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ABSTRACT

Advances in fields of inquiry as diverse as neuroscience, molecular biology,
genomics, developmental psychology, epidemiology, sociology, and
economics are catalyzing an important paradigm shift in our understanding
of health and disease across the lifespan. This converging, multidisciplinary
science of human development has profound implications for our ability to
enhance the life prospects of children and to strengthen the social and
economic fabric of society. Drawing on these multiple streams of
investigation, this report presents an ecobiodevelopmental framework that
illustrates how early experiences and environmental influences can leave a
lasting signature on the genetic predispositions that affect emerging brain
architecture and long-term health. The report also examines extensive
evidence of the disruptive impacts of toxic stress, offering intriguing insights
into causal mechanisms that link early adversity to later impairments in
learning, behavior, and both physical and mental well-being. The
implications of this framework for the practice of medicine, in general, and
pediatrics, specifically, are potentially transformational. They suggest that
many adult diseases should be viewed as developmental disorders that begin
early in life and that persistent health disparities associated with poverty,
discrimination, or maltreatment could be reduced by the alleviation of toxic
stress in childhood. An ecobiodevelopmental framework also underscores the
need for new thinking about the focus and boundaries of pediatric practice. It
calls for pediatricians to serve as both front-line guardians of healthy child
development and strategically positioned, community leaders to inform new
science-based strategies that build strong foundations for educational
achievement, economic productivity, responsible citizenship, and lifelong
health.
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Abbreviations:

ACE —
adverse childhood experiences

CRH —
corticotropin-releasing hormone

EBD —
ecobiodevelopmental

PFC —
prefrontal cortex

INTRODUCTION

Of a good beginning cometh a good end.

John Heywood, Proverbs (1546)

The United States, like all nations of the world, is facing a number of social
and economic challenges that must be met to secure a promising future.
Central to this task is the need to produce a well-educated and healthy adult
population that is sufficiently skilled to participate effectively in a global
economy and to become responsible stakeholders in a productive society. As
concerns continue to grow about the quality of public education and its
capacity to prepare the nation’s future workforce, increasing investments are
being made in the preschool years to promote the foundations of learning.
Although debates about early childhood policy focus almost entirely on
educational objectives, science indicates that sound investments in
interventions that reduce adversity are also likely to strengthen the
foundations of physical and mental health, which would generate even larger
returns to all of society.1,2 This growing scientific understanding about the
common roots of health, learning, and behavior in the early years of life
presents a potentially transformational opportunity for the future of
pediatrics.

Identifying the origins of adult disease and addressing them early in life are
critical steps toward changing our current health care system from a “sick-
care” to a “well-care” model.3–5 Although new discoveries in basic science,
clinical subspecialties, and high-technology medical interventions continue to
advance our capacity to treat patients who are ill, there is growing
appreciation that a successful well-care system must expand its scope
beyond the traditional realm of individualized, clinical practice to address the
complex social, economic, cultural, environmental, and developmental
influences that lead to population-based health disparities and unsustainable
medical care expenditures.2,6,7 The science of early childhood development
has much to offer in the realization of this vision, and the well-being of
young children and their families is emerging as a promising focus for
creative investment.

The history of pediatrics conveys a rich narrative of empirical investigation
and pragmatic problem solving. Its emergence as a specialized domain of
clinical medicine in the late 19th century was dominated by concerns about
nutrition, infectious disease, and premature death. In the middle of the 20th
century, as effective vaccines, antibiotics, hygiene, and other public health
measures confronted the infectious etiologies of childhood illness, a variety
of developmental, behavioral, and family difficulties became known as the
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“new morbidities.”  By the end of the century, mood disorders, parental
substance abuse, and exposure to violence, among other conditions, began
to receive increasing attention in the pediatric clinical setting and became
known as the “newer morbidities.”9 Most recently, increasingly complex
mental health concerns; the adverse effects of television viewing; the
influence of new technologies; epidemic increases in obesity; and persistent
economic, racial, and ethnic disparities in health status have been called the
“millennial morbidities.”10

