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The occurrence of adult disease is related
to lifetime experiences and, at least in
part, to early life events. It is now well
established that socioeconomic circum-
stances across the lifetime are major deter-
minants of adult health and disease, and
the current economic crisis is amplifying
susceptibility to disease and unhealthy
ageing in disadvantaged subgroups of the
population. In adulthood, the gap
between social groups is extensive in
terms of mortality, functional perfor-
mances and cognitive capacity. Since the
occurrence of adult disease is related to
lifetime experiences, including early life
exposures, late-life preventive efforts may
be of limited efficacy, particularly in disad-
vantaged subgroups. We now have the
analytical tools to understand mechanisms
that underlie life-long susceptibility to
unhealthy ageing, and new knowledge can
lead to better and more effective mechan-
isms to prevent diseases and reduce health
inequalities. In this perspective, we first
discuss the impact of recent changes in
the understanding of chronic disease aeti-
ology on our interpretation of the influ-
ence of life-course socioeconomic status
(SES) on health and ageing. We then
propose a model for integrating the expo-
some concept (the myriad of exposures
derived from exogenous and endogenous
sources) into the analysis of life-course
socioeconomic differentials in ageing.

CHANGES IN DISEASE UNDERSTANDING
In the last decades, the conceptual frame-
work for disease aetiology has changed sig-
nificantly for non-communicable diseases,
which are responsible for two-thirds of
global mortality. One of the most import-
ant developments concerns the notion of
disease inter-relatedness, which is now well

established for cardiometabolic diseases
such as obesity, diabetes and circulatory
diseases, but which also potentially applies
to Alzheimer’s disease/dementia1 2 and
cancer.3 Endocrine physiology, immune
and inflammatory processes as well as
important risk factors such as hypergly-
caemia and health-related behaviours are
shared by most chronic diseases. As a con-
sequence, non-communicable diseases may
be conceptualised as a continuum of con-
ditions with phenotypic overlapping
between the traditional clinical categories
(cancer, neurological diseases, cardiovascu-
lar disease, metabolic syndrome), shared
risk factors and underlying mechanisms.
Not surprisingly, the observed commonal-
ities between diseases and their shared
physiological pathways have demonstrable
molecular links.4

Another important notion that has revo-
lutionised the conceptualisation of non-
communicable diseases is that of ‘action at a
distance’, in which early-life exposures have
long-term consequences, as highlighted by
work on the developmental origins of adult
disease.5 6 This is a novel idea in medicine,
which has traditionally viewed causes of
disease as proximal events.
A third important development is the

representation of health as a ‘trajectory’
instead of conferring a static status on it.
Under this concept, across the life course,
some individuals progress rapidly towards
(multiple) disease states while others
remain healthy, as a consequence of an
accumulation of positive/adverse expo-
sures from early through adult life and old
age. There is now considerable evidence
that socioeconomic circumstances across
the life course (from in utero to old age)
are among the most powerful determinants
of ageing trajectories in the population. In
fact, healthy ageing involves a progressive
differentiation across groups representing
different levels of SES from conception to
old age.7 Low SES across the life course is
associated with early death and poor
ageing,8 9 and this fate is in part dependent
on early life experiences.10

LIFE TRAJECTORIES AND HEALTH CAPITAL
The revised Strachan-Sheikh model of life
course functioning provides a useful illus-
tration of ageing that permits SES to be

viewed as a major driver of ageing trajec-
tories.11 In this model, ageing is broadly
conceptualised as a two-stage process:
build-up and decline.12 The ‘build-up’
stage, which begins at conception and
early intrauterine life and ends with late
adolescence, is characterised by rapid suc-
cessions of developmentally13 and socially
sensitive periods.14 Exposures in this stage
strongly determine the maximum attained
health, with an impact on subsequent
ageing trajectories (figure 1, dotted line).
The second stage, starting in early adult-
hood, is defined as the period of ‘decline’
from maximum attained capacity to loss of
function, disease and death. Exposures
during the second stage can influence the
rate at which functioning is lost (figure 1,
dashed line).

The build-up stage—from early intrauter-
ine life to late adolescence—is characterised
by heightened sensitivities to biological and
social environments, and encompasses mul-
tiple life phases. The concept of sensitive
periods in life-course epidemiology is bor-
rowed from notions originally identified in
neurobiology and physiology.15 During a
phase of rapid development, a biological
system is more sensitive to environmental
exposures and especially to deviations from
‘normal’ exposures.16 In fact, developmen-
tal processes occurring earlier in a human
life course are linked to the most funda-
mental biological functions such as growth
and neurodevelopment. Later, during the
development of higher functions such as
socioemotional behaviours, sensitive
periods are likely to be longer and to vary
greatly between individuals.17 In any case,
SES appears to be a powerful determinant
of an individual’s maximum attained level
of health.18 19

Although some of the views on the
long-term consequences of early life may
be overly deterministic, a better under-
standing of sensitive periods may elucidate
mechanisms that contribute to the pro-
duction of health inequalities.20

Recent research—including our own—
suggests that early life socioeconomic con-
ditions during sensitive periods may be
stored in cells through epigenetic modifi-
cations that can be sustained for
decades.21 22 This notion is complicated
by the fact that epigenetic modifications
may also be inherited at birth, with the
implication that individuals may be
affected by the socioeconomic circum-
stances experienced by their parents and
grandparents.23 24 The identification of
sensitive periods, as well as determining
when adverse socioeconomic circumstances
and their health consequences actually
start, are still matters of debate.
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Regarding the second stage of ageing
that begins in early adulthood, SES (with
its associated exposures) appears to be a
strong determinant of the rate of decline.
In high-income countries, adverse socio-
economic circumstances are no longer
associated with food restriction and phys-
ical fatigue, but more often correlate with
food abundance (albeit of poor quality),
lack of physical exercise and psychosocial
stress (including sleep deprivation and
mental problems).9 25–27 Other factors
potentially explaining the impact of low
SES on health are higher exposure to
environmental hazards in living and work
places, social and financial stress, or access
to and utilisation of healthcare.

