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1 Introduction

A rapidly growing number of research studies
show that experiences and exposures in the early
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new infrastructure for catalyzing progress and enhancing
funding to support basic, theoretical, applied, and transla-
tional life course health development research of relevance
to practice and policy. In addition to undertaking a variety
of other activities and projects aimed at advancing the
emerging field, the LCRN initiated an inclusive agenda-
setting process that resulted in the Handbook of Life Course
Health Development, including this chapter and the
research agenda it contains. For a more detailed description
of the development and history of the LCRN, the Handbook,
and the research agenda, please see the Preface and
Introduction to this volume.
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years can influence health development through-
out life. This research also shows that suboptimal
experiences and higher rates of early risk expo-
sures can result in a cascading array of poor health
outcomes, with compounding effects across sub-
sequent life stages. This emerging life course
health science has fundamentally challenged
older models of how health develops and how dis-
eases manifest over the lifecourse. It has also
challenged thought leaders, researchers, policy-
makers, and service providers to redefine the role
of health programs and policies as a platform to
organize strategies that improve immediate health
outcomes for children and their mothers, while
also enhancing the health development of the
adults those children will become (Wise 2016).
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Life course health science research is “con-
necting the dots” between child health develop-
ment, adult patterns of premature morbidity and
mortality, and more integrated notions of healthy
aging. It is also starting to inform new ways of
controlling costs by limiting the prevalence of
chronic health conditions. One indication of how
fertile, important, and interconnected this
research is becoming is the growing number of
research studies that are spawning in this nascent
field. There are not only many outstanding ques-
tions about the relationship between early experi-
ences and lifelong health and well-being, but a
growing need to understand how emerging
knowledge can be applied to the development of
evidence-based practice and policy that can
reduce risks, minimize exposures, and optimize
lifelong health. As major national research initia-
tives advance clinical translational research and
precision medicine, the life course health sci-
ences can play an important role in informing
research questions, leveraging life course
informed health development focused strategies,
and advancing translational activities from labo-
ratories to patients to communities. Life course
health science can play an important role in pin-
pointing key molecular leverage points, linking
those processes to higher-level (body system,
organism, family, or social) influences, and illu-
minating the often overlooked relationship
between the individual and population manifesta-
tions of underlying health development pro-
cesses. The findings from life course health
science research will also shape the organization,
design, and financing of emerging and future
healthcare systems (Halfon et al. 2014a, b).

Although this Handbook is far from compre-
hensive, in that there are numerous health condi-
tions and issues it does not address, it does offer
state-of-the-art reviews and analyses of life
course health development research focused on
key life stages and a variety of specific health
conditions. Based on their analysis of existing
research, the authors of each chapter have sug-
gested how life course health development
research can be supported and advanced. In
developing this concluding chapter, we synthe-
sized their findings and recommendations in

order to propose an integrated set of research pri-
orities and strategies that can advance the entire
field of life course health development research.

The resulting transdisciplinary research
agenda focuses on foundational research types
and topics, including research that addresses life
course epidemiology, research that elucidates life
course health development (LCHD) processes
(e.g., sensitive periods, epigenetics), and research
that identifies effective interventions, with a spe-
cial emphasis on health disparities research and
research on high priority conditions (e.g., obesity
and mental health conditions) and specific vul-
nerable populations (e.g., children in foster care,
premature infants, and children with medical
complexity). Next, we consider essential research
capacity-building activities focused on data, data
systems, and methods, as well as strategies for
building the human, technical, cultural, and
financial capacity required to carry out this chal-
lenging work. Lastly, we discuss the importance
of translational and intervention research that can
speed the application of concepts and findings to
the practice and policy arenas. We conclude with
a discussion of advancing the overall life course
health development research paradigm, including
the framework and principles that have emerged
from the research thus far, and that are helping to
define a robust explanatory and theoretical LCHD
framework.

2 Rationale: Why a Life Course
Research Agenda?

Until recently, a strong US-based life
course focused research and data infrastructure
has been lacking. There have also been limits on
funding currently available in the US to support
the development of new methodologies and col-
laborative approaches to life course health devel-
opment research. This has hampered the
production of the transformative research that is
needed to advance the emerging field of life
course health development. The recently aborted
National Children’s Study is a major example of
an unsuccessful attempt to launch a cohort study
and research infrastructure that would have
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allowed the US to start catching up with the many
other nations that have launched one or more
national cohorts in the past, are in the process of
conducting millennium cohort studies, or already
have well developed national data systems that
permit exploration into life course specific health
development questions. Nonetheless, the move
toward multidisciplinary LCHD research is
advancing in the U.S. as research continues to
break out of discipline-specific silos that have
often constrained rapid transdicsiplinary prog-
ress. Over time, we believe that life course health
development will become an increasingly pro-
ductive and impactful transdisciplinary field.

Current and future production, dissemination,
and application of life course health development
research can improve our understanding of the
origins, development, and manifestation of health
and disease. This research must also be strategi-
cally aligned with and responsive to ongoing and
emerging trends that are important influences on
health development research. Because the epide-
miology of human health and the capacity of the
health system to respond to challenges are con-
stantly changing, a robust LCHD research strat-
egy must be informed by and responsive to
emerging trends and shifts. These include but are
not limited to:

* The ongoing epidemiologic shift in diseases
and disease burdens, from infectious diseases
of the past to chronic, preventable, noncom-
municable diseases.

e The recognition that health is not the absence
of disease, and that health as an outcome is a
key target for healthcare systems.

e The “new” epidemics of obesity, several men-
tal health conditions, and multi-morbidity,
particularly in older adults.

e The growing recognition that contributing to
the US’s dubious distinction as the sickest of
rich nations is the fact that it spends more on
healthcare late in life, compared to nations
with better health outcomes that invest in
social and education services early in the life
course.

e The World Economic Forum’s recent focus on
what they have termed as “inflection points”

across the life course that serve as strategic
targets for intervention and present opportuni-
ties to leverage population health improve-
ment goals. These inflection points of health
development suggest that life course health
development research can be translated into
effective policy frameworks.

e The transition in how healthcare services are
organized and paid for, including the focus on
preventing disease and designing payment
methodologies that pay for health instead of
services. These major system-level changes
can use the new science of health development
to define the value of healthcare, align pay-
ments with health development time frames,
and establish overall health system goals.

e A range of different research organizing strat-
egies—from those focused on translating
research into action at a patient, community,
or health system level to the Clinical
Translation Science Institutes, to the National
Institutes of Health’s new efforts focused on
precision medicine—can potentially benefit
from new insights from the life course health
sciences and can also help advance this type of
basic, clinical, applied, and translational
research.

The research revolution that gave birth to the
life course health sciences is now about four
decades old. Several disciplines, fields, and semi-
nal research studies have contributed to the emer-
gence of the field. These converging, interacting,
and interdependent empirical and analytic trends
are important to recognize and to strategically
leverage as we advance the life course health sci-
ences through a robust research agenda.

Longitudinal cohort studies that have allowed
for direct empirical interrogation of the role of
early life factors on adult health behaviors and
outcomes contributed to the emergence of the
field, as did the recognition that the impact of
early adversity on lifelong health was not being
captured by prevailing biomedical and biopsy-
chosocial models that ignored the timing and
influences of social and environmental factors on
health development. David Barker et al.’s (1989)
pathbreaking research describing the long-term
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associations between perinatal health conditions,
such as birthweight, and adult chronic disease
decades later provided an important empirical
nudge for considering a new form of life course
epidemiological research.

More recently, chronic disease epidemiolo-
gists have teamed up with neurobiologists and
molecular biologists to elucidate the biological
mechanisms for the effects of early childhood
exposures and experiences on later and lifelong
health. While these largely biomedical research
studies were being done, a parallel set of investi-
gations in sociology and psychology examined
how mental health develops over the life course
in response to interpersonal and environmental
interactions. The convergence of life course epi-
demiology, biology, life course sociology, and
life span human development psychology has
established the contours of a multidisciplinary
field of life course health development (Kuh and
Ben-Shlomo 2004; Ben-Shlomo and Kuh 2002;
Halfon et al. 2014a) that is in the process of
maturing into a unified, transdisciplinary field
with a unique set of theoretical constructs, frame-
works, models, and methodologies.