Advances in the biological, developmental, and social sciences now offer
tools to write the next important chapter. The overlapping and synergistic
characteristics of the most prevalent conditions and threats to child well-
being—combined with the remarkable pace of new discoveries in
developmental neuroscience, genomics, and the behavioral and social
sciences—present an opportunity to confront a number of important
questions with fresh information and a new perspective. What are the
biological mechanisms that explain the well-documented association between
childhood adversity and adult health impairment? As these causal
mechanisms are better elucidated, what can the medical field, specifically,
and society, more generally, do to reduce or mitigate the effects of disruptive
early-life influences on the origins of lifelong disease? When is the optimal
time for those interventions to be implemented?

This technical report addresses these important questions in 3 ways. First, it
presents a scientifically grounded, ecobiodevelopmental (EBD) framework to
stimulate fresh thinking about the promotion of health and prevention of
disease across the lifespan. Second, it applies this EBD framework to better
understand the complex relationships among adverse childhood
circumstances, toxic stress, brain architecture, and poor physical and mental
health well into adulthood. Third, it proposes a new role for pediatricians to
promote the development and implementation of science-based strategies to
reduce toxic stress in early childhood as a means of preventing or reducing
many of society’s most complex and enduring problems, which are frequently
associated with disparities in learning, behavior, and health. The magnitude
of this latter challenge cannot be overstated. A recent technical report from
the American Academy of Pediatrics reviewed 58 years of published studies
and characterized racial and ethnic disparities in children’s health to be
extensive, pervasive, persistent, and, in some cases, worsening.11 Moreover,
the report found only 2 studies that evaluated interventions designed to
reduce disparities in children’s health status and health care that also
compared the minority group to a white group, and none used a randomized
controlled trial design.

The causal sequences of risk that contribute to demographic differences in
educational achievement and physical well-being threaten our country’s
democratic ideals by undermining the national credo of equal opportunity.
Unhealthy communities with too many fast food franchises and liquor stores,
yet far too few fresh food outlets and opportunities for physical activity,
contribute to an unhealthy population. Unemployment and forced mobility
disrupt the social networks that stabilize communities and families and,
thereby, lead to higher rates of violence and school dropout. The purpose of
this technical report is to leverage new knowledge from the biological and
social sciences to help achieve the positive life outcomes that could be
accrued to all of society if more effective strategies were developed to reduce
the exposure of young children to significant adversity.

A NEW FRAMEWORK FOR PROMOTING HEALTHY
DEVELOPMENT

Advances in our understanding of the factors that either promote or
undermine early human development have set the stage for a significant
paradigm shift.12 In simple terms, the process of development is now
understood as a function of “nature dancing with nurture over time,” in
contrast to the longstanding but now outdated debate about the influence of
“nature versus nurture.”13 That is to say, beginning prenatally, continuing
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through infancy, and extending into childhood and beyond, development is
driven by an ongoing, inextricable interaction between biology (as defined by
genetic predispositions) and ecology (as defined by the social and physical
environment)12,14,15 (see Fig 1).

FIGURE 1

The basic science of pediatrics. An
emerging, multidisciplinary science
of development supports an EBD
framework for understanding the
evolution of human health and
disease across the life span. In
recent decades, epidemiology,
developmental psychology, and
longitudinal studies of early
childhood interventions have
demonstrated significant
associations (hashed red arrow)
between the ecology of childhood
and a wide range of developmental

outcomes and life course trajectories. Concurrently, advances in the
biological sciences, particularly in developmental neuroscience and
epigenetics, have made parallel progress in beginning to elucidate the
biological mechanisms (solid arrows) underlying these important
associations. The convergence of these diverse disciplines defines a
promising new basic science of pediatrics.

