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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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