By integrating evolutionary and developmen-
tal perspectives, the life course health develop-
ment framework also spans the gap between
these two fields of research that emerged with the
post-Darwinian synthesis of evolution and hered-
ity, coupled with advances in human genetics and
epigenetics. As the LCHD framework began to
take shape, it helped support the growing recog-
nition that (1) health development is a complex
adaptive process that emerges out of the dynamic
coactions between an organism and its environ-
ments, (2) this emergent process is mediated by
different types and levels of plasticity that evolu-
tion has engineered into the human developmen-
tal process to optimize a range of adaptive
responses to diverse environments, and (3) the
synchronization and harmonization of different
embedded time frames must be considered,
assessed, and understood (Hochberg 2009).

LCHD as a discrete, multidisciplinary field of
inquiry is young. Irrespective of how conceptu-
ally attractive constructs such as sensitive peri-
ods or biological conditioning might be, it is

important that the field be appropriately self crit-
ical in determining how strong the evidence
really is for these notions. The biological plausi-
bility of many of the LCHD hypotheses about
the role and impact of different types of plastic-
ity on the development of health and disease
needs to be tested and strengthened by carefully
designed and implemented research. The tension
between advancing the field and ensuring suffi-
cient awareness and reflection about whether
and how it challenges the prevailing orthodoxy
of biomedical research requires more careful
analysis.

Hanson and Gluckman have highlighted the
reasons behind the delayed acceptance of the
concept of the Developmental Origins of Health
and Disease (DOHaD), including a lack of con-
ceptual framework, confusion between factors
correlated with disease risk and those involved
with causation, assumptions that all of the
DOHaD effects were operating only through the
pathway of lower birthweight, lack of plausible
biological mechanisms, failure to recognize the
importance of the DOHaD concept under normal
developmental conditions as opposed to extreme
conditions, lack of evidence of its relative impor-
tance in relation to other risk factors (i.e., popula-
tion attributable risk analysis), and lack of
plausible ways to use the concept clinically and
in public health (Hanson and Gluckman 2014).
Many of the barriers that Hanson and Gluckman
describe are part of the impetus and genesis for
further developing the LCHD framework so that
DOHabD concepts —including notions of sensitive
periods, biological priming and conditioning, life
histories, and evolutionary constraints—can be
used to further empirical, analytic, translational,
health services, policy, and conceptual research.

The LCHD framework that has been articu-
lated in this volume by Halfon and Forrest (2017),
while not a fully developed paradigm, provides a
new approach for linking health and developmental
processes. The framework challenges the explan-
atory power of older and more linear biomedical
models, as well as multidimensional biopsycho-
social approaches. The LCHD framework is por-
trayed as a dynamic network of interactive and
interdependent concepts that are coming of age
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and formulating this new investigative approach.
In spite of the challenges for moving life course
health research forward, the amount of consistent
evidence, the convergence of several fields of
inquiry, and the recognition of common principles
are providing the opportunity —and need — for not
only a more coherent explanatory framework but
for the second generation of priority research top-
ics, questions, activities, and strategies that are
presented in the next section.

3 Recommendations

The following recommendations are presented in
four main sections: (1) priority research types
and topics, (2) priority research capacity-building
activities, (3) translational priorities pertaining to
the application of current knowledge to practice
and policy, and (4) strategies for refining the
LCHD theoretical framework.

3.1 Section I: Priority Research
Types and Topics
3.1.1 Priority Research Types

Epidemiological Research

There is a growing recognition of the value of life
course chronic disease epidemiologic research
and its application to understanding the origins,
distribution, and patterns of various diseases and
health conditions. LCHD epidemiology has ben-
efited from a better appreciation for the timing
and time-specific interactions of numerous multi-
level factors that influence health development.
As the importance of what has been called the
exposome (i.e., the set of environmental factors
that influence health) become more salient and
new measures and approaches for assessing envi-
ronmental influences are created, a demand will
be generated for multilevel epidemiologic studies
(Robinson et al. 2015). Better epidemiologic mea-
sures, modeling, and analysis will all be needed to
understand how different kinds of adversity inter-
act with one another and impact health develop-
ment (see Buka et al. 2017; Little 2017).

A better, more systematic, and useful under-
standing of how social adversity stimulates dif-
ferent stress responses, how the development of
those stress reactivity patterns are biologically
conditioned by other stimuli, and how they cas-
cade, or play forward, requires studies using
longitudinal cohorts. Such studies will need to
further refine the characterization and measure-
ment of different and specific kinds of environ-
ments. This includes better measurement of
specific components, experiences, and expo-
sures but also how different elements of that
environment are contextually linked and
expressed both independently and synergisti-
cally. Understanding the interplay of genes and
environment, and how different contexts influ-
ence the emergence of different trajectories,
requires that epidemiologic studies focus on
proximal neurobiological processes, including
the epigenetic influences on the emergence of
behaviors that manifest as endophenotypes and
how environmental context influences the pro-
gression to full-fledged behavioral or psychiat-
ric disorders (see Boyce and Hertzman 2017).
This raises a number of measurement chal-
lenges, especially concerning how to assess
changes in interacting and interdependent influ-
ences from the cellular to the social level.

A new fruitful area of LCHD epidemiologic
research will focus on better characterizing the
role and impact of the places where children and
families live, grow, learn, work, and play (Pearce
2014; Dunn et al. 2015). With the expanding
number of place-based interventions that attempt
to improve the organization and functioning of
entire community ecosystems, there is a mount-
ing interest in how place as an organizing force
influences health development at both the indi-
vidual and population levels. The notion that
multiple risk and protective factors are uniquely
organized and deployed by a particular place
provides new ways of understanding how to
design and implement place-based interventions
that strategically aggregate services, programs,
and systems into a more coordinated approach to
optimizing health development (Pearce et al.
2016).
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Given the role that different mediators and
modifiers can play at different ages and with dif-
ferent subgroups, more research is needed to
determine how both normal and disordered
development unfolds in relationship to nested
exposures and experiences. Such research should
also include a more strategic focus on how muta-
ble these relationships might be. Specific inter-
ventions have been developed to modify family
relationships, including interventions focused on
parent-child relational content, maternal and
infant bonding, or the capacity of mothers and
fathers to co-parent (Leslie et al. 2016). How
these interventions transform the ecosystem in
which the child is developing, and how these
alterations track over chronological and develop-
mental time frames, requires further study.

While developmental trajectories are routinely
used by developmental psychologists to describe
the patterns and contours of developmental path-
ways and how they change over time, the mea-
surement of health development trajectories in
relationship to different proximal (maternal
depression) and distal (violent neighborhood)
risks, as well as different proximal (supportive
grandmother) and distal (strong faith commu-
nity) protective factors, is sorely lacking. A better
understanding of how these different risk and
protective factors interact and influence, both
individually and in combination, health develop-
ment requires different measurement and study
design strategies than are routinely incorporated
into cohort studies where exposures are evaluated
as independent influences and causal attribution
is often oversimplified (Dunn et al. 2014).

LCHD epidemiologic studies should also
focus on better characterization of the role that
differential timing of exposures to risk and pro-
tective factors has on the emergent quality and
function of developmentally contingent hor-
monal systems and on the development of super-
ordinate behavioral capacities including executive
functioning, empathy, and perseverance. In addi-
tion, there is also a great need to focus on how
multitiered pathways emerge, how they are influ-
enced by different interventions, and how those
influences affect outcomes over years and
decades.

