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Summary

Lifecourse epidemiology studies long-term effects of social and environmental exposures on
health and diseases.l: 2 A key challenge to the three models of lifecourse epidemiology is
translating its empirical evidence into intervention planning especially among populations
where the critical social and environmental exposures happened in the past or they are
difficult to intervene. In this article, molecular pathological epidemiology (MPE) is
reviewed, which was first described in 2010.3 MPE reflects the recent technological
advances in molecular pathology, and has revealed that a disease (e.g. colorectal cancer),
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which has been studied as a single entity, actually consists of a multitude of subtypes with
differing biological features (e.g. combination of KRAS mutation +/—, BRAF mutation +/-,
and more). Since each subtype theoretically is associated with a different set of
epidemiologic risk factors, the social and environmental determinants of health through the
life course need to be reexamined from the “unique disease principle” perspective of MPE.
Investigating molecular heterogeneity of disease and disease development process can help
epidemiologists to identify modifiable factors at the ongoing disease development process
caused by early-life exposures among adult populations.

Three Models of Lifecourse Epidemiology

Lifecourse epidemiology (life course epidemiology) studies “long term effects on later
health or disease risk of physical or social exposures during gestation, childhood,
adolescence, young adulthood and later adult life.”® It is based on the premise that various
kinds of social and environmental exposures during early life independently, cumulatively
and/or interactively influence health status in later adult life. To frame disease development
at the population level and to guide the most effective timing of medical and public health
interventions, three conceptual models of lifecourse epidemiology (“lifecourse models™)
have been proposed and used for the recent decade,- 2 4 Figure shows an example of the
models using an exposure at the earlier time period (childhood socioeconomic position), an
exposure at the later time period (adult socioeconomic position), and the disease
consequence (later-life cancer development).

First, the cumulative exposure model posits that the accumulation of different types of
exposures (e.g. environmental toxins, socioeconomic disadvantages, or deleterious
behaviors) causes long-term damage, leading to disease development. These risk factors can
occur independently or in combination (X1 and X2 to Y in Figure, section A1). Second, the
chains of risk model (the social trajectory model) refers to a sequence of linked exposures
that increase disease risk because an earlier harmful experience triggers the exposure to a
subsequent deleterious exposure (X1 to X2 to Y in Figure, section A2). In this model, the
earlier exposure (X1) has no direct effect on the disease development. Third, the critical
period model (the latency/sensitive periods model) posits that exposures during critical or
sensitive periods of life can exert a long-term impact on subsequent health independently of
or interactively with other exposures (X2 is not a causal variant of Y in Figure, section A3).
In relation to this model, the biological programming hypothesis proposes that exposure to
adverse conditions (e.g. nutritional deprivation) in utero “programs” the metabolic
regulatory functions of the fetus in such a way as to make the developing child prone to
obesity, diabetes and other diseases in later life.> These three lifecourse models are useful
for understanding chronological relationships among multiple exposures and disease
outcome.

Challenges of Lifecourse Epidemiology in Intervention Planning

There are challenges in translating evidence from lifecourse epidemiology into health
promotion planning among adult populations. This point is illustrated by introducing two
randomized controlled trials. The first example is a randomized housing mobility
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experiment in the United States, which showed that moving from a high-poverty
neighborhood to a lower-poverty neighborhood improved physical health (obesity and type
2 diabetes), mental health, and subjective wellbeing.6 While the conclusion itself is quite
robust in terms of causal inference, the trial cannot provide a generalizable solution to
lifecourse-driven health disparities. It is true that current place of residence can be
modifiable as they did in the above-mentioned experiment; however, previous places of
residence is not be modifiable and thus potential negative impacts on health of the earlier-
life experience of residence in high-poverty neighborhoods have been left behind (i.e. the
effect of X1/X2 in Figure will come out in later life even after people move to a low-poverty
neighborhood). Therefore, although improving high-poverty neighborhoods or moving to a
low-poverty neighborhood are potentially useful interventions, the challenge of addressing
potential ongoing disease development process caused by earlier life exposures (the effect of
X1/X2 in Figure) still remains.

