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Abstract

Investigating biologically plausible mechanisms for the embodiment of context is a key thoroughfare for
progressing health geographies of place. Expanding knowledge of bio-processes such as epigenetics is pro-
viding a platform for appreciating the dynamic embedding of social relations in bodies over the lifecourse, and
so to tracing the development of health inequalities. By providing a geographic lens on the biosocial, health
geographers have key contributions to make regarding the theorisation of place. We put forward the
exposome as a holistic framework in which to situate a biosocial health geography, placing ideas of dynamic
exposure, plasticity and temporality as central.
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focused on specific — in temporal and spatial
senses — risk factors, toxins or social features,
the emphasis being on this or that place, green
space, community networks or distribution of
services. We argue in this paper that a perspec-
tive of continual accumulating exposure, fore-
grounded by a Higerstrandian time geography
of lifepaths, can be achieved through a biosocial

I Introduction

A theme of exposure and exposures underlies
work aiming to reveal the complexities of geo-
graphies of health. There is a substantial litera-
ture investigating relationships between health
and place (Brown et al., 2010, 2017; Gatrell and
Elliott, 2009) and a variety of place-based expo-
sures have been linked with a range of health
outcomes, including for example, cardiovascu-
lar disease incidence, risky health behaviours
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geography. By interrogating the imprint of
entangled biological and social exposures new
insight may be uncovered into the fluid nature
of health and place relations, helping to address
key lacunae in our current knowledge.

Gaps currently exist in our understanding of
the means through which places transmit to
individuals and the action of these processes
over time. The increasing use of longitudinal
data as well as developments in lifecourse mod-
elling provide a means to address this problem
(Lekkas et al., 2017; Mishra et al., 2009; Ruijs-
broek et al., 2016; Sabel et al., 2009). However,
much of the work through which we compre-
hend health and place remains based upon
cross-sectional analyses or short-run temporal
windows. For example, over 70% of the US-
based studies reviewed by Arcaya et al. (2016)
were cross-sectional. The implied assumption
of simultaneity of effect not only lacks plausi-
bility in many cases, but also hinders insight
into the long-term, accumulated imprints of
exposure.

The biological mechanisms for the embodi-
ment of place represent a second void in the
health and place literature. There is an estab-
lished epidemiological literature that has taken
up the ‘bio’ in the form of biomarker assess-
ments, recognising the usefulness of bio-
processes such as epigenetics and feedbacks of
the stress system to accessing the temporality of
health relationships (Ben-shlomo and Kubh,
2002; Gustafsson et al., 2010; Ploubidis et al.,
2014; Tehranifar et al., 2018). However, to date
there have been relatively few attempts to inte-
grate biosocial ideas with insights from the
health and place literature, meaning geogra-
phers have important insights to add. More spe-
cifically, although biosocial ideas speak to the
plasticity of biological development and the
permeability of bodies, an integration with
developments in the theorization of place —
notably work on relational geographies — is
lacking.

The paper that follows briefly explores the
current linkages proposed in the health and
place literature and highlights the current state
of the art work. We revisit the developments in
the theorization of place, the influence of local
context, and health relationships that have
emerged in the geographic and epidemiological
literatures over the past 30 or so years, high-
lighting the potential of relational geographies
and biosocial theory in combination as an ave-
nue for fruitful inquiry. This integration is
exploited to think about extensions to exposo-
mic geographies and the use of the exposome as
a holistic framework through which the com-
plex how and when of health and place relation-
ships may be addressed.

Il Geographies of health and place

Geography, the context in which people live and
become, has long been understood as important
to health (Jones and Moon, 1992). A concern
with place has dominated geographies of heath
in recent times. Health and place studies theo-
rise and debate the role of local context in
influencing health and wellbeing, privileging
more-than-individual perspectives that appreci-
ate the multi-scalar and social construction of
life (Jones and Moon, 1993).

Place experienced a notable resurgence of
interest in health studies starting from the early
1990s. This debate was stimulated by a need for
a ‘new’ geography of health that would offer
more socially informed discussions of health
(Kearns, 1993). This ‘health geography’ was
formulated as a progression from medical geo-
graphies utilising biomedical models focused
on curative medicine and proximate causal
interests (see also Philo, 2016). Medical geogra-
phy was critiqued for its detached perspective,
where context tended to be reduced to a spatial
sense of location and uncritically employed as
‘container’ (Jones and Moon, 1993; Kearns,
1993). Furthermore, health geography brought
an increasing connection to critical geographies



Prior et al.

533

through knowledge of the social production of
health inequalities (Kearns and Moon, 2002).
An increased awareness of place, and the struc-
tural systems in which place is embedded,
reflected an enhanced sensitivity to difference
(Hayes, 1999; Jones and Moon, 1993; Kearns,
1995; Kearns and Moon, 2002). Therefore, a
concern with place was a central unifying theme
to a reformed health geography that reflected
growing socio-ecological models, the active
role of local context and the importance of lived
experience (Kearns, 1993; Kearns and Moon,
2002; Rosenberg, 1998).

Driven by these debates, there was a marked
increase in health and place studies. From a
quantitative research standpoint, there was an
explosion of investigations that sought to
demonstrate contextual effects on individual
life chances (Kawachi and Berkman, 2003; Van
Ham et al., 2012). The context versus composi-
tion debate was a recurring theme in these stud-
ies, the question being whether found
associations were the result of ‘true’ contextual
effects or whether they were a function of the
characteristics of the individuals residing in that
place. The concurrent propagation of multi-
level techniques helped to inform this discus-
sion by providing a means to simultaneously
model at multiple scales of analysis.

