal factors involved in ontogenetic development also invites multi-
disciplinary collaboration. With a coalition including physicians, medical statisticians,
nursing faculty and anthropologists, Deki has pivoted from studying feeding practices to
studying environmental exposures.

Their recent research showed that about 44 per cent of a sample of children between two
months and five years of age from the capital city Thimphu and the industrial border town
of Phuntsholing had elevated blood lead levels [10]. Deki and her co-authors were surprised
to find a significantly higher prevalence of elevated blood lead levels among the children
living in otherwise ‘clean’ Thimphu, in spring, and those who regularly eat with their hands.
Their findings indicate the need for more research on the role of ‘demolition and construc-
tion, weather differences, and possible water contamination’, in childhood malnutrition [10,
p. 12]. Environmental exposures potentially have knock-on effects on iron deficiency,
anaemia, and undernutrition, confirming the need to multiply the sites of research and to
rethink the strategy for nutrition interventions during the Golden 1000 Days.

24.2.3 Tendrel Interventions
The Lancet’s diagram for ontogeny dismissed ‘social, economic, and political context’ factors
for development as too difficult to operationalise in health interventions. Meanwhile, Deki
Pem and other malnutrition researchers in Bhutan have highlighted the need to care about
what and how different generations of people eat, what social supports they encounter, and
the unevenly contaminated environments in which they live. Rather than causally write off
ecology and history as ‘distant’, the scientific practice of Deki Pem and her colleagues enacts
a vision for development where socioeconomics, culture, history, diet, safe living environ-
ments, water quality, and so on could all be understood as ‘immediate’ contributors to
conditions of inequitable nutrition outcomes. One factor does not precede another in
importance; likewise, quick or targeted interventions are not necessarily more effective than
those with a slower temporal horizon.

The ‘fishbone’ diagram of child development amplifies the causal logic of tendrel or
interdependent origination, which informs health practice in Bhutan. Physician historians
Tandi Dorji and Bjorn Melgaard articulate how Buddhist theories of causality facilitate
health interventions that open a multiplicity of interdependent factors:
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The concept of interdependence of all phenomena, that nothing exists as a separate entity but as
a part of the whole, is one of the fundamental beliefs in Buddhism. When considering health
and disease, this concept implies that the person with the illness must be viewed in relation to
the whole, i.e. all internal and external factors that the person is dependent upon, such as
physical, mental, social, moral, environmental, familial, work, diet, etc. [11, p. 25].

While this may sound romantic, tendrel, in its evocation of being dissimilar but related,
emphasises the need to cooperate across difference – across scales and sites. Tendrel empha-
sises the co-arising of beings as an impermanent and indeterminate process of relationship,
according to the cultural historian Karma Phuntsho [12]. From this causal logic of interde-
pendence, it is important to discern which relations are generative and which relations are
harmful. As much as connecting or adding relations, identifying and refusing toxic attach-
ments becomes key for development and collective well-being. Human interdependence with
landscapes is a distinguishing causal feature of Sowa Rigpa and healing practices in Bhutan
[13] and has also influenced how complex global health problems like pandemics have been
addressed through coalitions and careful refusal of global market relations [14].

Incorporating tendrel into child development policy shifts how DOHaD-informed
nutrition interventions might be designed. In contrast to short-term interventions to
address immediate causes, policymakers must identify and act upon the multiple condi-
tions that contribute to a given goal. From the interdependent causal logic of tendrel,
effectively intervening in the ontogenesis of undernourished bodies requires working in
multidisciplinary coalitions to address a wide range of cultural, political, and ecological
conditions. This attention to the ‘gradual unfolding’ of child development is what Deki
Pem’s fishbone diagram and scientific practice opens up [7, p. 1], reminding policy-
makers why the Golden 1000 Days in Bhutan would not be possible without develop-
ment actions as expansive as tending to natural resources like forests, providing free
biomedical and Tibetan healthcare, and free public education.

24.3 Guatemala: The Dirty Chicken Hypothesis

24.3.1 Nutrition as an Interdisciplinary Science
In themid-1970s, DrNevin Scrimshaw, the founding director of theUnitedNations’ Institute
of Nutrition of Central America and Panama (INCAP), recommended one of his former
students, Noel Solomons, for a research position at the institute’s headquarters in Guatemala
City. In operation since 1949, INCAP has become a key international centre for science and
policy on child development. Guatemala, a country that was roughly half-Maya with a long
history of resistance to colonial conquest, is also reported to have high rates of hunger and
malnutrition. Americas. INCAP was founded with the goals of learning about the biology of
nutrition and carrying out policy interventions to act upon this knowledge.

Both Solomons and Scrimshaw held medical degrees, with specialisation in clinical
nutrition, but they were also both interdisciplinary and expansive thinkers. Scrimshaw
was widely known for his knowledge of biochemistry, but after a decade at INCAP he
took a sabbatical break at Harvard to complete a master’s degree in Public Health. His
1959 thesis examined the ‘Interactions of Nutrition and Infection’ to make the argument
that malnutrition enhanced the susceptibility to infection, while the burden of infection
impaired the acquisition and retention of nutrients. Solomons would later call this
Scrimshaw’s ‘most transcendental conceptual synthesis’, [15] celebrating Scrimshaw’s
talent for making crucial connections across vastly different domains of expertise.
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Solomons, a Black man from Boston whose paternal grandparents were raised on the
Dutch island colony of Aruba and who self-identifies in policy spaces as a feminist, was
also accustomed to linking diet to broader social contexts, including those of imperial-
ism, colonialism, and social oppression. In addition to holding a medical degree from
Harvard, he was trained in internal medicine and infectious disease at the University of
Pennsylvania and in gastroenterology and clinical medicine at the University of Chicago.
His inclination towards systems thinking afforded him insight into the shortcomings of
studying nutrients in isolation. He is fond of pointing out that an understanding of the
human body requires a deep understanding of the surrounding environment. To the
adage that people eat food, not nutrients, Solomons has added his insight that people
don’t just eat food, but they ingest adverse influences from certain social and ecological
environments.

24.3.2 Contaminated Ecologies
In 1985, Solomons split with INCAP to found his own nutrition research centre in
Guatemala City, named the Center for Studies of Sensory Impairment, Aging, and
Metabolism out of the recognition that nutrition was linked to the development of
metabolic and sensory integration processes. Among the hundreds of scientific articles
and briefs Solomons has published over the last half-century, he is especially fond of a
1993 paper titled ‘The Underprivileged, Developing Country Child: Environmental
Contamination and Growth Failure Revisited’, which advances what he calls ‘the dirty
chicken hypothesis’. This is an allusion to the phenomenon well known by poultry
scientists that chickens would not grow or put on meat when reared in unsanitary
surroundings despite an abundance of feed. A background concern animating the
publication is that the public health nutrition community is overly focused on diet.
In contrast, Solomons et al. write that ‘poor growth appears to be strongly influenced by
environmental factors as well as nutrition’ [16, p. 327].

With an eye to veterinary science, Solomons observed that veterinarians had long
known that animals raised in cleaner conditions – or, alternatively, animals who were fed
a low-dose supply of antibiotics to ward off repeated inflections – grew bigger than those
raised in contaminated growing conditions. Growth failure in humans, he and his co-
authors argued in this 1993 paper, might similarly be more influenced by ‘recurrent,
overt infections of the respiratory and gastrointestinal tracts’, than by whatever foods
people are, or are not, eating. He explained that frequent microbial infections brought
about by poor sanitation will ‘result in continual activation of the immune system and
specific metabolic changes’ [16, p. 329]. These infections were often ‘inapparent’ – that is
they were not visible to the naked eye or perceived by the person living in these
conditions – but they nonetheless led to the condition of ‘immunologic stress’ and
hampered growth. The paper proposed that monokines such as interleukin, tumour
necrosis factor-α, or interleukin-6 become caught up in an immune response that alters
metabolism. They write,

The metabolic changes represent a homeorrhetic response that alters the partitioning of dietary
nutrients away from growth and skeletal muscle accretion in favour of metabolic processes that
support the immune response and disease resistance. These changes form the basis for impaired
growth and feed utilization, and for altered nutritional requirements in chicks [16, p. 329].

A human child is, of course, not a baby chicken, but the scientists saw that their
observation about chicks might influence the science and policy of human development.
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In the background of the dirty chicken article is Solomons’ critique of the field of public
health nutrition for taking a ‘monolithic’ approach to malnutrition, overly focused on
dietary supplementation. One of Solomons’ scientific domains of expertise is the metab-
olism of anaemia, and he frequently points to the short-sighted impulse to treat anaemia
with iron supplementation. This is not only a largely ineffective route to improving the
amount and circulation of iron in the blood, he argues, but can affect the production and
circulation of haemoglobin that can, in regions where malaria is common, exacerbate
this blood-borne illness. Targeting deficient nutrients and not environmental toxicity
will throw interdependencies between human biologies and ecological systems out of
balance. The challenge, he writes, is to reduce recurrent harmful stimulation to the
immune system by addressing environmental damages associated with living in com-
munities that have been forcibly held in toxic poverty. In other words, the ‘developmen-
tal origins’ of malnutrition may be more tightly linked to growing up in toxic
environments than to conventional approaches to food security focused on insufficient
access to food.

Although Solomons does not write explicitly about racism and sexism in his paper, his
conclusion poses challenges for these systems of oppression. When the origins of malnu-
trition lie in prenatal nutrition, it becomes women – and, especially, Indigenous women
who experience Guatemala’s highest rates of chronic malnutrition – who are marked as
deficient and targeted for supplementation. Similarly, when the problem of malnutrition
lies in what people are eating, it is women’s expertise that is undermined, given that they
primarily run their families’ kitchens. In contrast, when malnutrition becomes understood
as originating in toxic water and sanitation systems, the burden of treatment might shift to
governments, who have the responsibility to provide healthy infrastructures.

24.3.3 Care for the Context
In the years since the publication of the dirty chicken hypothesis, Solomons’ critique of
nutrient-based development interventions has grown more pronounced [17, 18].
He wants his colleagues in nutrition and public health to see human growth as an
adaptive and ecologically interdependent process of development. Human growth on
its own is not an obvious or intrinsic good, he argues; environments must also be
conducive to this growth. As he explains, in an article titled ‘Environmental
Contamination and Chronic Inflammation Influence Human Growth Potential’,

[P]ushing dietary interventions to achieve faster growth in the absence of other measures to
improve living conditions could prove to be futile (and expensive), counterproductive (and
dangerous) or both, depending upon the specifics of ethnicity, climate, cultural practices and
human ecology in a given underprivileged setting [18].

The resultant argument is that along with care for diet, the public health community
must care about environmental antigens, including toxicities and contamination that
impede growth, and cultural and political systems that shape urban planning and family
planning alike.

Solomons critiqued a narrow understanding of development that pushed mothers
and babies to grow larger while ignoring the environments in which they lived, including
not only questions of hygiene but also questions of whether women birthed with
midwives or in hospital settings, and whether there were resources to support obstructed
labour. He was particularly concerned that the field of public health nutrition’s goal of
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producing large babies, and its reliance on prenatal supplemental nutrition as a means of
achieving this goal, would set up conditions of obstetric violence, increasing rates of
maternal and child mortality. The implication, building upon Scrimshaw’s long-standing
interest in the interdependence of bioecological systems, was that the public health and
development communities should direct more attention ‘to the material environment
than to the infant/toddler diet’ [15]. As Solomons had earlier written, ‘Such a compre-
hensive public health approach should permit children to be bigger under environmental
circumstances in which becoming bigger is truly better’ [18].

24.4 Conclusion
In this chapter, we have asked how the field of global development might change by
adopting models for DOHaD that emphasise how human ontogeny is interdependent on
social and ecological conditions. In our two cases, scientists in Bhutan and Guatemala
concern themselves with how relational and systemic interactions shape child development.
In the Bhutanese case, Deki Pem observes that maternal and child nutrition, substance
abuse, intergenerational eldercare, and environmental toxicities might also be interdepen-
dently addressed in DOHaD interventions. Caring for one input of the ‘fishbone’ while
neglecting others makes little sense, since they all contribute to the child’s development.
In the Guatemala case, interdisciplinary interest in the immunological impact on metabolic
processes leads scientists to advocate for the importance of addressing environmental
contamination. While the cases differ in their historical and cultural specificities, the
scientists in Bhutan and Guatemala both argue that equating nutrition primarily with
nutrients misses out on the dynamic, systemic interdependencies that give shape to
development.

To be sure, biological models of interdependent ontogeny pose their own challenges.
Solomons found the science of ontogeny inspiring because it shifted attention away from
how mothers cooked and what they ate and towards environmental contaminants,
ranging from microbes to chemical pollutants. In practice, however, a focus on ontogeny
can risk cementing the notion that mothers are responsible for the future development of
their children [19, 20]. Natali Valdez illustrates how theories of the interdependency of
development that might inspire policymakers to act capaciously become foreclosed by
reductionist – and frequently racist and sexist – policy imperatives [21]. For example, in
The Lancet’s hierarchical modelling, development may depend on a great many factors,
but it’s the mother’s behaviours (what and how she eats) that matter most. This model
risks reinstating the oppressive mother-focused interventions that some DOHaD scien-
tists wielding models of interdependent growth endeavoured to overcome.

Although interdependence is not a virtue in its own right, we have shown how scientific
analyses of interdependent ontogeny from Guatemala and Bhutan can offer a pathway for
reworking development interventions. Amber Benezra, in her research on nutrition science,
points to the need for policymakers to recognise how they are engaging with interdepend-
ent, intergenerational, interdisciplinary, interactive, and intersectional processes [22].
We have likewise described a pathway for conceptualising development through selectively
unfolding relations. Rather than understand development as hierarchical, teleological, or
following a pre-programmed trajectory, we might rather see the development of the child
as part of an adaptive ecological system that coalitions of actors can work to shape. Politics,
culture, and environments must all be cared for together.
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Expanding the conceptual vocabulary surrounding development to think of ontogeny
as an interdependent process helps to cultivate new possibilities for health intervention,
inspiring what Hannah Landecker has described as ‘different biologies than otherwise
would have existed’ [23, p. 149]. The Lancet’s hierarchical and linear models of develop-
ment encourage health policymakers to focus primarily on malnutrition’s most proxim-
ate causes. Taking a page from the sciences of ontogeny in Bhutan and Guatemala,
however, may help inspire policymakers to consider that which appears neither imme-
diate nor urgent, but which nonetheless has a structuring influence on global develop-
ment and human health alike. They might prioritise, for example, the virtue of a clean
water system (see also Roberts in this volume). When water is clear, affordable, and
contaminant-free, its flow can allow an entire community to flourish. When it comes to
implementing health interventions, policymakers might ask if these interventions attenu-
ate stress and build strong communities. Is the land people live in on safe, and do they
have sovereignty over this land? Are people encouraged to engage in political and social
advocacy and taught how to organise themselves to refuse sources of hunger and
exploitation? A lesson from the tendrel fishbone model and the dirty chicken hypothesis
is that DOHaD-informed child development policies must look far beyond the child,
caring not just for the nutrients this child eats but for its relations. The questions are at
once scientific and political: how do we strengthen those relations that are nourishing
and detach from those that further toxicity?
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Section 6

Chapter

25
Future Directions

Modelling in DOHaD
Challenges and Opportunities
in the Era of Big Data
Julie Nihouarn Sigurdardottir and Salma Ayis

25.1 Introduction
Public health data available for research are booming with the expansion of Big Data
sources, shifting the landscape of DOHaD research. These new forms of data offer ample
opportunities to advance epidemiological modelling within the DOHaD framework. Big
Data is often described by the ‘3 Vs’: high volume, high velocity, and wide variety and
refers, for example, to the large volumes of Electronic Health Records (EHRs) now stored
as many nations move towards the routine electronic recording and centralising of
health data. The term Big Data also applies to data derived from wearable devices and
phone applications, increasingly affordable technologies that allow for the collection of
new kinds of data, in larger volumes, and almost in real time. Such technologies, along
with improved data processing speed and advanced computing capacity, grant access to
the lifestyle and health information of millions of individuals who can be followed
through the lifespan.

However, within heterogeneous and dynamic socio-demographic contexts and a fast-
moving technological landscape, these new forms of data raise a plethora of methodo-
logical challenges related to accurately characterising population health trajectories and
biological mechanisms. In addition, while the current inferential potential of DOHaD
research depends on which variables are collected, at what frequency, and at what time
points, it is also closely shaped by the theoretical model(s) chosen for a given study: a
framework implicating critical and sensitive windows in development shaped the early
DOHaD literature, but other models were added such as the accumulation of risk model,
the chain of risk model, and a hybrid of those [1]. These frameworks shape study designs,
data collection practices, and the interpretation of results and set the scene for how Big
Data is likely to be taken up in the field.

In this chapter, we provide an overview of DOHaD modelling methods and consider
the emerging place of Big Data in investigating multidimensional research questions in the
field. To do so, we discuss various methodological aspects of modelling, such as operatio-
nalisation, sampling, population representation, ethics, and the accuracy of tools used to
acquire and analyse data. We also discuss the current landscape of artificial intelligence-
derived methods, judging their utility against the validity of findings, and their potential
when compared to ‘traditional’ empirical data sources and analytical approaches.