The second example is based on the potential health benefit from social integration, which
was first reported in 1979, and has subsequently been repeatedly corroborated in
observational studies.?2 However, a series of randomized control trials of social support
(Enhancing Recovery for Coronary Heart Disease Patients [ENRICHD] and Families in
Recovery from Stroke [FIRST]) showed that experimental provision of social support did
not dramatically prevent recurrent myocardial infarction or improve post-stroke functional
status among survivors. The results of these trials imply that the “naturally grown” social
support in human social networks over decades are biologically different from the social
support increased by the experiments. This example reveals that the biological mechanism to
connect the naturally grown social and environmental exposures and disease outcomes has
not been fully elucidated yet.2 Although lifecourse epidemiology has emphasized
“biological programming” (please see the second section) and “embodiment” (how extrinsic
factors experienced at different life stages are inscribed into an individual’s body functions
or structures)?, it is now necessary to understand the more detailed dynamics “under the
skin” reflecting the intrinsic uniqueness of people’s life course and disease etiology.

Pathological Epidemiology (MPE)

MPE can provide a unique viewpoint and a potential solution to the challenges of lifecourse
epidemiology. MPE was first described as an integrative field of molecular pathology and
epidemiology in 2010, and is defined as the “epidemiology of molecular heterogeneity of
disease”.3 The biomedical and biotechnological advancements during the last ten to twenty
years led to a better understanding of molecular pathology and heterogeneity of disease.
Epidemiology as a field of study of human diseases needed to incorporate the knowledge
and techniques of molecular pathology, which resulted in the emergence of MPE.” For
example, molecular subtyping revealed that colorectal cancer should be no longer
considered as a single entity from an etiological viewpoint, but classified into biologically
different subtypes according to various tumor molecular biomarkers or their
combinations.8: 2 As the "unique tumor principle" implies, all the cancers are innately
unique, and therefore the cancer development process and the prognosis can be also
heterogeneous.10 This argument is applicable not only to cancer but also to all the other
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kinds of diseases (e.g. obesity) in different life courses of different individuals (“unique
disease principle” of MPE).3

In this sense, MPE posits that disease development results from the accumulation of genetic
and epigenetic alterations, and from the interplay of affected cells (e.g. neoplastic cells) with
endogenous and environmental influences such as inhalants, diet, microbiota, and other
lifestyle factors. Considering that exposures likely cause specific molecular perturbations
resulting in disease etiology, it is highly likely that social and environmental exposures are
associated with specific molecular alterations. MPE has several strengths in epidemiologic
research, including use of molecular pathological analysis of culprit cells/tissues which
enable subtyping of a disease based on pathogenetic mechanisms,? and its population-based
approach to identify a link from an exposure to molecular pathological changes across
populations. The concept of MPE has rapidly been applied in a variety of settings in
epidemiology and medical sciences since 2010; the evidence is summarized in Ogino et al,
2013,3 Lochhead et al, 2014,11 and Bishehsari et al12.

Most importantly, MPE provides lifecourse epidemiology with a rich biological foundation
for its models. Molecular pathological changes induced by social and environmental
exposures will be identified and measured (Figure, section B). For example, evidence
suggests that sedentary behavior and greater body mass index are associated with a
colorectal cancer subtype with less dys-regulation of the WNT/CTNNB1 (B-catenin)
signaling pathway.3 Thus, the MPE-based approach can suggest a specific role of WNT/
CTNNBL in the link between physical activity and colorectal cancer risk. This type of
mechanistic specificity is not possible with conventional epidemiologic studies that assume
homogeneity in “colorectal cancer” diagnosis.

An Integrated Model of Lifecourse Epidemiology and MPE

MPE has two specific implications for lifecourse models (Figure, section B). First, a vertical
line indicating “present” and distinguishing the “past” from the “future” can be added in the
integrated model. MPE can literally reveal the present state of molecular pathological
features in a target population, and thus it can lead health interventionists to think of health
promotion planning from where the target population currently is located in the
chronological sequence of disease pathogenesis. For example, intervening on X1 or X2 is
too late in the sequence and will not alter disease prognosis. Instead, identifying the most
easily modifiable factors at the present moment is the important mission of epidemiology in
order to break the “embodiment” link between social and environmental exposures and the
disease development and progression. Even if the critical period of disease development is
located in the past or the exposures themselves are difficult to modify, MPE can provide
what can be done to prevent the future progression of disease along causal pathway, given
the present situation of a certain target population and given the available resources.

