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1. Introduction 

Biomedical research and clinical care are constantly filled with new promises, trends, and 

keywords that frame health and disease in new and different terms. These keywords 

intersect at various levels, appearing in biomedical research and funding schemes, in policy 

discussions and political speeches, as well as in the media and public discourses. Some of 

these concepts often end up having a short lifespan, but others stay and sometimes get 

entrenched within specific research communities or even ways in which health policy is 

conducted. The relevance and importance of these concepts and their epistemological 

consequences merit our attention – in particular if we want to make sense, conceptually, of 

what these mean and promise and when they have shaped lines of research and can further 

do so in the future. In philosophy of medicine, significant work has focused on the merits 

and pitfalls of approaches and notions including evidence-based medicine (Worrall 2002; 

2007; Stegenga et al. 2017), personalised and precision medicine (Vogt, Hofmann, and Getz 

2016; Prainsack 2020; Plutynski 2022), genomics and postgenomics (Richardson and Stevens 

2015; Hilgartner 2017; Gibbon et al. 2020). Less attention has instead been given to 

conceptualisations of health and disease in the context of epidemiology and public health 

research, but the area is ripe with new and different ways of discussing and investigating 

health and disease, from new types of collection and use of health data to the new 

methodological and statistical treatment of health data, from new conceptualisations of 

health to the employment of new types of causal inference. 

In this chapter, I analyse a specific type of concepts: concepts aimed at framing the relations 

between the health of populations and the environment. As we will see, the focus on these 

relations is a recent shift in epidemiology, but one that has gained increasing momentum in 

recent years. I will specify my discussion on the following three concepts: the exposome, a 

notion aimed at capturing all the exposures that individuals and populations experience; 

planetary health, a conceptualisation of the impact of local and multispecies environments 

on human health; and global health, a concept aimed at framing the health of populations 

as the result of different social factors of different and diverse populations. In analysing 

these new concepts, I will apply a specific methodological focus by looking at data 

integration, as the ensemble of data practices aimed at using different types and bodies of 
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data for the study of specific phenomena. This focus is grounded on recent philosophical 

literature on the epistemology of integration in the life and health sciences and the 

epistemology of scientific data. As I will show, this focus enables me to identify significant 

assumptions and commitments, merits, and limitations of the three concepts.  

The chapter is structured as follows. I start by motivating my focus on a specific type of 

integration – data integration – in relation to ongoing research in philosophy of science and 

medicine (Sect.2). I then use this focus as a conceptual lens to analyse and discuss three 

crucial keywords that frame health and biomedical research in specific ways and, as I argue, 

are distinct approaches to the integration of different types of data. I then focus on the 

exposome (Sect. 3), global health (Sect. 4), and planetary health (Sect. 5), critically analysing 

their approaches and identifying limits their limitation.  

 

2. The Many Faces of Integration: Why Data Integration Matters 

Integration is a significant focus of recent philosophy of science, particularly in the context 

of discussions on the metaphysical and epistemological foundations of the life and physical 

sciences and their distinctions. The latter have traditionally been discussed as particularly 

fragmented, with highly diverse communities, approaches, methodologies, theories, styles 

of explanation, commitments, and goals. In this sense, the analysis of these aspects of the 

life sciences has been intertwined with questions of reduction, unification, and indeed 

integration, with a focus on the extent to which elements of biological theory or ontology 

can be integrated and reduced to physics, the plurality and diversity of the life sciences is 

something that can and should be integrated and reduced, or should lead to unifications at 

the conceptual or methodological level (Dupré 1996). Several philosophers of biology have 

argued that that different theories in biology cannot be unified nor reduced to more 

fundamental ones (Mitchell and Dietrich 2006) and the use of diverse methods, models and 

representations is crucial in a number of areas of the life sciences (Mitchell and Gronenborn 

2017), as many questions and problems require explanations developed in different 

biological disciplines and with different scientific aims (Brigandt 2010).  

The question of integration thus brings substantial results from the philosophical literature 

and can be analysed from several different points of view in the context of contemporary 

life and health sciences, and epidemiology in particular (Giroux, Fayet, and Serviant-Fine 

2021). In the context of this chapter, I will focus on a specific type of integration: data 

integration. Data integration can be defined as the set of data practices involved in making 

different types of data usable as single bodies of evidence. For example, data integration 

can entail working on samples collected at different points of data collection, for instance 

blood samples collected in a longitudinal study, to make sure that all the samples can be 

compared and used as evidence for a broader study, for instance a study of cardiovascular 

disease in the general population. At the same time, as a result of the aforementioned 
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fragmentation of the life and health sciences, in this context the notion of data can refer to 

many different objects, usually comes in significantly different types and is collected by 

different communities, for different purposes and with diverse commitments. In addition, 

the life and health sciences present an interesting case in which the standardised 

production of large volumes of data has often been mentioned as a potential game changer 

(Golub 2010; Weinberg 2010), but practices of data handling, storing and analysis have 

strong continuity with longstanding approaches (Müller-Wille and Charmantier 2012; 