From the plethora of multi-level studies feed-
ing into the debate, studies identified significant
associations of areal or neighbourhood socio-
economic disadvantage with worse health
outcomes. Contextual relationships were
demonstrated for a broad spectrum of health
measures and behaviours, for example: mortal-
ity (Bosma et al., 2001), self-rated health (Cum-
mins et al., 2005), physical health (Voigtlinder
et al., 2010), limiting and long-term illness
(Gould and Jones, 1996; Malmstrom et al.,
2001), cardiovascular diseases and risk factors
(Sundquist et al., 2004), mental health (Mair
et al., 2008; Skapinakis et al., 2005), as well
as smoking and alcohol use (Duncan et al.,
1999; Matheson et al., 2012). Review studies

reveal the consistency in associations of disad-
vantage with poor health over time and across
study designs and contexts (Arcaya et al., 2016;
Diez Roux and Mair, 2010; Pickett and Pearl,
2001; Rivaetal., 2007; Schiile and Bolte, 2015).
Whilst many of these studies take up the use of
‘neighbourhood’ as terminology to refer to local
context, the relationships identified are active
across a range of scales and are not restricted
to the urban setting ‘neighbourhood’ tradition-
ally connotes.

Whilst the existence of an association
between areal disadvantage and poorer health
is widely acknowledged, inconsistencies exist
with some studies not identifying statistically
significant contextual variations, whilst the size
and nature of effects can vary considerably by
the health outcome measured and the contextual
measures utilised (Riva et al., 2007; Schiile and
Bolte, 2015). Additionally, selection effects
and the historical sorting of ‘healthy’ and
‘unhealthy’ populations remains largely unac-
counted for due to a lack of longitudinal studies,
a point repeatedly highlighted in commentaries
on the neighbourhood literature (see Diez Roux
and Mair 2010; Hedman and Van Ham 2012).
There remains ongoing uncertainty in the search
for a definitive answer to the context versus
composition debate and the substantive impor-
tance of place.

The context versus composition debate is one
avenue through which researchers have tried to
explain identified contextual associations.
However, the dualistic divide imposed by the
context versus composition dichotomy has been
criticised for hindering knowledge of the
dynamic entanglements of people and places
(Cummins et al., 2007; Macintyre et al.,
2002). The debate in part encouraged a predilec-
tion for identifying direct and independent areal
associations (Riva et al., 2007). In response,
researchers were urged to embrace the hetero-
geneity and multiscalar nature of health rela-
tions (Cummins et al., 2007; Small and
Feldman, 2012). Rather than searching for
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elusive, overall effects ad infinitum, research
addressing how different social and physical
environments across the lifecourse may var-
iously impact the health of populations was
called for (Macintyre and Ellaway, 2003). In
other words, research was in part refocused on
the question of process, with theorising and test-
ing plausible pathways linking places and health
a central aim (Riva et al., 2007; Van Ham and
Manley, 2012).

The call to investigate the mechanisms of
place has produced an extensive literature, both
quantitative and qualitative, revealing various
features of health and place relations. Important
factors have emerged along major topical
themes which we will touch on here. Access
to services, particularly health services, are of
long-standing interest to health geographers,
covering a range of facilities from primary
health care, screening and prevention to ser-
vices related to specific conditions such as men-
tal health (Bissonnette et al., 2012; Ngamini
Ngui et al., 2012; Rosenberg, 2014). The role
of green space and features of the physical envi-
ronment is a prominent theme. There has been
extensive research emerging under a nexus
between food, activity and the built environ-
ment (Rosenberg, 2016, 2017), where studies
have examined the phenomenon of food deserts,
access to recreational facilities and green
spaces, physical activity and walkability
(Bridle-Fitzpatrick, 2015; Ivory et al., 2015;
Kurka et al., 2015; Schiile et al., 2017; Wei-
mann et al., 2015). The concept of therapeutic
landscapes is important in revealing the well-
being that can be drawn from places, emphasis-
ing the role of lived experience and the
embodied nature of landscape relationships
(Bell et al., 2017; Finlay et al., 2015; Gesler,
1992; Hordyk et al., 2015). Social mechanisms
have received attention from health geogra-
phers, with research evidencing the benefit of
social capital (Bourdieu, 1986; Putnam, 2000)
across a range of health outcomes (Aminzadeh
et al., 2013; Kim et al., 2008; Murayama et al.,

2015). Others have highlighted the complex
dynamic operating between place, social capital
and disorder, individual experience and health
over time (Cattell, 2001; Hooper et al., 2015;
Kuipers et al., 2012; Ross and Mirowsky,
2001; Steenbeek and Hipp, 2011).

This diversity of studies has provided insight
into potential mechanisms of place and health
relationships; deprivation and disadvantage in
the form of poorer quality and access to
resources, disordered environments, low social
capital and discrimination are routinely identi-
fied as associated with poor health. However,
there are still avenues to further our knowledge
and unpack the black box of place and health.
Key criticisms of place-focused health geogra-
phy are the continuing lack of attention to the
theoretical frameworks underpinning research,
particularly regarding: the processes by which
individuals become exposed to networks of dis-
advantage; the varying spatial-temporal shape
of relations; and the mechanisms that operate
at the porous interchange of people and places
(Diez Roux and Mair, 2010; Rosenberg, 2017).
We argue that to address these concerns and
progress the discipline, health geographers
should engage with biosocial theories and new
understandings of bio-processes. The next sec-
tion exposes how accessing the processes of
biological embodiment can align health geogra-
phy with theoretical developments in under-
standings of place and can further existing
models of health and health inequalities.