Mechanism Research

As the life course health sciences mature, they
are more fully embracing the complexity of
health development. There is a growing realiza-
tion that health development is a complex adap-
tive nonlinear, multilevel, and multidirectional
process in which the timing, patterning, and
interactions of exposures and experience play out
against a set of evolutionarily influenced devel-
opmental processes, each with its own sequenc-
ing and time signature. Throughout this volume,
the need for better and more precise mechanism
research has been emphasized, such as:

e Elucidating the nature and role of, and the
mediators that influence, how sensitive peri-
ods emerge, develop, and manifest

e Developing a better understanding of how
family- and community-level factors interact
and influence each other over time

e Evaluating how the health capital that mothers
bring to conception influences prenatal as well
as postnatal child health development

e Assessing how biological sensitivity to con-
text emerges and is modified by different sig-
nals and cues from both slowly and rapidly
changing environmental influences

Biological conditioning—also sometimes
referred to as biological priming or, more deter-
ministically, biological embedding —includes the
various ways in which environmental influences
either exert transitory or more long-lasting
impacts on developing biobehavioral regulatory
systems. This is a high-value target for future
research. Key questions include: What are the
specific biological, neurologic, epigenetic, and
physiologic mechanisms that are most important
for altering biobehavioral regulatory systems?
What is the mutability of these mechanisms? Do
certain key factors act as “triggers,” setting in
motion a cascade of future biological response
patterns? Biological conditioning processes can
range from the exposure to a specific nutrient like
folate and its influence on epigenetic methylation
based on availability in indigenous diets (see
Herman and Taylor Baer 2017) to the role that
different patterns of sleep and sleep duration have
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on cycling of neuroendocrine hormones that
serve to prime other factors related to growth,
metabolism, and the biological underpinning of
behavioral response systems (see Mummert et al.
2017; Hawkins et al. 2017).

Given worldwide rising rates of neurological,
mental health, developmental, and substance
abuse (NMDS) disorders, the international health
community has prioritized developing a better
understanding of the epigenetic effects of nutri-
tion, infections, a range of environmental expo-
sures, and psychosocial factors on developing
nervous systems, especially the role early expo-
sures and experiences have on later onset neuro-
logical conditions (Silberberg et al. 2015).
Included in this prioritization is the recognition
that adolescents are particularly at risk for devel-
oping neurocognitive deficits and mental health
problems. Given that 50-75% of lifetime mental
health disorders have their onset before age 24, a
focus on better understanding the mechanisms
that create this long-lasting vulnerability and
how it can be addressed is also a high priority
(Davidson et al. 2015). The life course health sci-
ences should capitalize on worldwide interest in
NMDS by highlighting the importance of life
course approaches to understanding how NMDS
develops (Birbeck et al. 2015).

Several chapters in this book emphasized the
role of biological and behavioral transitions as
sensitive periods and how they may afford
leverage to alter developmental trajectories (see
DelGiudice 2017; Boyce and Hertzman 2017;
Wood et al. 2017). Similarly, interactions
between the hypothalamic-pituitary-adrenal
axis and basic energy metabolism that are also
controlled by the hypothalamus may be relevant
to the development of both physical and mental
health, and understanding these interactions
holds promise in better understanding why con-
ditions like attention-deficit hyperactivity disor-
der (ADHD) and obesity cluster together
(Halfon et al. 2013).

The way in which one sensitive period
emerges and influences the development of sub-
sequent sensitive periods also bears further inves-
tigation. This includes how the preconception
period serves as an important platform for the

creation and management of health development
capital, and how the preconception period orga-
nizes and influences the prenatal and subsequent
postnatal periods, each with its own defining
characteristics, functions, and sensitivities. As
more attention focuses on the prevention of
adverse birth outcomes and the promotion of
equity from the start of life, our understanding of
the role and function of the preconception and
prenatal periods in lifelong health will become
all the more important. As capacity improves to
identify, measure, differentiate, and understand
the relationships between different sensitive peri-
ods of health development, our ability to devise
and test more longitudinally integrated health-
optimizing interventions will also assume greater
importance.

Many of the chapters emphasized the need for
research designs that specifically target multi-
level influences, multilevel measurement, and
analytic techniques that focus on multilevel inter-
actions and modifications. They also suggested
extant data limitations and methodological chal-
lenges that pose barriers to measuring and mod-
eling the complexity of these influences and
interactions. A whole new set of analytic tools
and modeling techniques are emerging from the
world of complex systems science. Their adapta-
tion and application to the complex multilevel
and life course health development processes is
likely to be very fruitful and illuminating (Osypuk
2013; El-Sayed et al. 2013).

Evolutionary perspectives on how adversity,
stress, and complex evolving cultural structures
(e.g., educational and religious institutions) have
shaped selection of human development priori-
ties are also ripe for further cross-disciplinary
research. The chapters by Boyce and Hertzman
(2017) and DelGiudice (2017) in this volume
emphasize the importance of how environmental
stressors can lead to diverse adaptive responses
that can manifest at different levels of impact
depending on other contextual factors. They sug-
gest that in advancing life course health develop-
ment research, we recognize the value of
cross-species, comparative studies that can shed
light on the relationship between evolutionary
biology and social environments and their conse-
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quences on human developmental adaptation and
environmental mismatches.

Lastly, the evidence reviewed in several of
the chapters suggest the potential value of a
more integrative developmentally nuanced
systems-physiology approach to understanding
how co-occurring risks manifest in develop-
mentally comparable changes across multiple
physiological systems (Singer and Ryff 2001).
For example, while it is well established that
exposure to aminoglycoside antibiotics early in
life can have detrimental and potentially devas-
tating effects on both auditory and renal func-
tion, the chapters in this volume by Russ and
colleagues (Russ et al. 2017) on hearing and
Brophy and colleagues (Brophy et al. 2017) on
chronic kidney disease (CKD) suggest that
there are ways that the developing sensory
apparatus in the ear and the developing filtration
apparatus in the kidney may share other poten-
tial vulnerabilities across the life course. Future
research on how risks and protective factors
influence multiple systems will potentially lead
to multi-solving interventions that can optimize
health development across several discreet
physiological systems. Better modeling of how
seemingly distinct biological and behavioral
systems develop holds promise to understand-
ing how they develop their inherent robustness,
where they share similar vulnerabilities, and
how they might be buffered and protected from
undesirable insults and risks (Kitano 2004;
Cohen 2016).

Intervention Research

Our understanding of the impact of life course
risks will be improved by better intervention
research that targets key developmental processes
and time periods. Throughout this volume,
authors have highlighted the important role of
intervention research for better understanding not
only how to intervene, but also when. For exam-
ple, the chapter by Hawkins and colleagues
(Hawkins et al. 2017) suggests that a key to
reducing childhood obesity is finding the right
level and time in the life course to intervene for
the maximal effectiveness and efficiency of inter-
ventions. However, the challenge of mounting

programs designed to modify obesogenic health
development pathways may be quite complex,
involving multiple settings (e.g., medical care,
homes, child care, school) (Taveras, Blackburn,
et al. 2011a; Taveras, Gortmaker, et al. 2011b;
Taveras et al. 2012), or components (e.g., system
redesign, individual behavior change strategies
including e-technology) (Lubans et al. 2010;
Taveras et al. 2012), and targeting single or mul-
tiple factors (Taveras, Gortmaker, et al. 2011b;
Vesco et al. 2012).

The chapter in this volume by Kim and col-
leagues (Kim et al. 2017) highlights how new
insights into multilevel influences on health
development pave the way for a range of differ-
ent interventions that will further clarify these
relationships. New research on pregnancy and
the first years of a child’s life indicate not only
that this is a sensitive period for child neuro-
logical development but that it is a period when
a parent’s brain may demonstrate higher levels
of plasticity and undergo changes to support the
parental role (Kim et al. 2016). Given that
parental brains are being remodeled at the same
time that children’s brains are developing, there
are several potential ways to intervene so that
parents modify home environments in develop-
mentally optimizing ways for both their chil-
dren and for themselves. Many potential
interventions that span from cells to society
have been studied in isolation, ranging from
those that attempt to modify socioeconomic
position via cash transfers to those that focus on
harmonizing parenting approaches via co-par-
enting skills training (see Kim et al. 2017,
Duncan et al. 2011; Feinberg et al. 2009). Less
research has been done to better understand
how best to combine interventions into a more
integrated, sustained, and sustainable develop-
mentally optimizing strategy.