Leonelli 2016; Strasser 2019). This entails that substantial work needs to be conducted on 

preparing diverse datasets for data analysis, in order to compare different findings, building 

a more robust evidential basis for a specific claim, contrasting quality from various research 

settings. Data also sit at the crossroads of many current trends of the field, especially in the 

biomedical sciences. For example, personalised and precision medicine, as the attempts to 

take into account individual variables into the study and prevention of disease, are largely 

built on the assumption that the use of large datasets “can account for an increasing 

number of factors that influence health and disease, and that these data can be used to 

stratify the population and health problems according to various characteristics” (Green and 

Vogt 2016). Similarly, the molecularisation of the health sciences (Boniolo and Nathan 2017) 

and postgenomics (Richardson and Stevens 2015) are largely based on the use and 

integration of new datasets, at different levels of abstraction and at increasing volumes. 

These features suggest that data integration involves technical considerations about the 

intrinsic properties of the data, such as their interoperability, quality, resolution, etc. 

However, results from the philosophy of scientific data have shown that data integration 

also involves significant inferences, assumptions, strategies that provide a significant 

window into the epistemology of biomedical research and data (Leonelli 2013). In this 

sense, focusing on data integration is an important analytical choice for philosophy of 

science, but is particularly interesting in the context of epidemiology, health, and especially 

the approaches I discuss in this chapter.  

Epidemiological research is traditionally concerned with  diverse and large types of data 

(Morabia 2004), but the recent raise in the volume, diversity, heterogeneity of data in the 

sciences (Leonelli 2016; Leonelli and Tempini 2020) has often been discussed as a 

substantial novelty for the field, potentially opening new and uncharted territories for both 

research and policy-making (Holmberg, Bischof, and Bauer 2013; Hogle 2016; Fleming et al. 

2017). For example, the increasing availability of new data on the environment and climate 

is opening new opportunities for the study of the impact of different types of environments 

on population health and shaping the ways in which the environment is conceptualised and 

operationalised across approaches in epidemiology (Canali and Leonelli 2022). At the same 

time, the availability of new sources of data on population behaviour, for instance through 

social media, personal health applications, and monitoring devices, is supposed to create 

new disciplines and areas of research in the life sciences, such as digital epidemiology, 
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relying on the increasing datafication of health and medicalisation of population activities 

through data coming from outside epidemiology and scientific research more generally 

(Salathé 2018; Mittelstadt et al. 2018; Klingwort and Schnell 2020). Data integration thus 

gives us a window into the approaches, assumptions, and conceptualisations that are crucial 

aspects of the epistemology of contemporary epidemiology (Giroux, this volume).  

It is on this basis that in the chapter I focus on the integration of data as an analytical lens to 

discuss the different approaches to integration, identify assumptions and commitments, and 

discuss conceptual gaps and methodological issues. As we will see, the approaches that I 

discuss in the chapter are all aimed at a certain type of integration at the level of health and 

environment, which elicits questions on which type of integration they aim for, the extent to 

which such integration is actually achievable or achieved, and what this implies more 

generally. In particular, the concept of the exposome is a concept that aims to integrate 

different dimensions and categories of exposure; the concept of planetary health attempts 

to integrate different dimensions of the health of populations and environments; and the 

concept of global health is a way of integrating different types and sources of health at a 

global level. In the context of this chapter I will approach them with the methodological 

choice of focusing on data integration and discussing the different types of data integration 

that are part of these approaches to environmental research. There are clearly various other 

aspects of integration that merit discussion in the context of these three approaches and 

various other chapters of this book go in that direction (see Meloni, Russo, Giroux, this 

volume). My choice of focusing on data integration builds on this work and aims to identify 

epistemic assumptions, features, and issues that are involved in these three approaches and 

emerge at the level of data practices.  

Framing these concepts as data integration approaches is a particular way of studying them 

and specifying philosophical questions of integration with a focus on an increasingly 

important area of scientific practice. This is a specific methodological choice that frames and 

specifies the work I do in the chapter. Other concepts, frameworks, approaches could be 

chosen to discuss integration and focus on data integration, including for instance social 

determinants of health and disease, precision medicine, toxicology. Yet in this chapter I 

focus on attempts at integration between health and environment in the study of 

population health and look at their relations with current research projects and data 

practices that have been largely successful at securing funding and establishing research 

centres in the last few years. As I will discuss at several points of the remainder of the 

chapter, while I do not aim for a broad generalisation of my findings, the approaches I chose 

to focus on also share significant features with the aforementioned and other approaches in 

contemporary epidemiology.  
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3. The Exposome: Integrating Molecular and Environmental Data 

The exposome has raised as a specific approach, concept, and area of research in the last 

decade in epidemiology and beyond. The exposome was first conceived as specific notion, 

which conceptually would entail a new expansion of the traditional notion of exposure by 

adding more specific dimensions at the external level and a new dimension at the internal 

level (Wild 2005). The rationale here was that epidemiologists needed to expand and specify 

the ways in which exposure and the environment were considered and different types of 

data were collected; a crucial element of inspiration was genomics and the Human Genomic 