THE EXPOSOME AND ITS
CONNECTIONS TO INEQUALITY
Interestingly, the actual biological path-
ways linking low SES to phenotypic
expression have hardly been explored. We
propose that socioeconomic circumstances
across the life course affect human physi-
ology and disease processes through a
myriad of exposures derived from exogen-
ous and endogenous sources. As shown in
table 1, the totality of exposures, also

called the ‘exposome’,28–30 is related in
many ways to SES and other complex
variables, including diet, inactivity, urban-
isation and regular medical care, that are
in turn related to SES.
Depending on the particular combin-

ation(s) of sources and mediating factors
involved, exposures can influence both
the build-up and decline phases of ageing.
Moreover, as shown in table 1, associa-
tions between particular classes of expo-
sures and SES can be either positive or
negative, also depending on the specific
context being investigated. Looking first
at exogenous exposures that are generated
by chemicals and particulate matter from
external media, smoking, occupation and
environmental pollution, are generally
associated with lower SES, but this is not
always the case. For example, low SES has
been associated with higher exposures to
traffic pollution (eg, polycyclic aromatic
hydrocarbons and lead) while high SES
has been associated with greater exposures
to toxicants from seafood (arsenic,
mercury and some perfluorinated com-
pounds).31 Likewise, although cumulative
exposures of poor urban residents to spe-
cific allergens during the first 3 years of

life was associated with increased respira-
tory atopy, exposures to particular aller-
gens in the same population during the
first year of life—when the immune
system is established—significantly
reduced atopy.32 Moving next to
endogenous exposures that are generated
inside the body, blood levels of high-
density lipoprotein (ie, ‘good’) cholesterol
that reduce cardiovascular-disease risks
are associated with high SES while those
of inflammatory proteins and homocyst-
eine that increase risks are associated with
low SES.33 Also, factors affecting the
microbiome—diet, urbanisation, antibiotic
use, caesarean birth and breast feeding—
can alter the constellation of important
signalling molecules produced by the gut
and can be differentially related to SES.34

And, finally, inactivity and psychosocial
stress affect blood levels of endogenous
molecules—sugars, lipids, inflammatory
proteins and reactive oxygen species—
which profoundly increase chronic disease
risks and are generally associated with low
SES.12

Although the exposome elaborated on
in table 1 is undoubtedly responsible for
variation in the life course trajectories

Figure 1 The modified
Strachan-Sheikh model of life course
health trajectories. Adapted from
Strachan and Sheikh.11

Table 1 The human ‘exposome’ and its relationship to indicators of SES in high income countries

Source Category Exposure(s) Mediating factors References

Exogenous Air and water pollution PM and toxicants Urbanisation (+); SES (−) 31 34 12 36–38

Occupation PM and toxicants SES (−) 31 36

Medical intervention Drug-related molecules; radiation SES (+)
Allergens Proteases, chitin, microbes Urbanisation (−); SES (−) 32 34

Infection Microbes, ROS, inflammatory proteins Urbanisation (+); SES (− or +) 34 39

Smoking PM and toxicants, ROS, inflammatory proteins SES (−) 31 36

Diet Nutrients, antioxidants, fibre, toxicants, maternal
nutrition during pregnancy

SES (+&−) 31 36

Endogenous Human metabolism Metabolites Diet (+); inactivity (+&−) 34

Microbial metabolism Metabolites, SCFAs and other signalling molecules Diet (+&−); urbanisation (−); antibiotic use (−);
caesarean delivery (−); breast feeding (+)

32 34

Inactivity High triglycerides and sugar, low HDL and cholesterol,
inflammatory proteins, homocysteine

Obesity (+); SES (−) 33 12

Stress Cortical and medullary hormones, ROS, fibrinogen,
homocysteine, inflammatory proteins

SES (−) 33 34

(+), direct association with exposure; (−), inverse association with exposure; HDL, high-density lipoprotein; PM, particulate matter; ROS, reactive oxygen species; SCFA, short-chain fatty acid;
SES, socioeconomic status.
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embodied in figure 1, the complex inter-
play of individual risk factors and their
connections with SES present challenges
for establishing causal pathways.

CONCLUSIONS
Health is socially and biologically con-
structed from the earliest moments of life
and travels across the life span along
complex trajectories where dynamic pro-
cesses are in continuous interaction. It is
possible to examine these processes within
a framework that merges the life-course
approach with the aetiological concept of a
disease network and thereby promote
understanding from the molecular to the
societal level. Such an approach allows us
to examine the roles that exposures play in
healthy ageing and enable all of us, regard-
less of social position, to improve our lives.
It is clear that late-life approaches to pre-
vention are often ineffective because they
cannot influence the trajectory. Thus, par-
ticular attention should be paid to discover-
ing those early-life exposures that are most
discriminating for life course trajectories.

The rising economic inequality we cur-
rently confront35 raises profound implica-
tions for human health that must be
addressed. Given the plethora of expo-
sures—derived from exogenous, endogen-
ous and social sources—that can be
associated with income inequality, we
encourage investigators to move away
from traditional strategies that focus on
individual exposures or sources, towards
exposomic approaches, which embrace
the full milieu.28 Since the instability of
global markets and lack of growth may be
accompanied by instability of health indi-
cators and ageing trajectories, it is essen-
tial that we develop these strategies soon.
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