Il Process and plasticity
| Relational geography and biosocial theory

To progress the health geography literature, we
look towards an engagement with theoretical
developments from across the social sciences.
This is particularly relevant to quantitative
health geographers, who have tended to rely
on static notions of exposure, and uncritical
assumptions of the causal power of space (Guth-
man and Mansfield, 2012; Kwan, 2013;
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Rosenberg, 2017). Relational geographies are a
pertinent thoroughfare to advancing health geo-
graphy as they align with a focus on exposure
and embodiment, on place and health.

A ‘relational turn’ has gained traction across
geography disciplines since the early 2000s.
The movement reflects a desire to move away
from structuralist understandings, towards more
mobile, open-ended and networked conceptua-
lisations of space and place (Amin, 2004; Boggs
and Rantisi, 2003; Jones, 2009; Murdoch,
2006). Relational thinking provides a proces-
sual understanding of space and place. It takes
up post-structuralist thought on the interpreta-
tion of meaning and action in the interactions
between heterogeneous actors, human and non-
human (Jones, 2009; Murdoch, 2006). Under a
relational lens, space and place are no longer
formulated as containers of process, existing
absolute, rather as Massey (1994) advocated
space is formed of social relations. Within this
relational understanding, place becomes under-
stood not as a bounded, static entity with a fixed
identity defined by what is within, but rather as a
moment’s constellation of social relations
(Massey, 1994; Murdoch, 2006).

A health geography inspired by relational
thinking necessitates bringing forward the tem-
poral dimension through longitudinal research.
The dominant format of cross-sectional analysis
implicitly relies upon assumptions of the power
of static space and its bounded features to deter-
mine outcomes. In contrast, relational theorisa-
tions treat space and time as inextricably
entangled; social relations are played out across
and themselves construct space-time. The spa-
tial cannot be understood when divorced from
the temporal. The inherent dynamism impli-
cated in such a theorisation is important for
articulating an open-ended plasticity to space
and place. As Harvey (1996) described, the cre-
ation of spaces is in the temporary stabilisation
of relations, of ‘permanences’ that are not per-
manent but rather open to change and ‘perpetual
perishing’. Places viewed through the lens of

relational thought necessarily become porous
to ‘outside’ influences; the ‘global’ is always
entwined with the production of the ‘local’
(Massey, 1994). Employing this formulation
of space and place, therefore, also helps to shift
health and place researchers from dualistic per-
spectives of individual health determined by
factors within place, reinforcing the intercon-
nectedness of relations across interfolding
scales over time. For instance, relational work
on poverty has expanded inquiry of the produc-
tion of disadvantage beyond the boundaries of
specific nations, territories or spaces (Elwood
et al., 2017).

By comprehending the plasticity and open-
ended becoming of people and places, relational
geography aids the study of health inequalities.
Social relations are imbued with meaning and
power; through repetitive processes of interac-
tions networks are continually remade which
can strengthen or weaken the capabilities of
people within those networks (Massey, 1991).
By tracing relations of place over time, geogra-
phers can help to distil circuits of power that
serve to marginalise certain populations (Mur-
doch, 2006). For example, feminist geographers
have used relational approaches to gender to
understand its construction in embodied social
relations and stratifications that serve to repro-
duce oppressive relations (Connell, 2012; Mas-
sey, 1994).

Health inequalities are a major motivation for
health researchers. Health (the ability to achieve
a state of physical, mental and social wellbeing)
is recognised as a fundamental human right
(Braveman and Gruskin, 2003; Marmot,
2007). Health inequalities which reflect social
hierarchies and societal structures, as revealed
by the WHO’s Commission on the Social Deter-
minants of Health (World Health Organisation,
2008), are viewed as avoidable and unjust. The
Dahlgren and Whitehead (1991) model of the
social determinants of health is an influential
framework for those aiming to assess health
inequalities across academic and policy spheres
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(Bambra et al., 2010; Department of Health,
2008; Whitehead and Popay, 2010). The model
conceptualises a layered picture of the factors
important to health, expanding from constitu-
tional factors such as age and sex, to individual
lifestyle factors, social and community net-
works, living and working conditions and the
general socio-economic, cultural and environ-
mental climate. This multi-scale model empha-
sises the interdependence between the social
determinants as they act in process, with the
separate layers viewed as levels for policy inter-
ventions (Dahlgren and Whitehead, 1991). The
viewpoint advocated by the social determinants
of health, therefore, aligns with a relational
viewpoint on the interconnections of social and
health processes from the global to the local.
Under the social determinants model the
most proximate factors of age, sex and genetic
makeup are viewed as given and are not consid-
ered as contributors to social inequities in
health. They are, therefore, placed outside the
control of policy. To a degree this may be true.
However, it is important to retain an apprecia-
tion for the entanglements of these factors with
the broader social determinants. This is partic-
ularly clear in relation to sex and gender. Sex is
not purely a biological mechanism but always
intermingled with gendered social relations
(Springer et al., 2012). This melange of biolo-
gical and social processes serves to place this
constitutional factor under the purview of health
policy and the potential for change. It is such
‘biosocial’ conceptualisations which are miss-
ing from Dahlgren and Whitehead’s (1991)
model, reflected in a wider lack of attention to
the biological in the place and health literatures.
Calls for theoretical models which reflect the
entanglement of social and biological phenom-
ena have been made in other health literatures.
From social epidemiology, work by Nancy
Krieger has made the case for an ‘ecosocial’
theory of health (Krieger, 1994, 1999). Krieger
(1994) critically evaluated the long-standing
and widely accepted web of causation model,