Project, both in the sense of providing molecular tools for data collection and analysis and in 

the sense of adding the new dimensions to internal exposure. As such, conceptually the 

exposome is presented as the totality of all exposures that individuals experience in a 

specific point in time and cumulatively though all their life and methodologically is made of 

three types and categories of exposure: general external exposure, specific external 

exposure, and internal exposure (Wild 2012). The idea here is that individuals and 

populations can be exposed to environmental agents at different levels, both internally and 

externally: for instance at the general external level with processes connected to socio-

economic status, at a specific external level with processes such as specific chemical 

pollutants and infectious agents, or at the internal level with processes including 

endogenous responses to external exposure (e.g. inflammation, oxidative stress, etc.). In 

this sense, conceptually the exposome has been framed as a counterpart to the genome – 

i.e., taking inspiration from the methodological and conceptual status of the genome whilst 

intending to critically complement genomic research with the study of health and disease 

with epidemiological tools and approaches, in particular individual and cohort studies. 

The exposome as an area of research has indeed relied extensively on molecular data 

collection and analytic tools, by integrating omics techniques into epidemiology (Boniolo 

and Nathan 2017). Omics are molecular techniques that in the genomic context are used to 

study molecules and processes within a cell, including for example metabolism and protein 

development and quantify and collect data on these processes. In the exposome context, 

omics data have been used to analyse the internal dimension of exposure and develop 

exposure profiles, which measure processes and entities at the internal level and can be 

analysed in comparison and contrast with external exposure data (Russo & Vineis, 2016). 

For instance, omics techniques can be used to analyse blood samples collected in 

longitudinal studies and measure adducts at the molecular and internal level whose 

presence can be connected to external toxicants from e.g. pollution. The resulting exposure 

profiles can be contrasted and compared with quantitative data on the presence of these 

pollution toxicants and thus data on external exposure at different levels, as a way to study 

the influence on pollution on the internal molecular environment and more generally the 

effects of pollution on the development of health and disease.  

https://doi.org/10.1007/978-3-031-28432-8_5


Preprint of the chapter in the volume Integrative Approaches in Environmental Health and 
Exposome Research: Epistemological and Practical Issues (E. Giroux, F. Merlin, Y. Fayet Eds.) 
https://doi.org/10.1007/978-3-031-28432-8_5  
 

 6 

The extension of these genomic tools and methods into epidemiology has contributed to 

the raising influence of the exposome in contemporary epidemiology (Canali 2020a). As 

such, research on the exposome has received substantial and specific funding, for instance 

with dedicated programmes in the EU, and several research centres and units have been 

established, for example in the US. These processes have contributed to establishing the 

exposome as a way of doing epidemiology, based on the integration of different types of 

exposures, that are measured and quantified through molecular and data-intensive tools.1 

As a result, the exposome approach is an important point of focus for philosophical, 

methodological, historical analyses of epidemiology (e.g. Illari and Russo 2016; Giroux, 

Fayet, and Serviant-Fine 2021; Russo, Giroux, Vineis in this volume). In this sense, in the 

context of this chapter, I frame the exposome as a significant and specific approach to the 

integration of data in epidemiology. Following Giroux (this volume), there are several 

different dimensions of integration that need to be discussed in the case of the exposome – 

data integration is a specific and particularly interesting type in this context.  

As I have mentioned, the data integration that takes place in exposome research is largely 

based on the extension of genomic solutions and techniques to epidemiology. Practically, 

this mostly means integration between molecular data on the internal dimension of 

exposure and environmental data on various types of external exposure, which frames the 

use of genomic data as a platform to link biological and environmental data to study 

exposure. What count as biological and environmental data can vary rather substantially 

depending on the specific focus of research groups and projects. In the context of exposome 

research, biological data have mostly been identified with molecular and omics data, whilst 

environmental data have varied from climatic data and environmental sampling to the 

collection of questionnaires data in cohort studies and social scientific data more generally.2 

This has led to the development of new epistemic strategies for the integration of biological 

and environmental data in exposome research and their alignment with existing 

methodological approaches in epidemiology (Canali 2020b). In particular, the use of omics 

and molecular data has pushed for a microscopic focus on internal exposure as a central 

aspect of epidemiological research – to the point that this focus has led to changes also in 

 

1 These features have led to significant differences between traditional approaches to exposure in 

epidemiology and the exposome, for instance at the level of the conceptualisation of internal exposure, the 

use of omics and other molecular tools, and related types of funding required and sought after. Yet the 

exposome research has been only partially successful at securing long term funding and, as helpfully suggested 

by one anonymous reviewer, the exposome approach has not taken over epidemiology in general (Canali 