25.2 Current DOHaD Modelling and Methodological Challenges
A myriad of methodological challenges are present in DOHaD research even prior to Big
Data, in particular, the issues of validity across time and space, characterising causal
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links, and identifying sources of bias. Physiological processes are difficult to model
because they are integrated into non-static systems. These refer to the less quantifiable
and less predictable behavioural, lifestyle, environmental, and socio-economic systems
interacting with biology. The moderating or mediating effects of culture, health inequal-
ities, medical systems, and health policy on health outcomes must be clarified to assess
the generalisability of any given model. Even in gold-standard birth cohort research
designs, epidemiological models need to account for the fact that, for example, through
societal restructuring and climate change, the properties of exposures can change over
time and across generations [2]. As a result, it is difficult to produce predictive DOHaD
models and interventions that remain valid and useful across time for a given popula-
tion. Alternative designs such as the observational study design in humans cannot,
however, capture the complexity of all important causal links.

A further challenge for aetiological and epidemiological models of DOHaD is how to
define the sources of individual differences in health outcomes with a robust degree of
certainty. Some examples include disentangling antenatal and postnatal exposure and
their interactions [3]; accounting for sex and gender-based differences in biology and
behaviour; inter-organ variation in adaptability to maternal ill health (e.g. the placenta
response to stress) [4, 5]; and evaluating disparities in outcomes across diverse groups
given that the bulk of data is from a small number of middle- to high-income and white-
dominated contexts [6, 7].

Prediction models are also prone to confounding and collider bias [8] (a variable in a
causal pathway that is a shared effect of more than one cause). For DOHaD research, the
primary exposures studied in the developmental pathway are nutrition, parental physio-
logical and psychological health, the environment and toxicants, and social and demo-
graphic determinants [7]. Intuitively it is easy to assume that many of these exposures
can co-occur and may moderate one another. While confounding can often be resolved
by taking these variables into account, residual confounding remains a risk when those
influencing factors are unknown or unmeasurable. In the case of collider bias, this can
also lead to counter-intuitive conclusions. Such counter-intuitive conclusions are exem-
plified by the ‘birthweight paradox’, where babies born with low birthweight (LBW) to
smoking mothers (exposure) appear to have a lower risk of neonatal mortality (outcome)
compared to those born with LBW to non-smoking mothers [9].

Here, tools such as directed acyclic graphs (DAGs) that portray causal relationships
graphically can help a researcher explore a model’s functional assumptions and conceptu-
alise any mechanisms of causality. DAGs help recognise mediators, moderators, confoun-
ders, and colliders [10] and have helped to illustrate the collider role of LBW in the above
paradox [9]; that is, when maternal smoking is absent, other unobserved causes (malnu-
trition and congenital defects) can lead to LBW and more severe health problems and thus
higher infant mortality. Therefore, while the above research question appeared ‘simple’
initially and involves few measurable exposures (smoking or not) and outcomes (LBW and
mortality), failing to incorporate inter-correlations between variables and confounding
effects, conceptualised by theory and DAGs, is unlikely to provide reliable causal inference.

Taking another example, understanding the association between maternal stress and
lower infant cognitive outcome [11] warrants pertinent exploration into the relative
contributions of other exposures concomitant to maternal stress, such as under- or
overnutrition, infections and toxicants, and their interrelationships. Here, modelling
methods should integrate observed variables, latent variables (not directly observed but
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derived from questionnaires or other observed variables, i.e. stress), and their measure-
ment errors, alongside time indicators. Moreover, the mediating mechanisms proposed
in the literature, such as epigenetic modulation, the microbiome, metabolism, and
(offspring) endogenous immunity, would also have to be incorporated. In practice, a
single model that simultaneously incorporates multiple predictive pathways and associ-
ations will more accurately capture the causal relationships of interest between the
exposure and outcome of interest [12, 13]. Of translational value, such epidemiological
modelling would eventually result in developing better targeted interventions.

25.2.1 Data: What Are We Collecting, What Are We Measuring?
High-quality data that are fit for purpose and meet the criteria of accuracy, validity,
completeness, and consistency are a cornerstone of empirical science. Data quality may
be affected at the stages of data collection, cleaning, or the numerical transformation that is
often used to meet required assumptions such as the normal distribution in statistics.
Measurement errors, whether systematic or random, are present in all observational
studies. While these errors impact the validity and reliability of data and introduce biases,
they are rarely acknowledged or accounted for in the epidemiological literature. Makin and
de Xivry address common statistical mistakes [14], and Wagenmakers et al. [15] present
guidelines on how to report statistical analyses transparently based on four scientific norms
of ‘communalism, universalism, disinterestedness and organised skepticism’.

Since we allude above to the notion of variable choice and availability, next, we
discuss the importance of clear terminology and data quality in DOHaD research
methods. How we define and measure exposures and outcomes impacts inferences,
findings, and subsequent interventions and policies. One example of this is the work
of researchers who rely on clinically defined groupings based on dichotomisation, such
as diabetes diagnosis, or the classification of body mass index (BMI) as obese/over-
weight/normal-weight/underweight. One obvious risk of using a strict classification of
body morphology by BMI alone is undermining the field’s knowledge about fat distri-
bution being a strong determinant for metabolism and cardiovascular health, especially
fat within the abdomen (visceral adiposity). Without other markers to corroborate
metabolic health risks (blood pressure, cholesterol, visceral fat mass, etc.), some individ-
uals with normal weight, categorised as ‘controls’, may be metabolically unhealthy and
‘at-risk’ of physiological phenotypes. In fact, this group represents 35 per cent of normal-
weight individuals [16]. This problem extends to gestational diabetes screening in
pregnancy, which is provided to women meeting the BMI > 30 kg/m2 criteria in the
UK, while those under 30 are assumed to be void of any hyperglycaemia risks during
pregnancy. The absence of evidence, however, is not evidence of absence. The conse-
quence of such hidden (latent) subgroups of individuals within a ‘control’ or ‘normal-
weight’ category is the introduction of bias into the statistical analyses that epidemi-
ological models rely on for inference, thus leading to inaccurate conclusions.

Similarly, in psychology, the diagnosis of autism as present/absent is common,
although autism spectrum disorder (ASD) is typically conceptualised by experts as a
continuum (see also Azevedo et al. in this volume). Such a binary diagnosis of ASD
ignores potential distinct mechanisms of importance for the DOHaD of autism subtypes,
which could possibly relate to the timing of any ‘disruption’ in brain development and
could be informative for mechanistic studies and prognosis [17].
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Overall, what we suggest above is that DOHaD researchers must be conscious of
relying on clinical data alone such as those retrieved from EHRs without clarifying
sources of biases, the caveats of present/absent dichotomised diagnoses [18], and the
local clinical guidelines from which they derive. We suggest, however, that some
classification approaches are available to limit some of these caveats such as collating
multiple variables and produce profiles based on similarities of exposure and/or out-
comes at one time point (e.g. latent class modelling) or many time points over time to
uncover trajectories (latent class growth analysis and piecewise modelling). This could
mean, for example, retrieving glucose measures sampled throughout pregnancy and
establishing the likely glycaemic status rather than relying only on a single GDM
diagnosis. These approaches also help identify profiles of individual responses to inter-
ventions and can therefore improve tailored treatment allocation.

Additionally, missing data, either by design (e.g. unmeasured exposures/outcomes)
or attrition, negatively impact data quality and challenge causal inference. This can be
addressed by powerful analytical tools that recognise data complexity and the impact of
missing data [19, 20]. Several methods are available to address missing data, including
maximum likelihood, multiple imputation, and Bayesian methods. Complete case analy-
sis leads to loss of data and statistical power but is widely used, while other complex but
more justifiable methods are not often attempted [21]. Assumptions about the properties
of missing data, whether these are missing completely at random or not, must be made.
With the emergence of Big Data and EHRs that tend to have a high prevalence of missing
information, appropriate techniques that deal with missing data need to be carefully
applied.

25.3 Big Data: Challenges and Opportunities
As referenced above, Big Data refers to data large in volume, collected at high velocity,
and comes in a variety of sources, formats, and dimensions, such as from birth cohort
and longitudinal studies, medical records, or wearable/phone devices. Birth cohort
studies, such as the Avon Longitudinal Study of Parents and Children study, have
supported the DOHaD hypothesis by in-depth prospective sampling and large multidi-
mensional data collection from human participants. While integral to the DOHaD
evidence base, standard cohort studies are costly and may be of limited size. EHRs, a
source of Big Data, can be obtained from centralised systems, while large omics data sets
(genomics, transcriptomics, metabolomics, etc.) are often sourced from biobanks and
can be added to increasingly available personal and external ‘exposome’ data (e.g. lifestyle
and environmental). Among the benefits of EHRs is their level of comprehensiveness,
and so with larger samples, this also improves the statistical power required to provide
accurate estimates of effect size. The availability of such data means that if taken up in
DOHaD research, the scope for such studies would no longer be limited by small sample
sizes due to funding and/or the restrictive protocols of conventional longitudinal birth
cohorts [22]. In practice already, linkage study designs join primary- and secondary-care
databases or merge multiple EHR databases and registries, potentially offering new
insight into disease pathways. For example, the UK-based CALIBER study drew on
EHR sources to investigate the cumulative incidence and period prevalence of diseases
over the lifecourse. Results were presented in the form of a chronological map of
308 physical and mental health conditions from four million individuals, from infants
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to the elderly [23]. The role of universal medical coverage and centralised digital health
records, such as the English National Health Service, in enabling such exploration in this
particular study cannot be underestimated.

More recently, data acquired from real-time biosensors measuring pollution expos-
ure, blood glucose levels, or heart rate from wearable devices have become available. Data
involving behaviour and social networks can also be retrieved from open social media
platforms at high speed. The past three years, especially during the COVID-19 pandemic,
have seen a surge of software developments intended to meet the needs of monitoring
health markers and well-being remotely. The uptake of telemedicine was enabled, for
example, by digital platforms used by clinicians to manage antenatal hyperglycaemia [24]
and the self-report of glucose levels by pregnant women on their phones [25]. These tools
could be employed in future DOHaD studies. However, key ethical issues related to
privacy, rights, and moral code of conduct when retrieving these data require careful
considerations in this changing research landscape.

25.3.1 Limitations of Current Big Data Sources and Applications
One first potential caveat of relying on Big Data sources it that DOHaD researchers
wanting to use Big Data may be obliged to formulate research questions based on data
availability or including data not necessarily designed primarily for DOHaD research.
These researchers will have less control over data quality because of the larger distance
from data collection, that is the inputting user (clinician for EHR / hospitals, or user of a
phone app), and from the decisions made in defining and measuring the variables in
these data sets. Overall, sources of error need to be considered when evidence from Big
Data is evaluated. Without researchers’ involvement in data collection, it may be
impossible to subsequently correct or even identify these errors.

The task of comparing and validating DOHaD models across populations may be
further hindered by the heterogeneity in data architectures across national and inter-
national sources. Before the term Big Data surfaced, omics-derived data alone (e.g.
genomics, transcriptomics, and proteomics) already inferred the outputs of millions of
data points [3]. Formulating a cascading model of these omics layers, which follow
biologically downstream from one another, is both necessary and extremely complex.
Further, linking biologically derived material to clinical data of different formats, and
based on a variety of measurements, including imaging, questionnaires, and diagnoses,
requires technologies that facilitate multidimensional integration. Thereafter, powerful
methods that support analysis are necessary.

Larger sample sizes improve the power to detect effects, and clearly the whole
DOHaD framework requires both large samples and a comprehensive set of exposures
and events to be modelled. However, the primary issue is that complex models are more
difficult to explain and thus could complicate their practical translation into actionable
policies. Users and clinicians equally need to be versed in their use and interpretation.

The use of Big Data also raises issues of data security and representation, particularly
data obtained outside conventional academic institutions, in contexts where systems and
resources are not fit for this purpose, such as in low- andmiddle-income countries (LMICs).
Users of both healthcare services and digital platforms, such as social media, may represent
distinct groups with possibly little overlap in demography, risks, and healthcare needs [22].
It is plausible to assume that LMICs are unlikely to have population-wide health records or
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access to digital data collection and remote health monitoring from which DOHaDmodel-
ling could be done. Here, validation and reproducibility of DOHaDmodels are less feasible
and highlight the lack of representation through their exclusion.

25.4 Artificial Intelligence: Challenges and Opportunities
When Big Data is considered, the word AI is not far behind. Pattern recognition,
similarity profiling, and predictions are tasks for which AI methods such as machine
learning (ML) have been developed, and these have potential applications to DOHaD
research. It should be noted that ML and conventional statistical methods may be seen as
a continuum since the algorithms behind ML, including linear and logistic regression,
and several dimensionality reduction techniques have existed for decades. (For a contrast
between ML and conventional statistics, see [26].) However, the real advantage of AI is
that it supports the analysis of large data volumes alongside multidimensionality (i.e.
where the number of variables is larger than the subjects).

AI is already being tested and implemented in the clinical domain, including to
improve the efficiency of hospital administration. AI is also being used to predict
medication side effects and patient outcomes from radiological imaging and thereby
promote patient-tailored medicine and interventions. In DOHaD, ML approaches would
subserve exploratory designs to identify biological pathways, which appear more fre-
quently in the mosaic of data, in the form of associations, including from DNA
sequences and omics data, and those obtained from EHRs [26]. Certain applications
require user input from which the ML ‘learns’ to classify new data from sets of rules from
previous data (supervised learning) or is completely unsupervised in detecting patterns.
This is similar to the latent modelling techniques mentioned earlier that derive from the
‘classical’ statistics and the structural equation modelling framework. Other subfields of
AI associated with ML include deep learning, rooted in multi-layered neural networks,
which also allow computers to identify relations between concepts/features and charac-
terise these associations from complex to simpler concepts [27]. ML methods to date
could also assist in the processing of single modalities or data collection methods, such as
magnetic resonance imaging of the brain, heart rate variability in the fetus, and DNA
methylation patterns in disease [28], all of which are relevant for DOHaD research.

Despite the potential of ML for DOHaD described, very few ML studies have so far
transitioned from single data type and scale to ‘fusing’ several dimensions, or and
towards the integration of additional outcome measures retrieved from EHRs, medical
imaging, and biospecimens. Data harmonising and deployment of ML is an ongoing
endeavour, but some attempts have been made in relation to cardiovascular medicine
(reviewed by [29]). The issue to date is that these algorithms exploit two modalities at
most (e.g. radiological imaging and free text from clinical reports). (For an in-depth
review of the current landscape of AI for multi-modal integration, see [30]).

In our previous section, we discussed the necessity to characterise accurately DOHaD
prediction models. It is at present the case that the several competing ML approaches and
the rapidly evolving demands of AI have yet to produce a consensus regarding how to
develop or validate a prediction model relying on these novel tools. For example, in
predicting Type 2 diabetes and cardiovascular disease, Dalakleidi et al. reported the best
performance to have been achieved by groups of artificial neural networks. However, the
so-called decision trees, random forest algorithm, and support vector machines were said
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to provide the best accuracy measures by Zheng et al. [31]. Furthermore, AI methods do
not necessarily outperform conventional statistical regression applications and are not
free of methodological biases [32]. Additionally, scholars warn that ML studies are often
computationally demanding on resources (e.g. support vector machines, logistic regres-
sion, random forests, gradient-boosted machines, and neural networks) [33].

25.4.1 Issues of Interpretation and Reporting
Concerns are often raised about the scope, complexity, transparency, reproducibility across
different scientific teams and different populations, and the interpretability of prediction
models. While AI operates from a ‘black box’ within deep neural networks and unsuper-
vised learning, the biological plausibility and meanings of the output are generated by
researchers. Given that so far only a few published prediction models have found utility in
clinical practice, the utility of AI when compared to conventional methods remains an
open question. It is unclear whether AI can address the questions of causality most
pertinent in DOHaD, when DOHaD draws from interpretability and theory and is moving
towards the integration of social science and ethnography. (See Richardson, in this volume
for a discussion of how DOHaD is characterised by ‘cryptic causality’.)

Guidelines regarding AI are developing rapidly. For example, following a quality
assessment of the conduct and reporting of multi-variable prediction models, a 22-item
checklist (TRIPOD) was developed [34]. The risk of bias tool (PROBAST-AI) for
diagnostic and prognostic prediction model studies based on AI has also emerged to
ensure that users have key information about the design, conduct, and analysis, alongside
a robust standardised tool for bias evaluation that would allow a fair judgement on the
utility of these models [31, 35, 36]. Guidelines should be consulted by authors, reviewers,
and editors, to ensure reproducibility, reliability, and validity, and hence safe implemen-
tation. Again, even prior to applying AI-derived analytics, the uncertainty of measure-
ments in Big Data and its sources of error must be accounted for and possibly identified
systematically, and the data quality validated.

25.6 Ethical Questions about Big Data and AI
The rapid expansion of Big Data and AI raises a range of ethical concerns. First, the
question of who audits and protects data including EHRs (which can also be used as
testing data by commercial parties) is central to ensuring ethical research in the DOHaD
field and is currently insufficiently addressed [22, 37]. The lack of standardisation of data
protection laws between countries adds to this issue.

Additionally, the most powerful AI pipelines are deployed from within the very few
corporations with the computational and financial resources. The commercialisation of
both healthcare software or AI tools and their findings within the private sector is another
challenge that research institutions must navigate if the potential of such data is to be
realised. Such a feat would require more transparency and possibly a move to open sources
of data. (For an example of Google’s DeepMind approach to open data, see [38].)

Nevertheless, open and public data collection is also likely to introduce other ethical
issues that need to be carefully considered [39]. Big Data collection and usage may move
the position of the individual (the unique data provider) from the one fulfilling the ‘social
vision’ of the healthcare system and science into the ‘economic vision’ of the commercial
enterprise [22]. Participants recruited through academic institutions consciously engage
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with the scientific community with consent and pledge their time voluntarily. This
contrasts with the passive and often unwitting involvement in Big Data collection via the
data generated by medical records and phone devices. The use of such data without
consent raises concerns regarding data ownership, privacy, and the circulation of profits.
Data protection in secondary research by academic institutions using public data is
enforced by the institutions themselves through university and institutional ethics boards,
but enforcing consent and data protection may be less clear when third-party commercial
and private bodies are concerned.