revealing the biomedical individualisation and
the consequent focus on the proximate causes of
ill health promulgated in epidemiological stud-
ies. The argument was for the integration of
social perspectives into epidemiological work.
The social offers an understanding of popula-
tion health as more than the sum of individual
health and is an integral way of understanding
health inequalities. The benefit of an ecosocial
or biosocial framework is in bringing forward
the conceptualisation of health differentials as
socially produced through and within dynamic
biological processes; the biological is not
rejected but understood in process with social
relations (Krieger, 1999).

Engaging with biosocial theory is essential to
understanding the embodiment of place, how
social relations become incorporated in the
changing health of bodies. It provides a frame-
work which reflects bodies as porous and muta-
ble, open to processes beyond the individual.
Our understanding of health inequalities, mar-
ginalisation and resilience can be progressed by
using a biosocial framework to track the imprint
of disadvantage. Evidently, geographic thought,
particularly relational understandings of space
and place, are a useful accompaniment to bio-
social theory. They direct thought to the emer-
gent nature of geographical relations and thus to
the nature of exposures and being ‘exposed’.
For instance, Hall and Wilton (2017) high-
lighted the potential of relational theories to
expose the production of dis/abled bodies in the
interplay of social structures, objects and spaces
with the physical, biological realities of impair-
ment. In the following section, we unpack
how new and developing understandings of
bio-processes are invigorating discussion for
biosocial, relational frameworks of health
geographies.

2 Biosocial processes

Biosocial research has been expanding in recent
years, through increasingly rich data resources,
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innovations in data methodologies, and discov-
eries linking biological data to health and social
lives. Importantly, increasing knowledge of the
development of later life health states and the
ongoing interactions between exposures and
biological responses is offering novel insights
into the marginalisation of some populations
and the growth of health inequalities.

Research on lifecourse epidemiology and the
developmental origins of health and disease has
highlighted that exposures in early life, particu-
larly during gestation, can have long-standing
impacts in the later life outcomes of individuals.
The foetal origins hypothesis (or Barker hypoth-
esis), based on an identified link between being
small at birth and adult cardiovascular disease
and type II diabetes, was instrumental in the
development of these research fields (Barker,
1995; Barker et al., 1989, 1993). The hypothesis
posits that foetal undernutrition is associated
with adaptive responses that impart a biological
‘memory’ of undernutrition, which in combina-
tion with exposures through life can increase an
individual’s chances of poor health outcomes
(Barker, 1995; Barker et al., 1993, 2002; Hales
and Barker, 2001).

Studies of the developmental origins of dis-
ease have also indicated that the operation of the
stress response system can be differentially pro-
grammed by experiences over the gestational
period, early life and childhood, implicating
tobacco exposure, maternal affect, and social
interactions and trauma (Brooker et al., 2016;
Clark et al., 2016; Del Giudice et al., 2011;
Flinn et al., 2011). The stress system plays a
vital role in regulating responses to environ-
mental stressors, including playing a role in
behavioural responses. The importance of early
life environments is further emphasised by
studies which link macroeconomic and social
conditions with birth outcomes. Work by
Margerison-Zilko et al. (2017) related increases
in the unemployment rate of US states to heigh-
tened risk of pre-term births, making adjustment
for selection into live birth. Additionally, they

were able to demonstrate the extra burden on
pre-term birth risk associated with the Great
Recession (2007-9). The plasticity of develop-
ment can thus reveal histories of patterned mar-
ginalisation and vulnerability that contribute to
health inequalities.

Epigenetics, that is, processes which alter
gene expression without altering the underlying
genetic sequence, are posited to play a role in
the embodiment of the environment signposted
by developmental studies (Guthman and Mans-
field, 2012; Thayer and Kuzawa, 2011). The
emerging field of epigenetics highlights the
plasticity of phenotypic development, and in
doing so proffers a suite of challenges to tradi-
tional notions that continue to underlie many
approaches to health studies. For example, the
nature-nurture divide is blurred: epigenetic pro-
cesses highlight that genes do not entirely deter-
mine phenotype. Rather genes provide a range
of possible outcomes that the biological system
can manifest in interaction with the environ-
ment (Guthman and Mansfield, 2012; Kuzawa
and Sweet, 2009). This revelation of epigenetics
furthers the need to integrate biosocial theory
with the social determinants of health to reveal
new sites of policy relevance.

The complex temporality of epigenetic pro-
cesses also highlights the inadequacies of con-
temporaneous spatial measures of exposure
(Guthman and Mansfield, 2012). Responses to
epigenetic triggers can have long lag times, as
most clearly demonstrated by gestational expo-
sures being associated with adult outcomes,
such as the cases of thalidomide and DES.
Research has also revealed some epigenetic pro-
cesses can be heritable, leading to intergenera-
tional effects (Guthman and Mansfield, 2012;
Thayer and Kuzawa, 2011). For example, the
impact of psychosocial stress on parents can
be transmitted across generations through DNA
methylation modifications affecting germ line
cells (Franklin et al., 2010). Studies of epige-
netic processes invite a relational perspective
where the dynamics of time are privileged, and
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more so, epigenetic studies necessitate a life-
course approach that pays attention to timing
as well as social and historical context (Ben-
shlomo and Kuh, 2002; Elder, 1998). Kuzawa
and Sweet (2009) reviewed evidence for life-
course and developmental pathways of cardio-
vascular disease, highlighting how social
environments and epigenetic bio-processes in
combination offer more apt explanations for
persistent racial disparities in cardiovascular
disease outcomes.