The chapter in this volume by Boyce and
Hertzman (2017) suggests that more effective
prevention science demands new and innova-
tive intervention designs that are responsive to
the emerging science of health development.
Highlighting how the Nurse Family Partnership
broke new ground when it was first conceived
and launched, the authors point to the need for
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ambitious and “more radical departures
from the conventions of traditional early devel-
opment programs, including careful consider-
ation of how complex dynamic systems
thinking might be wed to novel, preventive
interventions.”

The chapter in this volume by Larson and
colleagues (Larson et al. 2017) similarly
focuses on the importance of intervention
research to better understand the origins,
impact, and mutability of health disparities
that arise from different health development
pathways. They argue that a multilevel inter-
vention research  strategy is needed.
Intervention research on decreasing disparities
in health development could focus on a range
of possible sensitive periods, examining the
possible and potential benefit of and best tim-
ing for interventions in the preconception
period for improving birth. They also suggest
that new social interventions, designed to alter
specific short-term health outcomes (e.g.,
asthma or early stress reactivity) in at-risk pop-
ulations, should be designed and tested in rela-
tion to how they modify long-term health and
well-being outcomes in adulthood. For exam-
ple, can population-level interventions like
teaching young children yoga and other mind-
fulness techniques serve to “inoculate” them
against elevations in allostatic load due to
stressful and chaotic family environments?

Questions about the best timing for interven-
tion are important. Cost-effectiveness studies
can be used to compare the value of interven-
tions at different life stages. In addition to inter-
ventions at the individual level, interventions
focused on the multilevel determinants of health
(e.g., neighborhood-level interventions) will
also be important. Lastly, the chapter by Larson
and colleagues (Larson et al. 2017) suggests
that research should focus on the impact of new
policies and programs at the local, state, and
national levels to reduce health disparities
across the life course. The authors also make an
important distinction between research focused
on minimizing risk and preventing poor health
and interventions aimed at optimizing health
and developmental potential.

3.1.2 Priority Research Topics

The Impact of Adverse Experiences on
Health Development and the Origins and
Implications of Health Disparities
Because of growing and persistent income
inequality, high rates of child poverty, and associ-
ated levels of adversity, there is a pressing need to
better understand the impact of adversity on
health development, as well as ways of mediating
and modifying its influence. Recent data from the
National Survey of Children’s Health reveals that
the experience of adversity is not confined solely
to children living below the federal poverty level,
but extends up the income ladder (Halfon et al.
2014c). With nearly half of all children living in
low income families with earnings below 200% of
the Federal Poverty Level, these are concerns that
now affect a majority of children. Related to the
greater prevalence and experience of adversity in
children from low income families is the relation-
ship that the experience of adversity has to the
development of a range of phenotypic responses.
Research on childhood adversity has been
highly influenced by the conceptualization of
adversity advanced by Felitti et al. (1998) in the
original Adverse Childhood Experiences (ACE)
Study. This retrospective cohort study of patients
attending a weight reduction clinic at a southern
California Kaiser Permanente facility in the
1990s has provided important information on the
relationship between adversity early in life and
the subsequent occurrence of a range of chronic
diseases. However, it has also limited the concep-
tualization of adversity and how it is measured.
Moving forward, it will be important to refine our
definition and measurement of adversity, as well
as the patterns and variations in its occurrence.
The recognition and description of how specific
types of adversity can be traumatic, and how that
trauma can in turn lead to different kinds of stress
response patterns, also call for a better
understanding of the relationship between adver-
sity, trauma, and stress. Given that all adversities
are not equal, and that not all adversity is experi-
enced as trauma, it is important to develop better
measures of the experience of adversity, as well
as to examine how that adversity is transduced by
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the brain and other body systems, including
behavioral response patterns, proximal neurobio-
logical processes, and epigenetic and other
molecular changes (Hane and Fox 2016).

The chapter by DelGiudice (2017) in this vol-
ume warns that researchers should exercise cau-
tion in assuming that undesirable developmental
outcomes reflect dysregulation of biological sys-
tems, and should remain open to the possibility
that those outcomes may be part of adaptive (or
formerly adaptive) strategies for survival and
reproduction. He argues here and elsewhere (Del
Giudice 2014b, c) that a life history framework is
especially useful in teasing out the logic of poten-
tially adaptive combinations of traits, highlight-
ing critical factors in the environment, and
bridging behavioral development with physical
growth trajectories. A similar observation is
made in the chapter in this volume by Lerner
etal. (2017) in their analysis of adolescent health
development, highlighting the context depen-
dency of adaptive developmental regulation and
how such regulation may vary by specific social
situations, times, and places.

Related to the experience of adversity is the
capacity for resilience among individuals and
populations that experience it. The chapter by
Larson and colleagues (Larson et al. 2017) sug-
gests that additional research is needed to not
only identify individuals with exceptional health
resilience but to better understand the health
development pathways that lead to more resilient
phenotypes. Studies that examine the cultural,
social, and psychological resources that can lead
to thriving and better-than-expected health out-
comes for individuals from disadvantaged social
groups should also receive priority consideration,
along with studies that lead to a better under-
standing of how those resources affect entire
populations.

A basic notion of the life course health devel-
opment framework is that the balance and inter-
play of risk and protective factors influence
health development trajectories. Children living
in environments with many more risk factors than
protective factors will have a greater propensity
for delayed or disordered health development tra-
jectories, while those growing and developing in

environments with more protective and health-
promoting factors will achieve more optimal
developmental pathways and trajectories.
However, this simple characterization of the dis-
tribution of risk and protective factors in low-
versus high-income communities obscures more
complex and dynamic processes, a high degree of
variability, and other deeper dynamics that might
not be readily apparent and need to be considered
and measured more directly. As the chapter in
this volume by Mummert et al. (2017) points out,
the ecosystems in which today’s children are
developing are novel when conceptualized across
evolutionary timescales, with our manmade envi-
ronments posing additional biological and behav-
ioral challenges to developing humans that can
both mediate and exacerbate other forms of more
readily observable and measurable adversity.

While the experience of adversity has been
directly related to the onset and development of
different health outcomes that range from heart
disease to depression, the relationships and vari-
ability at a population level is less well defined.
The chapter in this volume by Larson and col-
leagues (Larson et al. 2017) suggests that it is
important to continue to investigate the underly-
ing biological processes that contribute to health
disparities in human populations, and to better
understand the role of protective factors and
resilience on positive health outcomes for indi-
viduals from disadvantaged backgrounds. They
also suggest more attention to parental precon-
ception health and other intergenerational mech-
anisms that may contribute to early health
disparities. To inform public policy and further
elucidate the link between adversity and health
disparities, they suggest additional investigations
of the dynamic multilevel contributors to health
status disparities across the life course.

The Impact of Family- and Community-Level
Factors on Health Development

The LCHD framework highlights how the impor-
tance of understanding how health development
processes is influenced by multiple factors at
multiple levels in dynamic, transactional ways.
Of particular salience to practitioners is the role
that family- and community-level factors may
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have on health development. Related to the inde-
pendent impact of these factors is their combined
impact, as well as the impact that comes when
these factors are considered in relationship to a
particular ecosystem or place. This kind of multi-
level and integrative analysis is important in a
world where place-based strategies aimed at cre-
ating multiple potential opportunities for health
improvement are routinely deployed.

Several of the chapters emphasize the impor-
tance of multilevel contributors to health status
disparities over the life course, with a particular
emphasis on upstream structural factors and
neighborhood-level determinants. Multilevel
studies can help examine the impact of
neighborhood-level factors on health disparities
by socioeconomic status, race, and ethnicity.
Also needed are studies that incorporate longitu-
dinal or life course measures of neighborhood
and environmental exposures. At the population
level, studies are needed to examine the natural
environment, built environment, and social envi-
ronment exposures that contribute to geographic
differentials in rates of health and disease, as well
as how variation in health policies contribute to
disparities. To the greatest extent possible,
research studies that examine lifelong contribu-
tors to sociodemographic health disparities
should investigate the importance of the timing
of key environmental and social exposures.