Rarely mentioned in the discussion of AI-derived methods are the risks introduced or
heightened to certain populations because of their implementation. Experts such as
Professor Kate Crawford at the AI Now Institute are re-evaluating the societal burden
of AI. She states AI is not ‘artificial’ since it requires the same earthly resources and
labour to mine the power and hardware sustaining it. Consequently, this is also becom-
ing a source of disparity and power imbalance on the ground, within and between
populations who compete to mine these resources [40]. Such ramifications would be
the real irony for an AI integration into DOHaD research and the long-term agenda of
the scientific community.

25.7 Conclusion
There is a strong anticipation that in the future, DOHaD researchers will benefit from
innovative methodological designs. This could build on the best of current biostatistical
methods and soon include AI technologies where the multidimensionality of data
sources and a longitudinal format can be integrated, and the outputs shown to be
interpretable. Current and novel ‘mega’ projects may push this progress forward.
An example is the protocol implemented in the EarlyCause project [41] that will explore
the causal mechanisms between early-life adversity (antenatal and postnatal) and future
psycho-cardio-metabolic multi-morbidity. It will involve the participation of 14 European
institutions and include three complementary and sequential phases that integrate longi-
tudinal population data sets (e.g. ALSPAC and UK BIOBANK), animal studies, and
cellular models with analytical tools from structural equation modelling and machine
learning. It also aims to offer a web-based platform for data access and information on
research standards and best practices to support future study designs and exploration. Such
a mix of granular data collection and Big Data sources in open access, along with AI and
conventional statistical approaches, holds great potential for DOHaD research.

The DOHaD research community may look to other fields and consider how to train
their own data and solution architects in the newest technologies and Big Data usage.
Interdisciplinary teamwork will be crucial in ensuring both robust management and use of
data as well as anticipating ethical and governance issues [42]. It is crucial to assess whether
certain limitations are inevitable or can be remedied to create the necessary, transparent,
and reliable evidence base. Collaborations in data collection could be expanded more
frequently to ‘crowdsourcing’ in data analysis and interpretation. Of course, teamwork
does not come without caveats when studying complex and dynamic modelling, such as
leading to further heterogeneity in findings and conclusions [43]. Nevertheless, we reiterate
that attention to operationalisation of exposures and outcomes, reducing bias in data
collection and analysis, and the necessity for interpretability should be at the forefront of
the DOHaD agenda in the era of Big Data and AI.
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Section 6

Chapter

26
Future Directions

The Promise of Reversibility in
Neuroepigenetics Research on
Traumatic Memories
Stephanie Lloyd, Pierre-Eric Lutz, and Chani Bonventre

26.1 Introduction
Just over 20 years ago, molecular biologists Leonie Ringrose and Renato Paro published an
article with a provocative title: ‘Remembering Silence’ [1]. The article focused on how
epigenetic elements, modified through a variety of means, could subsequently return to
their silent state. Silencing is operationally defined as their epigenetic status before
modulation by experimental or environmental factors. Ringrose and Paro’s article
described research on fruit flies and factors affecting embryological growth. Yet it asked
a question of considerable importance to parallel and rapidly expanding research in human
neuroepigenetics, that of reversibility of the molecular impact of the environment on an
individual’s biological profile. In the case of epigenetic modifications that are thought to be
mediators between life trauma and the risk of psychopathology, this question would be
translated as follows: if you experience a traumatic event and, as a result, acquire an
epigenetic state considered to place you at higher risk, can you free yourself of that
state? Through a critical assessment of contemporary neuroepigenetics research, in this
chapter we consider researchers’ ambitions to account for the indeterminacy of life and the
speculative possibility of reversing acquired epigenetic states. Bringing together the per-
spectives of medical anthropology and molecular biology, we are interested in clarifying
how reversibility – a return to silence – is envisioned, how therapeutic interventions
purported to bring about that silence might function, and what this might mean for the
mental health of people who live in the aftermath of trauma.

The question of reversibility is compelling for a wide range of research agendas in
epigenetics, a science that has produced an evidentiary base of significant importance for
the field of Developmental Origins of Health and Disease (DOHaD). Indeed, epigenetics
research has provided insights into the molecular means by which life experiences might
be associated with risk and resilience for the subsequent development of pathology. While
the concepts of risk and resilience have received increasing attention in developmental
research in recent years, little is known about their purportedly associated epigenetic states,
such as their durability. In neuroepigenetics research, resilience is conceived of as a
mechanism that may recruit different biological pathways than those triggered by adver-
sity. It is often assessed in two ways: behaviourally and molecularly. Behavioural resilience
has been conceived of as the possibility of not being affected by a negative experience at
psychological and clinical levels; in other words, as being able to actively counteract what
are considered pathological molecular states. Molecular resilience has been studied as the
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failure to be negatively affected, in terms of acquired epigenetic states, by adverse circum-
stances. The two conceptualisations of resilience are drawn together in experimental
contexts, most often with model organisms, in which molecular profiles are sought to
explain why different animals might exhibit what are seen as at-risk or resilient states. Risk,
for its part, has been framed as the development of an epigenetic state associated with
psychopathology, following a traumatic event; in effect, a molecular memory of that event.

Yet neuroepigenetics researchers only have speculative models to guide studies of the
type or number of epigenetic states considered sufficient to confer risk or resilience in the
face of adverse experiences, alongside the means by which one might reverse acquired risk.
Efforts at reversibility – or remembering silence – by necessity include considerations of
the relationship between subjective states, past events, and memories of those events. Since
past events cannot change, it is the memory of these experiences that may be the target of a
panoply of clinical evaluations and interventions (whether pharmaco- or psychotherapy).
Neuroepigeneticists consider mapping these processes an urgent priority given the preva-
lence of trauma; for instance, approximately 80 per cent of the American population is
thought to have experienced trauma-level events [2]. These statistics are deemed particu-
larly worrying given research that suggests that the epigenetic effects of traumatic events
may contribute to a variety of pathologies, from cardiovascular to suicide risk, including
anxiety and depressive disorders, addiction, and more [3].

Researchers hope that a greater understanding of molecular memories (i.e. epigenetic
states) thought to be acquired through the experience of traumatic events, and their
relationship to subsequent risk of psychopathology, might allow the development of
targeted interventions to help people ‘remember silence’: to reverse the effects of
presumably acquired pathological traits. While pre-existing and emerging models alike
tend to presume the durability of epigenetic states acquired during early life, Ringrose
and Paro’s evaluation of epigenetics research remains productively provocative as it
conceptually fuels the hypothesis of the potential for epigenetic reversibility. It also
foreshadows more recent shifts in some DOHaD research agendas that are moving away
from deterministic models of early-life experiences leading to diseases later in life and are
instead focused on conditioning, which implies the possibility for change [4].

Through the following sections, we discuss polysemic understandings of memory
and how research on reversibility is entangled with metaphors of silence as a subjectively
untroubled or unaffected state. We begin with a consideration of the tensions between
narratives of reversibility and persistence in epigenetics research to sketch out what is
currently known and unknown about these processes.

26.2 Persistence and Reversibility in Epigenetics Research
In 2001, biologists Ringrose and Paro evaluated emerging research, indicating that, in
Drosophila, regulatory elements that are experimentally switched to their active state can
‘“remember” and restore their previous [silent] state’. These ‘regulatory elements’ are
defined as regions within genes where, under epigenetic control, proteins that regulate
gene activity may have different functional impacts. The authors noted that silenced
states can be remembered after several cell generations during which those elements were
active, though they could only hypothesise as to how or why regulatory factors would
return to silence. This article dates from the early days of epigenetics research, yet
Ringrose and Paro’s interests in how epigenetic elements change, with what effects,
and whether they are reversible persist. In their contemporary version, they might be:
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how might epigenetic states acquired through exposures contribute to health and
disease? And are the molecular traces of those experiences reversible?

The research discussed by Ringrose and Paro yielded findings on the varying effects of
single epigenetic alterations depending on the type and timing of the modification. Each of
the studies raised questions about the stability and reversibility of epigenetic states and
their developmental effects. For instance, even if an epigenetic state is only modified for a
limited period of time, it will nonetheless affect downstream biological processes, which
may have longer term consequences than the bout of epigenetic plasticity itself. Ringrose
and Paro also observed that while certain experimental data suggested that the restoration
of silence was not possible after a significant period of activation, other results pointed to
the possibility of silencing even after cell division [1]. Moreover, genes implicated in
molecular memories may switch status surprisingly late in development or switch dynam-
ically and have regulatory patterns that are far more complex than a single transition
between on or off states [1]. Thus, there was a trend towards stable effects of epigenetic
states on development, but with significant variability.

Research on the reversibility of epigenetic states has since moved beyond fruit flies,
and spans multiple types of in vitro models, model organisms, and work on human
tissues, in situations of both health and disease. Key areas of research include the
determination of cellular identity during embryological development, modelled using
induced pluripotent stem cells (iPSCs). iPSCs rely on a method whereby differentiated
cells – such as a fully developed skin cell – can be reprogrammed to an undetermined
state and then redirected to a new developmental path. Part of the enthusiasm for these
cells comes from the fact that reprogramming to the undifferentiated state does not
implicate any manipulation of the genome but relies on triggering epigenetic plasticity at
regulatory elements implicated in cellular identity. In other words, interventions
targeting the epigenome [5] may potentially rewrite cell fates by erasing or reversing
memories of their pasts to produce cells perfectly identical to ‘true’ stem cells, which
would amount to a process of full reversibility. However, it is now clear that iPSCs retain
epigenetic traces of their previous differentiated state [6], suggesting an only partial
reversal. Therefore, what scientists have referred to as silence (i.e. the return to undiffer-
entiation), in these experiments, is only partially restored. This molecular plasticity
underlying cellular identity over the cell lifespan argues against a binary model (e.g.
with an epigenetic landscape as either mature or immature) and instead supports a
gradual, context-dependent balance between persistence and reversibility. This emerging
research echoes findings discussed by Ringrose and Paro regarding highly dynamic shifts
or epigenetic traces of a cell’s history that resist experimental erasure.

Researchers working at the scale of the human lifespan do not necessarily depict such
nuanced portraits of the dynamics of epigenetic states. Instead, they have argued that
durable epigenetic states result from traumatic events [3]. (See also Keaney et al. in this
volume, Chapter 14.) These epigenetic states are described as setting off brain alterations
that contribute to psychological traits – such as impulsivity, interpersonal difficulties, or
emotional lability – that ultimately potentiate the risk of mental illness. Research on
reversibility – on a variety of species and scales – provides critical insights into human
lifespan and DOHaD researchers. A careful review of this work reveals the considerable
uncertainty about the dynamics of these processes. Yet it is only through a fine-grained
understanding of such processes that scientists may conceive of how reversibility of
epigenetic states may occur and how therapeutic interventions might silence molecular
traces of past adverse events.
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26.3 The Epigenetics of Memory Formation and Its Effects
Recent neuroepigenetics research advances that traumatic experiences may increase the
risk of psychopathology through acquired molecular states etched into memories. The
use of the term ‘memory’ in neuroscience research is polysemic, referring to a range of
processes at different scales. In particular, it is often evoked in ways that are consistent
with its common sense description, which roughly overlaps with the concept of episodic
memory. Episodic memory, formally, refers to the ability to encode one’s life events and
includes a range of cognitive functions that rely on interacting brain structures. The term
molecular memory, by contrast, refers to molecular mechanisms correlated with any
event leading to lasting cellular changes, whatever their implication in episodic memory,
or any other brain property.

In this chapter, we are interested in epigenetic states as they are thought to correlate
with the experience of past adversity (regardless of whether they may affect episodic
memory or other physiological systems, for example reactivity to stress), and how they
are believed to maintain – or not – a molecular modulation of gene activity: in effect,
producing at-risk states. In order to determine which notions of memory are implicit or
explicit in researchers’ hypotheses about whether molecular memories and their effects
might be silenced, it is necessary to examine the uses of the concept of memory in
epigenetics research.

A subset of researchers interested in memory and epigenetics have explored the so-
called ‘“epigenetic code” in the central nervous system that mediates synaptic plasticity,
learning, and memory’ [7]. In their models, neuroscientists Jeremy Day and David Sweatt
evoke ‘the controversial theory of the “engram” – a (hypothetical) biophysical change in
the brain that accounts for the material existence of memory (Josselyn et al., 2015: 201) . . .
[and] suggest that epigenetic mechanisms, such as DNA methylation, may be a window
into the brain’s memory’ [8]. They and other researchers became interested in how
memory can be traced through epigenetic mechanisms in the brain, at a molecular level.
Drawing mostly on research on model organisms, Day and Sweatt further argue that:

An interesting new understanding has emerged: developmental regulation of cell division and
cell terminal differentiation involve many of the same molecular signalling cascades that are
employed in learning and memory storage. Therefore, cellular development and cognitive
memory processes are not just analogous but homologous at the molecular level. [7]

Their research presents cellular epigenetic and developmental mechanisms, and cogni-
tive memory processes, as intertwined, and thus potentially actionable on a molecular
level. In this understanding of molecular memory, the epigenome is ‘a crucial ‘missing
link’ between life experiences and gene expression, which in turn will influence the ways
in which neuronal circuitry and brain structures develop’ [8].

In these models, two characteristics of epigenetics are advanced, both of which we
suggest should be approached with caution. First, that molecular memory may be
homologous to episodic memory, and second, that epigenetics makes an exceptional
contribution to the chain of events leading from life experience to the molecular
memories of these events and their subsequent effects. Any proposition to silence
memories of traumatic events would hinge on these relationships and the possibility of
an intervention acting specifically on them. While Day and Sweatt put these ideas
forward most explicitly, they implicitly inform many other researchers’ models of
epigenetic memory and its potential reversal [9].
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Day and Sweatt’s first proposition may be particularly misleading. Recent research
indicates that every physiological function of the nervous system – such as feeding, sleep,
or nociception – may implicate molecular mechanisms occurring in part through gene
expression changes, under epigenetic regulation [10, 11]. In these studies, the role of
molecular and epigenetic processes in the emergence and long-term regulation of those
states appears similar to what has been identified in relation to the physiological function
of episodic memory. This complicates any assertions of specificity or homology (besides
the use of a common word) in the relationship between epigenetic and episodic memories.
Episodic memory, instead, might be seen as affected by gene expression changes and
epigenetic plasticity, much as the aforementioned other physiological functions, without
necessarily being homologous to them.

The second proposition is similarly debatable. Responses to life experiences are
complex and multi-scalar. In the case of trauma, their perception and encoding start
with sensory processing of, for instance, sounds or movements, which are then cogni-
tively apprehended by devoted brain areas, triggering negative emotions. Each of these
operations relies on specialised cellular processes. At the sensory level, they include
chemical (e.g. release of neurotransmitters in activated brain regions), physical (e.g. light
sensing in the retina), or mechanical (e.g. transduction of sound waves by the tympa-
num) properties that act on temporal and spatial scales not necessarily compatible with
or dependent upon any epigenetic plasticity. Moreover, it is the overall psychological
impact of adversity, downstream of these multi-scalar processes, that is considered to
trigger epigenetic changes.

Neuroepigenetic mechanisms are nonetheless widely considered to be implicated, to
some extent, in the formation of molecular memories. Most of this research investigates
DNA methylation, which we will focus on below. Changes in DNA methylation are
considered not only to reflect past experiences but also to contribute to behavioural
changes through, for example, the modulation of neuronal processes, heightened sensi-
tivity to stress, and increased psychopathological risk. In terms of experimental designs,
research on these processes is grounded in the triangulation of incongruent experimental
designs. On the one hand, animal studies document how embodied epigenetic memories
of early adversity may manifest in adulthood in controlled settings that limit confound-
ing factors. Even in these studies, causal attribution of abnormal behaviour to epigenetic
changes would require dedicated experiments that manipulate the proposed epigenetic
substrate to prevent or reverse the abnormal behaviour (see next section). In humans,
on the other hand, associations between adversity, epigenetic alterations, and later
psychopathology are even more questionable. Sources of unaccounted variability over
the lifespan, following trauma, are incomparably higher as studies typically analyse post-
mortem brains of people who often die decades after experiencing adversity.
Alternatively, peripheral ‘liquid’ biopsies (blood and saliva) that can be taken throughout
life are more accessible but are less relevant for understandings of brain epigenetics.
Thus, there is only a tenuous, associative relationship in animal and human studies
between early adversity, epigenetic memories of these experiences, and drivers of later
behaviours.

Ultimately, based on existing evidence, any delayed or long-lasting embodied mem-
ories are likely associated with multi-scalar adaptations, which include but are not
exclusively encoded by epigenetic changes. Therefore, while epigenetic processes are
plausibly recruited over the lifespan, during early adversity, and later when a host of
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related biological consequences mediate the impact of more recent life events, they do
not operate in isolation. In this context, influential conceptualisations of epigenetic
processes as exceptional contributors to molecular memories of past experiences appear
to reflect an inability to place them in these long chains of back-and-forth,
across temporal and spatial biological scales [12]. These limitations suggest caution when
postulating relationships between life experiences, epigenetic modifications, and
memory, particularly in the context of human adversity and psychopathology.
Moreover, current understandings of this relationship might encourage attentiveness
to the ways in which slippage between different types of memory explicitly or implicitly
populates research on epigenetic plasticity and its potential silencing. This slippage
contributes to conclusions that too easily conflate behavioural and molecular risk or
resilience.