Explaining health inequalities requires not
only understanding the early life origins of
health states, but also of understanding the accu-
mulative, interactive processes acting between
bodies and environments. Measures of biologi-
cal age, such as DNA methylation age — a mea-
sure of the cumulative effects of epigenetic
processes (Horvath, 2013) — can be used to
explore accelerated ageing which may reflect
increased exposure to negative experiences.
Here, the concept of allostatic load provides
an avenue for accessing the imprints of hetero-
geneous exposure over the lifecourse. Allostatic
load refers to a weathering or ‘wear and tear’ on
the body induced through chronic exposure to
various stressors, whether they be from the
familial, workplace, neighbourhood or wider
environment (McEwen and Seeman, 1999;
McEwen and Stellar, 1993). Exposure to stres-
sors incites the protective ‘fight or flight’
response in the body; however, repeated cycles
of this response over time result in a cascade of
dysregulations across systems of the body (Jus-
ter et al., 2010). It is this multisystem biological
response to chronic stress which is characterised
by allostatic load and which increases the
chances of poor health (Juster et al., 2010; McE-
wen, 2008; McEwen and Seeman, 1999). Allo-
static load, therefore, represents a biosocial
process to understand the consequences of
cumulative and long-term exposure to stressful
circumstances that those who are part of vulner-
able, exposed and marginalised populations are
more likely to experience.

Identifying common processes linking a mul-
titude of exposures to differentially healthy bod-
ies demonstrates the aptness of biosocial
thinking to studies of health. Epigenetic and
allostatic mechanisms highlight the porosity of
the body to its environment, challenging those
geographies of health which have placed bodies
as passive subjects. By bringing forward the
mutability of biological function, knowledge
of bio-processes helps position the environment
as an active component in health systems. Echo-
ing the view championed by relational geogra-
phy, place also becomes more than mere
container for human action when biologically
plausible pathways are considered (Guthman
and Mansfield, 2012). Therefore, biosocial pro-
cesses provide access to the signature of socially
patterned histories of experience, offering
insight into mechanisms by which vulnerable
populations may be constrained to lifecourses
of ill health.

The expanding biodata resource across social
surveys, as in, for instance the UK with the
Understanding Society study (University of
Essex, 2017), the Avon Longitudinal Study of
Parents and Children (University of Bristol,
2017) and the UK Biobank (Biobank UK,
2016), is facilitating the assessment of biosocial
pathways over the lifecourse. Biomarkers
improve our knowledge of health processes by
serving as indicators of the state of physiologi-
cal systems (Crimmins et al., 2010). For exam-
ple, returning to allostatic load, it is possible to
utilise objectively measured biomarkers to con-
struct indices of load for use in quantitative
analyses. The theoretical background of the
allostatic load concept as both a predictor of
physical and mental health outcomes (Hwang
et al., 2014; Juster et al., 2010; Kobrosly et al.,
2014) and as a biological response to stressful
experiences, such as poverty and psychological
distress (Kakinami et al., 2013; Szanton et al.,
2005; Winning et al., 2015) has been corrobo-
rated in this way.
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However, biomarker studies have tended
towards individual-level perspectives of social
exposure, with more limited consideration of
geographies of disadvantage. In other words,
place has been neglected in comparison to the
bio. This is particularly evident among longitu-
dinal or lifecourse studies. Research which has
introduced considerations of place in relation to
biodata has generally utilised single-point-in-
time measures of contemporaneous contextual
exposure (Barrington et al., 2014; Bellatorre
et al., 2011; Stein Merkin et al., 2009; Theall
etal., 2012). Where biodata has been integrated
with a lifecourse framework, studies have
aimed to model relationships of individual-
level socio-economic gradients. For example,
a burgeoning literature relating to allostatic load
and the stress response has evidenced cumula-
tive impacts of individual disadvantage across
life stages (Gruenewald et al., 2012; Kakinami
et al., 2013; Ploubidis et al., 2014). There
remains a need to explore pathways for the
embodied expression of socially structured geo-
graphies of inequality. The next section will
highlight the concept of the exposome as a
potential framework in which to situate a bioso-
cial health geography.

IV Exposomic health geography

The convergence of relational geographies and
biosocial theory produces a nexus ripe for pro-
gressing bio-geographies of health. This section
exposes technological and methodological
developments in health and place research,
exploring how a health geography reflecting the
plasticity of people and places can be applied
through the lens of the exposome. To a large
extent the ‘tool-box’ for this undertaking
already exists — the challenge is to bring a
diverse range of techniques together under the
framework of the exposome to implement the
research of a lifecourse biosocial geography.
Following the completion of the Human
Genome Project, Wild (2005) proposed the

exposome as a complement to the genome,
recognising the fundamental importance of the
environment to the development of health but
the deficiencies in capturing environmental
exposure. The exposome is devised to encom-
pass every exposure to which an individual is
exposed, from conception to death (Wild, 2005,
2012). To facilitate implementation of the expo-
some, it categorises exposure into: internal
exposures (processes and factors within the
body); specific external exposures (including
chemical toxins and pollutants, diet, lifestyle
and infectious agents); and general external
exposures (the broader causes of health, such
as social and economic forces) (Jacquez et al.,
2015; Wild, 2012). However, the exposome is
concerned with pathways of exposure, placing
the overlap and dynamic interaction between
these domains as of vital importance.

