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Abstract
This article provides a critical and genealogical analysis of the allostatic load 
research framework. AL research is used as a case study to analyse how the cur‑
rent biosocial context is articulated in the field of health inequalities research. Pro‑
viding a contemporary analysis of AL studies with a genealogy of the AL concept, 
we show that the ambition to use biological tools to improve measurements, predic‑
tions, and ultimately public health action, is rooted in a history that predates current 
biosocial entanglements. We analyse the conceptual and methodological grounding 
of AL studies in relation to the ambitious propositions to address health inequalities 
they often convey. The difficulties in translating AL research findings into public 
health policies and the risks of biomedicalisation that could emerge through the use 
of AL are also addressed. While acknowledging these risks, however, we nuance the 
risk of depoliticisation associated with the biomedicalisation of social inequalities in 
health. In light of the historical analysis, we qualify the risks associated to a biologi‑
sation of social life that could emerge from AL research: it appears that these risks 
are more specifically rooted in methodological and epistemological problems that 
researchers would need to consider in the pursuit of AL research.

Keywords Allostatic load · Biosocial · Social epidemiology · Health inequalities · 
Public health · Biomarkers

 * Thibaut Serviant‑Fine 
 tserviant@gmail.com

1 Université Paris Cité, IRD, Ceped, 75006 Paris, France
2 School of Health Sciences (HESAV), University of Applied Sciences and Arts Western 

Switzerland (HES‑SO), Lausanne, Switzerland
3 Département SHS, Centre Léon Bérard, Lyon, France
4 Research on Healthcare Performance RESHAPE, INSERM U1290, Université Claude Bernard 

Lyon 1, Lyon, France
5 UMR 5600 Environnement, Ville, Société, Lyon, France
6 Institut de Recherches Philosophiques de Lyon, Université Jean Moulin Lyon 3, Lyon, France

http://crossmark.crossref.org/dialog/?doi=10.1057/s41292-023-00303-0&domain=pdf
http://orcid.org/0000-0001-8755-2227


 T. Serviant-Fine et al.

Introduction

This article is broadly concerned with the relationship between biological and social 
factors in the development of health inequalities, in the context of growing biosocial 
research. More specifically, we focus on the developing field of studies which use 
the allostatic load (hereafter AL) framework. The term refers both to a concept and 
a subsequent measurement tool, put into use to identify the cumulative physiological 
impacts of environmental stressors on human health, and tentatively help explain the 
biological pathways by which social conditions are embodied. The concept is opera‑
tionalised into a composite score assembling a changing set of biomarkers, which is 
then correlated with various established measures of social deprivation.

The interest in AL reflects the currently expanding biosocial context, “the pre‑
sent renegotiation of the boundaries between realms commonly demarcated as 
‘the social’ and ‘the biological’” (Meloni 2014, p. 593). A vast body of research in 
various fields aims at understanding how the social environment comes under the 
skin, shapes individual physiology, and searching for biological mechanisms which 
govern the embodiment of social conditions.1 The quest for molecular mechanisms 
through which the biological and the social are intimately glued together has gar‑
nered increasing attention, notably following research on Developmental Origins 
of Health and Disease (DoHaD) started in the 1980s and later discoveries in epi‑
genetics. In social epidemiology, the integration of these objectives can be seen in 
attempts at addressing health disparities by studying the “biology of disadvantage” 
(Adler and Stewart 2010) or “biology of inequality” (Brunner 1997). In this land‑
scape, AL is construed as a potent tool to unveil the biological mechanisms trans‑
lating social phenomena into individual and collective physiologies, thus offering 
results which could help better address health inequalities.

In this article, we use AL research as a case study to explore how biological and 
social factors are combined in the field of health inequalities research. Our overall 
argument is articulated around two core propositions:

(1) We analyze the conceptual and methodological grounding of AL studies in 
relation to the ambitious propositions to address health inequalities they often 
convey. It is expected that by relating biological measures to other established 
measurements of social processes, we shall understand how the life‑course bio‑
logical embodiment of social deprivation comes into play in the construction 
of health inequalities, and that better policies will follow from this improved 
understanding. We address the difficulties in translating AL research findings 
into public health policies and the risks of individualistic and reductionistic 
consequences that could emerge through the use of AL.

(2) At the same time, AL research incorporates a core conceptual genealogy which 
can be traced back to previous ways of combining the biological and the social 
that do not necessarily entail those individualistic and reductionist consequences 

1 The social science literature analysing these issues has become too vast to be swiftly summarised here. 
See Meloni et al. (2016, 2018) for recent collections of articles as starting points.
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of biomedicalisation. Articulating our contemporary analysis of AL studies with 
a genealogy of the AL concept, we show that the ambition to use biological tools 
to improve measurements, predictions, and ultimately public health action, is 
rooted in a history that predates current biosocial entanglements.

The second section starts with a very brief presentation of AL studies, followed 
by what we identify as the promises and claims they put forward, and an outline 
of the risks of biomedicalisation in this field. The third section is dedicated to the 
historical genealogy of the AL concept, which we use to articulate our analysis of 
methodological and conceptual issues in AL studies in ‘The narrow path of AL 
research to meet its social promises’ section.

Allostatic load and the “biosocial turn” in social epidemiology

Allostatic load as an operational measure of stress

The AL concept was introduced by physiologists Bruce McEwen and Eliot Stellar 
(1993). McEwen’s team, at the Rockefeller University in the USA, alongside col‑
laborators such as Teresa Seeman’s team, at the University of California’s School 
of Medicine, published in 1997 the first results using AL measurements, based on 
the MacArthur cohort for ageing studies (Seeman et al. 1997). McEwen expanded 
the AL conceptual development in an oft‑quoted article (McEwen 1998), followed 
by new promising results based on the same cohort (Seeman et al. 2001). Until the 
mid‑2000s, only a few articles mentioned AL, mostly coming from McEwen’s or 
Seeman’s teams, sometimes in collaboration with other researchers. Then the field 
started to expand to new groups of researchers: around 2005 the number of articles 
grew to ca. 20–30 yearly, and since 2015 to more than a hundred.2

Allostatic load refers both to a conceptual framework and to its operationalisation 
into a measurement tool, taking the form of a multisystem score.3 Conceptually, AL 
can be described as the cumulative impact of environmental stressors on individ‑
ual physiology. As stress generates adaptive physiological reactions, chronic stress 
will lead to an alteration of the organism’s response capacity, a “gradual loss of the 
body’s ability to maintain physiological parameters within normal operating ranges” 
(Dowd et al. 2009, pp. 1298–1299). The embodiment of this cumulative impact of 
stressors has been metaphorically described as “wear and tear” in the foundational 
AL article (McEwen and Stellar 1993, p. 2094), or for other examples as “exact[ing] 

2 Survey based on a PubMed search for “allostatic load” in the Title/Abstract section. In 2021 alone, 187 
articles have been published, for a current total of 1431 (December 2022). Out of this large search, we 
extracted all the review articles to access the main issues debated in the research community which uses 
this tool. Additional empirical articles have been selected to address specific points regarding the studies 
that connect AL with socio‑economic status.
3 Following Johnson et al. (2017, p. 67), we mention ‘AL index’ or ‘score’ when referring specifically to 
the quantifiable variable.
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a toll” (Beckie 2012, p. 312) or a “physiologic stamp on the body” (Szanton et al. 
2005, p. 8).