26.4 Experiments in Reversibility
In addition to efforts to understand the molecular mechanisms that may be associated
with the experience of trauma and subsequent psychopathology, researchers are
attempting to identify interventions that might reverse or modify epigenetic states and
the psychopathology correlated with them. The most targeted epigenetic editing inter-
ventions aspire to modify the fundamental molecular processes associated with past
experiences of trauma. Researchers hope that these modifications will affect neurobio-
logical processes and, as a consequence, behavioural traits and reactivity to stress (e.g. as
in the case of PTSD). The primary target of these interventions is not considered to be
the factual or emotional content of an episodic memory such as the emotional relation-
ship between the person and a specific object/event, but rather an affective state thought
to be related to behaviour associated with past experiences of trauma. Affective states, in
this perspective, are conceived as triggered neurobiological dispositions ‘operating out-
side the domain of consciousness and intentional action’ [13]. In this conceptualisation
of neuropsychiatric risk, triggers are considered both devoid of exceptional qualities and
sufficient to set into motion pathological responses. At their extreme, in certain neuroe-
pigenetic research agendas, affective responses to triggers are thought to be sufficient to
lead to suicidal acts [14].

Some of the research on the reversal or modification of epigenetic states focuses on
well-established interventions such as antidepressants and psychotherapy. These therap-
ies seek to mitigate the effects of past traumas through the alleviation of symptoms in the
present (e.g. anxiety) and are now also studied for their effects on epigenetic mechan-
isms. This involves a reconceptualisation of these interventions as modulating basic
affective states underlying clinically measured symptoms. Concerning antidepressants,
researchers have associated several different epigenetic modifications (in the aforemen-
tioned peripheral samples, not the brain) with a positive response to antidepressants and
are attempting to identify which epigenetic states might be able to predict responsiveness
to these medications [15]. In a similar line of reasoning, researchers have suggested that
epigenetic mechanisms may constitute ‘dynamic biological correlates of [psychothera-
peutic] interventions’ [16]. However, the processes, directionality, or interactions linking
symptom alleviation, intervention, and epigenetic states are far from comprehensively
understood. For example, such research does not demonstrate whether (1) it is the
intervention that reduces a person’s symptoms and this reduction subsequently impacts
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epigenetic profiles, (2) the intervention directly influences epigenetic plasticity, thereby
modifying symptoms, or (3) some combination of the two. Therefore, at present,
reasoning about the reversibility of behavioural and molecular states – and how they
might relate to states of risk or resilience – remains muddled. This raises important
questions about the inference of causality, as distinguishing between these possibilities
would require direct and specific manipulation, or ‘editing’, of the epigenome.

Experimental approaches are being developed in rodent models to address the
challenge of causal inference. Researchers such as Elizabeth Heller and Eric Nestler are
attempting to carry out locus-specific epigenetic editing (i.e. affecting only a specific
location in the genome [17]). Using this method, Heller and collaborators epigenetically
reprogrammed a gene in a specific brain region to modify behavioural responses to later
stress exposure, promoting susceptibility, or alternatively resilience, to this experience.
They argue that the specificity of their approach allows them to understand how locus-
specific epigenetic states may be causally implicated in the modulation of stress
responses. The extent to which such manipulations are truly specific – affecting the
targeted gene only – is unclear, with difficult technical and experimental challenges
ahead. Nonetheless, these findings demonstrate the potential feasibility of intervening
in targeted ways on the molecular processes implicated in stress or trauma responses to
potentially silence molecular memories of past experiences.

Other researchers are drawing on different approaches to target the molecular machin-
ery that may mediate epigenetic reprogramming. A team led by Moshe Szyf and Gal Yadid
recently investigated a rat model of post-traumatic stress disorder (PTSD), in which they
identified changes in DNA methylation [18]. In an attempt to undo PTSD-like behaviours,
they manipulated the expression of one of the two enzymes responsible for methylating
DNA in the mammalian brain (Dnmt3a). While the results offer support for the hypoth-
esis that DNA methylation changes may contribute to PTSD-like behaviours, the evidence
of causality through epigenetic reversibility may be considered more indirect than in the
previous study by Heller et al. For instance, they did not identify if or how their
manipulation of the enzyme directly affected the DNA methylation states that were
triggered in the model, but instead reasoned by inference that the enzyme must have
affected them. Despite these limitations, Yadid et al. suggest that it may be possible to
translate their intervention to humans using a systemic therapy rather than direct manipu-
lation in the brain [18]. They propose the addition of a chemical donor for methyl groups
to our diets, which raises further questions about the specificity of the intervention. Indeed,
systemic therapy would likely affect every cell in the whole body in which methylation of
DNA affects their activities. Such an induction of epigenetic plasticity may have broad and
potentially detrimental effects throughout the body.

Together, these approaches bypass existing symptom-oriented therapeutic interven-
tions that are aimed at alleviating the emotional impact of distressing and presumably
durable memories, and instead aim to directly reverse the molecular imprints of trau-
matic memories. In theory, they are more akin to an intervention targeting the aetiology
of post-traumatic states, returning a person to the affective silence of an epigenetic
landscape unmarred by (mal)adaptive shifts brought on by adversity. Such interventions
would hypothetically target a range of regulatory elements. Systemic global methyl donor
treatments, for instance, may have the potential – to use an analogy – to reopen critical
windows of neuroplasticity among people who are biologically beyond the developmen-
tal period associated with early-life plasticity, when the effects of negative experiences are
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considered to be particularly harmful (Reh et al. 2020). In other words, the treatment is
conceived of as affecting the canalisation that presumably takes place in a person’s life
and sets them on a particular life trajectory [12].

It should be underscored that any judgement of a return to silence in this research
might be considered arbitrary. At the extreme end of wiping cellular memories clean, as
in the case of iPSCs, even efforts to epigenetically reprogramme cells back to stem cell
states are unable to completely remove molecular traces of their past differentiated
identity. In addition, it is clear that epigenetics is only one part of multi-scalar responses
to life experiences, and whether the latter would be able to return to silence upon
epigenetic editing is unknown. In terms of particular interventions, systemic therapies
that aspire to modulate epigenetic processes come with the potential for sweeping effects
on our bodily processes. Even targeted epigenetic editing interventions may either miss
their mark (being unable to remove the molecular memories associated with past
trauma) or destabilise people’s affective identities in unforeseen ways. The limitations
of these interventions place the appraisal of a return to silence in a relative framework.

In addition, epigenetics research on the effects of trauma is grounded in the comparison
of model organisms that were exposed or not. Yet the animals are not tested prior to
exposure and interventions, an assessment that would be necessary to provide a glimpse
of ‘before’, which would hypothetically reflect a state of silence. In humans, these before
states are not tested either, given that brain tissue can only be studied post-mortem. Further
complicating judgements of before, after, or a return to a previous unaffected state, research
on inter- and transgenerational effects of trauma and long-term evolutionary inheritance of
epigenetic states raises additional questions of whether before should be considered a state
during an individual’s life or whether it should include in utero or preconception experi-
ences, including potentially those of parents, or even longer time scales [19]. Thus, the before
state to which a personwould return is rarely assessed in this research, and questions remain
as to when before should be identified in a person’s or a lineage’s trajectory. In the light of
current understanding of molecular memories, it might one day be possible to reverse a
single epigenetic state with a richer understanding of the processes involved, but we are not
there yet. These understandings would necessarily include the kinetics, particularities, and
potential reversibility of epigenetic processes in the brain; their reciprocal interactions with
other levels of biological organisation; and, finally, the development of more precise
interventions, targeting pathophysiological substrates only.

Limitations notwithstanding, the silence envisioned in these interventions for stress
or PTSD spans ideas about memories and silencing through interventions targeting
reversibility and plasticity, with epigenetic manipulations proposed as the key means
of undoing the effects of past adversity. These perspectives integrate beliefs about the
tendency towards stability of epigenetic states, as discussed by Ringrose and Paro over
20 years ago. They presume that molecular profiles are fixed and in need of molecular
interventions to be righted. What is set aside, in terms of Ringrose and Paro’s analysis, is
indeterminacy and the context and variability of epigenetic states: whether, and under
what conditions, acquired epigenetic states may be reversed and with what effect.

26.5 Conclusion
The interventions described in this chapter aim to silence memories of the past to create
an unencumbered present and future: by wiping a person’s past slate clean – whether in a
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targeted or more generalised way, depending on the intervention – it is assumed that the
problem lies in the individual and only in their past as an isolated event/biomarker. Our
goal has been to assess the state of knowledge about memories and their silencing and
to consider the complexity of reasoning between molecular and experiential levels.
We contend that researchers who aim to help people ‘remember silence’ should carefully
reflect on the tenuous relationship between potential epigenetic and behavioural states of
risk or resilience. We also argue for closer attention to the multi-scalar processes that
may affect this relationship. Indeed, even if the trauma occurred in the past and a therapy
was able to reverse an epigenetic state correlated with it at a later date, this does not mean
that the multitude of multi-scalar processes associated with the traumatic event would
also be silenced. Moreover, for many people who experience early-life adversity, ongoing
trauma is as much an experience of the present as of the past [20, 21].

Ultimately, Ringrose and Paro’s essential provocation concerning the indeterminacy
of epigenetic states remains a powerful reminder for research that frames epigenetic
trajectories as linear and fixed. While we may seem closer to the possibility of remem-
bering silence based on claims in emerging research about epigenetic reversibility, there
remains a chasm between understandings of epigenetic reversibility and the emotional
and affective states associated with what are considered states of neuropsychiatric risk
or resilience.
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Section 6

Chapter

27
Future Directions

Disability in DOHaD
and Epigenetics
Towards Inclusive Practice
Kaleb Saulnier, Lara Azevedo, Neera Bhatia, Lillian
Dipnall, Evie Kendal, Garth Stephenson, and Jeffrey M.
Craig

27.1 Introduction
Developmental Origins of Health and Disease (DOHaD) and epigenetic research that
investigate causal mechanisms and predictive biomarkers have often occurred in the
absence of discussion of ethical, legal, and social implications or engagement with
disability communities. This has often led to maternal blaming, labelling, stigmatisation,
and ableism. Considering the debate on different models of disability by disability
activists and social scientists, this is a timely opportunity to optimise the design of
epigenetic research into conditions labelled as disabilities. Research aims should address
the needs of disability communities, acknowledge diversity, and move away from
medical to social models of disability.

Our chapter considers the implications of epigenetics research, as a mediator of
DoHAD, for people with autism, an example of a condition some label a disability.
We discuss how views on epigenetics and autism have changed over time, including how
research can enhance the lived experience of autistic people through contributions to
understanding how autism develops and how the strengths and needs of autistic people
can best be identified and supported. We argue there is a need for researchers, including
those with autism, to work with autistic people and their supporters to co-design studies
promoting this understanding, centring autonomy and the provision of information to
autistic individuals, including whether to engage with current and future epigenetic tests,
particularly those available direct to consumers. In summary, we urge researchers
planning such studies to first engage meaningfully and non-tokenistically with disability
communities and continue to engage through to the writing and dissemination phases of
their research.

27.1.1 On Terminology
Genetics research and autism studies have a complicated history, so we begin by
establishing our choice of terminology and rationale for this. We acknowledge that there
are strong and often polarising views about the issues presented in this chapter; however,
we hope that we can contribute to meaningful discussion.

At the time of writing, Mx Saulnier was professionally affiliated with a federal agency tied to
Canadian research funding and management. The contents of this article are reflective of their own
views and those of the other chapter authors only.
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The principle ‘nothing about us without us’ communicates that decision-making that
impacts a particular group should not take place without the full and direct participation
of its members [1]. Thus, it is crucial that individuals be referred to using their preferred
terminology. Person-first language evolved in the 1970s to separate the person from the
descriptive trait, for example ‘a person with autism’ rather than ‘an autistic person’, and
to give primacy to their identity as a person. Although this is well-intentioned, some
disability activists have noted that this forced separation between person and trait
reinforces the idea that disability is inherently negative and ignores the integral role that
disability plays in shaping a person’s character and experience. As such, there has been a
move towards identity-first language.

This terminology is by no means ubiquitous. A person-centred approach to language
recommends that on an individual level, words that people use to self-describe should be
prioritised.1 For coherence, we have chosen to use ‘autistic person’ here, except where a
direct quote incorporates other terminology. This is reflective of the preferred language
identified by many autistic individuals and autism self-advocacy organisations [2].

27.2 Disability Politics in the Framing of Health
Disability studies emerged in the 1980s and engage with the concepts and consequences
of disability, exploring, among other topics, what it means to be disabled in relation to
the self and society [3]. Critical disability theory, which focuses on analysing and
dismantling systems of ableist oppression, sits at the intersection of academia and
activism [4]. Systems that privilege able-bodied people over those with disabilities are
not only concerned with understanding the impacts of pathologisation but also undoing
them. While there is no single approach to disability studies or politics, both consider the
importance of centring and uplifting the stories, voices, and perspectives of disabled
individuals in all disability work [1].

27.2.1 Models of Disability
Two dominant models of disability are often contrasted in literature and practice. The
medical model ties disability directly to the body, focusing on possible interventions to
bring it to a particular type of functioning [5]. The social model situates disability in the
social context and physical environment of the individual and is focused on identifying
barriers that prevent full participation in society. The latter model differentiates between
impairments – attributes impacting how the body and brain operate – and disabilities –
restrictions imposed by societal standards that reflect normative ideas of how bodies
should function. A third model is ‘neurodiversity’, a term first coined by autistic
sociologist Judy Singer and popularised by Steven Silberman in his book, Neurotribes,
in which he defines it as follows:

the notion that conditions like autism, dyslexia, and attention-deficit/hyperactivity disorder
(ADHD) should be regarded as naturally occurring cognitive variations with distinctive
strengths that have contributed to the evolution of technology and culture rather than mere
checklists of deficits and dysfunctions. [6]

1 Of relevance here to this topic that this might include a wide-ranging list of terms, including
‘autistic person’, ‘person with autism’, ‘Autie’, ‘Aspie’, ‘person with Asperger’s’, ‘person on the
spectrum’, and many more.
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Like the social model of disability, neurodiversity emphasises the disabling nature of
stigmatisation and the prioritisation of brains classified as ‘normal’.

27.2.2 Disability in Research
To de-pathologise disability requires engagement with disability communities and
scholars in developing frameworks from research design to knowledge translation.
Sometimes referred to as participatory or community-engaged research [7], evidence
indicates this approach contributes to better health and social outcomes. It is critical to
respect the contributions of disabled scholars, activists, and organisations and promote
collaboration between disabled and non-disabled researchers, and disabled participants
and their advocates. Participatory research means an increasing understanding of dis-
abled individuals as co-creators of scientific knowledge, rather than passive subjects.

There is, understandably, hesitation in disability communities regarding participa-
tion in medical research. As with many vulnerable communities, the history of uncon-
sented research and other research harms is long and fraught [8]. Community members
are quick to spot ableist rhetoric and stigmatisation in research documentation and are
reluctant to participate if their bodies, lives, and experiences may be used to pursue goals
not aligned with the expressed needs of disabled individuals. Thus, participatory research
does not begin with inviting disabled individuals as research subjects, but rather, with
listening, learning, humility, and trust-building on the part of non-disabled researchers,
using the principle of co-design and through participant advisory groups.

27.3 Mapping Disability onto DOHaD and Epigenetics
As discourse shifts from the medical model, bioethicists and clinicians have begun to
recognise how social factors play a primary role in the treatment of disabled individuals.
The DOHaD model represents a particularly fruitful opportunity for this shift, focused
on a bio-psycho-social model of health and disease [16]. Similarly, epigenetics’ attention
to the role of environment, exposures, and stress moves away from the biological
determinism of the genomics era [17] towards a more holistic understanding of health.
Nonetheless, researchers in DOHaD and epigenetics should refrain from importing
potentially harmful presumptions into these emerging fields, with bioethicists and
disability scholars already expressing concerns that applying the medical model to these
areas risks intensifying rhetoric around responsibility and blame for social and environ-
mental exposures, particularly when associating maternal exposures with future disabil-
ity [18, 19].

The DOHaD phenomenon is supported by ample animal and human evidence but
has an intrinsic focus on ‘health vs disease’. This neglects natural variations not classified
as ‘health’ or ‘disease’, including a wide range of ongoing or recurring behaviours,
cognitions, and health conditions that are multidimensional. These include neurodiverse
conditions such as autism, whose communities refute the labels of ‘disease’ and ‘disabil-
ity’, similarly to the deaf community. This is relevant when attempting to apply epigen-
etic models of disabilities to traits that cannot reasonably be classified as ‘disease
symptoms’. Therefore, we have a responsibility to be careful with terminology when
engaging with participants from the disability community, including when planning and
reporting epigenetics research.
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27.4 The Case of Autism
Autism presents a valuable case study to explore the intersection of disability, DOHaD,
and epigenetics, as a condition that has long oscillated in medical and public imagination
between having social, environmental, or biological origins. DOHaD research has shown
that early-life exposures to social, biological, and environmental factors can influence
fetal development. Influential biological factors include maternal infection and inflam-
mation, which can lead to a state of maternal immune activation where immune
regulatory mediators are expressed in higher-than-normal ranges, a possible risk factor
for autism and other neurodevelopmental and psychiatric conditions [20, 21].
Suboptimal nutrition before or during pregnancy, particularly vitamin B9 (folic acid),
has also been implicated [22], as well as prenatal exposure to traffic-related air pollution
and some insecticides [23]. Factors that cannot be explained by shared genetics and
environment have also been associated with autistic traits, for example in one twin from
a genetically identical pair.