Building on an ecological model that explains multiple levels of influence on
psychological development,16 and a recently proposed biodevelopmental
framework that offers an integrated, science-based approach to coordinated,
early childhood policy making and practice across sectors,17 this technical
report presents an EBD framework that draws on a recent report from the
Center on the Developing Child at Harvard University to help physicians and
policy makers think about how early childhood adversity can lead to lifelong
impairments in learning, behavior, and both physical and mental health.1,6

Some of the most compelling new evidence for this proposed framework
comes from the rapidly moving field of epigenetics, which investigates the
molecular biological mechanisms (such as DNA methylation and histone
acetylation) that affect gene expression without altering DNA sequence. For
example, studies of maternal care in rats indicate that differences in the
quality of nurturing affect neural function in pups and negatively affect
cognition and the expression of psychopathology later in life. Moreover, rats
whose mothers showed increased levels of licking and grooming during their
first week of life also showed less exaggerated stress responses as adults
compared with rats who were reared by mothers with a low level of licking
and grooming, and the expression of mother-pup interactions in the pups
has been demonstrated to be passed on to the next generation.18–22 This
burgeoning area of research is challenging us to look beyond genetic
predispositions to examine how environmental influences and early
experiences affect when, how, and to what degree different genes are
actually activated, thereby elucidating the mechanistic linkages through which
gene-environment interaction can affect lifelong behavior, development, and
health (see Fig 1).

Additional evidence for the proposed framework comes from insights accrued
during the “Decade of the Brain” in the 1990s, when the National Institutes of
Health invested significant resources into understanding both normal and
pathologic neuronal development and function. Subsequent advances in
developmental neuroscience have begun to describe further, in some cases at
the molecular and cellular levels, how an integrated, functioning network with
billions of neurons and trillions of connections is assembled. Because this
network serves as the biological platform for a child’s emerging social-
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emotional, linguistic, and cognitive skills, developmental neuroscience is also
beginning to clarify the underlying causal mechanisms that explain the
normative process of child development. In a parallel fashion, longitudinal
studies that document the long-term consequences of childhood adversity
indicate that alterations in a child’s ecology can have measurable effects on
his or her developmental trajectory, with lifelong consequences for
educational achievement, economic productivity, health status, and
longevity.23–27

The EBD framework described in this article presents a new way to think
about the underlying biological mechanisms that explain this robust link
between early life adversities (ie, the new morbidities of childhood) and
important adult outcomes. The innovation of this approach lies in its
mobilization of dramatic scientific advances in the service of rethinking basic
notions of health promotion and disease prevention within a fully integrated,
life span perspective from conception to old age.6 In this context, significant
stress in the lives of young children is viewed as a risk factor for the genesis
of health-threatening behaviors as well as a catalyst for physiologic
responses that can lay the groundwork for chronic, stress-related diseases
later in life.

Understanding the Biology of Stress

Although genetic variability clearly plays a role in stress reactivity, early
experiences and environmental influences can have considerable impact.
Beginning as early as the prenatal period, both animal28–30 and human31,32

studies suggest that fetal exposure to maternal stress can influence later
stress responsiveness. In animals, this effect has been demonstrated not only
in the offspring of the studied pregnancy but also in subsequent generations.
The precise biological mechanisms that explain these findings remain to be
elucidated, but epigenetic modifications of DNA appear likely to play a
role.31,33,34 Early postnatal experiences with adversity are also thought to
affect future reactivity to stress, perhaps by altering the developing neural
circuits controlling these neuroendocrine responses.34,35 Although much
research remains to be performed in this area, there is a strong scientific
consensus that the ecological context modulates the expression of one’s
genotype. It is as if experiences confer a “signature” on the genome to
authorize certain characteristics and behaviors and to prohibit others. This
concept underscores the need for greater understanding of how stress “gets
under the skin,” as well as the importance of determining what external and
internal factors can be mobilized to prevent that embedding process or
protect against the consequences of its activation.