The AL concept thus puts forward a dynamic vision of the interwoven social and 
biological dimensions of health and disease, rooted in the broad concept of stress. 
Indeed, the possibility to delineate and grasp this particularly malleable notion is 
an attractive feature of AL. Stress being an essential cornerstone between the social 
and the physiological, it seems especially appealing to develop tools to operation‑
alise and quantify it. Empirically, AL is a composite index, which could poten‑
tially be described as a meta‑biomarker. While partly similar to existing ones such 
as cardiovascular risk or metabolic syndrome scores, AL is explicitly developed by 
combining biomarkers from different physiological systems. This multisystem fea‑
ture is seen as more relevant to quantify the cascading effects of chronic stress on 
physiological systems. External stressors first generate primary mediators (hypo‑
thalamic–pituitary–adrenal axis hormones such as cortisol or epinephrine), which 
induce the release of secondary metabolic and cardiovascular mediators (blood 
pressure, glycosylated haemoglobin, or cholesterol). The AL score is constructed 
with varying sets of biomarkers, measurements, and calculation criteria in different 
studies. We will return in more detail (‘The narrow path of AL research to meet its 
social promises’ section) to the methodological issues and criticisms linked to the 
construction of this composite index.

Current findings and promises of AL studies

AL has been studied in relation to various health outcomes compiled in Guidi 
et al. (2021). It has been associated with health behaviours (increased AL is linked 
to smoking or alcohol consumption), or various diseases (linked to increased risk 
for several cardiovascular diseases, type 2 diabetes, preeclampsia, musculoskeletal 
disorders, epileptic seizures, chronic migraine, etc.). AL correlations with mental 
health issues range from higher levels of self‑rated stress, depressive and anxiety 
symptoms (not confirmed by all studies), psychotic disorders and various post‑trau‑
matic stress disorders. Adverse childhood experiences have been shown to be asso‑
ciated with high levels of AL in adult life.

Moreover, AL has been associated with various sociodemographic variables (see 
reviews: Ribeiro et al. 2018; Beckie 2012; Guidi et al. 2021). Studies have shown 
that higher AL is linked with low socioeconomic status (hereafter SES), low income, 
living in impoverished neighborhoods or unhealthy environments (traffic, household 
crowding, low vegetation cover), greater perceived racial or social inequalities. Ele‑
vated AL is also correlated in some studies with work‑related stress, poor quality 
jobs, burnout syndrome. Other research revealed racial disparities in AL with higher 
scores among young and middle‑aged Black adults in comparison to Whites at all 
ages (Geronimus et al. 2006). Place or neighborhood characteristics have also been 
explored, showing the impact of social deprivation (Prior et al. 2018), environmen‑
tal exposures, or neighborhoods perception by their inhabitants (van Deurzen et al. 
2016).
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Exploring these various correlations, researchers voice expectations for the 
potential outcomes of AL studies. Here we schematically classified the main claims 
based on the growing number of potential constraints and problems they may bring 
about. Indeed, while AL offers identifiable opportunities at the biomedical level, 
complex issues regarding methodological and conceptual robustness arise when 
moving towards the social dimensions of health and disease.

(1) Improved disease prediction Early studies have shown AL to be a better predictor 
of mortality than metabolic syndrome components or individual mediators (See‑
man et al. 2001). The use of AL as a composite multisystem score could improve 
the prediction of disease risk in certain contexts, through the identification of 
subclinical states which are less well detected by using single biomarkers. This 
results in the “expectation that AL can provide early warning signs for future 
adverse health outcomes” (Beckie, 2012, p. 341).

(2) Identifying biological mechanisms of embodiment It is claimed that the use of 
AL can pave the way for the identification of physiological mechanisms govern‑
ing the “biological embedding of social conditions” (Delpierre et al. 2016, p. 
79) over the life‑course, or that it could be a mediating link which may allow to 
unpack the black box of previous studies reporting social and spatial inequalities 
in health outcomes (Prior et al. 2018). Indeed, technical advances in the detection 
of biomarkers provide interesting leads to deepen the study of biosocial mecha‑
nisms, and may prompt new collaborations between biologists, epidemiologists, 
and social scientists (Harris and Schorpp 2018).

(3) Addressing health inequalities It is often claimed that AL studies could help 
understand and act upon health inequalities. Indeed, as “lower SES environments 
expose individuals to more stressors while simultaneously providing them with 
fewer resources to deal with these stressors” (Adler and Stewart 2010, p. 14), AL 
is seen as a promising tool to design better specific public health interventions. 
For example, AL should “provide a mechanistic link to understanding health 
disparities” (Szanton et al. 2005, p. 7). These claims are not uniformly worded: 
some authors cautiously draw potential perspectives, while others embrace prom‑
issory futures that might seem still quite distant. We return to these claims in 
‘The narrow path of AL research to meet its social promises’ section, where we 
address the epistemological and methodological issues currently limiting AL 
studies, to highlight the decoupling between some of these expectations, and 
the range of problems which remain to be solved to tentatively reach them.

Solving health inequalities, or biomedicalisation remade?

AL research has to deal with a central ambiguity: the new scientific tools and per‑
spectives offered may help to address important issues in social epidemiology, how‑
ever, like the other face of a coin, they also clearly fit in the dominant trend of bio‑
medicalisation (Clarke et al. 2010), which could undermine its ambitions for public 
health. We underline some of the classic criticisms which can be addressed et  al. 
research.
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The post‑genomic turn, showcasing a renewed focus on the deep porosity 
between organisms and environments (a notion which dates back to a much longer 
history, see below), has often been welcomed by social scientists as a new paradigm 
to finally get rid of the burden of biologisation brought about by the dominance of 
genetics. However, researchers have pointed out that in some scientific fields the old 
wine of genetic determinism could still readily be found in the bottles of the new 
biology (Richardson and Stevens 2015; Richardson 2017; Bliss 2018). By molecu‑
larising the biography of individuals (Niewöhner 2011), more precisely by revealing 
the biological pathways through which social inequalities ‘get under the skin’, the 
new biology is suspected of maintaining the biologisation of social inequalities, gen‑
erating a set of interconnected risks: increased dominance of biomedical forms of 
evidence‑making, abandonment of social explanations of socio‑economic issues in 
favor of biological ones, and a focus on individual behaviour rather than on broader 
structural causes.

Mobilising biomarkers as direct and objective signifiers of mechanisms at work 
in causal pathways, from exposures to the development of disease, AL studies can 
easily align with the dominant legitimacy of biomedical sciences. But through this 
incorporation of biomedical tools in social epidemiology, AL research may well 
carry some of the risks associated with the biologisation of social phenomena. This 
has several interconnected consequences.