Despite a strong genetic influence, there is considerable genetic heterogeneity across
autistic individuals [24]. Around 5 per cent are also diagnosed with a clinically and
genetically diagnosable syndrome, and around 15 per cent can be attributed to simple
genetic changes such as single gene mutations or copy number variations. For the
remaining individuals, evidence points to autism as a polygenic condition, that is
resulting from genetic differences spread across hundreds, possibly thousands of genes
[24]. These genes appear commonly involved in brain development, epigenetic regula-
tion of gene activity, and metabolism, suggesting possible causal mechanisms for autism.
Since the early 2020s, autism-associated variants have been grouped together to form a
‘polygenic risk score’, with a higher score theoretically indicating a higher likelihood of
autism [25].

There are more genetic differences in genes encoding components of epigenetic
mechanisms in autistic people as a group compared to non-autistic people. As their
gene products are likely to act at multiple genomic regions, some autism-specific
epigenetic differences will likely have strong genetic components, [26] increasing their
likelihood of being stable over time and therefore useful as diagnostic and prognostic
biomarkers. Associations between epigenetic states in the sperm of fathers of autistic
children compared to those with neurotypical children [27] are more likely to be
explained by genetic factors, unless genetics are controlled for, for example, in identical
twin studies.

Epigenetic studies of autism have identified similar genes and gene functions to
genetic studies, including those involved in epigenetic regulation and synaptic function.
However, far more immune system genes have been identified in epigenetic studies of
autism diagnoses [34]. Epigenetic studies have also investigated specific dimensions of
autism, for example social communication [28], potentially predicting biomarkers at
birth [29], and risk scores [30]. However, these findings have yet to be replicated.

27.4.1 The Social Construction of Autism
Criteria for autism in the Diagnostic and Statistical Manual (version 5) include but are
not limited to ‘persistent deficits in each of three areas of social communication and
interaction plus at least two of four types of restricted, repetitive behaviours’ [31]. This
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deficit model, at times focused on the external viewer’s perception of autistic experiences,
typically shapes research seeking to minimise these behaviours and accompanied dis-
tress. By contrast, neurodiversity-focused groups frame autism as a constellation of
strengths and challenges across social and sensory spectra and focus on research and
resources to support autistic individuals in achieving their best quality of life [32].

Another current view considers autism as a potentially disabling condition that
nevertheless may confer various positive traits [33]. However, in many cases this view
has merely re-circumscribed capitalist values of productivity, for example celebrating
those autistic traits, such as hyperfocus, that can be exploited by employers to improve
work output. While this view has partly enhanced our understanding of neurodiversity
and the need for better neuroergonomics in the workplace, the ultimate focus has not
been on promoting quality of life for autistic people. Moreover, other autistic traits that
are considered neutral or positive within the autism community, such as stimming to
self-soothe and express emotions, are still misunderstood as negatives or viewed with
discomfort.

The experiences of autistic individuals in healthcare provide an opportunity for
examining pathologisation of their condition via scientific research into DOHaD and
epigenetics. These research areas rely heavily on the interpretation of links between social
and other environmental factors with biological outcomes. Perhaps the most widely
recognised image of the autistic individual is that of a white, masculine-presenting
child with an inability to make eye contact, limited or stilted speech, and a fascination
with patterns or trains. This perception has recently begun to shift, prompted in part
by an increase in later-in-life diagnoses in cisgender women as well as non-binary
individuals and transgender men and women, who may present differently from this
stereotype.2

Autism and diversity of gender identities and experiences overlap substantially,
further impacting access to appropriate support and care. Gendered differences in
presentation have led autistic girls and women to be underdiagnosed, misdiagnosed, or
diagnosed at a later age, sometimes only after their own child’s diagnosis [34]. This
discrepancy has contributed to a lack of understanding of key mental health conditions
that co-occur alongside autism, including eating disorders, depression, anxiety, and
suicidality. Similarly, disparities in the impact of race and ethnicity on the timing and
frequency of diagnosis have led to a paucity of resources and support for racialised/
ethnic minority autistic youth, who at the same time experience increased risks and rates
of police and other state-sanctioned violence and incarceration [35]. There is an urgent
need for an intersectional approach to all disability research, but particularly epigenetic
studies examining the social and environmental contexts for the lived experiences of
autistic and other disabled individuals.3

2 Cisgender refers to the experience of having a gender identity that aligns with the sex that is
assigned at birth, whereas transgender refers very broadly to the experience of these elements not
aligning in some way.

3 Intersectionality is a term coined by Black critical theorist Kimberlé Crenshaw to describe how
oppressive institutions (e.g. racism, sexism, homophobia, ableism, etc.) are interconnected and
cannot be examined separately from one another.
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27.5 Reframing Epigenetics Research to Address
the Needs of People with Disabilities

27.5.1 Biomarker Development for Conditions Classed as Disabilities
We are still far from having reliable predictive or diagnostic genetic or epigenetic
biomarkers for conditions such as autism. One major factor that clouds the interpret-
ation of such research is study design. Most classify autism as one entity, whereas it is a
highly heterogeneous condition. Furthermore, co-occurring conditions such as ADHD
are largely ignored in such studies. Some researchers have turned away from a categor-
ical to a dimensional approach to the origins of autism, using continuously variable
dimensions such as anxiety, attention, sensory processing, specific interests, repetition,
social interaction, and communication [36]. We suggest that this method is preferred
because it targets traits that can be clinically defined and can identify areas of strength as
well as areas in which autistic individuals may require understanding and assistance.
This approach also captures intersecting dimensions of co-occurrences, such as ADHD,
for example, sustained attention.

We suggest that future studies be based on dimensions of autism with a view to
meeting the self-determined needs of autistic individuals and the autism community.
A dimensional approach also reflects the spectrum of neurodiversity within and outside
the autism community and the reality of the social model of autism rather than the
medical model.

As the field of epigenetics moves towards identifying more biomarkers for conditions
and associating these with developmental, social, and environmental correlates, the
rhetoric surrounding curative approaches to disability could increase. This rhetoric is
closely tied to medical and deficit models of disability, with their foundational assump-
tions that people with disabilities wish to be rid of the disabled parts of themselves. For
some, this may be true; the existence of the social and neurodiversity models does not
detract from the struggles precipitated by certain features associated with disability, such
as chronic pain, anxiety, loss of quality of life, or early mortality. Rather than attempting
to categorise disabilities wholesale as ‘bad’ (e.g. where we may aim to repair or alter the
body or brain) or ‘good’ (where we may instead target disabling factors in the society or
environment), a more useful account would examine components of disability that are
unwanted by the individual who experiences them. Again, following the principle of
‘nothing about us without us’, it is important to differentiate between calls for prevention
and cure that come from researchers and healthcare providers, and policies based on the
lived experiences of disabled individuals and their advocates. In doing so, a stark divide
can appear between the expectation of the disabled experience and the reality.

It has long been argued that health economic metrics, such as the quality-adjusted life
year (QALY) or disability-adjusted life year (DALY), are not sensitive to the real experi-
ences of disabled people and ignore the significant adaptive ability of individuals [37].
Inviting more conscious consideration of disabled peoples’ own experiences of their
disability can also avoid the tendency to objectify disabled persons’ bodies and view them
as separate from the disabled experience. This helps avoid the risk of ignoring meaning-
ful needs assessments conducted by the community. In other words, embracing a
neurodiversity model does not mean neglecting to provide support for autistic individ-
uals who consider certain traits to be personally disabling or undesirable. Ethically, it is
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important to remember another classic phrase in the disability community, coined by
autism advocate Dr Stephen Shore: ‘If you’ve met one person with autism, you’ve met
one person with autism’ [38]. Again, the diversity of manifestations and personal experi-
ences can only be incorporated effectively into epigenetics and genetics research if studies
are co-designed and guided by diverse members of the autism community.

27.5.2 Direct-to-Consumer (DTC) Epigenetic Tests
In the past five years, there has been a growing number of companies selling epigenetic
tests directly to consumers, that is without the need for a referral from a healthcare
practitioner [39]. Despite being unable to define a ‘healthy’ epigenome, DTC companies
focus on identifying epigenetic biomarkers in consumers’ blood or saliva samples with
the promise of enabling consumers to improve their health outcomes. An ‘altered’
epigenetic status could indicate early-life exposures that increase the likelihood of
developing certain conditions, which could be targeted for intervention due to the
potential reversibility of epigenetic changes. Identifying environmental risks for the
development of a condition also means that prevention strategies could be adopted to
reduce the chance of its development, for example, via diet and exercise changes. In the
case of autism, there are currently tests being developed to facilitate diagnosis in children
as young as 18 months old [40]. Here, the promise is to provide biological data to
complement more subjective analyses to expedite autism diagnoses and access to early
intervention and resources.

However, DTC epigenetic testing raises various ethico-legal issues, related to the core
technical issue surrounding the precision of epigenetic biomarkers for diagnosing
complex conditions. Marketing that overestimates the reliability of epigenetic test results
could exploit consumer trust in science to sell a product that falls short of its promises.
Test results could also affect an individual’s access to insurance policies, particularly life
insurance, as the reporting of test results is often a legal obligation of the applicant. With
a focus on environmental risks, there is also a tendency to blame individuals for the
development of associated conditions. Here we acknowledge the long history of blaming
mothers for autism, a fact well demonstrated by the term ‘refrigerator mothers’4 often
used to describe them [19]. While parents of children with autism seem to support the
development of epigenetic testing for improvement of the diagnosis process [41], there is
a need for clear regulations of the DTC market to protect consumers, especially vulner-
able populations.

27.5.3 Ethical, Legal, and Social Implications of DoHAD Research for
People with Disabilities
From an ethical perspective ‘respect for persons’ is one of the fundamental tenets of
Western biomedical ethics. Its application in DOHaD research is often more complex
than in standard clinical care [42]. Core ethico-legal issues here include maintaining
confidentiality and privacy, and gaining informed consent for medical interventions,
which work together to promote autonomy. While protecting sensitive information such

4 “Refrigerator mothers” refers to a discredited mid-20th-century theory that cold and unemotional
parenting, particularly by mothers, was the cause of autism.
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as medical diagnoses and treatment decisions may be relatively simple within the
practitioner–client communication paradigm, genetic information, for example, might
be problematic for the individualistic Western ethico-legal model. (See Karpin in this
volume.) From a DOHaD perspective, genetic and epigenetic information might best be
conceived of as family information, making privacy concerns more complex. However,
the rationale behind protecting this information remains the same: promoting auton-
omy, including through avoiding potential coercion from those who would misuse
sensitive information to discriminate against individuals. The latter is relevant for
accessing employment, health and life insurance, and healthcare services. Whether
DOHaD and epigenetics research should aim for family or community, rather than
individual consent, falls beyond our scope here, but we recognise that when a test
impacts more than the individual, there is potential for social harm against others who
are impacted by the results. For research on communities with disabilities, especially
those with a potential genetic contribution, this suggests the co-design of research studies
is important to ensure knowledge about inheritance is not weaponised against the
community or used to engage in blaming or labelling of parents or offspring.

Confidentiality is a key pillar in the doctor–patient relationship protected under
common law and statutory regulation. For example, privacy laws in Australia governed
under the Privacy Act 1988 (Cth) have a broad reach, protecting a range of information,
including health information. According to the ‘For your information: Australian
Privacy Law and Practice’ ALRC Report No 108) [43], ‘privacy’ covers several aspects,
including data protection, such as medical and government records; bodily privacy, such
as invasive procedures that may include genetic and epigenetic tests; and communi-
cation, such as emails.

The disclosure or privacy of sensitive genetic information in some instances might be
problematic. For the disability community, it is possible that epigenetic data collected
from one consenting individual or family may have immediate relevance to other
community members. For this, the right ‘not to know’ might be as important as the
right to know the genetic factors involved in the development of autism. Importantly,
once these data exist, they may have wide-ranging impacts on members of the commu-
nity who did not consent to the research.

27.5.4 Incorporating Perspectives from Multiple Stakeholders
A goal of disability activists has been to reframe conversations about disability, health,
and disease away from views that centre concepts of ‘normalcy’ and ‘functionality’ and to
instead centre the disabled individual as the core stakeholder in the discussion of their
own body and experience. Throughout the twentieth century in particular, the concept of
‘wellness’ came to be equated with ‘virtue’, situating the body as a ‘site for moral action’
[44] with regard to the pursuit of health. The medical model, in addition to enforcing the
idea of a ‘normal’ state of the body to which its owner should aspire [45], increasingly
pushed a ‘functionality’ argument that privileged a body’s capacity to contribute to
labour [46], and disdained disability precisely because of the implication that the
disabled individual is of inherently reduced worth under capitalism.

The term ‘stakeholders’ is suggestive of a consumer-driven approach to health and
well-being that places disabled individuals immediately at a disadvantage [47]. As a
result, the stakeholders most often centred on disability research have been medical
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practitioners and families of disabled individuals. While both caregivers and practition-
ers have a significant interest in the disability conversation and valuable experiences to
contribute, at times, this has come at the expense of the voices and narratives from
disability communities and their advocates. In autism research, this has contributed to
frustration and conflict. As this research moves forward, it must include autistic individ-
uals and their caregivers where necessary (as participants, researchers, and scholars) at
the centre of the conversation from research development to knowledge translation.

27.6 Conclusion: Recommendations for Engagement with
Disability Communities in DOHaD and Epigenetic Studies
It is essential to engage with disability communities and their supporters at every step
from research design to knowledge translation. Previous experiences within these com-
munities highlight the risks that genetic research can lead to discrimination and stigma-
tisation, and in the case of DOHaD, this extends not only to individuals with the
condition of interest but also to their parents [48]. For this reason, we advocate for
more inclusive research practices that build trust with disability communities, listen to
their needs, and promote support, while maximising autonomy, dignity, and respect for
all members of the community.

In the case of autism, we call on researchers to reflect on their motivations when
planning epigenetic studies of autism, considering whether predictive testing prior to the
typical onset of symptoms would allow for early modes of support [49]. We urge
researchers to seek advice from the autistic community when studying environmental
contributions to autism to consider structural frames aimed at policy change in addition
to those focused on the agency of individuals. Researchers should also be mindful of the
language they use in planning and reporting research findings and of adopting a
dimensional framework for cognitive assessment.

Future studies may look at the ethical implications of handling and releasing wide-
scale epigenetics research data on autistic communities to ensure knowledge is used to
meet the needs of this community and improve the quality of life. In summary, we urge
researchers planning DOHaD and epigenetics research to listen to and engage with
disability communities when they say, ‘nothing about us without us’.
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Section 6

Chapter

28
Future Directions

Creating Good Data Our Way
An Indigenous Lens for Epidemiology and
Intergenerational Health
Sarah Bourke and Raymond Lovett

28.1 Introduction
Momentum is building for epidemiological research led by and for Indigenous peoples.
Backed by a human rights agenda, this drive is gaining speed due to wider calls to
decolonise the social sciences, and increased recognition of the critical importance of
incorporating Indigenous expertise in the conceptualisation, development, and execution
of effective health research. ‘Decolonising’ epidemiology may involve several processes
that are best determined by the communities who contribute their data. In Australia, this
has involved acknowledging the complicity of the sciences in the colonisation of
Aboriginal and Torres Strait Islander lands, waters, skies, and peoples, and the need
for data that reflect the ongoing impact of settler-colonial practices and ideals on our
communities. This work has often been conducted within a strengths-based framework,
emphasising the inherent assets and resilience of Aboriginal and Torres Strait Islander
communities, and the role of culture as the foundation of our individual, social,
ecological, and spiritual health and well-being. To decolonise epidemiological research
about Indigenous communities, Indigenous peoples must be in control of the definition,
collection, and use of their data, following Indigenous Data Sovereignty (IDS) and
Indigenous Data Governance (IDG) protocols, which ensure these data serve our self-
determined interests and futures.

Hoke and McDade argue that lifecourse interventions based on DOHaD research are
‘rarely situated within the cultural, social, or political-economic context of the popula-
tions examined’ [1, p. 190]. Further, there is a lack of research focus on intergenerational
or transgenerational events impacting long-term adult health in subsequent generations:

Rather than acknowledging the maternal body as the product of ongoing physiological, social,
and political-economic processes, these influences on maternal physiology are often placed
within an analytical black box and ignored. [1, p. 191]

Having a better conceptual understanding of the contexts in which people live would
allow DOHaD researchers to design better measures to capture data on those concepts
and then monitor any changes when interventions are put into place. We suggest that
epidemiological methods that centre Indigenous lifeworlds have the potential to measure
contextual influences and to identify salutogenic and protective factors that support
holistic health and well-being for Indigenous peoples.

This chapter provides an overview of current discourses around centring
Indigenous ontologies (ways of being), epistemologies (ways of knowing), and axiol-
ogies (ways of doing), also known as Indigenous ‘lifeworlds’, in epidemiology with a
particular focus on Indigenous Australian (Aboriginal and Torres Strait Islander)
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perspectives. Mayi Kuwayu, the National Study of Aboriginal and Torres Strait
Islander Wellbeing, will be used as a key example illustrating how epidemiological
research may be led, owned, and governed by Indigenous peoples to produce rigorous
and meaningful data that reflect Indigenous lifeworlds. Centring Indigenous perspec-
tives may provide valuable tools for the development of the DOHaD lifecourse frame-
work and future studies that seek to address holistic determinants of intergenerational
health and well-being.