The exposome as originally conceived, cov-
ering the totality of life, can appear non-
operational. It may invite an overly simplistic
and deterministic viewpoint whereby health
outcomes are considered explained through rep-
resenting all that can be easily measured and
quantified. However, rather than attempting to
‘sequence’ the exposome it its entirety, health
geographers can benefit from reconsidering the
exposome through a framework for biosocial
geographies of health. As this final section
explicates, the exposome can be conceptualised
within a Hégerstrandian space-time geography
and a heterogeneous, multi-scalar, mobile char-
acterisation of exposure which aligns the con-
cept with developments in geographical thought
and methods.

The exposome is allied with a drive to under-
stand the plasticity of people and places, where
health is appreciated as the sum of interactive
and heterogeneous processes across the life-
course (Wild, 2012). It takes a broad conceptua-
lisation of the environment, reminding
researchers of how individuals and places are
situated and constituted within a wide range of
environmental scales. In this way, applying
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studies of health through the lens of the expo-
some helps avoid strictly dualistic thinking
where place is set up in apparent opposition to
individual-level explanations (Diez Roux,
2001; Macintyre et al., 2002; Riva et al.,
2007). The holistic nature of the exposome is
particularly beneficial to the integration of bio-
social ideas into geographic health enquiry; pro-
cesses and exposures in the body are explicitly
understood alongside external environmental
factors. Three large-scale initiatives in the Eur-
opean Union, EXPOsOMICS (Vineis et al.,
2017), Human Early-Life Exposome (HELIX)
(Vrijheid et al., 2014) and the Health and
Environment-wide Associations based on Large
population Surveys (HEALS, 2017), are fore-
grounding projects in the practical assessment
of the exposome and demonstrate the intercon-
nected biosocial viewpoint advocated by the
concept. The projects are concerned with gath-
ering, collating and analysing environmental
exposure data, social survey data and biological
data deriving from ‘-omic’ technologies, in
order to understand the interactions of environ-
ment and health through biological process.
Employing a biosocial health geography
through the lens of the exposome will improve
the purview of the exposome concept, particu-
larly in regard to the social dimension. So far,
exposome research has targeted more proximal
causes of health, aiming to elucidate the minu-
tiae of specific chemical or biological factors.
Studies have focused on, for example: processes
of DNA damage (Nakamura et al., 2014); carci-
nogenesis and cancer stage latencies (Jacquez
et al., 2015); air pollution (Steinle et al.,
2015); and chemical toxins (Rager et al.,
2016). These studies do not present the wider
complexities of the processes linking people
and their environment. Assessment of the
broader social forces important to health is at
this point underappreciated. For instance, the
Genetic GIScience framework for exposome
research provided by Jacquez et al. (2015) gives
cursory acknowledgement to social exposures.

The lack of the social is damaging to exposomic
studies; environmental exposures and their bio-
logical correlates cannot be separated from the
broader social, economic, political and cultural
relations in which they are embedded. Recog-
nising the interdisciplinary potential of the
exposome, particularly through integration of
geographic and epidemiologic ideas, will be
important in enabling the exposome to achieve
its proposed potential (Stingone et al., 2017).

The multi-environment conceptualisation of
the exposome, alongside relational perspec-
tives, highlights the inadequacies of the static,
bounded contextual definitions often employed
in quantitative health studies, particularly those
employing multi-level modelling. The readily
available administrative or political definitions
applied are unlikely to correspond to real-world
arenas of exposure for highly mobile persons
(Perchoux et al., 2013). Indeed, Montello
(2001) highlighted the discordance between
analysis scale — the scale at which administra-
tive units are defined — and phenomenon scale,
the scale where phenomena exist in social struc-
ture(s). Technical developments have helped to
address some of the inadequacies of ‘off-the-
shelf” measures (Owen et al., 2016). Boundary
issues can be overcome by creating eco-centric
bespoke areas for each individual participant
(Hedman et al., 2013). Modelling spatial depen-
dencies and spillovers in multi-level analysis
gives an element of porosity to areal units and
can help to better understand the phenomenon
scale (Chaix et al., 2005; Owen et al., 2016).
Additionally, a wider range of contexts beyond
the residential environment can be examined in
studies through the use of cross-classified multi-
level models. For example, Aminzadeh et al.
(2013) employed a model of individuals nested
within both neighbourhoods and schools for
their evaluation of social capital and adolescent
wellbeing.

In aiming to more adequately capture con-
texts and exposures, the exposome draws upon
the logic of Hagerstrand’s time geography,
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understanding individual movements and
immobilities as continuous trajectories through
space-time (Scharstrom, 2014). This perspec-
tive privileges movement and relational think-
ing and echoes arguments made in the
geographic and health literatures for the use of
‘people-based’ exposure measures (Kwan,
2009). These have been driven by understand-
ings of the personal nature of place definitions
(Milton et al., 2015) and the undeniable role of
movement in shaping the ‘dosage’ of particular
environments (Galster, 2012). Space-time geo-
graphic approaches alongside growing technol-
ogies for capturing movement have helped to
inform new operationalisations of context.