(a) Epidemiologists get absorbed in ever‑growing demands for biological proofs, as 
biomedical standards of evidence are seen as the main criteria to devise specific, 
targeted, and cost‑effective public health actions in a context of limited funding. 
This trend can also be found in other fields, such as toxicology and environmen‑
tal sciences, where an ever‑increasing breadth of biological proofs is deemed 
necessary to take (or delay taking) action (Shostak 2013), and in particular in the 
emergent field of exposomic research.4 Notwithstanding biomarkers’ intrinsic 
scientific usefulness, they can in this context be used as tools of persuasion for 
social epidemiologists, allowing them to speak the biomedical language often 
valued as more innovative, sound and relevant in medical and policymaking 
circles and funding agencies. Insisting on empirically identifiable biological 
traces, perceived as objective clues of the existence of direct mechanistic trans‑
lations of social conditions into individual bodies, might be a strategic way to 
help convince a larger audience of the concrete physiological impact of social 
determinants of health, and promote the importance of this research. However, 
this kind of biomedical legitimisation comes at a cost.

(b) The uptake of biomedical standards of evidence may overshadow intrinsic meth‑
ods of proof‑making in social science (see e.g. Schrecker 2013). The systematic 

4 The aim of this emergent field of research is to develop an integrative and comprehensive approach of 
individual exposures influencing health over the life‑course. But the main focus of the field is currently 
on the internal exposome (Giroux et al. 2021; Giroux, forthcoming 2023). The aim is to “deliver a corre‑
spondingly comprehensive analysis for the environment that fits into the biomedical framework” (Miller 
2021).
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use of biomedical tools and evidence orientates scientific research towards the 
production of a certain type of potentially useful knowledge, while other types 
may be ignored or bypassed, as research on agnotology and undone science has 
amply shown (Proctor and Schiebinger 2008; Frickel et al. 2010; Henry et al. 
2021). Thus, approaches seeking to integrate biological factors into the study 
of social phenomena should assess how to do so without undermining social 
research’s own methods (in the context of the exposome research, Senier et al. 
2017; Kelly‑Irving et al. 2022).

(c) As a consequence of (a) and (b), a stronger focus on biological features may run 
the risk of depoliticising socio‑economic health issues. Surely, the scientific 
endeavor aimed at understanding how social processes biologically translate into 
health outcomes can hardly be criticised in itself. However, it generates a perma‑
nent impulse to devise a growing variety of biological measurements, entailing 
a risk that social epidemiology could become focused towards the appealing but 
elusive search for definitive biological mechanisms of embodiment, rather than 
on the social conditions governing individual and population health at a more 
structural level.

(d) Finally, AL research could reinforce the search for biomedical solutions to social 
problems, to merely act upon biological and individual parameters in order to 
manage the social origins of illness. For example, Catherine Bliss argued that 
“social justice will increasingly be rendered a biomedical problem, displacing 
social scientific research as the main branch of disparities research” (Bliss 2015, 
p. 188), in her case focusing on the incursion of postgenomic sciences into health 
inequalities research. The same kind of problem could appear in studies seeking 
to link AL scores with measurements of social conditions. The extended uses 
of biomarkers may lead to a public health vision focused on individual risk 
factors, followed by a prioritisation of curative solutions often associated with 
medical and pharmaceutical intervention. AL research results do seem to offer 
an improvement in precision and in the capacity to predict future disease, which 
could lead to more efficient targeting of specific at‑risk individuals for treatment 
or preventive action. However, the focus on an individual score functioning as a 
meta‑biomarker influences the delineation of the normal and the pathological. 
The identification of subclinical states, determined by cut‑off score values (see 
‘The narrow path of AL research to meet its social promises’ section), could lead 
to well‑known problems such as generating debated pre‑disease categories and 
then overdiagnosis and potential overtreatment. It could orientate public health 
policies toward a focus on the health behaviours of at‑risk individuals rather 
than addressing the structural causes of health inequalities, which since decades, 
social epidemiologists have been advocating for (Marmot 2004). The overarching 
search for biomedical solutions could keep delaying the use of the full extent 
of social and epidemiological knowledge already available for transformative 
public health action.

In sum, some features of AL research may well lead to an individualised, biolo‑
gised and thus depoliticised vision of health disparities. However, it does not follow 
that AL studies should only be perceived as mere new items in the already quite full 
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basket of biomedicalisation. In the next sections, we attempt to move beyond this 
necessary but limited criticism. Indeed, AL also stems from a lesser‑known con‑
ceptual genealogy in which the social and the biological were differently combined 
in attempts to understand and address health inequalities. Through this genealogy, 
we seek to nuance the idea that the molecularisation and biologisation of stress is 
a by‑product of recent orientations of biological research. On the contrary, AL is 
the product of a long history of research which displayed a biologisation of health 
inequalities, which made possible the materialisation of causal links between social 
conditions and diseases. In other words, in view of the history of the field, biolo‑
gisation is not necessarily a risk of depoliticisation, but also a condition that has 
enabled social inequalities to become a medical and public health problem in its 
own right. This does not mean that biologisation cannot be problematic, and notably 
raises epistemological issues. Thus, we aim to demonstrate that AL is ambivalent 
and situated on a ridge line: on one side prone to biomedicalisation, but on the other 
reflecting past and different biosocial entanglements which had currency in social 
epidemiology.

A genealogy of allostatic load: recovering past biosocial 
entanglements

From homeostasis to allostatic load: roots of the AL concept in a physiological 
model of stress and a socio‑epidemiological perspective

Even if some do not hesitate to trace the history of research on the environmental 
and social determinants of health back to Hippocrates, the modern biologisation of 
social inequalities in health is much more recent and dates back to the first part of 
the twentieth century. What characterises modern research in this field is the work of 
the great figures of nineteenth century social medicine or public health activism—
Edwin Chadwick, Louis René Villermé, Rudolf Virchow, Friedrich Engels—who 
laid the foundations for a statistical approach (Waitzkin 1981; Krieger 2011). Then, 
biological models emerged to give a mechanistic explanation to biostatistics descrip‑
tions on social inequalities in health. The notion of stress has been central in address‑
ing the physiological pathways through which social determinants and unhealthy 
environments affect morbidity and mortality risks and ‘get under the skin’. In his 
analysis of environmental epigenetics, Jörg Niewöhner mentioned AL as a “molecu‑
larised concept of chronic stress” and a “neuropsychoendocrinological re‑writing” 
of “the cumulative impact of all chronic stressors on a given organism” (Niewöhner 
2011, p. 281). He also briefly linked the history of chronic stress back to the Harvard 
physiologist Walter B. Cannon. Indeed, McEwen and Stellar built the AL concept 
on the previous coinage of the allostasis concept, by American neuroscientist Peter 
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Sterling and epidemiologist Joseph Eyer (Sterling and Eyer 2005[1988]). Allostasis 
was itself introduced to go beyond the concept of homeostasis, famously built by 
Cannon in the 1920s as a mechanistic model explaining how health is impacted by 
social stress. It is precisely this genealogy of the AL concept that we wish to deepen. 
It requires tracing a complex series of conceptual and experimental developments 
which lead, from homeostasis to the allostatic load, to apprehend social inequalities 
in health not only through statistical measures, but, also, through a pathophysiologi‑
cal model based on psychosocial stress.5

Cannon is mostly known for having studied the regulation mechanisms main‑
taining the stability of the organism, which he termed homeostasis (Cannon 1926). 
Firstly, in “Stresses and Strains of Homeostasis,” he proposed one of the first inte‑
grated theory explaining how specific physical or social stresses (Cannon 1935, p. 
14) unbalance the body’s regulatory mechanisms, up to the “point at which the sta‑
bility is ‘significantly altered’” (Cannon 1935, p. 7), making the body vulnerable 
to a whole gamut of diseases and disorders. Three main features emerge from this 
paper, in which we can identify future important directions:

(1) the “vitality” of an individual could be measured by establishing a “homeostatic 
index,”

(2) it should be possible to study when stress significantly alters physiological stabil‑
ity and precipitates the organism into pathology,

(3) the study of the causes of stress (prolonged labour, fatigue, demands of school, 
infection, insomnia, etc.) should be done with attention to critical periods: child‑
hood, adolescence, old age.