There is also a need to better understand the
role that family and community risk and protec-
tive factors play in mediating influences at dif-
ferent levels. For example, how do positive
health development enhancing family routines
and other family-centric protective factors insu-
late or buffer a child’s response patterns in a
community where violence, social chaos, and
family isolation are the norm? Evaluating the
contribution of family capacities and routines —
as well as social isolation, social relationships,
and social support—is a fertile and strategically
important area for further research. This kind of
research is particularly important for a health-
care arena in which “care bundles” are being
developed to address both the medical and non-
medical social, family, and behavioral influ-
ences on health.

The Impact of Specific Exposures and
Experiences, the Importance of Various Life
Stages, and the Development of Health
Conditions

There are dynamic developmental relationships
between different kinds of experiences and expo-
sures that can be better understood from a life
course perspective. For example, the chapter in
this volume by Lerner and colleagues (Lerner
et al. 2017) suggests profiling how different pat-
terns of nutrition develop and influence a range of
related behaviors and outcomes during adoles-
cence. How do adolescents’ diets influence their
cardio-metabolic risk as adolescents and adults?
Do adolescents maintain a healthy diet across dif-
ferent settings involving peers and family mem-
bers? Is there age-associated variation in answers
to this question, for instance, variation associated
with pubertal development or pubertal status/
stage (e.g., early, on time, or late)? Do answers to
these questions vary in relation to gender? As
well, do they vary in relation to normative social
transitions (e.g., moving from elementary school
to middle school)? How do peer social networks
influence these behaviors or family mealtime
behaviors? Are answers moderated or changed
by the socioeconomic, cultural, religious, or
national contexts of youth? In turn, do answers
here vary in relation to media exposure about eat-
ing and about desirable body types that may be
prevalent for youth living in particular settings at
particular times in history? Given the synchroni-
zation issues raised by the seventh life course
health development principle (see Halfon and
Forrest 2017), how are all these answers moder-
ated or changed by what may be nonnormative
life events in the lives of adolescents? Examples
here may be the death of a parent or deployment
in the military (Cozza and Lerner 2013), family
disruption due to divorce or separation, or family
challenges in the face of environmental tragedies
such as weather.

Important New Epidemics or Emerging
Changes in Population Epidemiology

Rapidly changing environmental conditions and
exposures have resulted in a variety of epidemio-
logical transitions that yield new patterns of
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health and disease. Perhaps the most dramatic
epidemiologic transition is the one that took
place as a result of improvement in sanitation and
public health—from mortality due to infectious
or communicable disease to mortality due to non-
communicable chronic health conditions like dia-
betes, hypertension, heart disease, and cancer.
This transition has been well described and
appreciated, although not without controversy as
to its origins and drivers. In the past several
decades, we have witnessed increased rates of
child obesity and child and adolescent mental
health disorders. While there have been relatively
simple notions about the origins and drivers of
the obesity epidemic, the chapter by Hawkins
and colleagues in this volume (Hawkins et al.
2017) highlights the developmental complexity
underlying this major epidemiologic change.
There has been far less focus and research on
the developmental origins and patterns of mani-
festation of a range of mental health problems
that appear to be rapidly increasing in children
and adolescents. Recent epidemiologic surveys
suggest that over 20% of adolescents now have a
mental health disorder with impaired functioning
(Merikangas et al. 2010). A better understanding
of the mechanisms, causal factors, mutability,
and lifelong consequences of these disorders is
sorely needed. While there has been some
research on whether mental health disorders aris-
ing in adolescence persists into adulthood, there
is evidence that when they do, the impact on
functioning and lifelong success can be more
debilitating than the lifelong impact of chronic
medical conditions (Moffitt 1993; Currie and
Stabile 2006). While there have been studies that
have begun to link increasing rates of media and
television exposures to the development of atten-
tional problems, the nature and impact of this
rapidly changing epidemiology calls out for bet-
ter life course health development research
(Zimmerman and Christakis 2007).

The Health Development of Particularly
Vulnerable Populations

The health development of particularly vulnerable
populations of children demands more life
course focused research. The chapter in this volume

by Msall and colleagues (Msall et al. 2017) high-
lights the impact of socioeconomic-associated risks
on the health development of premature infants.
While there have been many longitudinal follow-
up studies of premature infants, few have adopted
a health development perspective or examined the
role that other risk and protective factors play in
shaping the developmental trajectories of this very
vulnerable population. The same can be said for
individuals with autism spectrum disorder, CKD,
or most other chronic health conditions. In their
chapter on autism spectrum disorder (ASD),
Drmic, Szatmari, and Volkmer highlight how little
that is known about the trajectories of children and
adolescents with ASD and how studies focused on
optimizing the health development of individuals
with ASD could provide critical information. They
highlight how adolescents with ASD who are
clearly benefiting from participating in school and
other educationally related activities experience a
functional downturn once the developmental scaf-
folding that school provides is no longer available.
The suggestion that individuals with ASD have
delayed maturation of key developmental pro-
cesses also argues for a more developmentally
attuned and integrated understanding of how to
optimize outcomes. The chapter on CKD by
Brophy and colleagues (Brophy et al. 2017) also
connects the dots between prematurity and other
insults that may lead to decreased number of func-
tional kidney filtration units (nephrons) and the
time-specific and cumulative insults that are
increasingly understood as the life course develop-
mental pathway to CKD.

There are several other vulnerable populations
of children where a life course health develop-
ment perspective could be very illuminating and
more importantly could shape the services and
interventions that are provided. For example, it is
well known that children who are abused,
neglected, and placed into the foster care system
can experience dramatically altered life course
trajectories (Zlotnick et al. 2012; Tyler and
Schmitz 2013; Patterson et al. 2015). Initial stud-
ies examining the impact of adversity, institu-
tional placement, and out-of-home care have
suggested how such experiences can alter neuro-
biological functioning and cellular processes
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associated with the regulation of cellular aging
and longevity (Drury et al. 2012; Karatsoreos and
McEwen 2013). Life course health development
research could improve these interventions in
regard to their capacity to improve long-term tra-
jectories for children in foster care and other vul-
nerable populations, including young people
involved in the juvenile justice system and chil-
dren with chronic and debilitating medical condi-
tions and impairments (Zlotnick et al. 2012). In
each case, better understanding the health,
growth, and developmental trajectories—and the
factors and experiences associated with optimal
health development outcomes—is sorely needed.

3.2 Section IlI: Priority Research
Capacity-Building Activities
3.2.1 Advance LCHD Measurement

Capacity and Improve Study

Design to Provide Useful Data

and Promote Greater

Collaboration

Across Disciplines
Throughout this volume, the authors have empha-
sized the importance of new and better measures
of health and health development, with specific
reference to developing and aging body systems
(e.g., kidney health, hearing health). Closely
related to measurement research are new and bet-
ter analytic strategies that utilize data in more
creative ways. Several chapters emphasize the
need for better measures of “positive health.” For
example, Russ and colleagues’ chapter on hear-
ing (Russ et al. 2017) suggests that researchers
need operational measures of positive hearing
health to enable better measurement of treatment
outcomes and functional hearing ability.
Measures of positive health—including oral
health, nutritional health, and mental health - as
well as measures of positive health trajectories in
these and other areas provide an empirical way of
measuring both general and targeted health-
optimizing strategies. Such measures might be
composed of several different related measures
and biomarkers that could be used to profile a
specific health development capacity.

Measures of positive health development are
not only important for assessing the health status
and trajectories of individuals but also for use in
assessing populations. The Early Development
Index is a measurement tool that is used in
Canada, Australia, and the USA to assess healthy
development and school readiness for 4—6-year-
olds (Janus et al. 2016). The EDI is composed of
110 items that span 5 dimensions and 16 subdo-
mains of functioning. It is routinely collected and
mapped at the neighborhood level to provide a
population measure of health development. It has
been used to predict early language and cognitive
development and to examine differences in cog-
nitive and emotional development in populations
of children (Brownell et al. 2016). It is part of an
evolving set of population health development
measurement tools that now includes the Middle
Development Index that was designed to measure
similar dimensions in 9—11-year-olds (Schonert-
Reichl et al. 2013; Guhn et al. 2016a). The same
Canadian team that created the EDI and MDI is
in the process of developing health development
indices covering the entire child span, using the
EDI to develop a pan-Canadian population health
monitoring system (Guhn et al. 2016b). In addi-
tion, the EDI has also been used as a measure in
“cells to society” research that is examining the
impact of social gradients and how that manifests
in relationships to social epigenetics (Hertzman
and Boyce 2010).

