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Epidemiology is rooted in the social sciences. For example, Mervyn
Susser’s influential writings1 on causality refer to Robert Merton’s
sociology. Complexity and networks are inherent in causal reason-
ing.However, beginning around the 1980s, epidemiologists increas-
ingly aimed to identify single causes of disease. Randomized
controlled trial methodology allowed a more robust identification of
single cause–effect relationships.Where randomizationwas not fea-
sible, efforts were put into isolating and adjusting for confounders.
This shift toward so-called risk factor epidemiology enabled
researchers to identify many causes of common diseases and esti-
mate attributable proportions, that is, the share of a disease that can
be attributed to single risk factors. But these advances came with a
cost: Social determinants of health were largely relegated to the
realm of “residual confounding.” Fortunately, epidemiologists are
now rediscovering the importance of these factors.

The review by Neufcourt et al.2 in this issue of Environmental
Health Perspectives addresses social determinants of health in
the context of exposome research. The exposome framework
acknowledges the limitations of risk factor epidemiology by con-
sidering multiple exposures (in principle, all of them) over the life
course perspective, andmentions the “social exposome”within the
“general external” exposome, one of three main components of the
overall exposome. The other two components are the “specific
external” exposome (encompassing, e.g., classical behavioral risk
factors and chemical exposures) and the “internal” exposome (usu-
ally based on untargetedmeasurements of molecules in body fluids
or cells).3 In particular, the authors call for social factors to “be
considered in amore systematic way considering their role in struc-
turing both the specific external and the internal exposome.”3

The inclusion of a social exposome within the overall expo-
some framework is a huge step forward because it acknowledges
that social determinants can play an autonomous role in disease
causation through, for example, psychosocial stress. By including
the temporal dimension, the exposome framework also implicitly
introduces a hierarchy between overarching determinants (which
may have a long-term impact) and more circumstantial and vari-
able determinants. A clear example is adverse childhood events
(ACEs)—such as violence, neglect, and abuse—and their associ-
ated traumas. There is much literature on the association between
ACEs and later health effects, such as cardiovascular disease, dia-
betes, obesity, and mental health problems.4 The sometimes-
lengthy latency of these effects implies a chain of intermediate
mechanistic events.

I always found the approach of risk factor epidemiology to
social inequalities to be weak. When socioeconomic status (SES)
was controlled for, it seemed that something was artificially dis-
torted in the causal framework. When SES was considered as
such, it still remained something residual and somehow “meta-
physical.” In classical noncommunicable disease epidemiology,
for example, a proportion of a disease is attributed to smoking,
another proportion to alcohol consumption, another to obesity,
and so on. These estimations are often adjusted for SES, which
implies that the effect of SES is a residual variable of minor inter-
est; if an effect of SES persists after adjustment, we do not know
what it is. In addition, isolating single risk factors, mainly behav-
ioral, has led to a conception of prevention largely focused on
individual choices rather than considering the structure of society
and the long-term effects of deprivation.

Although social inequalities can definitely act via behaviors,
such as smoking, diet, and alcohol consumption, the picture that
emerges from recent research5 is more complex than the tradi-
tional one cause–one effect paradigm, where “extraneous” vari-
ables—such as SES—were dealt with as confounders. Michael
Marmot has written that only 50% of social inequalities in
health can be explained by classical risk factors, whereas the
rest can be due to “status syndrome”—or social standing—in its
manifold manifestations and via multiple mechanisms.6,7 This
thesis has been partially supported by empirical evidence show-
ing associations between social inequalities and mechanistic
pathways investigated with omic markers.5 In fact, research has
shown that social inequalities can act across multiple biological
layers, including physiological changes (such as body weight and
blood pressure) and molecular changes (reflected by epigenetic,
transcriptomic, proteomic, and metabolomic markers), down to
disease onset.5,8 It is unlikely that associations between all these
biological layers and social inequalities are explained away by be-
havioral variables, such as smoking.9 Therefore, the best approach
seems to be to consider social inequalities as overarching determi-
nants; from these, other intermediate events follow, including
ACEs, individual behaviors, yet-unidentified exposures, and more
elusive factors, such as psychosocial stress.

In summary, there are many gaps in the epidemiological
research on social inequalities in health, which Neufcourt et al.2

started to identify in their review—in particular, conceptual and
practical gaps on how inequalities are defined and measured in
exposome research. For example, the same surface variable (e.g.,
education) can mean something different in a different historical
time or cultural context. Much research is still needed, for exam-
ple, on the best way of treating data. One promising approach is
mediation analysis. This approach acknowledges the hierarchical
nature of causal models and treats social inequalities and ACEs
as upstream, overarching complex variables while also consider-
ing intermediate events, such as behaviors and mechanisms,
including biomarkers and omic measurements.10 It is a far cry
from the simplistic inclusion of SES as a confounder.
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