Physiologic responses to stress are well defined.36–38 The most extensively
studied involve activation of the hypothalamic-pituitary-adrenocortical axis
and the sympathetic-adrenomedullary system, which results in increased
levels of stress hormones, such as corticotropin-releasing hormone (CRH),
cortisol, norepinephrine, and adrenaline. These changes co-occur with a
network of other mediators that include elevated inflammatory cytokines and
the response of the parasympathetic nervous system, which counterbalances
both sympathetic activation and inflammatory responses. Whereas transient
increases in these stress hormones are protective and even essential for
survival, excessively high levels or prolonged exposures can be quite harmful
or frankly toxic,39–41 and the dysregulation of this network of physiologic
mediators (eg, too much or too little cortisol; too much or too little
inflammatory response) can lead to a chronic “wear and tear” effect on
multiple organ systems, including the brain.39–41 This cumulative, stress-
induced burden on overall body functioning and the aggregated costs, both
physiologic and psychological, required for coping and returning to
homeostatic balance, have been referred to as “allostatic load.”38,42–44 The
dynamics of these stress-mediating systems are such that their
overactivation in the context of repeated or chronic adversity leads to
alterations in their regulation.

The National Scientific Council on the Developing Child has proposed a
conceptual taxonomy comprising 3 distinct types of stress responses (in
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contrast to the actual stressors themselves) in young children—positive,
tolerable, and toxic—on the basis of postulated differences in their potential
to cause enduring physiologic disruptions as a result of the intensity and
duration of the response.17,45 A positive stress response refers to a
physiologic state that is brief and mild to moderate in magnitude. Central to
the notion of positive stress is the availability of a caring and responsive
adult who helps the child cope with the stressor, thereby providing a
protective effect that facilitates the return of the stress response systems
back to baseline status. Examples of precipitants of a positive stress
response in young children include dealing with frustration, getting an
immunization, and the anxiety associated with the first day at a child care
center. When buffered by an environment of stable and supportive
relationships, positive stress responses are a growth-promoting element of
normal development. As such, they provide important opportunities to
observe, learn, and practice healthy, adaptive responses to adverse
experiences.

A tolerable stress response, in contrast to positive stress, is associated with
exposure to nonnormative experiences that present a greater magnitude of
adversity or threat. Precipitants may include the death of a family member, a
serious illness or injury, a contentious divorce, a natural disaster, or an act of
terrorism. When experienced in the context of buffering protection provided
by supportive adults, the risk that such circumstances will produce excessive
activation of the stress response systems that leads to physiologic harm and
long-term consequences for health and learning is greatly reduced. Thus, the
essential characteristic that makes this form of stress response tolerable is
the extent to which protective adult relationships facilitate the child’s
adaptive coping and a sense of control, thereby reducing the physiologic
stress response and promoting a return to baseline status.

The third and most dangerous form of stress response, toxic stress, can
result from strong, frequent, or prolonged activation of the body’s stress
response systems in the absence of the buffering protection of a supportive,
adult relationship. The risk factors studied in the Adverse Childhood
Experiences Study23 include examples of multiple stressors (eg, child abuse
or neglect, parental substance abuse, and maternal depression) that are
capable of inducing a toxic stress response. The essential characteristic of
this phenomenon is the postulated disruption of brain circuitry and other
organ and metabolic systems during sensitive developmental periods. Such
disruption may result in anatomic changes and/or physiologic dysregulations
that are the precursors of later impairments in learning and behavior as well
as the roots of chronic, stress-related physical and mental illness. The
potential role of toxic stress and early life adversity in the pathogenesis of
health disparities underscores the importance of effective surveillance for
significant risk factors in the primary health care setting. More important,
however, is the need for clinical pediatrics to move beyond the level of risk
factor identification and to leverage advances in the biology of adversity to
contribute to the critical task of developing, testing, and refining new and
more effective strategies for reducing toxic stress and mitigating its effects
as early as possible, before irrevocable damage is done. Stated simply, the
next chapter of innovation in pediatrics remains to be written, but the outline
and plot are clear.