Enhanced data collection of individual behav-
iors, traits, and biomarkers is now possible using
low-cost, readily available technologies like
smartphones and self-reported questionnaires.
The National Institutes of Health have invested
millions of dollars into the creation of state-of-
the science self-reported measures of physical,
mental, and social health as part of its program
called the Patient Reported Outcome
Measurement Information System (PROMIS, see
www.healthmeasures.net for more information).
These assessments of health can be combined
with a wide array of environmental sensor assess-
ments that can measure macro and micro fluctua-
tions in the local environments, as well as clinical
data stored in electronic health records and other
molecular data such as genetics and epigenetics.
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Aggregation of large amounts of data of these
types can be done to create big health develop-
ment data resources that can be mined and used
to elucidate novel, unanticipated associations to
inform future causal modeling and interventions.

Advances in life course health sciences have
depended on the creation of longitudinal data
collection efforts over the past century, most of
which have been undertaken in countries located
in Europe and Oceania. Recognizing the value of
these longitudinal studies, several nations
launched millennial cohort studies. This volume
profiles several existing longitudinal surveys that
can be used for examining life course impacts of
different social and environmental factors (see
Geller et al. 2017; Sastry et al. 2017;
Cooksey 2017).

Longitudinal life course studies are impor-
tant for capturing the dynamics of intra-individ-
ual health development trajectories and their
environmental influences and epigenetic pro-
files. Because longitudinal cohort studies cap-
ture temporal relationship between exposures
and outcomes, they can assist in defining causal-
ity and also in identifying predictive epigenetic
biomarkers that may be used clinically and for
targeted and more precise public health
interventions.

There is also growing recognition that exist-
ing longitudinal and disease focused cohorts
could be more effectively used to investigate
specific questions by increasing sample sizes to
enhance statistical power to examine interac-
tions. Work is underway both in the USA and
Europe to align and link cohorts, recognizing
that the heterogeneity of the different studies
will require conceptual and analytic harmoniza-
tion to allow data to be pooled. Existing cohort
studies are being encouraged to not only collect
genetic information but to obtain detailed pheno-
type data—along with broader and more detailed
information on environmental, behavioral, and
lifestyle measures—in order to improve the
capacity to link data sets for new kinds of analy-
sis. Given the growing prevalence of a range of
neurodevelopmental disorders in adults, there is
an increasing interest collecting early cognitive,
behavioral, metabolic, and epigenetic markers

that might herald the onset and development of
these diseases.

3.2.2 Develop and Apply New

and Improved Methodologies

to Reflect a Complex Systems

Approach and Enable Causal

Inference
As an emerging transdisciplinary field, LCHD
research is typically done with scientific teams
that include several methodologists and analysts
to address the complex and multifaceted biologi-
cal variation that epitomizes human health, but
also the many and multilevel relational influences
that are interacting and inducing changes in this
continuously unfolding biological matrix. The
complex and interconnected relationships of fac-
tors contributing to the development of obesity,
mental health disorders, and other conditions
with multiple complex causes typify the chal-
lenges that confound many common analytic
approaches. Conventional longitudinal analyses,
even those that account for multiple levels of
influence, are often not powerful enough to
account for the complexity and interconnected-
ness of obesity. Little’s chapter in this volume
(Little 2017) explains that several new techniques
are available to improve estimation and causal
inference for study designs with a multitude of
time-varying covariates that interact across mul-
tiple levels. These include, among others, longi-
tudinal structural equation modeling which can
model hierarchically nested contextual influences
on health over time. In addition, an emerging set
of analytic tools from the systems sciences
including agent-based and system dynamics
modeling can be utilized to examine longitudinal
relationships over multiple levels and, at the same
time, account for more complex features of rela-
tionships like nonlinearity, path dependence,
loops, and tipping (Hammond 2009; Huang,
Drewnosksi, Kumanyika, and Glass 2009).

Several authors reference the need for better

community-based participatory research involv-
ing collaboration and partnership between com-
munity leaders, residents, and academic
researchers. This kind of research can be used to
help design assessments of living conditions (i.e.,
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risk factors and influences) that are richer in con-
tent and more appropriately reflect the complex
interactions that take place in family and com-
munity settings. It can also help to design inter-
ventions that are responsive to local needs and
promote policy advocacy in disadvantaged neigh-
borhoods. As place-based efforts attempt to
transform the basic conditions in a community,
they have often taken a life course approach to
improve cradle-to-career trajectories with atten-
tion paid to what works in different kinds of com-
munities and microenvironments.

3.2.3 Build, Strengthen, and Improve

Institutional Capacity

to Conduct LCHD Research
Increasing our capacity to conduct life course
health science research requires a systematic and
purposeful effort that focuses on human skills
and talent, infrastructure, and institutional capac-
ity, as well as state-of-the-art life course research
tools and methods. Capacity building at the indi-
vidual level requires mentoring, career guidance,
research opportunities, and research pathways
that are transdisciplinary and designed to pro-
mote optimal development of a life course health
development researcher. At an institutional level,
advancing life course health science research
requires an appreciation for its importance, as
well as prioritization of resources allocated for
integrative approaches that characterize LCHD
research.

Current major research infrastructure building
and reform efforts like the Clinical Translational
Science Institutes (CTSIs) permit institutions to
use life course health development as an integrat-
ing strategy for building cross-disciplinary
research teams and for focusing research priori-
ties on key health development strategies. The
CTSIs have also encouraged approaching dis-
eases and health conditions in a more holistic
manner, moving beyond traditional clinic-based
models to engage individuals and families in the
context of their own lives and life course goals.
Similarly, the Patient-Centered Outcome
Research Initiative has spearheaded research
from a patient’s perspective that also lends itself
to life course consideration, including challenges

presented by specific life course transitions. Life
course health science requires team-based, often
multi-institutional approaches to research, which
is rapidly becoming the norm in the natural, bio-
medical, and social sciences.

3.3 Section lll: Translational

Priorities

Efforts are needed to identify existing knowledge
that is ready for translation to concrete practice
guidelines, programs, and policies aimed at
improving health trajectories and alleviating dis-
parities in health. Bringing this life course health
development lens to the current healthcare sys-
tem permits a critical review of how medical care
clinics are organized, how healthcare systems
organize care pathways, and more. Perhaps the
greatest practical clinical and programmatic real-
ization coming from LCHD research is the value
of care delivery pathways and systems that are
purposeful in their horizontal integration across
all of the social ecological domains that influence
health development and that are inclusive of all
of the sectors and potential influencers on the
whole person’s health. The other important inte-
gration strategy is one that focuses on longitudi-
nal or life course integration, not only anticipating
future needs and concerns but designed to opti-
mize life course-organized transitions and chal-
lenges. For example, life course-oriented research
focused on optimizing health development could
be used to redesign the healthcare system with a
greater emphasis on promoting optimal health
throughout the life course from birth through
death, instead of focusing on disease manage-
ment alone (Halfon et al. 2014b, ¢). Continued
efforts are needed to identify ways in which life
course research on health disparities can be inte-
grated into medical, social welfare, education,
and public health practice, as well as social and
health policies at the local, state, and national
levels.

There is also a great need to begin to explore
how different periods of the life course have been
underappreciated for their potential influence and
leverage on downstream outcomes. For example,
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the chapter in this volume by Del Giudice
(2017) calls attention to the juvenile transition
and how this underappreciated and virtually
unexplored period may be an important develop-
mental window for intervention. The author sug-
gests that interventions focused on optimizing
transitions and occurring during these grammar
school years can have an important priming and
long-term influence on adolescent development.
The idea that intervening during a biological
transition may afford more leverage to alter
developmental trajectories resonates with recog-
nizing the nonlinearity of developmental pro-
cesses and their time sensitivity.