Activity-based approaches to defining con-
text are a growing method for revealing the var-
ied environments of quotidian experience.
Neighbourhood effects research in particular
has been criticised for privileging the residential
environment (Perchoux et al., 2013). Tools such
as the interactive mapping application presented
by Chaix et al. (2012) can be employed to col-
lect spatial information based on regularity of
destinations, establishing habitual patterns of
locations by which to construct activity-space
contextual definitions (Kwan, 2012; Perchoux
et al., 2013).

Global Positioning Systems (GPS) are an
increasingly popular tool to access spatio-
temporal activity patterns. For example, Yoo
et al. (2015) utilised GPS measures to charac-
terise individual time-activity patterns, using
the frequency and density of timepoints to
define habitual mobility. GPS technology pro-
vides data-rich information on continuous
space-time trajectories, and in combination with
other sensing technologies such as portable and
personal sensors, momentary and self-report
assessments and methods like social network
analysis, it is possible to create detailed expo-
sure datasets (Kwan, 2012; Turner et al., 2017).
For example, in a pilot study by Steinle et al.
(2015), contextual and time-activity informa-
tion was gathered with diaries and used in

conjunction with GPS-linked personal air qual-
ity data to assign activity patterns to particular
microenvironments of importance, such as
home, work and transport. These technical
developments in measurement enable research-
ers to more closely align their data with the
theoretical background of continual, shifting
exposure. There is also the potential to reveal
momentary pathways of exposure to both sub-
jective and biological responses. For instance,
Shoval et al. (2018) demonstrate the use of tra-
ditional survey methods alongside sensors of
electrodermal activity to characterise emotional
responses of tourists in Jerusalem.

The exposome presents the lifecourse and
temporality as of central importance for com-
prehending multiplicitous exposures, lending
the exposome to assessments of biosocial mod-
els. Geographers have long understood it is
highly informative to track the contexts in
which people live throughout their lifecourse.
For instance, Glass and Bilal (2016) showed that
the environment at birth has a high degree of
‘stickiness’: people tend to persist within the
same type of socioeconomic contexts as those
they are born into. Long-standing and emerging
knowledge on biological processes also contin-
ues to highlight how exposures in early life and
periods of developmental change can carry
influence throughout the lifecourse. Tracking
the migration patterns of people between areas
(or not) over the lifecourse also helps researches
to access the role of selection effects (Hedman
and Van Ham, 2012; Jokela, 2014, 2015), and
the opportunity structures within which individ-
uals are embedded. For example, Coulter et al.
(2016) proposed a conceptual framework for
investigations of residential mobility using a
lifecourse approach alongside insights from the
‘new mobilities’ literature. They positioned
residential mobility and immobility as rela-
tional, active practices, linking lives through
time and space, and connecting people to struc-
tural conditions that may be enabling or con-
straining (Coulter et al., 2016). By framing
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residential mobility as a relational practice act-
ing over the lifecourse, such a framework show-
cases the benefit of lifecourse geographies to
understanding the development and mainte-
nance of inequalities.

Clearly, it is not feasible to evaluate individ-
uals for every moment of their lives, indeed it
may not be desirable; researchers must use
assessments at different timepoints, covering
critical events of developmental change, as well
as important life stages (Wild, 2012). It remains
a particularly difficult task to capture local area
and social characteristics over the lifecourse. In
a lot of cases this is due to the data constraints of
particular studies and research contexts. How-
ever, the growth of longitudinal cohort and
panel datasets across and within national con-
texts, as well as rich population register data
from countries such as Denmark, Sweden and
the Netherlands, is providing an expanding
longitudinal data resource. For example, Gus-
tafsson et al. (2014) capitalised on Swedish
cohort data linked to residence information,
demonstrating a cumulative impact of neigh-
bourhood disadvantage on allostatic load in
midlife for men, but not for women. Residential
histories have been used to implicate an envi-
ronmental risk factor for Amyotrophic Lateral
Sclerosis, helping to reveal the interplay of
genetic and environmental factors in the aetiol-
ogy of the disease (Sabel et al., 2009). Remov-
ing the privilege usually given to current
environments and accepting the possibility for
space-time lags between exposure and response
(Scherstrom, 1996) was an important theoreti-
cal underpinning to this work.

Increasing efforts at geographic linkage and
methodological innovations in lifecourse place
research are also opening new avenues for long-
itudinal geographic health research. The colla-
borative geographic linkage project being
undertaken by Cohort and Longitudinal Studies
Enhancement Resources (CLOSER, 2016) is
aiming to provide geographic information for
a range of longitudinal studies. The developing

arena of historical geographic information sys-
tems is also expanding opportunities for analys-
ing people and places over time (Pearce, 2015).
For example, Pearce et al. (2016) demonstrate
the construction of an urban green space mea-
sure covering a 100-year period for the Edin-
burgh region in Scotland, drawing upon
historical and contemporary resources such as
maps, aerial photographs and land-use data.
Developments in lifecourse and longitudinal
research will help to expand the temporal
restrictions placed on our comprehension of
health and place processes by cross-sectional
and short-run analyses. Moreover, alongside
geographic linkage and GIS developments
which are improving the quantitative assess-
ment of health and place over time, qualitative
methods such as oral histories (Bornat et al.,
2000) offer a complementary resource for
accessing the accumulation of different expo-
sures over time.

Qualitative methods help to reveal the messy
complexities of people and places over time,
and through personal accounts of experience
can provide insight into factors and potential
pathways important in shaping the trajectories
of individual lifecourses (O’Campo et al., 2009;
Temelova and Slezakova, 2014). Interviews and
participatory methods may get closer to the
grain of the interplay of lived experience, the
accumulation of experience across varied per-
sonal landscapes, and states of health and well-
being. By recognising the non-quantifiable,
insights from qualitative methods would also
help prevent deterministic employments of the
exposome.