Cannon identifies key periods of development likely to have an impact on vitality. 
It is precisely this perspective that will be developed later in life‑course epidemiol‑
ogy, defined “as the study of long term effects on later health or disease risk of phys‑
ical or social exposures during gestation, childhood, adolescence, young adulthood 
and later adult life” (Kuh et al. 2003, p. 778). It is also in a life‑course perspective 
that research in social epidemiology and exposome research using AL are developed 
(Vineis et al. 2020).

Secondly, Cannon attributes the shift from infectious diseases to a new range 
of ailments (heart and blood vessels pathologies, angina pectoris or exophthalmic 
goiter) to the socio‑economic context and the successive crises that marked indus‑
trial development since the First World War. He underlines that unemployment and 
poverty could strain individuals and deplored that “reliable statistics are hard to 
obtain” (Cannon 1936, p. 1454), in order to get epidemiological data to complement 
laboratory research and clinical observations of diseases caused by emotional/social 
determinants.

5 Historians of science and medicine have explored the rich history of stress (Jackson 2013, 2015; Can‑
tor and Ramsden 2014). For a detailed study of Cannon’s role in the history of stress physiology, see 
Jackson (2013) and Arminjon (2020a).
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Cannon’s theory of physiological imbalance induced by environmental, psycho‑
logical, and social conditions had a programmatic influence in the work of microbi‑
ologist René Dubos, at Rockefeller University. Microbial agents are present in envi‑
ronments and organisms where they persist without causing disease, until organisms 
come under “physiological stress” (Dubos 1965, p. 164; see also: Honigsbaum 
2017) such as nutritional status, fatigue, overwork, etc. In turn, Dubos’ takeover 
of Cannon’s model of vulnerability to diseases determined by physiological stress 
influenced a new generation of scholars, among which was John Cassel (Arminjon 
2020b).

In the 1960s, Cassel imported the Cannon/Dubos stress model into social epide‑
miology (Cassel 1976). This physician and epidemiologist began his career in South 
Africa, where he developed community medicine centres for the Zulu population. In 
1953, he later became director of the Department of Epidemiology School of Pub‑
lic Health at the University of North Carolina and greatly contributed to the devel‑
opment of social epidemiology, playing a pivotal role in the intellectual journey 
which led from homeostasis to allostasis. For instance, a series of studies he initi‑
ated highlighted that the level of social disorganisation is correlated to the incidence 
of cardiovascular pathologies, especially in the Black American community (Neser 
et al. 1971).6 Results are explained either by Whites benefiting from more psychoso‑
cial resources likely to compensate for the physiological effects of stress, or by the 
effects of social disorganisation having a tenfold effect on the members at the lowest 
position in the social hierarchy.

The introduction of the allostatic model can be seen as a theoretical extrapolation 
of this line of work that has helped to demonstrate how psychosocial stress impacts 
and modulates physiological life. In 1988, Sterling and Eyer developed allostasis to 
complement and overcome what they saw as homeostasis’ “fixism,” its inability to 
account for adaptation to stress. The transition from homeostasis to allostasis can be 
read as a transition from a theory of stress as a potential source of bodily dysfunc‑
tion, to a theory of physiological adaptation to stress. While homeostasis posits that 
stability is maintained by keeping physiological parameters fixed, i.e. “through con‑
stancy”, allostasis contends that physiological stability is reached “through change” 
(Sterling and Eyer 2005[1988], p. 636). Allostasis “exemplifies a critical principle 
of physiology: to maintain stability an organism must vary all the parameters of its 
internal milieu and match them appropriately to environmental demands” (Sterling 
and Eyer 2005[1988], p. 636). The two concepts are nevertheless tightly linked, 
most notably regarding the study of psychosocial stress as a determinant of disease.

The allostatic model came at the climax of Eyer’s 1970s research in social epide‑
miology. Eyer alone, then with Sterling, published several papers which attest to the 
rooting of the allostatic model in the study of psychosocial determinants of chronic 
diseases, with a special emphasis on hypertension (Eyer 1975, 1977; Eyer and Ster‑
ling 1977). They endorse a critical perspective influenced by Marxism (historical 

6 These studies used the Harvey Smith index, which included the percentages of single‑parent families, 
males sentenced to prison, separated couples, etc. Here, the methodological creation of a composite 
index was established using social parameters only, to identify which affected health the most.



Allostatic load: historical origins, promises and costs of…

materialism), seeking to demonstrate how both normal and pathological physiolo‑
gies are shaped by social organisations (Arminjon 2016). For example, Eyer showed 
that mortality rate does not reach its maximum in times of economic depression, 
but that mortality due to heart disease, stroke, cancer, cirrhosis, diabetes, accidents, 
influenza‑pneumonia, ulcers, actually increase during economic booms, while sui‑
cides and homicides decrease. These correlations are interpreted to support the the‑
sis that diseases are associated with the stress induced by increased working hours, 
migration and community disorganisation (Eyer 1977). These results were inte‑
grated in the 1988 definition of allostasis.

Sterling and Eyer built on programmatic ideas that Cannon only imagined at the 
end of his career. While homeostasis designates the regulatory mechanisms allowing 
the body to maintain stable physiological parameters in daily situations, the allo‑
static model differs most clearly by trying to demonstrate, from an epidemiologi‑
cal populational perspective, the variability of physiological parameters resulting 
from the adaptation to socio‑cultural environments. The foundational objective of 
the model aimed at drawing all the implications of chronic and cumulative stress, 
through a critical and comparative examination of how stress factors were linked 
to specific socio‑cultural determinants, particularly those of capitalist societies. For 
instance, for Sterling and Eyer (1977, p. 5), cross‑cultural epidemiology indicated 
that hypertension in the general population was a psychosocial adaptation to indus‑
trialised societies, and that social and racial discrimination amplified this trend in 
the African‑American community (Arminjon 2020b).7