2020a). 
2 This variety has consequences for the conceptual dimensions and boundaries of crucial notions for 

epidemiology, such as exposure and environment. As one anonymous reviewer helpfully suggested, the 

concept of environment is often quite vague in the context of exposome research: see Canali & Leonelli (2022) 

for more on the concept of the environment in exposome research and data-intensive epidemiology more 

generally and its relation with the availability of new environmental data.  
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the way external exposure is studied and environmental data are collected. In general 

terms, the focus has led to a push for more standardisation and quantification of the 

presence and effects of environmental exposure. For instance, exposome researchers have 

started to collaborate with disciplines in computer and information science, such as 

information systems, to quantify and estimate the presence of specific chemicals and 

pullulations in the external environment. On this basis, for example, the individual 

concentration of chemicals connected to air pollution, such as particulate air matter, is 

available to be compared and contrasted with molecular data on the presence of chemicals 

in the body and reactions that can be connected to health and disease (see e.g. Gulliver et 

al. 2018).3  

The focus on molecular and internal components of exposure and the push for 

standardisation and quantification at the external level of exposure is not surprising. Part of 

the rationale and one of the aims of the original introduction of the exposome was the need 

for more standardisation in environmental sampling and the idea of transferring genomic 

solutions in epidemiology was indeed to match the level of quantification and precision of 

genomics for epidemiological and environmental research (Wild 2005; Rappaport and Smith 

2010). The need for a movement in this direction was elicited by a general lack of focus on 

the impact of the environment of changes in health and disease in populations, but also the 

scattered and irregular state of environmental sampling and difficulties with data 

integration and collaboration across the health and environmental sciences.4 

The approach applied by the exposome is thus based on the use of molecular data as a 

platform and basis to use environmental and particularly climatic data in the study of 

population health. In this direction, exposure profiles developed through omics techniques 

are the basis for the collection of data on external exposure of a similar, comparable level of 

abstraction and resolution. For instance, this has led to the collection of geographic data on 

the presence of pollutants and toxicants in the environment surrounding participants to a 

cohort studies, such as data on particulate air matter and other air pollutants (Canali 

2020b). In these ways, one of the epistemic goals of the exposome approach has been to 

analyse correlations between molecular and environmental data with the aim of identifying 

causal relations between health, social and environmental features and study their effects 

on health. In this direction, in the exposome context, several statistical methods and 

approaches have been developed and used, such as the "meet-in-the-middle approach” 

 

3 As a result, in exposome research environmental data are often equated with climatic and geographical data. 

This is not just a feature of exposome research, as similar considerations can be traced to other data-intensive 

approaches in epidemiology as well as other areas of the life and health sciences, such as toxicology, exposure 

science, biomarkers research (Canali and Leonelli 2022). 
4 This is connected to more general aspects of the history and development of the health sciences, 

epidemiology in particular, and the environmental sciences. For more on this in the context of history of 

notion of environment and research in the environmental sciences, see Warde et al. (2018). 
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(Chadeau-Hyam et al. 2011; 2013). These have been interpreted philosophically as ways to 

move beyond the sole focus on associations – a typical feature of epidemiological research – 

and collect elements of mechanistic evidence, which together with difference-making 

evidence are necessary to develop robust causal claims in the health sciences (Russo and 

Williamson 2007; Russo 2009; Illari and Russo 2016; Russo and Vineis 2016).  

These have clearly been steps in a new and promising direction, but this approach to data 

integration also suffers from significant limitations – as exposome researchers are aware. 

The reliance on genomic solutions and the use molecular and omics data as proxies to study 

environmental features has been considered an extension of the reductionism of genomics 

to new areas of the health sciences (Landecker and Panofsky 2013; Shostak and Moinester 

2015). Using, for instance, inflammation and oxidative stress at the molecular data as 

proxies for the impact of socio-economic and other environmental conditions can be seen 

as a problematic way of quantifying qualitative processes. As a response to this criticism, it 

is important to note that the data integrated through the exposome approach can be used 

to develop mechanistic explanations of the impact of the environment on health and 

disease (Illari and Russo 2016; Russo and Vineis 2016). Yet using molecular data to build 

mechanistic evidence faces challenges as well. Omics techniques are used in exposome 

research to look for specific entities whose presence may be due to and depend on external 

exposure, rather than the activities and dynamics that can make up mechanistic 

explanations – to the point that exposome researcher are usually extremely cautious when 

it comes to mechanistic explanations and, more generally, causal claims on the basis of 

molecular data (Canali 2019). In addition, more recent exposome projects have relied on 

genomic data as a potential proxy for the study of some social features and determinants of 

health and disease (Ghiara and Russo 2019). The collection and development of mechanistic 

evidence about the pathways through which social and environmental features can have an 

impact on health and disease is crucial for the ability to act on those pathways and improve 

health for a population. Yet, often, mechanistic evidence is not sufficient here: many 

environmental and social dynamics that have a significant impact on a population operate 

through various different pathways and mechanisms. For instance, racism and poverty can 

operate in various different ways and may be sources of exposure at the level of education, 

pollution, diet, mentorship, etc. (Valles 2019). Knowing about one or more of these is 

crucial, but in many cases it can be more important to know the differences and 

dependencies that these causes have with disease and act on them, instead of getting 

precise pictures of how these have an impact (Giroux, this volume; Valles 2021).  