Several of the chapters focused on better
screening and assessment tools and approaches
that attempt to capture key emergent characteris-
tics and needs so that families can be provided
with information about the consequences of deci-
sions being made for a child early in his or her
life. Local, state, and national governments also
need policies in place that enhance child health
development throughout childhood.

Improving public health messaging regarding
health development across the life course with
specific messaging about healthy hearing trajec-
tories, healthy growth and nutrition trajectories,
healthy teeth, and healthy family trajectories can
all begin to build awareness and insights into the
importance of health development goals, path-
ways, and trajectories. These include providing
growth standards to help individual families
implement health-promoting activities, exercise
standards, sleep standards, and the like. Such an
effort could include both family- and practitioner-
based education programs to promote more
robust efforts surrounding nutrition and exercise
recommendations.

Better ways of sharing life course health
development information should also extend to
communities so that the optimizing health devel-
opment of children can be built into the commu-
nity ethos and appropriate educational materials
and policy initiatives developed. Many commu-
nities have launched initiatives to promote health
development and well-being across the life
course. For example, the city of Santa Monica,
California, has a lifelong learning system in place
and a well-being index that is designed to high-

light life course specific health data (Warner and
Kern 2013). These kinds of initiatives can pro-
mote the importance of life course health science
and can mobilize ingenuity and resourcefulness
at local and national levels.

3.4 Section IV: Refinement
of the LCHD Theoretical

Framework

As the chapter by Halfon and Forrest (2017) in
this volume indicates, the LCHD framework is an
initial version of what may become a new scien-
tific paradigm. As such, LCHD is synthesizing
research from a range of different disciplines in
ways that will guide the development and testing
of new theories of health development and orga-
nize future research based on principles estab-
lished by the field. As the field matures, it will be
important to update the framework and its prin-
ciples, and to consider research approaches,
methods, and questions that will further elaborate
the framework, moving toward the creation of a
model that helps guide future hypothesis-driven
research. Important considerations are further
developing the explanatory power of the overall
framework and interrogating the veracity of the
principles that structure the network of ideas,
theories, hypotheses, and research questions.
Halfon and Forrest present seven principles
that structure the contours of the LCHD frame-
work. They have conceived of these principles
not as a linear sequence of defining characteris-
tics but as network of high-level, interconnected
generalizations that are empirically supported,
logically consistent, and holistically justified.
The network presentation suggests that these dif-
ferent principles are distinct but not independent
of each other and that judging their explanatory
robustness often requires that we consider not the
principle in isolation but in relationship to other
principles. In keeping with our systems approach
to understanding human health development, the
system of interconnected and interdependent
explanatory principles suggests a dynamic and
flexible network of concepts that can be used to
build and test theories of causation, interactions,
and relational importance. Because some of the



Life Course Research Agenda (LCRA), Version 1.0

639

principles are not as well supported by a robust
empirical literature, some priority should be
given to focusing research that addresses areas
where additional research is needed.

Further development of the LCHD framework,
using it to define the scope and level of life course
health development inquiry, and applying it as an
organized approach to theory testing will all
require continued knowledge synthesis. Because
the LCHD framework incorporates a diverse set
of factors which interact with each other over sig-
nificant and variable time horizons, there is a
growing need to more systematically analyze and
synthesize this information with reference to the
overall framework. Greater synthesis of existing
cross-disciplinary knowledge of different aspects
of LCHD is also necessary for more precise inves-
tigation of pathophysiologic mechanisms.

3.4.1 The LCHD Framework, Precision
Medicine, and Population

Health

As the chapter by Halfon and Forrest suggests,
the LCHD framework grew out of recognition
that health development is a complex adaptive
response of a dynamic, multidimensional, and
multilevel system comprising individuals and
their contexts codeveloping over time. Adopting
the holism of systems biology and other systems
sciences, the LCHD framework places more
emphasis on the relationship between different
components of the system (holism) than on
describing the component parts (reductionism).
In keeping with emerging notions of precision
medicine and precision population health, not
only are the insights from systems biology impor-
tant but also understanding and integrating
panomics—the  interdependent  interactions
between the genome, epigenome, microbiome,
virome, and exposome. The dynamics, patterns,
and predictability of these panomic relationships
are not only important for better targeting cancer
therapy or customizing the treatment of inflam-
matory bowel disease but also for creating more
effective, efficient, and responsive prevention
and health promotion strategies at the population
level that are not based on simple notions of risk
and dependent on one-size-fits-all interventions
(Halfon 2016).

The LCHD framework not only provides a
powerful process and tool for knowledge integra-
tion but importantly introduces novel and impor-
tant considerations of emergent developmental
processes and developmentally contingent time
frames that are important for the synchronization
and integration of particular influence, as well as
the interactions, flexibility, and dynamics of these
relationships across the different combined influ-
ences. As the healthcare system focuses more on
precision medicine and precision population
health, there will be a growing interest in better
characterizing health development processes at
the individual and population level.

As research using the LCHD framework gal-
lops forward, attention should be paid to how to
further develop this framework. Is there an emer-
gent and adaptive strategy to enable the LCHD
framework to grow, develop, mature, and evolve
as the field of LCHD research moves forward?
As LCHD evidence accumulates, is analyzed,
and is synthesized, the number of LCHD princi-
ples may grow or shrink, and the relationship of
the LCHD principles between the principles
should become clearer and more useful as a more
fully articulated LCHD paradigm emerges.
Halfon and Forrest have conceptualized the prin-
ciples as a network of conceptual nodes whose
explanatory utility and robustness is only fully
realized in relationship to each other. Modeling
and more fully exploring the relationships
between the principles can also help test whether
this conceptualization of how the principles man-
ifest has explanatory value. As an overarching
meta-framework, it will also be useful to examine
how the LCHD framework can inform new
notions of precision medicine and emerging
notions of precision population health.

3.4.2 LCHD and Health System
Transformation

Halfon and Forrest also suggest that the LCHD
framework is not only strategically responding to
a large body of empirical work that challenges
long held notions of the causal mechanism
responsible for disease causation and the produc-
tion of different levels of health, but that by
focusing on how to optimize health development,
it includes considerations of the complex health
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influencing ecosystem and how that health devel-
opment ecosystem evolves and changes over
time. The framework suggests that health devel-
opment does not occur solely within an individ-
ual or even as a result of an individual’s exposure
to certain environmental factors, but rather results
from continuous coactions between persons and
their environments, which we have represented
as P<E. Thus, individuals are affected by their
environments, but they also shape their environ-
ments, and the focus on health development is on
individual’s health assets, their environmental
influences, and the < as well—that is, the rela-
tional mechanisms by which persons influence
and are influenced by their environments (and
vice versa). These insights not only challenge the
simpler biomedical and biopsychosocial models
of health and disease causation, but challenge the
appropriateness, utility, effectiveness, and effi-
ciency of a healthcare system that is largely built
on a biomedical chassis and is just now in the
process of upgrading its engine to accommodate
psychosocial “upstream influences.”

The LCHD framework implies that this new
and more evolved paradigm of health develop-
ment and disease causation provides the explana-
tory rational for how the healthcare delivery
system evolves and is organized. The simple lin-
ear biomedical framework underwrote the ratio-
nal for much of the 1.0 acute care focused medical
care system with its focus on providing time-
limited and rescue care for specific medical con-
ditions over short time horizons. Similarly, the
scientific advances and research that led to the
development of the more dynamic and multilevel
biopsychosocial framework begin to underwrite
the upgrade and reengineering of the 2.0 chronic
disease system with its greater focus on manag-
ing behavioral and lifestyle influences on chronic
disease over longer time horizons. The emer-
gence of the LCHD framework is already provid-
ing a way of underwriting the need for a more
horizontally and longitudinally integrated, antici-
patory, and developmentally primed health sys-
tem (3.0 health system) that is structured to
optimize health and health-promoting environ-
ments over the life span (Halfon et al. 2014b).
Moving forward, it will be important to consider
how the LCHD framework can be more fully

exploited to inform healthcare innovations and
health systems transformation. By fortifying a
3.0 operating system, can LCHD principles be
translated into new healthcare system design
concepts and innovation strategies? For example,
does a better understanding of the potential vul-
nerability associated with the transition from
homecare to preschool suggest a way in which
services and supports should be developmentally
organized to optimize this transition and support
necessary adaptation on the part of the child as
well as those in the family?