We can now highlight an epistemological shift between the allostatic model and 
the allostatic load/overload model. When McEwen and Stellar introduced the AL 
concept (‘Allostatic load as an operational measure of stress’ section), they did stay 
in line with Sterling and Eyer by defining AL as “the cost of chronic exposure to 
fluctuating or heightened neural or neuroendocrine response resulting from repeated 
or chronic environmental challenge that an individual reacts to as being particularly 
stressful” (McEwen and Stellar 1993, p. 2093). But later on, they departed from 
Sterling and Eyer. As said above, for the latter, a condition like hypertension is not 
a dysfunction, but an adaptation. If every condition is an adaptation, it becomes dif‑
ficult for the allostatic model to determine whether, and under what conditions, a 
long‑term adaptation to the environment can be stated as dysfunctional or patho‑
logical. McEwen and Wingfield (2003), thus distinguish how brief or sustained 
AL can lead to two types of allostatic overload: “Type 1 allostatic overload occurs 
when energy demand exceeds supply, resulting in activation of the emergency life 
history stage” and “Type 2 allostatic overload begins when there is sufficient or 
even excess energy consumption accompanied by social conflict and other types of 
social dysfunction” (McEwen and Wingfield 2003, p. 2). Type 1 allostatic overload 

7 For a detailed genealogy of the cross‑cultural epidemiology of hypertension particularly in the African 
American community, see Arminjon (2016, 2020b) and Pollock (2012, Chaps. 3–4). See also Kuzawa 
and Sweet (2009) for a convincing review highlighting the developmental mechanisms of cardiovascular 
disease disparities, and thus the ‘embodiment of race’ as a social condition, against explanations leaning 
on genetics.
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overlaps with the kind of situation occurring in a “natural environment” (lack of 
food, hibernation, migration etc.) requiring the organism to get into survival mode. 
Type 2 rather refers to the consequences of stress caused by modern life: the neuro‑
physiological processes activated during chronic stress (HPA axis, autonomic nerv‑
ous system), and the coping behaviours (over‑consumption of alcohol, tobacco, junk 
food) which in sedentary life may lead to pre‑diabetic state, atherosclerotic plaque, 
left ventricular hypertrophy, etc. While the allostatic model leads to defining adapta‑
tion as a neutral process in the distinction between the normal and the pathological, 
the allostatic load/overload model thus designates a theoretical approach making it 
possible to think of adaptation as pathological when it designates an increased risk 
of disease that could, in principle, be measured.

Through the definition of AL as the cumulative strain on the body produced by 
chronic stress, McEwen and collaborators (Seeman et al. 1997; Seeman et al. 2001) 
actually revived Cannon’s idea to create a “vitality index”: the opportunity to cre‑
ate an “allostatic load index”, defined as “a cumulative index of risk for disease” 
(Seeman et al. 1997, p. 2266). Using longitudinal data—the cohort of the MacAr‑
thur studies of successful ageing from 1988 to 1991—they developed a measure of 
AL based on ten physiologic parameters tied to different regulatory systems. Results 
revealed that higher AL scores predicted poorer cognitive and physical function‑
ing, higher reduction in cognitive and physical functioning, and increased risk of 
cardiovascular disease. However, in the limitations of the study, the authors men‑
tion that the AL index they used may not include all relevant aspects of physiologic 
functioning. McEwen and Wingfield later concluded that “an independent measure 
of allostatic load (…) is key, and only then will the concept be tested objectively” 
(McEwen and Wingfield 2003, p. 11). In other words, the question of which param‑
eters should be included in the AL index does not seem unreachable but is still not 
resolved. Today, a significant amount of research in the field is aimed at varying 
parameters to improve existing AL scores. We will see in ‘Methodological issues 
related to the operationalisation of AL in social epidemiology’ section. that the crea‑
tion of such indexes still raises several important epistemological and methodologi‑
cal challenges.

Bio‑social entanglement in the history of AL

At first sight, the AL model could be interpreted as a return to a physiological model 
of stress, without taking into account the socio‑epidemiological roots of the allosta‑
sis concept. As pointed out above, this apparent shift in investigation from social to 
biological pathways might contribute to the depoliticisation and individualisation of 
public health problems, and seems consistent with the idea that an excessive focus 
on biological rather than socio‑epidemiological evidence is bound to contribute to a 
biomedicalisation of health inequalities. However, this genealogy leads us to qualify 
such a conclusion, from both political and epistemic standpoints.

At first, the genealogy of AL could be interpreted as an oscillation between the 
biological side (Cannon and homeostasis) and the social side (Cassel and Eyer) 
of a same coin that is intrinsically the biosocial framework. When the orientation 
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veers towards the social end, hypotheses are tested to determine what kind of social 
factors or organisation is more or less likely to induce stress and consequently dis‑
eases. When the focus is rather on biological characteristics, hypotheses are tested to 
determine which physiological pathways are involved in psychosocial stress. Indeed, 
Cannon’s approach could be read as pertaining to a biosocial framework. The home‑
ostatic model, one of the first physiological models of stress, was intended to under‑
stand the physiological pathways of the social determination of health. On an epis‑
temological standpoint, Cannon was explicitly aware that his research could not be 
conceived solely from a biological point of view. He clearly pointed out that socio‑
epidemiological data would, if readily available, contribute to more accurate causal 
determinations. In other words, Cannon precisely pointed at the risks of reducing 
the social to the biological, and programmatically called for a multi‑level and inter‑
disciplinary approach to the social determinants of health. On a political standpoint, 
Cannon never hid that his scientific program was related to political activism, as he 
promoted social protection and economic interventionism inspired from the social 
‘experience’ the USSR was developing at the time (Cannon 1939, 1945). Thus, Can‑
non definitely advocated for a biologisation of the study of social determinants of 
health, but in a form that one cannot suspect of reinforcing any individualistic con‑
ception of health. The same can be said about researchers such as Cassel, person‑
ally affected by issues of racial health inequalities, as well as Sterling and Eyer who 
claimed their radical orientations. Their involvement in the ‘science for the people’ 
movement, in the struggle for civil rights, and their concern for health inequalities 
affecting the African American communities, show that approaches linking the bio‑
logical and the social may lead to other paths than conservative sociobiology or neo‑
liberal biomedicalisation.

Secondly, it should be emphasised that the allostatic model (and its adaptationist 
conceptual framework) relies on the homeostasis model (and its functionalist physi‑
ological framework). The homeostatic model was intended to provide an experimen‑
tal basis for clinical observations (Cannon 1916, 1935, 2020), since Cannon spent 
most of his career studying the role of stress and its physiological pathways in the 
development of diseases. Then, the allostatic model is also a physiological model, 
conceived as a general theory of adaptation to stress, but Eyer and Sterling did not 
develop it from laboratory experiments. In their model, the physiology of stress is 
taken for granted, and mobilised as a causal explanation for statistical correlations, 
which were discovered following hypotheses drawn not from clinical, but epidemio‑
logical and sociological rationales.