 

4. Planetary Health: Integrating Diverse Environmental Data  

The need to expand the integration of data on the environment in epidemiology is a central 

goal and defining feature of the exposome approach. Yet the exposome as an approach and 

area of research is not alone in the landscape of contemporary epidemiology – various 
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approaches and new conceptualisations aim to capture the needs and types of integration 

of the environment for health. Planetary health is one of these novelties and is an 

increasingly important concept for epidemiology and the life sciences more generally.5  

Planetary health has been introduced in the last decade as a conceptual and methodological 

expansion for the field of public health. As an approach, planetary health has encouraged an 

inclusion of more and different human, physical, animal, climate environments as the types 

of environments that should be analysed in the study of population health. As discussed by 

Richard Horton and colleagues in the introduction of the concept in 2014, planetary health 

is supposed to direct more light on the “fragility of our planet and our obligation to 

safeguard the physical and human environments” (Horton et al. 2014, 847). Planetary health 

is thus based on a twofold realisation: health and environment are intrinsically connected 

phenomena, as changes and features of different environments have an impact on health at 

various levels; conversely, the environment is clearly shaped by changes and attitudes of 

populations related to health. As a result, in population health the state of health and 

disease of environments and populations is equated, with the goals of looking at health as a 

complex, multi-level, but essentially unitary phenomenon. Health is seen as a multi-level 

property precisely because of the interactions and interrelations between environments, 

species, populations, and individuals. But it is unitary in the sense that health is a property, 

according to the planetary point of view, of both individuals and populations on the one 

hand and environments and ecosystems on the other. Hence the need to consider these 

complex phenomena and study them together, for the improvement of both.  

Since the introduction of the notion, planetary health has gained momentum with the 

expansion of new declarations and campaigns, such as the São Paulo Declaration on 

Planetary Health from the fall of 2021 (Myers, Pivor, and Saraiva 2021), and has now 

dedicated journals, including for instance a speciality journal published by The Lancet.6 This 

shows a first, significant difference between the planetary health and conceptualisations of 

health and disease of the exposome. Planetary health has been first and foremost a 

contribution for political discussions at the level of policy on the environment, biodiversity, 

social determinants of health and, as such, consequently on the management, organisation, 

and funding on these issues. This means that planetary health is currently a conceptual 

framework and political project, rather than a very concrete methodological approach such 

as the exposome. This does not mean, however, that the concept should be dismissed as 

something that is significant ‘only’ at the policy level and is thus not particularly interesting 

for discussions on the epistemology and methodology of the health sciences. On the 

 

5 In turn, planetary health shares significant features with and is close to other conceptualisations, such as ‘one 

health’ and ‘spatial epidemiology’.  
6 See The Lancet Planetary Health: https://www.thelancet.com/journals/lanplh/home (accessed October 

2022). As a write this, Richard Horton, the author of the paper introducing the concept of planetary health 

(Horton et al. 2014) is editor in chief of The Lancet.  
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contrary, conceptualisations, values, and decisions at the political and economic level of the 

sciences clearly have a significant epistemic impact on the ways in which research is funded, 

managed, directed but also conducted at a concrete and practical level. This is why the 

focus on data integration can be helpful to analyse and discuss the assumptions, goals, and 

limits of an approach and conceptualisation such as planetary health. 

The approach to data integration for health applied by planetary health is based on an 

expansion of the types of data that are considered and used as environmental data, with a 

push for more focus on different environments and the interactions between different 

species that inhabit these environments. This might seem like a clearly important focus and 

almost trivial realisation, but is already quite different from the approach of exposome 

research, where the expansion is mostly focused on introducing genomic techniques and 

data in epidemiology and thus integrating population health and the environment on the 

basis of an expansion of internal exposure and health data. As we have seen with the 

discussion of the exposome, studies of population health based on environmental data are 

far from abundant in both the environmental and health sciences. On the one hand, 

research on environmental changes and more generally the idea that the environment is 

something that changes and should be studied for health is relatively recent. Before the in 

the mid-1800s, the notion of ‘environment’ referred to the set of background 

circumstances, conditions and stimuli that shape the character of an individual, situation or 

phenomenon (Warde, Robin, and Sörlin 2018). According to this meaning of the notion, the 

environment was always the environment of something; and the focus was on this 

something, i.e. the individual, situation or phenomenon affected by the environment. While 

the notion also referred to conditions in the environment that needed to be acted upon, 

these conditions were mostly considered unchangeable and immutable per se – the focus of 

possible changes was again on the subject, rather than on the environment itself. In 

epidemiology, this focus changed with the hygiene and sanitary movements of the second 

half of the nineteenth century, as agents were identified as causes of infectious disease and 

loci of intervention beyond the subject. Historically, the development and success of 

epidemiology is deeply connected to these policy interventions, but the study of population 

health has long focused its priority on individual behaviours and lifestyle choices, and thus 

not necessarily on the environment (Morabia 2004). At the same time, in the natural and 

physical sciences, the shift towards viewing the environment as a subject of specific interest 

and agency only happened in the second half of the twentieth century, in connection with 

various other trends in the sciences, politics, and society more generally. As a result, the 

study of the environment and population health have interacted relatively rarely. 