28.2 Part 1. Centring Indigenous Perspectives in Epidemiology

28.2.1 The Colonial Project as an Origin of Ill health and Disease
It is well known that colonisation and colonialism are determinants of Indigenous ill
health [2]. Colonisation by nations including Britain, France, Spain, and others resulted
in the mass genocide and/or displacement of Indigenous peoples across the world, and
the methodical dismantling of Indigenous lifeways, undermining millennia-long con-
nections to land, culture, and kin. Colonialism, as enacted through historical and
ongoing contemporary colonial processes, encompasses a range of risk factors for health
and well-being [3]. This includes interpersonal, institutional, and political processes that,
at a minimum, aim to control or dominate a population and, at the extreme end of the
spectrum, aim to eliminate or exterminate the population.

In Australia, it is estimated that around 90 per cent of the Aboriginal and Torres
Strait Islander population lost their lives between 1788 and 1901 because of widespread
colonial violence, introduced diseases, and the theft of land and water resources by
British settlers [4, 5]. Those who survived were subjected to systematically racist and
discriminatory programmes and policies. Many were dispossessed of their traditional
lands and forced to live on Christian-run missions, which often forbade the use of any
language other than English and actively suppressed important cultural practices. One
particular assimilation policy enacted from 1910 to 1970 in Australia led to 11–24 per
cent of all Aboriginal children being stolen from their families by government agents and
held in Christian-run institutions for ‘re-education’ and training as domestic servants for
the White middle classes [6]. They are known collectively as the Stolen Generations.
Colonisation has thus generated significant intergenerational trauma for Indigenous
peoples, reinforced by ongoing and cumulative ‘biosocial injury’ inflicted by settler-
colonial nation states and individuals [7].

Settler-colonialism imposes cultural values, religions, laws, and policies that often go
against the rights and values of Indigenous peoples. The concept of settler-colonialism as
a health risk factor is well understood within Indigenous populations [8–10]. However,
in Australia there is limited ability to examine such links due to an absence of epidemi-
ological data on settler-colonial exposures. This itself is a manifestation of racism, given
the lack of research priority and attention to settler-colonialism and its impacts. White
racism and discrimination against Indigenous peoples thus perpetuate colonial trauma.

A small number of studies demonstrate poorer outcomes for Aboriginal and Torres
Strait Islander peoples who experience individual settler-colonial factors such as discrim-
ination [11–15] and the Stolen Generations [16] versus those who do not. However,
most, if not all, of these studies are small-scale, use measures that have not been
validated, and are not population representative. In addition, there are no quantitative
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studies that identify factors that can act as a buffer against the negative impacts of settler-
colonialism. This is critical in taking the next step past identifying associations and
towards identifying practical, strengths-based solutions to guide policy and programme
development.

Research conducted by Indigenous peoples, for Indigenous peoples, and with
Indigenous peoples is a direct challenge to the ongoing colonisation of our lands,
cultures, and communities. As Tuck and Yang [17] stated, ‘Decolonization is not a
metaphor’. It unsettles the settlers. Indigenous peoples have always conducted research,
and we have always used counting as a tool for this research. This fact alone frequently
unsettles non-Indigenous researchers in the field of epidemiology who often state that
issues of importance to Indigenous peoples, such as culture (the practising of it or
revitalisation of it), cannot be quantified. The centring of Indigenous peoples in epi-
demiology therefore means accounting for settler-colonial-inflicted biosocial injury and
centring Indigenous definitions of health and well-being and the determinants thereof
within research.

28.2.2 Indigenous Definitions of Health and Well-being
Indigenous identities and concepts of health and well-being are fundamentally connected
to the land within an eco-centric relationality or kinship system that defines social and
spiritual obligations to family, community, and the land [18, p. 200]. This relationality is
reinforced through cultural frameworks where relationships to the past, ancestors, land,
and the present are articulated through language, song, dance, storytelling, and main-
taining traditional homelands, beliefs, and kinship [19]. As a result, Indigenous defin-
itions of health and well-being are inherently holistic. The Medicine Wheel, or Sacred
Hoop, has been used across Turtle Island (North America) to convey Indigenous
philosophies of well-being using four quadrants (sometimes represented by the four
cardinal directions – North, South, East, and West) to represent the connectedness
between the physical, emotional, mental, and spiritual elements of life and the need for
balance across these four areas. In Aotearoa (New Zealand), Māori holistic health and
well-being also relies on a balance across four fundamentally interconnected elements –
wairua (spiritual), whānau (extended family network), hinengaro (the mind), and tinana
(physical) [20, p. 1141].

In the Australian context, the most used definition of Aboriginal and Torres Strait
Islander health is as follows:

‘Aboriginal health’ means not just the physical wellbeing of an individual but refers to the
social, emotional and cultural wellbeing of the whole Community in which each individual is
able to achieve their full potential as a human being, thereby bringing about the total wellbeing
of their Community. It is a whole-of-life view and includes the cyclical concept of life-death-
life.. . . Health to Aboriginal peoples is a matter of determining all aspects of their life, including
control over their physical environment, of dignity, of community self-esteem, and of justice.
It is not merely a matter of the provision of doctors, hospitals, medicines, or the absence of
disease and incapacity. [21, pp. ix–x]

In recent years, several studies have focused on expanding this definition. Garvey and
colleagues [22] outlined their Fabric of Aboriginal and Torres Strait Islander Wellbeing
model based on qualitative research with 359 participants, weaving together eight aspects
of well-being: culture; community; family; belonging and connection; holistic health;
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purpose and control; dignity and respect; and basic needs. Butler et al. [23] conducted a
comprehensive national literature review to identify nine interconnected domains of
Aboriginal and Torres Strait Islander well-being, including autonomy, empowerment,
and recognition; family and community; culture, spirituality, and identity; Country;
basic needs; work, roles, and responsibilities; education; physical health; and mental
health. Salmon and her colleagues [19] undertook an international literature review to
identify and describe six key cultural domains essential for Aboriginal and Torres Strait
Islander well-being: connection to Country; Indigenous beliefs and knowledge;
Indigenous language; family, kinship, and community; cultural expression and continu-
ity; and self-determination and leadership. Maintaining and reviving connections to land
and culture has been found to be protective of Indigenous health and well-being across a
range of studies in Australia and internationally [19, 24].

28.2.3 Indigenous Rights to Data
Indigenous definitions of well-being and its determinants have not been reflected in
large-scale epidemiological data collections. For decades, statistics about Aboriginal and
Torres Strait Islander communities have been wholly based on the perspective of the
White settler-colonial state [25]. Hundreds of Aboriginal and Torres Strait Islander
cultural groups were homogenised under the umbrella term ‘Indigenous’ for comparison
to the (equally homogenised) ‘non-Indigenous’ population. This comparison was based on
White settler-colonial definitions of health, social, and economic achievement. Sociologist
Maggie Walter (Palawa) argued that the result of this comparison was the production of
‘5D Data’, emphasising the Difference, Disparity, Disadvantage, Dysfunction, and
Deprivation experienced within the Aboriginal and Torres Strait Islander population
[26]. She writes:

Current Australian practices in regard to the collection of data on Indigenous people are the
cloned descendants of the data imperatives of colonisation. In what I refer to as the deficit data/
problematic people (DD/PP) correlation, processes of enumeration have long been used to
correlate the highly observable societal Aboriginal and Torres Strait Islander inequality with the
concept of racial unfitness. [26]

When data stressing the ‘Indigenous problem’ present in Australian society are used to
inform public health and policy development, the inevitable outcome is a re-colonisation
of Aboriginal and Torres Strait Islander communities through programmes and policies
designed to correct these perceived deficits. Interventions built on this deficit premise are
prone to failure, as has been emphasised time and again by the Australian Government’s
own monitoring scheme called Closing the Gap, established in 2008. The ‘Gap’ refers to
the statistical gaps highlighted by the above-mentioned data, particularly the difference
in life expectancy at birth between the Indigenous and non-Indigenous population,
which currently sits at 7.8 years for females and 8.6 years for males [27]. According to
Government statistics, over half (53 per cent) of the health ‘gap’ between Aboriginal and
Torres Strait Islander Australians and the rest of the Australian population is accounted
for by just five social determinants (employment and hours worked, highest non-school
qualification, level of schooling completed, housing adequacy, and household income)
and six ‘health risk factors’ (binge drinking, high blood pressure, overweight and obesity
status, inadequate fruit and vegetable consumption, insufficient physical exercise, and
smoking) [28]. The remaining 47 per cent of the health gap is currently unaccounted for.
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Research seeking tomeasure the health of Indigenous peoples but exclude them from the
development of such research is, quite simply, bad science. ‘Bad’ in this case may be
interpreted in twoways. First, in the production of inaccurate, under-powered, andmislead-
ing data that, in Australia and Aotearoa at least, have informed decades of largely ineffective
public health policy [29, 30]. Indigenous data must have equivalent explanatory power to
non-Indigenous data to achieve health equity [31]. Second, it is now widely considered to be
unethical to exclude Indigenous peoples from the development of research about their
communities. The United Nations Declaration on the Rights of Indigenous Peoples
(UNDRIP), which enshrines the right to self-determination for Indigenous peoples [32,
Article 3], helped to spur a change in the way Australian human research ethics committees
considered applications. Many major research ethics and funding bodies now require
applicants to actively partner with Aboriginal and Torres Strait Islander individuals, organ-
isations, or communities involved in the proposed research [33].

To counter the deficit discourse of Indigenous health that has been informed by the 5D
data approach, Indigenous Data Sovereignty (IDS) and Indigenous Data Governance
(IDG) protocols and principles have been developed for research based on the UNDRIP.
For First Nations communities in Canada, this has been solidified through Ownership,
Control, Access, and Possession (OCAP®), which became a registered trademark of the
First Nations Information Governance Centre (FNIGC) in 2015 [34]. In Aotearoa, the
Kaupapa Māori approach has been practised for decades, which upholds Māori self-
determination and ways of knowing, doing, and being in research communities.
In Australia, possible protocols and principles were discussed at a meeting in 2018 with
delegates from the Maiam nayri Wingara Indigenous Data Sovereignty Collective and the
Australian Indigenous Governance Institute. They defined Indigenous data as ‘information
or knowledge, in any format or medium, which is about and may affect Indigenous
peoples both collectively and individually’ [35]. IDS and IDG were defined as follows:

‘Indigenous Data Sovereignty’ refers to the right of Indigenous people to exercise
ownership over Indigenous Data. Ownership of data can be expressed through the
creation, collection, access, analysis, interpretation, management, dissemination, and
reuse of Indigenous Data.

‘Indigenous Data Governance’ refers to the right of Indigenous peoples to autono-
mously decide what, how and why Indigenous Data are collected, accessed, and used.
It ensures that data on or about Indigenous peoples reflects our priorities, values,
cultures, worldviews, and diversity.

In line with these definitions, they determined that Indigenous peoples in Australia
have the following rights [35]:

• To exercise control of the data ecosystem including creation, development,
stewardship, analysis, dissemination, and infrastructure.

• To have data that are contextual and disaggregated (available and accessible at
individual, community, and First Nations levels).

• To have data that are relevant and empower sustainable self-determination and
effective self-governance.

• To have data structures that are accountable to Indigenous peoples and First Nations.
• To have data that are protective and respect our individual and collective interests.

Supporting these rights generates ‘good data’, which is the antithesis of 5D Data. The
concept of good data extends existing global conversations around ethical data and data
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justice and incorporates IDS and IDG principles to describe a resource that Indigenous
communities may use to address their self-determined interests and needs [36].

It is only since 2020 that Aboriginal and Torres Strait Islander representative
organisations have been meaningfully engaged by Australian governments in the devel-
opment of the Closing the Gap agenda and goals. Part of this engagement involved the
recognition that Aboriginal and Torres Strait Islander peoples have the right to define
our own needs and priorities in the policy arena. This partnership was formalised
through the National Agreement on Closing the Gap (the Agreement) that commits to
a genuine partnership between all Australian Governments and the Coalition of
Aboriginal and Torres Strait Islander Peak Organisations [38]. The goal of this partner-
ship will be to improve the life outcomes of Aboriginal and Torres Strait Islander people,
acknowledging that supporting and strengthening Aboriginal and Torres Strait Islander
cultures is necessary to achieve this goal [37, p. 4]. Large-scale epidemiological data that
reflect Indigenous lifeworlds and reinforce IDS and IDG will be key to driving this
national agenda.

28.3 Part 2. Mayi Kuwayu and the Future of the DOHaD

28.3.1 Overview of Mayi Kuwayu
Cohort studies, a type of analytical study, have made a considerable contribution to our
understanding of human health and have been at the forefront of identifying the influ-
ence of social, environmental, and biological processes on health and well-being out-
comes. The goal of analytic studies is to identify and evaluate the causes or risk factors of
diseases or health-related events [38]. Cohort studies often involve identifying a ‘group’
of people to study and plan the research in advance, collecting data over time.
Epidemiology, as the study of the patterns and distribution of disease and arguably
health, is often the mechanism or method used in telling the story about the presence or
absence of disease and what the likely relationships are between social, environmental,
and other exposures under study. Due to their long time frames, expense, and difficulties
in proving causation, cohort studies are uncommon when compared to other
study designs.

Indigenous cohort studies are not common in settler-colonial states such as Australia,
Aotearoa, and Turtle Island (referred to collectively as CANZUS) where Indigenous
peoples are often incidentally recruited into studies. This limits the ability to conduct
robust analytical studies specific to Indigenous groups, and, critically, the variation in
Indigenous populations within CANZUS countries presents numerous challenges. The
result is a ‘tyranny of the majority’ and evidence production that is biased towards the
majority population while being underpowered for minority groups within those same
cohorts. Additionally, these cohorts do not include risk exposures unique to minority
groups, nor do they include exposure to unique potentially protective factors.

When the practice of epidemiology is led by Indigenous peoples its potential to
contribute towards the achievement of health equity increases exponentially. Mayi
Kuwayu is Australia’s largest longitudinal cohort study of Aboriginal and Torres Strait
Islander well-being. As of January 2024, over 12,000 individuals have participated in the
study that surveys Aboriginal and Torres Strait Islander-identified social and cultural
determinants of health and well-being [39]. The Mayi Kuwayu baseline questionnaire
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was developed in consultation with Aboriginal and Torres Strait Islander community
members, organisations, and research experts over the course of four years from 2014 to
2018 and is revised every two to three years. It includes a range of metrics that reflect
community-identified determinants of health and well-being, such as connection to
Country (e.g. ‘How much of your life have you lived on your tribe’s (mob’s) Country
or Island?’) and cultural knowledge and practice (e.g. ‘How much time do you spend
learning culture, kinship and respect?’). Mayi Kuwayu data adhere to IDS and IDG
principles, and all requests for access to and use of the data must be approved by the
Mayi Kuwayu Data Governance Committee, which is a group of Aboriginal and Torres
Strait Islander community members and external researchers.

The intent is to conduct world-first analytical work to provide a robust understand-
ing of how settler-colonial risk factors undermine the health and well-being of
Aboriginal and Torres Strait Islander peoples, and how culture, a core strength of
Aboriginal and Torres Strait Islander communities, can mitigate these adverse effects.
This future work aims to understand some of the unexplained 47 per cent health inequity
currently experienced by these communities in Australia, while also identifying how the
very essence of Indigeneity (cultural maintenance, strengthening, and expression) is
fundamental to improving health and well-being and reducing inequities [40, 41]. This
work is critical in that settler-colonialism as manifested in historical and contemporary
trauma is likely to have a profound impact on adult and intergenerational health.

28.3.2 Mayi Kuwayu Data and Relationship to DOHaD
The Mayi Kuwayu study was developed in response to calls from Aboriginal and Torres
Strait Islander peoples to ensure health and well-being concepts were appropriately
measured and captured. It is underpinned by a social epidemiological framework,
concerned with the influences of social structures, institutions, and relationships on
health and well-being [42, 43]. Therefore, the study is designed to enable the examination
of health and well-being, taking into account the varied contexts in which Aboriginal and
Torres Strait Islander peoples live, including diversity in exposure to settler-colonial
factors, and diversity in opportunities to engage in cultural practice and expression.
Further, the study is ideally placed to explore and quantify if, and to what extent, culture
buffers the impact of settler-colonial risk factors [42].

Since its first release in 2018, analyses of the data collected have shown a positive
relationship between connection to Country, culture, and health and well-being out-
comes in relation to Aboriginal Ranger work in Central Australia [44]. Being employed
as a Ranger, who uses cultural and environmental knowledge to engage in land manage-
ment activities on Country, was significantly associated with very high life satisfaction
and high family well-being [44]. Preliminary analyses of the full Mayi Kuwayu cohort
show that key cultural indicators such as spending time on Country, speaking traditional
languages, passing on family knowledge and traditions, and feeling in control of one’s life
are protective against high psychological distress, diagnoses of anxiety, and low life
satisfaction [45].

Mayi Kuwayu has also identified a range of settler-colonial exposures experienced by
Aboriginal and Torres Strait Islander people and developed measures to capture partici-
pants’ exposure to these factors from the individual to the systemic level [39, 42]. These
exposures have been classified as either Indigenous Historical Trauma (IHT) or Indigenous
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Contemporary Trauma (ICT). Indigenous Historical Trauma items included in the study
are the following:

1. Tribe/mob forcibly relocated to missions or reserves
2. Being unsure of which tribe/mob you belong to
3. Having a parent who was part of the Stolen Generations
4. Having an aunt or uncle who was part of the Stolen Generations
5. Having a grandparent or great-grandparent who was part of the Stolen Generations

ICT items include the following:

1. Feeling disconnected from culture
2. Being dislocated from Country
3. Worrying about being stolen when they were growing up
4. Growing up in foster care
5. Growing up in a children’s home
6. Having children removed in the past 12 months
7. Experiencing interpersonal discrimination
8. Being a part of the Stolen Generations
9. Having a cousin who is part of the Stolen Generations

10. Having child/ren who are part of the Stolen Generations
11. Having grandchild/ren who are part of the Stolen Generations

Over 60 per cent of Mayi Kuwayu participants report at least one exposure to IHT and
85 per cent report at least one exposure to ICT [46]. Exposure to IHT is associated with
significant increases in poorer psychological distress and poorer life satisfaction.
Stronger links are observed between any experience of ICT and poorer psychological
outcomes, poorer general health, and lower life satisfaction. More than half of the Mayi
Kuwayu participants have experienced discrimination in some form, and this is signifi-
cantly associated with a broad range of poor well-being outcomes, ranging from discon-
nection from culture to high blood pressure and alcohol dependence [47].