However, qualitative methods are not able to
capture the interplay of the biological and the
social over time, which biosocial theory and the
exposome concept demonstrate are vitally
important for comprehending health inequal-
ities. Indeed, part of the value of exploring
bio-processes such as epigenetics and allostatic
load is their ability to offer a record of social
exposure by which to trace the reproduction of
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disadvantage over time. Additionally, providing
quantitative evidence for exposomic health and
place relations, in relation to specific, measur-
able health outcomes, helps to strengthen the
evidence base to bring forward to policy-
makers. It is important to use larger cohort and
panel studies to expose biosocial geographies of
disadvantaged groups who are constrained to
particular exposure environments across their
lifecourse.

The exposome reminds researchers of the
inextricability of the body and the external
world by proposing a genome-plus view of the
environment, where exposures and processes
within and without the body are intertwined.
One mode to implement assessments of the bio-
social, to get closer to accessing the permeabil-
ity of the body to social relations, is to use
mediation analysis. Mediation is conceived as
a causal phenomenon, whereby the relationship
between two variables is accounted for by an
intervening variable — a mediator (Baron and
Kenny, 1986; Hayes and Preacher, 2014). It is
a method for exploring potential mechanisms
linking factors of interest (Mackinnon et al.,
2007). Therefore, mediation analysis, which
incorporates techniques such as path analysis
and structural equation modelling, offers a
methodological framework for accessing the
processes by which contexts manifest in health
states (Hayes and Preacher, 2010; Pardo and
Roman, 2013). Conceptually, mediators are
used to explain how external events become
expressed in the physiological and psychologi-
cal state of bodies (Baron and Kenny, 1986).

The explicit investigation of intervening
pathways using mediation analysis techniques
is also relatively uncommon in health geogra-
phy, particularly in the assessment of biologi-
cally plausible pathways in health and place
studies. For example, the concept of allostatic
load presents a means through which the bodily
response to stress exposures can be accessed.
However, the two studies which have investi-
gated whether allostatic load mediated

individual-level socio-economic gradients in
health status have not provided in-depth assess-
ment of the mediating pathways and their
action. They rely instead on the attenuation of
a previous relationship which may also occur if
a variable is a confounder (Hu et al., 2007; Sab-
bah et al., 2008) — the primary difference of a
mediator to a confounder being that a mediator
is positioned in a causal chain between the inde-
pendent and dependent variable; for a confoun-
der there is not the same directionality of the
relationship. There is a mismatch between the
aim of understanding the pathways through
which the environment may manifest in differ-
ently healthy bodies and the methodological
approach taken. In particular, studies of health
and place should make more use of the technical
and methodological developments in mediation
analysis which are facilitating the investigation
of more complex models incorporating multiple
mediators, heterogeneity of associations, multi-
ple levels and longitudinal data (Bind et al.,
2016; Loeys et al., 2013; Preacher et al., 2007,
2010; Selig and Preacher, 2009; Valeri and
VanderWeele, 2013; Zhang et al., 2009). Utilis-
ing such techniques will help to elucidate expo-
somic and biosocial geographies of place and
health over time and ally with a relational lens
that points towards the analysis of dynamic pro-
cess and relationships.

V Conclusion

To uncover the how and when of health and
place relationships, health geographers need to
engage with biosocial ideas. The missing
insight into how exposure to the varied social
and physical features of places come to be
imprinted on and manifest in differentially
healthy bodies can be gained through an under-
standing of biosocial relations. Integrating bio-
social thought with the established social
determinants of health model will allow health
geographers to move the agenda forward to
investigating not only the interacting processes
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from the macro socio-economic climate to indi-
vidual characteristics, but also to exploring
biological process and its inherent connection
to social context. Biosocial theorisations
enable both body and environment to be repo-
sitioned as active components in fluid health
and place relationships, acting in interchange
and accumulation over time. In this way health
geographers, and particularly quantitative
researchers, can move beyond static, at times
uncritical understandings of the determining
power of place to more nuanced, critical theo-
risations for the marginalisation of different
groups over time.

Our growing insight into the processes of
epigenetics and of allostatic pathways for the
embodiment of context provide novel avenues
for feeding into discourses on health inequal-
ities. These processes offer links between
socially structured relations over the lifecourse
and patterns of group and population health. By
engaging with the expanding biodata resource
across large-scale social surveys and through
collaboration with epidemiologists and the bio-
medical community, health geographers can
inform discussion on the biological embedding
of disadvantage. The geographic lens is needed
in this discussion to provide the more-than-
individual, social perspective which has so far
been largely lacking in bio-studies. The com-
plex temporality and plasticity of bodies indi-
cated by processes such as epigenetics invites an
integration with relational theorisations of
space, place and the social.

It will be beneficial to employ the concept of
the exposome within health geographies. The
exposome can provide a holistic framework in
which to position the investigation of dynamic
relationships between heterogeneous and multi-
scalar exposures, their biological imprint and
health outcomes. It will be a complex and diffi-
cult task to compile biosocial geographies of
health and place through the exposome.
Researchers will have to take up and integrate
methodological and theoretical developments in

the assessment of exposures and context, of
modelling lifecourse relationships, and of inves-
tigating the mechanisms of embodiment, to
reveal histories of exposure, vulnerability and
marginalisation to inform and act on inequal-
ities in health.
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