This background on the interactions between the study of the environment and population 

health has concrete consequences on the limitations of the planetary health approach to 

data integration. The studies and methods used to analyse the relations between 

population health and its environment in epidemiology are configured in ways that allow for 

https://doi.org/10.1007/978-3-031-28432-8_5


Preprint of the chapter in the volume Integrative Approaches in Environmental Health and 
Exposome Research: Epistemological and Practical Issues (E. Giroux, F. Merlin, Y. Fayet Eds.) 
https://doi.org/10.1007/978-3-031-28432-8_5  
 

 11 

the integration of exposure data from different sources and their assemblage in specific 

configurations to study health and disease conditions of interest (Bauer 2013). These 

approaches to the collection and analysis of environmental data enable epidemiologists to 

study populations over extended periods of time and compare them over different 

configurations through “probabilistic thinking” (Morabia 2004). As a result, these methods 

are usually coordinated and centralised efforts that generate observational data about the 

environment, but in ways that tend to be quite different and largely independent from the 

experiments, models, and simulations employed in environmental research. Therefore, in 

epidemiology the study of the environment in relation to population health is normally 

based on data that are highly related to a population and environmental exposure and only 

partially to the direct study of the environment. In most cases, no direct sampling of 

environmental pollutants can be conducted and data about the internal biochemical 

environment are used as a proxy for variables tracking specific features and changes in the 

external environment.  

A more direct focus on the environment for population health is thus made difficult by 

differences between the types of data collected for environmental and health research, 

their varying time scales, and frequencies (Fleming et al. 2017). In addition, epidemiological 

methods usually employ regression approaches that focus on few exposure factors for small 

groups and single health outcomes, which is problematic when trying to address the overall 

impact of the environment on health. While epidemiologists are clearly interested in 

monitoring and surveilling population health, climate and environmental scientists have 

developed tools and methods for the estimate and prediction of climate events (Parker 

2018). This is an issue for planetary health research, particularly at the level of gaps in the 

collection of data that are considered crucial for the study of health and disease in their 

connection with diverse types of environments. Similar gaps and issues are connected to 

disciplinary boundaries between epidemiology and environmental research, which make 

collaborations and interdisciplinarity difficult in this context. The epistemic impact of these 

issues, moreover, is particularly severe at the level of data interpretation and use as 

evidence, particularly when it comes to causal analysis and inference. The aforementioned 

gaps in the causal attribution of environmental determinants of health and disease are more 

severe in the case of missing and unclear data collection on the environment. 

 

5. Global Health: Integrating Diverse Health Data  

With both the introduction of the exposome and planetary health concepts we see new and 

different approaches to the integration of health and environmental data to study the 

relation between health and the environment. In this context, an additional approach that is 

important to discuss from a data integration perspective is global health. Global health is 

the consideration of health in global terms: a view of health and disease as the result of the 
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differently and unequally distributed needs and issues of the various population that live in 

different parts of the world and in related environments.7  

The concept emerged in the late 1990s as a way of expanding the notion of international 

health, that was extensively used until then with reference to the issue of epidemics and 

their control beyond the borders of individual nation states. Global health was introduced in 

this context as a way of expressing new interest and concern for health needs and 

inequalities of the whole global population, beyond the need to control specific issues such 

as epidemics and pandemics (Brown, Cueto, and Fee 2006). Various health institutions and 

national and translational political bodies now use global health as a framing to discuss 

health policy and related issues. Similarly to planetary health, global health is based on a 

relatively recent realisation in the health sciences and epidemiology in particular – the idea 

that socio-economic factors have a crucial impact on the development of health and disease 

at the individual and population level, to the point that significant differences and 

inequalities in these socio-economic factors can have a significant impact on health and 

disease. This might seem like a trivial realisation by epidemiologists and health policy-

makers, considering that epidemiology is traditionally the area of biomedical research that 

directly focuses on the distribution and determinants of disease and health in populations 

(Broadbent 2013) and the historical development of the discipline has as such been tied to 

various public health measures and interventions on the environment, including socio-

economic environments (Morabia 2004). Indeed, the study of socioeconomic status is a 

traditional and historical feature of public health and arguably one of the defining 

characteristics at the origin of the field, but the notions of social determinants of health is 

relatively recent and connected to research in the 1970s (such as the famous Whitehall 

studies on grade of employment and cardiovascular disease).  

However, similarly to planetary health, contemporary epidemiology and the focus on risk 

factors have rarely led to collaborations and interactions with the social sciences. The reason 

is evident when looking at data integration as the main focus of our analysis. Evidential 

standards tend to be significantly different between the health and social sciences, as 

contemporary epidemiological research is usually based on individuals and not populations 

as the main units of data collection and analysis (Kelly and Russo 2021), curation and 

annotation of metadata are differently advanced in the two disciplines (Boumans and 

Leonelli 2020), and the social sciences often lack the data and storing infrastructures that 

are typical of the biomedical sciences (Ankeny and Leonelli 2016). This has led to little 

similarity and compatibility at the level of data and evidence across the life, health, and 

social sciences. Epistemological and knowledge standards can vary greatly between the 

health and social sciences, with the latter focusing on qualitative and often descriptive goals 

whilst the former aim for the quantitative study of the determinants of health and disease 

 

7 See Giroux (2021) on conceptual approaches and limits to the idea of populations being healthy. 
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and knowledge is normally presented in quantitative terms with the crucial goal of 

generalisation. As a result, the interactions between environments, societies, populations, 

and individuals are significantly understudied and rarely with the goal of causal inference in 

mind (Ghiara and Russo 2019).8 A general yet substantial disregard for socio-economic 

determinants of health and disease is thus crucial background for the introduction of the 

concept of global health. But this is even more significant when considering a more general 

and widespread disregard for socio-economic features and causes of health and disease in 

other areas of the world than the West.  