Thirdly, the AL model is part of a psychosocial trend which uses biological means 
to overcome the limits and social reductionism of the materialist trend in social epi‑
demiology. This psychosocial trend of social epidemiology could be understood as 
a way to expand the study of structural determinants of health. As pointed out by 
Cassel, the theory of the host’s susceptibility makes a distinction between exposure 
to physicochemical pathogens and exposure to psychosocial factors. The former 
have a direct adverse effect on organ structure and function, whereas the latter exert 
an indirect pathogenic action by disturbing the homeostatic balance (Cassel 1974). 
The issues involved in distinguishing between direct and indirect effects can be illus‑
trated with the debates opposing advocates of the psychosocial model like Michael 
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Marmot (Marmot and Wilkinson 2001) to the supporters of materialist approaches, 
either the one adopted by the authors of the Black Report (Black 1980) in the United 
Kingdom or defended by neo‑materialists (Lynch 2000). Materialist approaches 
assume that social inequalities in health mainly affect people living below the pov‑
erty threshold, so that an increase in living standards, education, hygiene, etc., would 
eventually eradicate inequalities. However, for the proponents of the psychosocial 
approach, this explanation is contradicted by the social gradient, i.e. that health ine‑
qualities can be measured all along the social hierarchy (Marmot 2004). To psycho‑
social epidemiologist, material conditions fail to explain health inequalities above a 
certain standard of living, and at this level the health status is rather determined by 
the perception of one’s social position and the stress factors associated with status 
(control over one’s life, number of friends, social support, quality of hobbies, etc.). 
Most importantly, to psychosocial epidemiologists, only neuroendocrine pathways 
can account for how psychosocial factors make hosts more susceptible to disease 
through stress. Thus, in the psychosocial model, biologisation does not represent an 
individualisation and a depoliticisation of health problems. On the contrary, it is the 
condition for extending the study of the structural determinants of health beyond 
sole material determinants.

To conclude, the apparent return to a physiological model operated by AL 
researchers must be situated in a broader context. The project of uncovering biologi‑
cal mechanisms is not new and does not necessarily compete with, but may comple‑
ment documenting social determinants at the epidemiological level. In other words, 
the biological and social sides of social epidemiology are historically, politically, 
and epistemologically inseparable as two sides of a same coin, and both may con‑
tribute to shape a collective (i.e., not individualistic) representation of health.

This historical section thus shows that there is no systematic or intrinsic risk of 
reductionism or depoliticisation to be associated with the biologisation of social 
inequalities in health: since its inception, social epidemiology actually integrated a 
biosocial approach associated with some explicit political agendas. From the diverse 
approaches at their origin, recent developments on the biological embodiment of 
health inequalities based on the AL concept inherited a tension, or ambivalence, in 
the orientation of research that can lean towards a more biological or a more social 
side. The way this tension takes place in the context of AL‑based research has been 
nicely put into light by Gustaffson (2016) and can also be interpreted as diverging 
thought styles on embodiment, between “biological embedding” on one side and the 
“embodiment of social experiences” on the other (Louvel and Soulier 2022). In the 
last section, we analyse a series of epistemological and methodological issues raised 
by the specific biosocial approach conveyed by the AL concept.

The narrow path of AL research to meet its social promises

The constitutive conceptual ambivalence of AL leads to question its potential uses 
and the extent to which the claims and promises put forward in this research field 
could be realised. In ‘Allostatic load and the “biosocial turn” in social epidemiol‑
ogy’ section, we mentioned three main categories of promises made in AL studies: 



Allostatic load: historical origins, promises and costs of…

(1) improved disease prediction, (2) identification of biological mechanisms of 
embodiment, (3) addressing and explaining health inequalities. In this section we 
return to these promises in light of the genealogical background developed above. 
We will see that the conceptual ambivalence of the AL concept is echoed by a prac‑
tical heterogeneity in the operational construction of AL scores. This heterogeneity 
is problematic for the three categories of promises. We highlight a tension between 
the promise of better prediction and that of better explanation. The variable and 
unstable relationship between AL and social conditions over time and place limits 
the representativeness and comparability of results.8

Methodological issues related to the operationalisation of AL in social 
epidemiology

The core difficulties in AL research arise from its operationalisation as a meta‑bio‑
marker, while trying to obtain “an independent measure of allostatic load” which is 
seen as “key”, since “only then will the concept be tested objectively” (McEwen and 
Wingfield 2003, p. 11). As we have seen, this amounts to finding a practical way to 
reach Cannon’s earlier goal to develop a “vitality index.”

Despite the extension of AL research, there is still no consensus on a general 
method to construct this index. This raises issues of reproducibility and compa-
rability, which have been identified and debated in the AL field. Reviewers have 
noted that “researchers have not taken a consistent approach to the way they have 
operationalised the concept” (Johnson et al. 2017, p. 67) and that “the central issue 
[…] was the enormous heterogeneity in the biomarkers, cut‑off values, control for 
medication intake, and mode of calculation used for the assessment of AL. Such het‑
erogeneity makes it difficult to compare the studies and draw overall conclusions” 
(Ribeiro et al. 2018, p. 10). Indeed, a growing number of variables are used in differ‑
ent combinations. Since the original study which used a set of ten markers (Seeman 
et al. 1997), other markers have been tried, their choice being often dictated by the 
availability of samples in a specific cohort. Early on, reviewers already criticised 
variations in the “strength of justification for inclusion of variables beyond the origi‑
nal ten” (Szanton et al. 2005, p. 11).

Once a specific set of markers has been determined, the next methodological 
choice in order to construct an AL index lies in establishing cut‑off values for each 
marker, which determines high‑ or low‑risk ranges. A score is then attributed to the 
measurement in the sample, depending on the risk zone in which it is situated. The 
AL score consists in the addition of scores obtained for all chosen biomarkers. The 
choice of cut‑offs values also varies between studies (for example: higher quartile, 
or higher 10%, to determine the high‑risk zone for a specific biomarker). Ensuing 
debates on the appropriate cut‑offs to be chosen for each parameter are linked to the 
idea that AL should allow to detect pre‑diseased states in individuals with cumula‑
tive risks, despite the absence of any symptoms. Thus, if the cut‑offs are too large, 

8 While AL studies share a common conceptual and methodological backbone, they should not be 
regarded as an entirely homogeneous field.
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they will be imprecise and lead to classify as high‑risk people who will not develop 
any disease, but if they are too narrow, they will only allow the identification of 
very‑high‑risk individuals.

The issue of comparability is even greater for AL studies seeking to correlate AL 
scores with measures of social conditions which are also very diverse, in terms of 
dimensions (occupation, education, income, SES, gender, race, social deprivation, 
etc.) or levels (individual or population). This may lead to confounding effects. For 
example, the use of general social indicators such as income and education could be 
problematic for AL studies because it “obscure[s] the specific dimensions of SES 
that are most related to stress and the health impacts of stress” (Dowd et al. 2009, 
p. 1306). Moreover, the relationship between AL and social conditions is mediated 
through multiple indirect pathways of health‑related behaviours, physical factors 
(pollution, degradation, etc.) and social stressors (unsafety, discrimination, lack of 
support, etc.). The heterogeneity of these social variables, and their multiple pos‑
sible interactions with AL, adds up to the intrinsic heterogeneity of AL scores. In 
the end, these issues of reproducibility and comparability could “[hinder] a better 
understanding of the biological mechanisms underlying poorer health amongst those 
of a lower [SES]” (Johnson et al. 2017, pp. 70–71), which is nevertheless one of the 
main initial goal of AL research as visible in the second category of promises identi‑
fied above.