These findings strongly support Hoke and McDade’s [1] argument that studies on the
DOHaD must consider the broader contexts in which we live as well as the intergenera-
tional and transgenerational events that impact our health and well-being. Centring
Indigenous lifeworlds in this research has the extraordinary potential to reveal previously
‘hidden’ factors that either increase the risk for disease or support good health and
protect against biosocial harm. With the understanding that such factors and their
contribution to health and well-being are heterogeneous across populations, more
investment could be made by research institutions and funders in training DOHaD
researchers to develop measures for specific salutogenic or risk factors in diverse
populations. Intergenerational and transgenerational studies also require secure, long-
term funding to provide more robust evidence as it accrues across time.

28.4 Conclusion
The world is currently undergoing a period of disruptive change driven by advances in
data science and the convergence of technologies with the potential to enhance and harm
Indigenous populations through analytics practice, including cohort studies. This can be
addressed by ensuring Indigenous peoples are at the forefront of designing metrics and
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analytical studies. Data analytics and the translation of resulting insights into practice are
key transformations affecting the future of society and its myriad of cultures. These
innovations are a double-edged sword for Indigenous peoples, creating potential oppor-
tunities to improve well-being through the delivery of healthcare insights through a
digital infrastructure that centres Indigenous values and protocols, but also raising
concerns about data misuse and collective harm. Further, longitudinal cohort studies
are a cornerstone of epidemiology and are central to knowledge production in DOHaD,
but few have been developed by and for Indigenous peoples.

This chapter has argued that it is essential that contextual factors, including inter-
generational and transgenerational factors, be accounted for by DOHaD research.
Centring Indigenous lifeworlds has the extraordinary potential to identify previously
‘hidden’ factors and lead to the development of lifecourse interventions that could
simultaneously reduce risks and increase protective factors. Through the Mayi Kuwayu
study, for the first time in Australia and internationally, we have robust, national,
longitudinal data on exposure to settler-colonial factors at the individual to systemic
level as well as data on cultural practice and expression that may buffer the effects of
settler-colonialism. Incorporating IDS and IDG frameworks and applying an Indigenous
lens in the DOHaD research space has the potential to produce better science, better data,
and better outcomes for our communities. Mayi Kuwayu is just one example of how
Indigenous lifeworlds can be centred to produce a good data story about the origins of
health and disease.
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Section 6

Chapter

29
Future Directions

DOHaD in the Anthropocene
Taking Responsibility for Anthropogenic
Biologies
Jörg Niewöhner

29.1 Entering the Anthropocene
As this volume has shown, the ‘developmental origins of health and disease’ framework
(DOHaD) inquires into health and disease in adult human life as a function of environ-
mental factors acting upon the human organism prior to conception, ante-/perinatally,
in early life, and increasingly also throughout the lifecourse, respectively [1]. In its
current form, which has been developed over the last three decades, it has not only
helped to address the temporal and environmental dimensions of human disease aetiol-
ogies. This predominantly biomedical – in the broad sense of the term – framework has
also proved useful to the social sciences and humanities to think through questions of
human–environment relations, embodiment, and the role of the material environment
in understanding ‘development’. The preceding sections in this volume attest to this
generative role. They demonstrate how the framework acts as a boundary object, that is
how it mediates between distinct disciplinary cultures. It also, however, carefully sensi-
tises scholars to significant theoretical commitments, implicit assumptions, and practical
consequences of current research on DOHaD conducted in these different disciplinary
traditions. Many of these commitments are neither universally nor uncritically shared
across academic disciplines. Attending to these differences is an important process in the
development of DOHaD research.

In this final contribution to the volume, I want to look ahead and provide some tentative
ideas about how the DOHaD framework might be translated into the Anthropocene.
I understand the Anthropocene as the geological epoch following the Holocene and
characterised by the acknowledgement that human action has developed into a formidable
force shaping the planet in its entirety. More specifically, human action has been structured
by the world’s dominant political economies into patterns of living and working that put
immense pressure on the planet. So-called ‘planetary boundaries’ have been calculated that
help to make visible how the planet responds [2]. These boundaries, such as climate, land
use, biodiversity, ocean acidification, or the abundance of novel entities, have reached a
point where the earth system might shift into radically different states that are likely to be
far less amenable to human and social life than provided by the Holocene. Systems-speak
aside, what this means is that deeply Western modern assumptions about progress, growth,
and the stability of social expectations cease to exist as the unquestioned bedrock underpin-
ning development and social welfare.

Today, tomorrow is less likely to be like yesterday. Instead, we are entering a phase of
new extremes, new volatilities, and new non-linear dynamics and tipping points [3]. The
Anthropocene challenges social and natural scientists to always also think in planetary
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terms. The key distinction between local and global, which has shaped academia and
politics for decades, needs rethinking. The ‘terrestrial’ has instead been suggested as a
way of conceptualising all social-ecological action in planetary terms [4]. Whichever way
one frames the issue, one key question remains: how can societies worldwide establish
and sustain this planet such that humans and other species can continue to inhabit it?
Or as anthropologists today phrase it: how can more-than-human liveability on this
planet be achieved? [5] The notion of ‘liveability’ indicates that this is not only a question
of biological survival for human societies and beyond. It is a question of what a decent
life can be. Hence, it is fundamentally a political and ethical question that is today
reposed under conditions of rapid planetary environmental change and resultant social-
ecological struggle and suffering.

Addressing the challenges of more-than-human liveability is a vast field. I want to
focus here on one aspect only, namely the need to understand biology as anthropogenic
[6]. By that I mean that both human bodies and the environments they inhabit are deeply
shaped by human actions and the political economies within which these actions are
organised. The steep rise of non-communicable, often chronic, as well as infectious
diseases and mental health concerns correlates in astonishing ways with Western indus-
trialisation and the global rise of capitalist means of organising human co-existence [7].
Natural resource exploitation, expanding industrial production, and the creation and
mass production of novel biological and chemical entities at an unprecedented rate
characterise this period of unchecked progress and development [8]. The result is
landscapes, bodies, and metabolisms that are shaped by the dominant patterns of eco-
nomic exchange and their violent histories of colonial extraction. These are landscapes,
bodies, and metabolisms that can be meaningfully understood only as human-made:
anthropogenic biology.

How then can the DOHaD framework address anthropogenic biology? How can it
contribute to more-than-human liveability on this planet and to emerging thinking and
research on planetary health? I offer my tentative line of argument in three steps: first,
I want to make more graspable the challenges of more-than-human liveability to the
DOHaD framework. To do so, I briefly discuss developments in environmental epige-
netics, microbiome research, and the emergence of planetary boundaries. All three
developments demand cooperation between natural and social sciences. I believe that
the DOHaD framework currently does not offer a unifying solution as to how to
organise this cooperation. Hence in a second step, I outline three different modes of
interdisciplinarity between natural and social science following the excellent work of
Andrew Barry and Georgina Born [9]: service, integration, and agonism. In a final third
step, I set out what I consider important research questions and perspectives in each of
these three modes that address more-than-human liveability while retaining the key
concerns of the DOHaD framework. I conclude that the DOHaD framework must take
responsibility for the emerging politics of habitability.

29.2 Rethinking Origins and Development in DOHaD in
the Anthropocene
In this section, I reflect on recent research on epigenetics, the human microbiome, and
planetary boundaries to draw out the implications for the notions of ‘origins’ and
‘development’ in the DOHaD framework.
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29.2.1 Environmental Epigenetics
Environmental epigenetics denotes the study of changes in gene expression that occur
without changes in DNA sequence [10]. Such changes may occur in response to environ-
mental challenges to an organism, including both material (e.g. nutrients and toxicants)
and social factors (e.g. discrimination and adversity). They operate through a number of
mechanisms. The three most important currently known are methylation, histone- and
RNA- modifications. Some of these changes have shown to be mitotically and meiotically
heritable, that is they may propagate across generations. Many of the specifics of this
field and its implications for DOHaD have been discussed elsewhere in this volume.
I therefore keep this point brief.

Epigenetic research challenges the developmental origins of Western biomedical think-
ing in Mendelian genetics, Weissmann’s germ plasm theory, and – more broadly – the
autonomous subject of Western modernity. If indeed heritable changes in germline
functionality occur without DNA sequence change, individual human organisms are far
more open to their past and present environments than so far appreciated. The DOHaD
framework has begun to embrace these findings as they suggest mechanisms for phenom-
ena that have so far only been shown through correlations [1]. The ‘tracking’ of physio-
logical parameters over time from early life into adulthood might in fact be encoded at
least to some degree in epigenetic processes. The details and some implications of this have
been debated intensely over the last two decades. I want to focus on three lessons that
follow from an epigenetics-inflected DOHaD understanding and that have received some-
what less attention.

First, ‘environments’ are diverse, dynamic, and never innocent. From my own field-
work in a molecular biology lab working on environmental epigenetics, I have learned that
epigenetic response mechanisms are far more subtle than the dominant digital logic of
knock-out genetic thinking gives credit for [11]. Oftentimes, the handling of rodents in
experimental settings appears to produce stronger epigenetic changes than the actual
substance whose epigenetic effects were under investigation. This demonstrates that it
might well be very difficult to isolate individual ‘factors’ or ‘causes’ from a complex
environment. Instead, material and social factors readily interact in manifold ways with
an organismic epigenome (if that term even makes sense), which is in itself a highly
dynamic system. Mental models of human–environment relations derived from carcino-
genicity and acute toxicity assume a unidirectional and non-reversible dose–response
relationship between the environment and human organism (see Rossmann and
Samaras in this volume). Epigenetics on the other hand suggests a reversible (e.g. de novo
de/methylation) and perhaps bidirectional relationship where dose–response is likely to
occur in a non-linear fashion; if indeed it is the right model at all. Lastly, environments are
never politically and ethically innocent. The proof of principle experiments around the
Dutch Winter Hunger cohort [12], the studies of licking and grooming behaviour under
conditions of reduced nesting material and displacement [13], or the forensic psychiatric
reconstruction of life histories in child abuse and suicide completers [14], all demonstrate
that ‘environmental factors’ occur in politically, ethically, and socially charged settings that
need to be appreciated in their economic, racial, and gendered complexity (see also the
contributions by Meloni et al., Valdez and Lappé, and Cohen in this volume).

Second, while the notion of ‘origins’ in DOHaD was developed against genetic
determinisms, it nevertheless still carries unwanted implicit remnants of Mendelian
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and Weissmannian biological temporality. Origins suggests a starting point that is
defined if not genetically then still by some kind of non-human nature. This might not
be a blank slate, but it is a starting point that is often reified through methodological
designs that rarely reflect the constructed and contingent nature of study subjects – be
they ready-to-study mice or Romanian orphans. The dynamic environmental conditions
that have evolved historically and cross-generationally – from nutritional environments
to political regimes – are seldom explored in social-ecological detail. Epigenetics makes
us attentive to these conditions and thus to the historical and social contingency of any
starting point. ‘All the way down’ [15] in the body, we do not encounter some kind of
pure biological matter. Rather the body is as much ecosocially entangled at the molecular
level as it is at the organismic level. For ‘environments’, the scientific construction work
and the ecosocial entanglements are even more obvious. Finding a plausible starting
point for one’s research design is a question of cutting the network and making the cut
accountable to the field [16], one’s own discipline, and scientific practice at large.
Epigenetics thus helps to challenge the idea of ‘origins’ as a largely unreflected, somehow
natural starting point of a developmental process.

Third, for all the attention to environmental factors, the notion of development
centres the framework on the human organism. That is perfectly acceptable as it is a
framework in human medicine. Epigenetics, however, shows the human organism to be
remarkably open to its manifold environments. And vice versa: the human organism
contributes to making its own livelihoods and niches. Most ecologists today subscribe to
the idea that organisms do not find or adapt to existing niches but that organisms and
environments interact in co-producing niches [17]. In social scientific terms, ‘niching’ as
a material and social everyday practice might be the more apt analytic for these forms of
world-making [18]. Perhaps, then, one ought to refer to ‘genealogies’ instead of ‘origins’
and ‘development’. This would help to address the multiple histories that run through
any origin as well as the necessary contingency of multiple struggles of power/knowledge
that mark any genealogy. Genealogies of Health and Disease: GoHaD?

Appreciating the multi-directionality of human–environment relations casts doubt
on the developmental thinking in environmental factors, mechanisms, and linear caus-
ality for all but the most pervasive and drastic isolated health effects. Most human–
environment interaction research, however, remains rooted in a thinking premised on
distinct entities. It is either enviro-centric suggesting that the environment as an inde-
pendent variable causes certain responses in the body or it is organism-centric and thus
focused on how human action shapes the environment [19] or how humans may act as
niche modifiers [20]. These are all entity-based ways of thinking about human–
environment interactions. They start from entities with certain characteristics (organ-
isms and niches) that enter into interaction. One might also, however, start from the
action and investigate how action produces entities. This results in a process-based
approach [21]. Drawing on the French philosophers Gilles Deleuze and Félix Guattari,
British anthropologist Tim Ingold proposes to think of humans in environments not in
terms of interacting entities but as ‘lines of flight’[22]: ‘The line of flight, write Deleuze
and Guattari, “is not defined by the points it connects, or by the points that compose it;
on the contrary, it passes between points, it comes up the middle”’. What Ingold
is essentially challenging his readers to do is think that humans and environments
‘should not be understood as interacting entities, . . . but as trajectories of movement,
responding to each other in counterpoint, alternately as melody and refrain’. The result is
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a process- or practice-based biology in which organisms and environments are con-
stantly in becoming and in which development occurs rhizomatically rather than along a
linear path. The notion of development in DOHaD does not usually take this into
account. It rests on the understanding of an entity that is exposed to an environment
as a set of factors. I am not suggesting that lines of flight readily translate into biomedical
research designs. Yet they present an important conceptual challenge that sensitises
researchers to the fact that evolutionary, structural, and systemic thinking never quite
captures the situational specificities of human practice and its effects. These require
process-based approaches.

29.2.2 Microbiome Research
The human microbiome denotes the aggregate of all microorganisms living on or in
human tissue or fluids. Research efforts to better understand the components and
dynamics of the human microbiome have rapidly increased over the last decade. The
human microbiome comprises around 10–100 trillion symbiotic microbial cells per
human individual [23]. They match if not outnumber human somatic cells, and their
genetic material by far exceeds that of the ‘human proper’. Cells belong to around
500–1000 different species at any given moment within a human [24]. The genetic
diversity and hence flexibility of this crowd by far exceed that of human genetic material.
Over the last ten years, the field of microbiome research has begun to transition from the
description of components to mechanisms and to the tentative development of clinical
interventions. It has also invited a rich scene of lay ‘bio hackers’ to self-experiment
alongside the emerging science with everything from probiotic foodstuffs to faecal
transfer. A scientific understanding of how the microbiome impacts human somatic
and mental health and disease onset and progression directly, as well as through complex
interactions with the immune, endocrine, and nervous system, is only just emerging.
Yet already today it is becoming clear that microbiome research will be another insult to
human narcissism and anthropocentrism. After Copernicus, Darwin, and Freud, micro-
biome research demonstrates that ‘man’ is not even somatically speaking the master in
his own house. While the skin as ‘philosophy’s last line of defense’ [25] remains intact if
porous, inside that skin shell emerges a multiplicity of inhabitants and agencies in
complex and finely balanced interaction and oftentimes symbiosis.

In the preceding section, I used epigenetics to question whether we should move
from origins to genealogies and from development to lines of flight. Microbiome
research extends this questioning. Anthropologist Myra Hird discusses how human
subjectivity and social form need to be understood as also shaped by bacteria [26]. She
demonstrates how deeply biological and economic notions of the self are enshrined in
Western modern thought. Westerners think of themselves as individual cognitive agents
that act autonomously, often in competition with each other to increase fitness. Society is
often understood as synchronised individuals. The vast majority of biological and
medical research designs presume the existence of human individuals who act autono-
mously and are structurally closed to their environments. The subsequent distinction
between self and other (along the skin) is foundational to Western self-understanding.
Taking bacteria and their actions seriously challenges this understanding. Hird focuses
on the understandings of symbiogenesis and a very corporeal interdependence of human
and microbial life. The human ‘I’ becomes a multitude or collective. Similar to Ingold,
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she thus arrives at a world in becoming that is made up of encounters: encounters, for
example, between humans and microorganisms that then develop ways of co-existing.
Continuous encountering is what makes us what we are. Hence ‘we’ are not only
epigenetically open to ‘outside’ environments, but ‘we’ are also open to ‘inside’ environ-
ments in the form of microorganismic collectives and their respective habitats.