For example, aspirin represents one of the potentially effective interventions for ongoing
molecular pathological changes throughout the colorectal neoplasia pathway.13 Aspirin
inactivates PTGS2 (cyclooxygenase-2) and suppresses the production of prostaglandin G2,
leading to the inhibition of downstream signaling events of reduced apoptosis and enhanced
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cellular proliferation. Randomized and observational studies have consistently shown that
daily aspirin use is associated with the reduction in colorectal neoplasia risk.13 Therefore, if
the etiological mechanism from a focal lifecourse exposure to colorectal cancer is related to
the PTGS2 pathway, aspirin use can fully or partially inhibit the lifecourse-factor-driven
cancer development. Most likely, the PTGS2 pathway is associated with some lifecourse
exposures and not with other lifecourse exposures. However, note that caution needs to be
exercised with the use of aspirin as a preventive strategy because of its known side effects
(e.g. gastric bleeding).

Second, the integration of lifecourse epidemiology and MPE (“the integrated model of
lifecourse epidemiology and MPE”) can unify the three lifecourse models into one by
analyzing molecular pathological changes in (potentially) culprit cells/tissues. The
biological complexity of multiple factors in the etiology of health and diseases is what
exactly needs to be understood, and the heterogeneity of disease etiology may play a role in
generating disease heterogeneity. Molecular pathological changes in (potentially) culprit
cells/tissues may have multiple roots in what happened in the past (Figure, section B), and
therefore it implies that the separation of lifecourse effects of exposures into the three
distinct causal types may end up imposing an oversimplified “trichotomy”.4

Conclusions

In short, reflecting the recent technological innovations in molecular pathology, it is the time
for lifecourse epidemiology to reexamine its models and to incorporate the molecular
pathological change under the skin in addition to social and environmental exposures. The
integrated model of lifecourse epidemiology and MPE can be a novel approach, which can
identify more effective interventions and the more appropriate timing in primary prevention.
Once epidemiologists and health interventionists are asked to plan a health promotion
program for the community population, they cannot conclude that “it is too late because the
causal exposures have already happened”. Instead, they need to identify the factors currently
modifiable in the target population at any levels (i.e. from molecular to societal) in relation
to the ongoing molecular pathological change. The integrated model of lifecourse
epidemiology and MPE definitely helps them to do so.
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e.g. X1: Childhood socioeconomic position, X2: Adult socioeconomic position, Y: Later-life cancer development, M: Molecular pathological change

A. Three Models of Lifecourse Epidemiology

A1. Cumulative Exposure Model Implications of the model for the interventional planning

X1

X2 Y

T ‘ M Addressing X1 and/or X2 would prevent Y.

A2. Chains of Risk Model

X1 X2 Y
T ‘ T Addressing X2 would prevent Y.
A3. Critical Period Model
X1 X2 Y
‘ ‘ T T Addressing X1 would prevent Y.
) . ) When X1/X2 happened in the past or are not modifiable
B. Integrated Model of Lifecourse Epidemiology and MPE in the target population, the three models do not
provide health interventionists with any insights.
Externally X1 X2 Y \
measurable

Under the

Identifying currently modifiable factors in the ongoing

skin

Earlier
exposure

'|—_Ongoing molecular molecualr pathological change (M) can be a solution.
pathological change (M)

Later P Disease
exposure relsent manifestation
»w
> Time

Figure 1. Three models of lifecour se epidemiology (A) and the integrated model of molecular
pathological epidemiology (M PE) and lifecour se epidemiology (B)

In section B, the ongoing molecular pathological change under the skin (orange area) can be
traced from the perspective of MPE. Although addressing X1/X2 ( e.g. low socioeconomic
position) can be a fundamental solution to prevent the development of Y ( e.g. cancer),
X1/X2 happened in the past or are not modifiable in many situations. Therefore, the ongoing
molecular pathological change at the present moment ( M; e.g. precancerous phase of
adenoma) needs to be a target for behavioral interventions or preventive medical treatments
to intervene the further disease development ( Y). Y reflects heterogeneity of disease
process. In the other case where the vertical line of “ present” is located between X1 and X2
( not shown), X2 can be the other targeting modifiable factor in addition to M.
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