A second set of issues in some AL studies lies in the loosening of the conceptual 
tie with the notion of stress when translating the AL concept into an operational 
index. We saw that the concept is historically rooted in the psychosocial model in 
which the physiology of stress is central. Nevertheless, reviewers pointed out that 
“HPA axis biomarkers were absent from nearly half of studies, which contradicts 
McEwen and Stellar’s initial conceptual framework emphasising the importance of 
HPA axis biomarkers as primary mediators,” and strongly stated that “the substan‑
tial inconsistency in biomarkers used to operationalise AL and the lack of fidelity to 
its original conception, as an index that captures the biological response to psycho‑
social stress is striking. This suggests that the empirical literature on AL is intrinsi‑
cally flawed and without a strong conceptual basis” (Johnson et al. 2017, p. 70).

Indeed, the decoupling from stress seems to break away from the historical and 
conceptual roots of AL, and its overall purpose. Original AL studies grounded its 
capacity to improve the prediction of disease, compared to other multi‑biomarker 
indexes, in considering the multi‑system impacts of stressors. When removing 
stress‑associated markers, the main difference between AL and other composite 
scores is largely lost. The malleability of this foundational link between concept and 
tool questions the capacity of studies moving away from stress to significantly artic‑
ulate the biological and the social, especially if stress, in the psychosocial model, is 
the condition for extending the structural determinants having a negative impact on 
health.

A third important problem lies in the difficult trade-offs and explanative costs 
associated with a composite measure. A synthetic score is useful as a predictive 
tool but entails a loss of information and precision regarding the causal contribu‑
tion of each specific marker. The construction of combined index scores with sev‑
eral parameters has been tried with cardiovascular disease or metabolic syndrome 
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for example. Seminal AL studies have shown an improvement of “the prediction 
of mortality and declining physical functioning compared to the MetS [metabolic 
syndrome] and the primary mediators alone” (Beckie 2012, p. 313). In theory, as 
a combination of multi‑system markers, the advantage of AL as a synthetic bio‑
marker of stress is to offer the possibility to largely embrace the diverse effects of 
stressors on different physiological systems. However, “combining different physi‑
ological systems into a single empirical index rather than taking a system‑specific 
approach involves important trade‑offs” (Dowd et  al. 2009, p. 1305), which are 
heavily debated, as it “inevitably leads to a loss of biological specificity” (Harris and 
Schorpp 2018, pp. 11–12). In a combined score, information is lost in understand‑
ing the specific contribution from each biomarker to overall risk (Beckie 2012, p. 
341). This issue has led to the rather paradoxical option of going back to the specific 
markers: “summing scores on a diverse panel of biomarkers may obscure significant 
heterogeneity in dysregulation across individuals, physiological systems, and types 
of stressors. (…) a recent trend toward disentangling the components of allostatic 
load to explore their unique associations with health outcomes of interest (…) reflect 
the conceptual tension between cumulative vs. system‑specific attempts to quantify 
the impact of social contexts on physiological function and health” (McDade 2008, 
p. 521).

These issues in the practical application of AL concept into a workable tool show 
that the ideal of improving knowledge of the mechanisms governing the physiologi‑
cal impacts of stress, as already advocated a long time ago by Cannon, is hard to 
reach. While it may be reasonably stated that using AL gives added visibility to the 
concrete biological impact of social determinants, the details of biological mecha‑
nisms may still remain quite obscure. The uncertainty in reaching these elusive 
mechanisms should invite us to proceed with caution in thinking about potential 
gains when including biological tools into the study of social life and when seeking 
precise biological pathways (see Link and Phelan 1995).

Moreover, a tension occurs here between the two promises of (1) improving pre‑
diction, and (2) better identifying the biological mechanisms of embodiment. The 
gains brought by such a synthetic meta‑marker in the prediction of disease risk could 
finally be a loss in precise mechanistic explanation. This situates issues about AL 
research in the straight continuity of the epistemological and methodological issues 
raised by biomarkers (see e.g. Pearce et al. 1995; Strimbu and Tavel 2010; Tabb and 
Lemoine 2021), and the exact conceptual status of AL is often hard to sort out: are 
AL scores and biomarkers that compose them thought of as proxies in the prediction 
of disease risks? Or are they understood as providing a causal mechanism explain-
ing the pathways between the social and the biological in the production of disease?

The variable and unstable relationship between AL and social conditions

There are several additional issues that arise when AL is implemented into the study 
of health inequalities, though it is an explicit objective of most of AL studies as 
stated in the third category of promises we identified above. It could seem like a 
logical step to consider assessing social conditions using AL. In the same manner 
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that social deprivation indexes have been built in the 1980s by using social data at 
the population level as a proxy (Townsend 1987; Carstairs and Morris 1989), AL 
could be considered as a new way to overcome the lack of social data at the individ‑
ual level and as a potential gold standard proxy to assess individual social depriva‑
tion through biomarkers, and to bring more precision to the study of the mechanis‑
tic pathway of health inequalities. However, the relationship between AL and social 
factors is largely variable, and difficult to standardise between studies.

Indeed, studies presenting AL as a mediator linking social conditions and health 
outcomes may convey the belief that this link is universal. However, it appears 
that the two‑way causal chain (social conditions‑AL and AL‑health outcomes) is 
not univocal. This relationship is dependent on cultural, geographical, and tempo‑
ral contexts, which can be unveiled through comparisons at the population level or/
and thanks to ethnographic studies (see e.g. Niewöhner and Lock 2018). For exam‑
ple, studies done in Taiwan showed no significant link between AL biomarkers and 
SES gradient in health, which could “plausibly suggest a different biological path‑
way linking SES and health in Taiwan than in Western countries” (Beckie 2012, 
p. 322). The various forms of social deprivation, and ways to measure it according 
to specific national or regional settings, limit the capacity to integrate heterogene‑
ous social data in international studies. Thus, useful epidemiological comparisons 
across populations living in diverse social, cultural, and ecological settings “raise 
additional challenges for [AL]”, mostly because “it cannot be assumed that the rela‑
tionship between various biomarkers and health outcomes (e.g., between [AL] and 
mortality risk) will be the same across populations” (McDade 2008, p. 522). For 
example, the physiological effects of social isolation will be different according to 
the importance of collective life in each culture. Moreover, the association between 
social deprivation measures and AL could be itself mediated by confounding factors 
such as “detrimental behaviours, stress and anxiety feelings caused by the neigh‑
bourhood conditions and […] the poor social and physical environments found in 
impoverished areas” (Ribeiro et  al. 2018, p. 10). Another multilevel longitudinal 
study, in China, reports that “AL was lower among people with university‑level 
compared with no education, but higher in counties with higher mean education 
years.” Authors conclude: “AL in China is patterned geographically. The degree of 
association between AL and person‑level education seems to be dependent on area‑
level education” (Mao et al. 2019, p. 1).

Finally, the assessment of life‑course cumulative exposures implies dealing with 
the temporal evolution of social conditions. For example, educational level has 
improved markedly since the mid‑twentieth century in developed countries, and a 
high school diploma is no longer considered a high‑level diploma as it once was. In 
a life‑course perspective, the association between social conditions, AL and gradi‑
ents in health outcomes should then be carefully assessed and adjusted over time.