Toxic Stress and the Developing Brain

In addition to short-term changes in observable behavior, toxic stress in
young children can lead to less outwardly visible yet permanent changes in
brain structure and function.39,46 The plasticity of the fetal, infant, and early
childhood brain makes it particularly sensitive to chemical influences, and
there is growing evidence from both animal and human studies that
persistently elevated levels of stress hormones can disrupt its developing
architecture.45 For example, abundant glucocorticoid receptors are found in
the amygdala, hippocampus, and prefrontal cortex (PFC), and exposure to
stressful experiences has been shown to alter the size and neuronal
architecture of these areas as well as lead to functional differences in
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learning, memory, and aspects of executive functioning. More specifically,
chronic stress is associated with hypertrophy and overactivity in the amygdala
and orbitofrontal cortex, whereas comparable levels of adversity can lead to
loss of neurons and neural connections in the hippocampus and medial PFC.
The functional consequences of these structural changes include more
anxiety related to both hyperactivation of the amygdala and less top-down
control as a result of PFC atrophy as well as impaired memory and mood
control as a consequence of hippocampal reduction.47 Thus, the developing
architecture of the brain can be impaired in numerous ways that create a
weak foundation for later learning, behavior, and health.

Along with its role in mediating fear and anxiety, the amygdala is also an
activator of the physiologic stress response. Its stimulation activates
sympathetic activity and causes neurons in the hypothalamus to release CRH.
CRH, in turn, signals the pituitary to release adrenocorticotropic hormone,
which then stimulates the adrenal glands to increase serum cortisol
concentrations. The amygdala contains large numbers of both CRH and
glucocorticoid receptors, beginning early in life, which facilitate the
establishment of a positive feedback loop. Significant stress in early
childhood can trigger amygdala hypertrophy and result in a hyperresponsive
or chronically activated physiologic stress response, along with increased
potential for fear and anxiety.48,49 It is in this way that a child’s environment
and early experiences get under the skin.

Although the hippocampus can turn off elevated cortisol, chronic stress
diminishes its capacity to do so and can lead to impairments in memory and
mood-related functions that are located in this brain region. Exposure to
chronic stress and high levels of cortisol also inhibit neurogenesis in the
hippocampus, which is believed to play an important role in the encoding of
memory and other functions. Furthermore, toxic stress limits the ability of
the hippocampus to promote contextual learning, making it more difficult to
discriminate conditions for which there may be danger versus safety, as is
common in posttraumatic stress disorder. Hence, altered brain architecture in
response to toxic stress in early childhood could explain, at least in part, the
strong association between early adverse experiences and subsequent
problems in the development of linguistic, cognitive, and social-emotional
skills, all of which are inextricably intertwined in the wiring of the developing
brain.45

The PFC also participates in turning off the cortisol response and has an
important role in the top-down regulation of autonomic balance (ie,
sympathetic versus parasympathetic effects), as well as in the development of
executive functions, such as decision-making, working memory, behavioral
self-regulation, and mood and impulse control. The PFC is also known to
suppress amygdala activity, allowing for more adaptive responses to
potentially threatening or stressful experiences; however, exposure to stress
and elevated cortisol results in dramatic changes in the connectivity within
the PFC, which may limit its ability to inhibit amygdala activity and, thereby,
impair adaptive responses to stress. Because the hippocampus and PFC both
play a significant role in modulating the amygdala’s initiation of the stress
response, toxic stress–induced changes in architecture and connectivity
within and between these important areas might account for the variability
seen in stress-responsiveness.50 This can then result in some children
appearing to be both more reactive to even mildly adverse experiences and
less capable of effectively coping with future stress.36,37,45,51

Toxic Stress and the Early Childhood Roots of Lifelong
Impairments in Physical and Mental Health