It is this continuity of encounters that DOHaD also needs to address. Whether
framed as contagion, as multi-species thinking, or as making kin, health and disease
can rarely be sensibly understood as states of a single organism isolated in interaction
from its environment. Dose–response simply does not capture the fact that exposure
occurs in dynamic patterns of encounters. Even in the simplest scenario of an isolated
single toxicant having an impact on a human organism, it is not only human cells and
organs reacting. It is a symbiogenetically evolved social organism that responds. And
while this social organism exhibits a distinct meta-stability that most people readily
accept as human subjectivity, responses to substances are multiple and differentiated.
Substances that occur at levels in the environment that are commonly considered well
below toxicity thresholds not only interact to complicate exposure. They interact in
differential ways with the human microbiome such that effects may occur that might well
then surface as a human health issue. Hence environments are never really environments
for only one organism as Uexküll suggested. The ‘environment multiple’ is a direct result
of understanding the human body as a multiplicity of encounters.

29.2.3 Planetary Boundaries and Planetarity
So far, I have addressed molecular, cellular, and organismic dynamics. Let me now
briefly turn to planetary dynamics and how they might challenge DOHaD. Earth system
science is understanding with increasing certainty that the planet’s capacity to sustain life
as we know it has boundaries that we are already transgressing through human action
[2]. Environmental factors are thus ceasing to be local phenomena and instead need to be
contextualised within planetary environmental change and its manifold repercussions
for social-ecological systems across the globe. Philosopher Bruno Latour rightly chal-
lenges us to develop across all forms of scholarly activity a consciousness for the fragile
and restricted conditions of habitability of the earth and life on it [4].

This planetary dimension challenges the DOHaD framework to understand ‘the
environment’ and its health-relevant factors as part of earthly subsystems and its
associated complexities and non-linear dynamics [20]. Major efforts have been under-
way for some years now to better understand and quantify both the global burden of
disease [27] and the bio-geo-physical and increasingly social dynamics of earth’s
subsystems as well as their stable state boundaries [2]. Suggestions are being made to
integrate earth system science and global health through international consortia and
(big) data approaches [28]. Such approaches are commonly shaped by systems thinking
and various forms of computational modelling that foster data-driven integration. The
rise of earth system modelling from the late 1980s onwards has undoubtedly been an
amazing process of knowledge production culminating in the 6th Assessment Report
of the IPCC on the ‘physical science basis’ of global climate change. Never has a
comparable global evidence machine been built of such scale and with such rigour.
This evidence machine runs on a positivist epistemology that addresses ‘the planet’
through data aggregation and integration as part of system dynamics modelling. Its
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dominant if not its only mode of speaking about large phenomena (aka ‘the planet’) is
through scaling up by means of data aggregation and integration. Everything else is
anecdotal or an opinion, that is not considered evidence. This approach aligns well
with the data-driven calculations of global burdens of disease and exposomes.

Yet feminist literary theorist Gayatri Spivak [29] and others use the notion of
‘planetarity’ [30] to point to the data-driven construction of the planet asking where this
leaves significant differences in ways of thinking and being on this planet – differences to
which the social sciences and humanities attend. An altogether different perspective on
this new planetary dimension is thus possible and important. The social sciences and
humanities have long developed conceptual and empirical alternatives to address large-
scale phenomena such as globalisation. Thinking in scapes and flows [31], global
assemblages [32], global entanglement [33], and post- and decolonial critique [34]
approaches ‘the global’ very differently. These approaches start from significant social
differences and ask how they spread, reach, infect, travel, transform, and resonate. These
approaches either focus on the forces that make phenomena graspable as ‘global’ or they
move around inside the phenomena understood as global, showing their heterogeneity
and multiplicity. Globality is about differences and what these differences (can) mean for
respective others. Planetarity, in contrast, is often about trying to produce the one true
representation of a whole. Of course, globality has been concerned with primarily social
dynamics, while planetarity is rooted in biogeophysical phenomena. In the Anthropocene,
however, this neat division of labour is being challenged as social inquiry becomes
interested in material dynamics and ontological questions, while modellers of physical
systems are incorporating not only economic exchanges into their models but increasingly
also social dynamics.

Latour’s ‘Terrestrial’ [4] might be a useful point of contact between these very
different ways of addressing phenomena that span the world in various ways. It is these
reconfigurations of socio-material relations and the ensuing debate of how to address
them that form the context within which the DOHaD framework can make an important
contribution. How do we conceptualise ‘environmental factors’ when they cease to be
local phenomena; when we try to understand them within a terrestrial context? One
response would be to scale ‘environmental factors’ up, for example, to produce global
estimates of ‘novel entities’, that is ‘new substances, new forms of existing substances and
modified forms of life’ [8], and assess their impact on earth’s subsystems. Microplastics,
lead, or persistent organic pollutants serve as examples. This might be related to the
global burdens of disease in a data-driven integrative approach. In a very different
approach, one might contextualise ‘environmental factors’ in highly political patterns
of exposure related to colonial and racialised histories of exploitation and production,
imperial debris, and the ruins of capitalism [35].

The Anthropocene and its demand to think in planetary terms, then, challenge
biomedically and epidemiologically established notions of environment, environmental
factors, exposure, dose–response, temporality, and scale. These notions are also embed-
ded within the DOHaD framework. However, the framework does not inherently offer a
singular and straight path to address these challenges. It is not a foregone conclusion that
these challenges will be solved with data collected and analysed in the empirico-analytical
frameworks of twentieth-century biomedicine. Rather, the DOHaD framework might
afford a reflexive moment, a moment of producing ‘theory out of science’ [36], which
might enable a diverse set of approaches to address anthropogenic challenges and to
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address more-than-human liveability on a fragile planet. The DOHaD framework might
offer a space within which data-driven approaches might complement other approaches
that open up environments to a politics of exposure and habitability and that understand
the human body as historically shaped, socialised, and habituated in patterns of practice
[37]. Realising this potential and situating DOHaD in this sense, however, requires a
diversity of approaches.

29.3 Modes of Interdisciplinarity: Ecosocial Co-laboration

29.3.1 Three Modes of Interdisciplinarity
Moving DOHaD into the Anthropocene cannot be achieved with a single logic or
methodological approach. It would be a futile task to try to develop an overarching
framework that can fully integrate the existing conceptual and methodological diversity,
the desire to reduce and explain with the need to contextualise and interpret, and the
strengths of rigorous data-based analysis with the strengths of critical inquiry. The present
volume features this diversity, and it is clear that this does not cohere in an overarching
heuristic or integrative framework – nor should it. Instead, it might be useful to distinguish
between different forms of interdisciplinary engagement and forms of collaboration to give
orientation and take away some of the pressure towards integration.

Andrew Barry and Georgina Born [9], drawing on their investigation of using ethnog-
raphy within various other epistemic cultures, usefully outline three modes of interdisci-
plinarity: subordination–service, integration–synthesis, and agonistic–antagonistic. In the
subordination–service mode, the research question and design come from one lead
discipline, while the other discipline delivers additional data to extend or deepen the
analysis. This is a fundamentally asymmetrical approach shaped by one discipline. In the
integration–synthesis mode, two different disciplines readily find ways of addressing
problems that are of interest to both. Biochemistry is the typical example within the
natural sciences. It is a little less obvious across the natural/social science divide. This
approach is symmetrical with both disciplines staying within their comfort zone but
addressing a new topic in a shared way [3]. The agonistic–antagonistic mode is perhaps
the most demanding. It arises when two disciplines differ in their understanding of the
research object. Often, this disagreement is ontological in nature. For example, human
differences might be considered a material and bodily phenomenon by biologists while
social scientists would insist on it being primarily a social phenomenon constructed
through the social interaction of subjects positioned in social space. In an agonistic–
antagonistic mode, these differences between disciplinary perspectives are not levelled.
Instead, they need to be worked with to turn them into something generative from which
both disciplines can learn without necessarily agreeing to the respective other perspective.
This approach is symmetrical but not as comfortable as in the integration mode. It is about
letting oneself be irritated by other ways of thinking and designing research and by
sustaining significant differences to learn and develop one’s own perspective.

In opening up DOHaD further to social science thinking, this form of agonistic
interdisciplinarity will play a key role. It is important to note that co-laboration [38] is
possible: co-laboration is temporary joint knowledge production between two disciplines
without necessarily having a shared goal. Two scholars from different disciplines might
work together without necessarily getting a shared result. Rather they might take
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different results and insights away from the co-laboration and integrate those into their
respective disciplines. To make this rather abstract typology of possible interdisciplinary
research more tangible, I want to briefly sketch examples of research questions and
designs for each of these three modes of interdisciplinarity that might help the current
DOHaD framework embrace the challenges of the Anthropocene.

29.3.2 Subordination–Service
Environmental epigenetics offers an obvious entry point for subordination–service
interdisciplinarity. Currently, research within the DOHaD framework tends to oper-
ationalise environmental factors as independent variables, for example social disadvan-
tage, zip code, and nutritional status (cf. Liz Roberts in this volume). For many social
situations and structural inequalities [39], such operationalisations are not only too
crude. They also miss the entire dimension of subjective and collective experience that
social science would consider fundamental to the emergence of ‘the social’ and thus to
pathways from ‘objective’ disadvantage to actually ‘living inferiority’ [39] and associated
individual bodily health and disease. Hence social science could contribute its under-
standing of social dynamics to research on social drivers within the DOHaD framework.
At a time where many countries – and in particular the major metropoles – are
undergoing fundamental transformations trying to meet climate targets, this kind of
social science service work could also contribute to making sure that ambitious climate
targets are not reached at the expense of increasing inequality and thus worsening
individual and public health outcomes.

Subordination–service approaches might also work the other way around. The long-
term social inquiry into living with chronic respiratory diseases, for example, might
benefit from global to local climate projections, air quality modelling, and associated
health data. The Anthropocene foregrounds the dynamics of nature–culture relations,
making such social inquiries into ‘natural’ phenomena such as disease aetiologies even
more relevant [40]. Planetary health is currently conceptualised largely in biomedical and
public health terms with the social sciences adding knowledge about social dynamics.
This could be – perhaps ought to be – turned around placing well-being and environ-
mental justice at the centre and putting the medical disciplines in the service role.

29.3.3 Integration–Synthesis
Recent work at the interface of sociology and biogeochemistry presents an outstanding
example of biosocial interdisciplinarity in the integration–synthesis mode [6]. Hannah
Landecker, a sociologist and historian of science, and Cajetan Neubauer, a biochemist, in
rather serendipitous fashion, began to work on the planetary availability and bodily
effects of methionine together. Methionine is an essential amino acid, that is it cannot be
synthesised by the human body and needs to be taken up through food. Working
together on the methionine metabolism both globally and within the body, the two
perspectives together were able to ‘establish the scale and historical trajectory of the
methionine industry and provide a preliminary model for tracing this amino acid
through the food supply into the human body’ [6]. The study shows how planetary-
scale anthropogenic activity changes ‘environments’ and consequently also human
metabolisms with so far largely unknown consequences. Human biology and ecology,
that is both environment and body, are understood as anthropogenic. The DOHaD
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framework thus requires biosocial, or rather ecosocial, collaboration as it is the social
science perspective that can reveal how environmental factors come to be what they are
through anthropogenic activity, specifically through analyses of dominant political
economies and ecologies.

Hannah Landecker reflects on the back of the methionine study: ‘I have always felt
that my contribution has been to enable the asking of experimental questions, the
parameterisation of models, and the forming of hypotheses that would not otherwise
have been possible . . .What Harry Collins termed “interactional expertise” has also been
important in helping teams of different kinds of knowledge practitioners recognise ways
in which they don’t understand one another, or facilitating the synthesis of different
modes of proof or reasoning. . ..’ [41] Landecker reports her interdisciplinary research as
an example of integration–synthesis cooperation, that is both disciplines, biochemistry
and history, contribute from within their comfort zone to arrive at a new question and
analysis. This is cleverly done, and it is this approach that enables Landecker to conduct a
historical and social study of chemicals of metabolic significance – as a social scientist,
albeit one with deep knowledge of natural science and the dynamics of the particular
field in question.

29.3.4 Agonism–Antagonism
Oftentimes, however, social science perspectives do not readily complement or integrate
with existing natural science or medical knowledge. Take approaches to social dynamics
as an example. Biomedical or public health operationalisations of social dynamics often
do not resonate with state-of-the-art social scientific knowledge and critique. The reason
for such dissonance often lies in profound differences in the understanding of the
research object. Much medical expertise works with a concept of ‘the social’ that is based
on individuals interacting within a value system or culture. The notion of the individual
tends to be under-socialised, that is based on ideas of individual decision-making that
might be found in behavioural economics. Whereas the notion of the ‘value system’
tends to be over-socialised, that is assuming a firm grip of an abstract but homogeneous
set of values on the framing of individual behaviour. Social dynamics from most social
science perspectives sit in between these two perspectives and often work with notions of
agency, subjectivity, and practice that combine structural (‘value system’) and individual
(‘decision-making’) elements in highly dynamic and reflexive ways.

The agonistic–antagonistic approach starts from such dissonances and tries to make
them generative. Agonism here refers to the work of political scientist Chantal Mouffe,
who argued for agonism as a democratic form that does not solely rely on consensus but
rather is able to work with differences as a potentially positive democratic force.
Agonism within interdisciplinary research then means working with and through differ-
ences rather than searching for an integrative framework. This takes some work between
the right partners. Working with differences requires explicating methodological, epi-
stemological, and ontological assumptions. Differences need to come out to enable
research that searches for common ground while critically reflecting on one’s own
disciplinary perspective.

In this regard, the DOHaD framework needs to address the question of how much it
can allow environments and bodies to be ‘situated’ in a social science sense [42]. As it
stands, DOHaD often rests on a universal body that responds to environmental factors.
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While this rests on a perfectly plausible set of assumptions, it does appear to underesti-
mate what anthropogenic biology means. If all-pervasive anthropogenic activity has
begun to change environments and bodies in significant ways, the ‘universal’ body is
perhaps not the most prudent assumption anymore. Of course, at some general level,
most bodies share some basic structures and processes. Yet these structures and pro-
cesses are shaped by widely different trajectories through individual life histories and
start to differentiate in significant ways. Most study designs assume a universal body and
investigate the response to exposure. Yet ‘exposure’ to chemicals, social disadvantage,
infrastructural violence, and to colonial legacies is systematically patterned and has been
so for many centuries. The ‘inward laboratory’ of the body adjusts and contributes to
these patterns and to living in, with, and through these patterns in significant ways.
Rather than starting from the universal body at a national or even global scale, is it not
high time that we should also try to scale approaches a little differently? Sure, trying to
assess the global burden of disease, the global presence of chemicals and novel entities,
and planetary boundaries remains important. Systems thinking and data-based integra-
tion remain important, and attempts at measuring the exposome and conducting
exposome-wide association studies will certainly be productive in many ways even if
they are bound to never reach their objective [43]. Yet other exposure patterns also
matter. We might start with landscapes and how they have been shaped by political
histories and economies, social dynamics and forms of dwelling, as well as biogeophy-
sical contexts of climate, topography, and ecology. Urban and rural landscapes [5] can be
investigated in great ecosocial detail to better understand how they afford particular
exposure patterns and how these contribute to shaping deeply situated bodies [44].
Inside such landscapes, situated bodies are thoroughly historicised, socialised, and
politicised and constantly in becoming. They are not simply local as they relate to many
transnational exchanges and flows of people, goods, and information as well as planetary
environmental change. Such ecosocial analyses of the situated genealogies of health and
disease require the agonistic and antagonistic struggle between critical social science
perspectives and rather more solution-oriented medical perspectives.

29.4 The Future of DOHaD: Taking Responsibility for
Anthropogenic Biologies
Translating the DOHaD framework into the Anthropocene requires an opening up of its
underlying biomedical and epidemiological thought style. It needs to be opened up, because
the human body and the complex social-ecological environments within which it dwells can
only be understood as anthropogenic. They have ceased to be ‘natural’ in any meaningful
sense. In an epoch where human action and its political economy are thoroughly transform-
ing life at a planetary scale, thematerial agencies of more-than-human liveability cease to be
universal and innocent – if they ever were. Situating bodies and environments is one
response. Situatingmeans understanding how ‘environmental factors’ are embedded within
landscapes that are shaped thoroughly by land use practices and metabolisms reflecting
dominant natural, social, andmoral orders. And itmeans appreciating the habituated nature
of the human body-in-practice that fends for its livelihood in such landscapes.

The DOHaD framework offers sufficient openness to pursue health and disease in
emerging and dynamic patterns of everyday practice. The key to such an approach is the
constant careful calibration of a balance between on the one hand appreciating the
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singularity of life as such [45] and its multi-species encounters and on the other
recognising structural continuities in life itself [46] shaped by hegemonic patterns of
bio- and geopolitics regulating bodies and landscapes. Methodologically, this has to be a
programme that starts from an in-depth understanding of the regularities and patterns
that shape health and disease over time in situated cases. Long-term social-ecological
field sites that can understand exposure as practice rather than correlation seem promis-
ing. Ethnographic, micro-sociological, and micro-historical approaches need to be
brought into conversation with, on the one hand, biomedical and epidemiological
methods and, on the other, with methods that can assess drivers of landscape change,
for example earth observation, land use science, and climate impact modelling. Such
multi-method approaches need not be fully integrated into a single framework. They can
explore the tension between the singularities and regularities of more-than-human
liveability by exploring both statistical and analytical generalisation; by situating numer-
ical models of social-ecological dynamics; and by deconstructing knowledge claims but
also by reconstructing alternatives.

Starting from situated cases and possibly community-based research into more-than-
human liveability also offers the chance to embrace the necessarily political nature of this
work. Long-term multi-method field sites offer the opportunity to align knowledge
production with the co-production of interventions rooted in a thoroughly situated
understanding of the developmental origins of multi-species health and disease.
In such an approach, the DOHaD framework begins to take responsibility for how
bodies and environments are known and problematised. It begins to take responsibility
for the worlds people live in and for possible futures.
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