The interest of AL in the study of health inequalities could be to compensate for 
the various meanings and availability of social variables in different contexts by bio‑
logical measures supposed to be more accurate and universal. However, the vari‑
able and unstable relationship between AL and social conditions makes it illusory 
to think that AL score represents a reliable stand‑alone marker to measure social 
conditions and deal with the complexity of social measure and their interaction with 
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health outcomes. These results, revealing the complex link between social condi‑
tions and AL scores, stand in agreement with the medical anthropological propo‑
sition that universalisation cannot be realised in view of situated “local biologies” 
(Niewöhner and Lock 2018). Moreover, all these data claim for further dedicated 
research to improve the precise measurement of social conditions in health studies.

AL does not seem to reduce complexity in the study of health inequalities, 
which leads to asking how results could be operationalised into preventive interven‑
tions. While it is undoubtedly scientifically worthwhile to gain further insight on 
the mechanisms governing the biological embodiment of social life and the bodily 
imprinting of cumulative risks over the life‑course, better public health action will 
not automatically follow. Indeed, another claim of usefulness of the AL model to 
address health inequalities is based on the idea that improving the identification of 
biological mechanisms will necessarily translate into better targeted public health 
interventions, both at the populational and individual level. Yet, the risk here is to 
conflate the cause of cases (individual‑level causation) and the cause of cause or 
cause of incidence (Rose 1992). Following Geoffrey Rose, we argue that there is 
no necessary relationship between understanding biological mechanisms of social 
embodiment at the individual level, and understanding social mechanisms leading to 
health inequalities, through which biological and health outcomes are progressively 
differentiated at the population level. Moreover, we already have social categories 
(with their limitations) with numerous validated associations in terms of health ine‑
qualities, which offer many levers for public health policies. As pointed out above, 
studies linking AL scores and social data might lead to excessively focus on inter‑
ventions at the individual level based on the detection of biomedical risk character‑
istics (“high‑risk preventive strategy” in the vocabulary of Rose), while many more 
general and non‑medical preventive actions (“population strategy”) are still waiting 
to be effectively deployed against health inequalities.

Moving beyond the focus on associating social conditions and AL scores at the 
individual level, and thus using AL to better understand the construction of health 
inequalities, would require mobilising biological measures in a more longitudinal and 
populational approach in order to assess the life‑course differentiation of health out‑
comes at the population level. Longitudinal approaches are needed to identify how 
AL can be situated in and help understand the causal chain between social character‑
istics and health outcomes (Prior 2021). Researchers plead to repeatedly collect bio‑
logical samples in available cohorts in order to “represent the dynamic nature of AL” 
(Delpierre et al. 2016). Linking this to the development of AL cohorts with exhaus‑
tive social data and increased follow‑up would support this populational approach.

Conclusion

Our aim in this paper was to help identify the potential costs and risks associated 
with AL studies. We started by situating AL in the ‘biosocial turn’ in social epide‑
miology, its promises, and in relation to criticisms raised by social scientists against 
the biomedicalisation of social inequalities in health. AL runs into a similar set of 
risks and might reinforce the search for biomedical solutions to social problems. In 
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adopting the biomedical standards of evidence, the limited human and economic 
resources dedicated to research might be absorbed in ever‑growing demands for bio‑
logical evidence, at the expense of proper methods of evidence‑making in social sci‑
ence. The search for definitive biological causal mechanisms of embodiment might 
lead to lose sight of “fundamental causes” (Link and Phelan 1995), the social condi‑
tions governing individual and population health, and thus to bypass other ways of 
explaining social mechanisms and existing public health strategies dedicated to pre‑
venting the impact of social inequalities on health. This biomedicalisation of social 
inequalities in health can well be seen as the expression of a political neoliberal 
moment which finds advantage in individualising and depoliticising social problems 
(Lynch 2017).

In order to qualify and precise this kind of criticism, we took a detour through the 
historical development of social epidemiology and the genealogy of the AL model, 
to show that the biologisation of social inequalities in health extends historically 
well beyond recent scientific developments and the current political situation. The 
genealogy of the allostatic model must be inscribed in the history of social epide‑
miology, which gives a central role to how psychosocial factors impact the physiol‑
ogy of stress. From Cannon’s first works to the recent development of the AL score, 
social epidemiology articulated its approach to social inequalities in health from two 
sides of the same coin—socio‑epidemiological and biological—which appear to be 
both complementary and intricate, and also non‑reducible to each other. From a his‑
torical perspective, the biologisation of social inequalities in health is therefore not 
new, and is not realised, in epistemological terms, at the expense of socio‑epidemio‑
logical research. Biology delivers plausible mechanistic explanations of statistically 
established epidemiological correlations, just as it makes it possible to justify why 
specific biomarkers—i.e., blood pressure, diabetes or various markers put together 
in the AL score—are indeed relevant for research on health inequalities. But most 
importantly, we have also seen that the distinction between exposure to pathogens, 
as in materialist approaches, and psychosocial factors that modulate host susceptibil‑
ity, allows social epidemiologists to extend the range of the structural determinants 
of health beyond the material ones. To psychosocial epidemiologists, the physiology 
of stress leads to a better understanding of the factors that determine social inequali‑
ties in health all along the social gradient and even in rich industrialised countries. 
Therefore, in such a context, biologisation cannot be associated with an individuali‑
sation and a depoliticisation of health.

The history of the AL concept shows that thinking together and articulating the 
biological and the social was present since the origins of researching the relation‑
ships between health and social conditions, as mediated through stress. This allows 
us to understand that the tension and risks associated with AL come less from its 
potential for reductionism, in the sense of reducing the social to the biological, than 
from overly focusing on one direction of their relationship in the chain which links 
social conditions and health outcomes. Easing this tension lies in finding equilibrium 
between these directions. Historicising the uses of biology in social epidemiology 
shows that biological tools and concepts could be used to help social epidemiology 
answer the structural question of how the social organisation itself distributes dis‑
ease and health inequalities. In this sense, social epidemiology should use biological 
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tools with a focus on what they can bring to possible interventions. From there, uses 
of the biological in social epidemiology may be seen not necessarily as a Trojan 
horse of biomedicalisation, but also as possibly opening ways to support ambitious 
radical propositions for progressive public health action.

Nevertheless, we emphasise several limitations in the operationalisation of AL 
in biosocial studies that question its capacity to effectively meet its social promises. 
First, the complexity and the heterogeneity of both measures of AL and social con‑
ditions hinder the comparability of results of biosocial studies using AL, which pre‑
vents from extending conclusions that can be drawn from them. Second, the transla‑
tion of the AL concept into an operational index ends in loosening its conceptual 
tie with the notion of stress. Moreover, the literature reports a variable and unstable 
relationship between AL and social conditions according to cultural, geographical, 
and temporal contexts, which runs contrary to the view of AL as a potential stand‑
ard marker of social conditions and stresses the importance of “situating biologies”. 
Finally, the use of AL in biosocial studies reinforces the perceived imbalance in the 
availability and accuracy of data to trace biological mechanisms on the one hand and 
social mechanisms on the other. While AL studies hope to advance the understand‑
ing of health inequalities through the intensive use of biomedical data, to achieve 
this aim they will still require the difficult extensive collection of precise social 
information over the life‑course, which is a classic issue in social epidemiology.
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