As described in the previous section, stress-induced changes in the
architecture of different regions of the developing brain (eg, amygdala,
hippocampus, and PFC) can have potentially permanent effects on a range of
important functions, such as regulating stress physiology, learning new skills,
and developing the capacity to make healthy adaptations to future
adversity.52,53 As the scientific evidence for these associations has become
better known and has been disseminated more widely, its implications for
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early childhood policy and programs have become increasingly appreciated by
decision makers across the political spectrum. Notwithstanding this growing
awareness, however, discussions about early brain development in policy-
making circles have focused almost entirely on issues concerned with school
readiness as a prerequisite for later academic achievement and the
development of a skilled adult workforce. Within this same context, the
health dimension of early childhood policy has focused largely on the
traditional components of primary pediatric care, such as immunizations,
early identification of sensory impairments and developmental delays, and the
prompt diagnosis and treatment of medical problems. That said, as advances
in the biomedical sciences have generated growing evidence linking
biological disruptions associated with adverse childhood experiences (ACE) to
greater risk for a variety of chronic diseases well into the adult years, the
need to reconceptualize the health dimension of early childhood policy has
become increasingly clear.1,6 Stated simply, the time has come to expand the
public’s understanding of brain development and shine a bright light on its
relation to the early childhood roots of adult disease and to examine the
compelling implications of this growing knowledge base for the future of
pediatric practice.

The potential consequences of toxic stress in early childhood for the
pathogenesis of adult disease are considerable. At the behavioral level, there
is extensive evidence of a strong link between early adversity and a wide
range of health-threatening behaviors. At the biological level, there is
growing documentation of the extent to which both the cumulative burden of
stress over time (eg, from chronic maltreatment) and the timing of specific
environmental insults during sensitive developmental periods (eg, from first
trimester rubella or prenatal alcohol exposure) can create structural and
functional disruptions that lead to a wide range of physical and mental
illnesses later in adult life.1,6 A selective overview of this extensive scientific
literature is provided below.

The association between ACE and unhealthy adult lifestyles has been well
documented. Adolescents with a history of multiple risk factors are more
likely to initiate drinking alcohol at a younger age and are more likely to use
alcohol as a means of coping with stress than for social reasons.54 The
adoption of unhealthy lifestyles as a coping mechanism might also explain
why higher ACE exposures are associated with tobacco use, illicit drug abuse,
obesity, and promiscuity,55,56 as well as why the risk of pathologic gambling
is increased in adults who were maltreated as children.57 Adolescents and
adults who manifest higher rates of risk-taking behaviors are also more likely
to have trouble maintaining supportive social networks and are at higher risk
of school failure, gang membership, unemployment, poverty, homelessness,
violent crime, incarceration, and becoming single parents. Furthermore,
adults in this high-risk group who become parents themselves are less likely
to be able to provide the kind of stable and supportive relationships that are
needed to protect their children from the damages of toxic stress. This
intergenerational cycle of significant adversity, with its predictable repetition
of limited educational achievement and poor health, is mediated, at least in
part, by the social inequalities and disrupted social networks that contribute
to fragile families and parenting difficulties.7,58,59

The adoption of unhealthy lifestyles and associated exacerbation of
socioeconomic inequalities are potent risk factors for poor health. Up to 40%
of early deaths have been estimated to be the result of behavioral or lifestyle
patterns,3 and 1 interpretation of the ACE study data is that toxic stress in
childhood is associated with the adoption of unhealthy lifestyles as a coping
mechanism.60 An additional 25% to 30% of early deaths are thought to be
attributable to either inadequacies in medical care3 or socioeconomic
circumstances, many of which are known to contribute to health care–related
disparities.61–67

Beyond its strong association with later risk-taking and generally unhealthy
lifestyles, it is critically important to underscore the extent to which toxic
stress in early childhood has also been shown to cause physiologic
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disruptions that persist into adulthood and lead to frank disease, even in the
absence of later health-threatening behaviors. For example, the biological
manifestations of toxic stress can include alterations in immune function68

and measurable increases in inflammatory markers,69–72 which are known to
be associated with poor health outcomes as diverse as cardiovascular
disease,69,70,73 viral hepatitis,74 liver cancer,75 asthma,76 chronic
obstructive pulmonary disease,77 autoimmune diseases,78 poor dental
health,72 and depression.79–81 Thus, toxic stress in early childhood not only
is a risk factor for later risky behavior but also can be a direct source of
biological injury or disruption that may have lifelong consequences
independent of whatever circumstances might follow later in life. In such
cases, toxic stress can be viewed as the precipitant of a physiologic memory
or biological signature that confers lifelong risk well beyond its time of
origin.38,42–44