The approach of global health is based on the use of health data from all the different 

populations of the globe for the study of population health. Global health is in this sense 

primarily a framework coming from health and economic policy, gaining its roots and 

background in planetary health, based on the economic and political role of the World Bank 

and the United Nations, and now emerging at the intersection of these and other public 

institutions such as the World Health Organisation and nongovernmental and translational 

players such as corporations and non-profit foundations (Reubi 2018). This is also the 

context where the collection and integration of global health data has taken place, with the 

development of large databases infrastructures and related data analysis, integration, and 

visualisation tools such as the Global Burden of Disease, a research centre and database 

located at the University of Washington and funded by the Gates Foundation. Yet this is also 

the context where we see the limitations of the approach to data integration of global 

health.  

The emergence and role of databases such as the Global Burden of Disease has been 

analysed by several historians and sociologists interested in the political and economic shifts 

around global health (Brown, Cueto, and Fee 2006; Birn 2009; Reubi 2018).9 As discussed by 

Jean-Paul Gaudilliere and Camille Gasnier, the collection and use of global health data in the 

context of the Global Burden of Disease initiative was originally aimed at policy, particularly 

economic interventions for economic growth (Gaudilliere and Gasnier 2020). The initial 

development of the Global Burden of Disease was framed in particular around the 

comparison between different health interventions, with the goal of using health data as a 

basis to identify the most economically effective and efficient interventions. However, the 

shift towards the global health framework has also implied a shift in the goals of data 

collection and integration in the Global Burden of Disease, whereby global health data are 

increasingly used as single indicators of health and disease in different geographical 

distributions, rather than relating data to economic considerations about growth and 

 

8 The COVID-19 pandemic is a source of examples in this direction, where these differences are partly 

responsible for the fact that public health policy-making has rarely been grounded in social scientific 

knowledge and evidence (Lohse and Canali 2021). 
9 See https://www.thelancet.com/gbd (accessed October 2022). 
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efficiency (Gaudilliere and Gasnier 2020, 362–66). In other words, this has increasingly 

rendered global health data as primarily health data, to be used for the analysis and study of 

health and disease in the global population. A similar shift in the use of large datasets at the 

global level in epidemiology has taken place with the emergence of visualisation tools 

connected to these data, for instance with dedicated dashboards and maps that can track 

the spreading and impact of specific diseases and display these phenomena in constantly 

updated maps at a global scale.10 

With global health we thus see the repurposing of data collected at the global level for 

health purposes and their integration with other available data for the tracking and analysis 

of health and disease at the global scale. This shift has had significant consequences at the 

research and policy level: for instance, the use of data from the Global Burden of Disease 

has successfully shown the extent to which mental health and mental disorders are 

increasingly present in the global South. Yet this repurposing for data integration has 

significant limitations too. The use of Global Burden of Disease data for the study of mental 

health has mostly not been based on local studies in the global South, but rather on the 

“complex set of correlations between the burden of mental health disorders and various 

epidemiological, social and economical variables worked out in countries benefiting from 

more reliable statistics” (Gaudilliere and Gasnier 2020, 365). The type of data integration 

that has been elicited by global health initiatives is thus often based on data that are not 

actually global, which is a crucial problem for the intended aim of global health to study 

health and disease of the whole global population, including usually neglected populations. 

The problem here is that in many cases data on health and disease in areas of the world 

such as the Global South are just not available and initiatives to increase local data 

collection are scarce.11 More recently, a number of project in global health have tried to 

implement an approach presented as “precision global health” (Flahault et al. 2020; Sheath 

et al. 2020). The goal of these project can be seen as precisely tapping into the issues 

discussed in this section – the lack of local and indigenous data on population health – 

through the collection of health data from digital devices such as smartphones, wearables, 

trackers. Setting aside ethical and social considerations on the use of these types of data as 

evidence for the study of population health, there is a broader issue that affects data 

integration for global health. In most cases, data from neglected areas of the world and low-

resourced research environments tend to be perceived as low quality, which are not up to 

being integrated with other data (Leonelli 2017). This is among the reasons why more 

advanced technologies, such as digital devices, are proposed as ways of dealing with these 

issues. The use of digital technology as a way of including areas of the world that are 

underrepresented and excluded areas from health data collection is promising (Celi 2022), 

 

10 These dashboards and maps have gained increasing political and epistemic importance in the context of the 

COVID-19 pandemic, see a critical analysis of this by Susanne Bauer (2021). 
11 See similar considerations by Rachel Ankeny on the need to bring data “out of the shadows” (Ankeny 2017). 

https://doi.org/10.1007/978-3-031-28432-8_5


Preprint of the chapter in the volume Integrative Approaches in Environmental Health and 
Exposome Research: Epistemological and Practical Issues (E. Giroux, F. Merlin, Y. Fayet Eds.) 
https://doi.org/10.1007/978-3-031-28432-8_5  
 

 15 

but the quality of data collected through these devices is often unclear and not transparent 

because of commercial interests. Data collection for global health has thus a crucial clash at 

its centre – the contrast between the need for more consideration of the global 

determinants of health and disease and evidential standards of what count as high-quality 

data across the globe. 