3.4.3 The LCHD Framework
and the Measurement of Health
Development

Health in the LCHD framework is defined as an
emergent adaptive response to environmental
(e.g., biological, behavioral, family, social, phys-
ical) challenges. The dynamics of health devel-
opment and the emergence of diseases,
dysfunction, or disintegration depend on dynamic
processes and patterns of responses that typically
span from the cellular to the whole person level.
Because no component of this cluster of interde-
pendent processes and purposeful relationships is
ever standing still but is in a constant state of
dynamic fluctuations, health is recognizable in
the organism’s dynamic developmental adapt-
ability and their capacity to strategically respond
to different environmental challenges. Because
health is conditional on these different environ-
ments, measures of health development must be
able to capture an individual and populations
capacity to dynamically respond when an indi-
vidual, population, or ecosystem is “out of bal-
ance.” It also suggests the importance of capturing
levels (cellular to ecosystem) of flexibility and
resilience that are necessary and manifest to
rebalance and achieve not only renewed level of
health but an optimal level of health develop-
ment. Our current measures of health and health
development at an individual level are sorely
lacking the capacity to sense and integrate signals
from the cellular to the whole person level, across
physiological systems and response patterns, and
across developmentally significant time horizons.
At a population level, there are similar concep-
tual and measurement gaps in how health devel-
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opment is measured and how to capture the
developmentally contingent aspects of health
development for different populations in facing
different ecosystem contexts.

4 Conclusions and Next Steps

This volume has attempted to highlight the impor-
tance of the rapidly evolving field of life course
health science and its potential impact on improv-
ing the lifelong health trajectories. We have used
the life course health development framework as a
way of organizing inquiry and understanding the
relationship between a diverse but converging set
of empirical findings. We have proposed a set of
LCHD principles that are emerging and, we con-
tend, on their way to describing a new paradigm
of scientific investigation and can be used to orga-
nize and explain what has been learned and to
guide and organize future inquiry (Ostrom 2009;
Gatzweiler and Baumuller 2014). This volume
has also begun to link and network related areas
of inquiry, utilizing these common principles and
what they illuminate about deeper and more com-
plex processes of health development. Lastly, we
have attempted to relate LCHD research to the
field of maternal and child health and to explore
how life course enlightened knowledge of health
development can be used to improve the health of
mothers and children and achieve greater health
equity from the start of life.

In this volume, different teams of scholars
have analyzed and synthesized the current state
of knowledge and research progress in a range of
important areas of health development. Spanning
topics as diverse as hearing health, kidney health,
metabolic health, and oral health across different
developmental stages from preconception to
emerging adulthood, the chapters examine the
health development contribution of different life
stages, revealing new considerations for how to
prevent losses in health potential, as well as how
to optimize lifelong health development. Through
the process of writing their chapters, the authors
have analyzed and synthesized what is currently
known and have begun to shine a light on the way
forward by identifying specific research ques-
tions and strategies intended to advance research

productivity and impact, as well as translation to
programs, policy, and practices.

4.1 What'’s Next?
There are several important national trends that
make life course health science and future research
on life course health development particularly
salient and important at the present time (McGinnis
et al. 2016). First are the growing concerns about
persistent and structural inequalities in the
USA. The life course health sciences have already
contributed to the growing recognition of the life-
long health, social, and economic impacts of pov-
erty-associated adversity early in life. Additional
research focused on the impact of the early years
on future health development will continue to play
an important role in refocusing policy, programs,
and practices on addressing and leveraging what is
at stake in these early years (Halfon et al. 2014c).
Second are the opportunities provided by the
implementation of the Affordable Care Act (ACA)
and related initiatives designed to move health-
care upstream and to focus more attention and
resources on prevention and population health.
The life course health sciences are illuminating
how such upstream strategies must focus not only
on the social and environmental causes of health
outcomes but in particular on the upstream influ-
ences on costly and preventable adult health out-
comes (Wise 2016). As post-ACA policy attempts
to steer healthcare financing from a focus on vol-
ume (outputs) to value (outcomes), there is a real
opportunity to demonstrate how health develop-
ment value chains begin early in life and how
investments in health development capital can be
leveraged into significant long-term value
results (McGinnis et. al. 2016). ACA-stimulated
health system reform is also accelerating the con-
sideration of transformational strategies that are
challenging the dominant 2.0 operating logic,
structure, and organization that arose to address
the diagnosis, treatment, and management of
adult chronic health conditions. What is now
emerging is a new 3.0 operating logic aimed at
optimizing lifelong health by leveraging the new
science of life course health development (Halfon
et al. 2014b). The findings from the life course
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health sciences can continue to support this transi-
tion from 2.0 to 3.0 by providing the empirical
basis for justifying healthcare systems that are
more horizontally integrated to address multiple
interacting dimensions and influences on health
development, as well as longitudinally integrated
to anticipate future health development scenarios
and build long-term pull strategies into the struc-
ture and design of health and health-related social
and educational services.

Third are the opportunities and challenges
posed by major federal research initiatives, like
those focused on precision medicine and clinical
translational science and the lag from discovery
to wide scale implementation. While both of
these National Institutes of Health (NIH)-funded
efforts begin with a biomedical orientation —with
precision medicine focused on specifying the
biological characteristics (phenotype) that will
assist in pinpointing pharmacological interven-
tions with greater accuracy and translational sci-
ence focused on moving from the discovery of a
new molecule in a laboratory and more rapidly
and efficiently testing it at the hospital bedside
and in the clinic making it widely available on a
population basis—there is a critical need to
inform these and other traditionally biomedically
oriented research efforts with life course health
science thinking and approaches.

Fourth is the fact that the national health pol-
icy focus on improving population health and
reducing health disparities can benefit from the
LCHD framework and life course health science
results. As Larson and colleague (Larson et al.
2017) argue in this volume, “the LCHD frame-
work emphasizes the importance of addressing
disparities from preconception onward; under-
standing that early exposure to multiple stresses
may produce biological changes that are difficult,
if not impossible, to eradicate later; and acknowl-
edging that adults who experienced the most
extreme disparities as young children are likely
to develop the worst health in adulthood and
require the most expensive interventions. Life
course-oriented health disparities research pro-
vides an opportunity for large potential savings
associated with the development of strategies to
intervene early in optimizing human health.”
Real headway in not only addressing health dis-

parities but reducing these inequalities in health
development will arise by taking advantage of the
life course health science along with the opportu-
nities afforded by ACA-induced health system
transformation to focus greater attention and the
role of the early years in reducing disparities,
decreasing the prevalence and impact of chronic
illness, and saving healthcare costs.

As a product of the Life Course Research
Network (LCRN) that is funded by the Department
of Health and Human Services (DHHS) Health
Resources and Services Administration (HRSA)
Maternal and Child Health Bureau (MCHB), this
volume is meant—in addition to serving as a cata-
lyst and tool for advancing the LCHD field—to
inform MCHB'’s thinking, planning, and funding
of future research. To this end, the content of this
chapter will be used to create a more traditionally
structured research agenda containing specific
research questions that the members of the
LCRN (see lcrn.net to learn more and join) and
the broader community of LCHD stakeholders
will be invited to participate in refining and pri-
oritizing among. Over time, the LCRN—which
was recently awarded another 3 years of funding
from MCHB—will produce, commission and/
or solicit additional research agenda-setting papers
on topics missing from the present volume in order
to enable the periodic updating of the LCRA and
enhance the dissemination and synthesis of emerg-
ing findings. Taken together, these efforts will
help to advance both the life course health sci-
ences and our understanding of their importance
for optimizing life course health development.
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