 

Approaches Features  Limitations 

Exposome - Expansion of health 

data (e.g. molecular, 

omics, climatic) 

- Focus on genomics 

and omics techniques 

- Reductionism of 

genomic approaches  

- Genomic data as a 

proxy for 

environmental and 

social features  

Planetary health - Expansion of 

environmental data 

(geographical, 

climatic, animal)   

- Focus on different 

environments and 

interactions between 

different species  

 

- Gaps in data collection 

- Disciplinary 

boundaries 

Global health - Repurposing of health 

data at the global 

level (local data, data 

from the Global 

South) 

- Focus on health needs 

and inequalities of 

the global population 

 

- Missing data 

- Varying approaches 

towards data quality  

Table 1. Approaches to data integration analysed with respect to their specific features and limitations 

 

6. Conclusions  

In this chapter, I have analysed three approaches to the study of the relations between 

environment and population health, which have recently emerged in the context of various 

social and political discussions on health and biomedical research. Using the conceptual lens 

and methodological choice of focusing on data integration, I have looked at the exposome, 
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planetary health, and global health as specific and distinct approaches to integrating 

different types of environmental and health data (see Table 1). With the introduction of 

these three concepts, we see new and different approaches to the integration of health and 

environmental data to study the relation between health and the environment, but also a 

conceptual and methodological expansion of what count as environment and health in 

relation to what count as environmental and health data and the ways these should be used 

and integrated for research in the health sciences.  

The exposome approach shows an expansion at the internal level of the environment and 

health, with the transfer of the genomic and molecular scaffolding for the study of internal 

exposure, their extension to epidemiology with an increasing focus on the individual level of 

environmental exposure, and thus a vertical expansion of the diversity of health data. As we 

have seen, this has significant consequences at the level of methodological approaches as 

well as disciplinary collaborations for the contemporary landscape of molecular and 

environmental epidemiology. The introduction of the concept of planetary health is a 

further expansion of these boundaries, but at the external level of the environment: a 

horizontal expansion of the types of environments that need to be analysed for health 

research, with a focus on the physical features of different environments and the 

interactions between different species that inhabit these environments and, therefore, also 

on different ways of collecting and integrating data on these new aspects of types of 

environment and health. As a consequence, the raise of this concept has significant 

consequences for the disciplinary boundaries of epidemiology, with the inclusion of further 

political and policy movements and the development of causal inference reflections on the 

influence of different environments on the health and disease of human and multispecies 

populations. The raise of the concept of global health has instead pushed for an expansion 

of the collection of health data – a horizontal expansion of the types of data that are 

considered necessary and the populations that need to be monitored and included in 

studies of population health and as such need to be integrated with environmental data. As 

a result, the extension of global health as a conceptual framework and approach is tied with 

the development of data infrastructures and partnerships across health and political 

institutions in different parts of the world.  

The focus on data integration sheds light on the concrete implications of following these 

conceptual and methodological frameworks, thus enabling more understanding of the 

epistemic implications of otherwise abstract and sometimes vague conceptualisations 

related to health, disease, and the environment. As we have seen throughout the chapter, 

this also includes shedding light on the limitations of these approaches. A common theme 

on limitations emerges as a result of the analysis in this chapter, which are related to the 

use of data as an asset to build collaborations between the health and environmental 

sciences. One of the consequences of shifts in the volume and diversity of scientific data in 

the last two decades has been the increasing value of scientific data as epistemic, social, and 
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political assets (Leonelli 2019). In this sense it is unsurprising that changes in conceptual and 

methodological frameworks of the health sciences are crucially tied to choices of which data 

to integrate and how. Yet this renewed value of scientific data lies in the extraction of 

evidence and knowledge from data as an asset, which is not an automatic nor neutral act. 

As we have seen, the use of specific types of health and environmental data (e.g. planetary 

health and epidemiological data) is tied with methodological choices and epistemic 

assumptions of the collection and interpretation of the same data – data are no ready-made 

solutions for the study of relations between environment and health and the collaboration 

between fields therein. The assumptions, methods, judgements that form the contextual 

features of e.g. molecular data need to be taken into account when data are integrated and 

aligned with other and existing assumptions, methods, judgements of the different 

disciplinary approaches in e.g. exposome research. This is even more significant when, as we 

have seen for instance with global data, data are not available and other data need to be 

repurposed for new uses. Data is hence a crucial asset for the study of the relations 

between environment and health in contemporary epidemiology – but attention to the 

contextual and epistemic implications of using different data is in turn crucial in order to 

fulfil these aims.  
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