Over and above its toll on individuals, it is also important to address the
enormous social and economic costs of toxic stress and its consequences for
all of society. The multiple dimensions of these costs extend from differential
levels of civic participation and their impacts on the quality of community life
to the health and skills of the nation’s workforce and its ability to participate
successfully in a global economy. In the realm of learning and behavior,
economists argue for early and sustained investments in early care and
education programs, particularly for children whose parents have limited
education and low income, on the basis of persuasive evidence from cost-
benefit analyses that reveal the costs of incarceration and diminished
economic productivity associated with educational failure.82–86 In view of the
relatively scarce attention to health outcomes in these long-term follow-up
studies, the full return on investments that reduce toxic stress in early
childhood is likely to be much higher. Health care expenditures that are
paying for the consequences of unhealthy lifestyles (eg, obesity, tobacco,
alcohol, and substance abuse) are enormous, and the costs of chronic
diseases that may have their origins early in life include many conditions that
consume a substantial percentage of current state and federal budgets. The
potential savings in health care costs from even small, marginal reductions in
the prevalence of cardiovascular disease, hypertension, diabetes, and
depression are, therefore, likely to dwarf the considerable economic
productivity and criminal justice benefits that have been well documented for
effective early childhood interventions.

In summary, the EBD approach to childhood adversity discussed in this report
has 2 compelling implications for a full, life span perspective on health
promotion and disease prevention. First, it postulates that toxic stress in
early childhood plays an important causal role in the intergenerational
transmission of disparities in educational achievement and health outcomes.
Second, it underscores the need for the entire medical community to focus
more attention on the roots of adult diseases that originate during the
prenatal and early childhood periods and to rethink the concept of preventive
health care within a system that currently perpetuates a scientifically
untenable wall between pediatrics and internal medicine.

THE NEED FOR A NEW PEDIATRIC PARADIGM TO
PROMOTE HEALTH AND PREVENT DISEASE

In his 1966 Aldrich Award address, Dr Julius Richmond identified child
development as the basic science of pediatrics.87 It is now time to expand the
boundaries of that science by incorporating more than 4 decades of
transformational research in neuroscience, molecular biology, and genomics,
along with parallel advances in the behavioral and social sciences (see Fig 1).
This newly augmented, interdisciplinary, basic science of pediatrics offers a
promising framework for a deeper understanding of the biology and ecology
of the developmental process. More importantly, it presents a compelling
opportunity to leverage these rapidly advancing frontiers of knowledge to
formulate more effective strategies to enhance lifelong outcomes in learning,
behavior, and health.
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The time has come for a coordinated effort among basic scientists, pediatric
subspecialists, and primary care clinicians to develop more effective
strategies for addressing the origins of social class, racial, and ethnic
disparities in health and development. To this end, a unified, science-based
approach to early childhood policy and practice across multiple sectors
(including primary health care, early care and education, and child welfare,
among many others) could provide a compelling framework for a new era in
community-based investment in which coordinated efforts are driven by a
shared knowledge base rather than distracted by a diversity of traditions,
approaches, and funding streams.

Recognizing both the critical value and clear limitations of what can be
accomplished within the constraints of an office visit, 21st century pediatrics
is well positioned to serve as the primary engine for a broader approach to
health promotion and disease prevention that is guided by cutting-edge
science and expanded in scope beyond individualized health care.88,89 The
pediatric medical home of the future could offer more than the early
identification of concerns and timely referral to available programs, as
enhanced collaboration between pediatricians and community-based agencies
could be viewed as a vehicle for testing promising new intervention strategies
rather than simply improving coordination among existing services. With this
goal in mind, science tells us that interventions that strengthen the capacities
of families and communities to protect young children from the disruptive
effects of toxic stress are likely to promote healthier brain development and
enhanced physical and mental well-being. The EBD approach proposed in this
article is adapted from a science-based framework created by the Center on
the Developing Child at Harvard University to advance early childhood policies
and programs that support this vision (see Fig 2).1 Its rationale, essential
elements, and implications for pediatric practice are summarized below.

FIGURE 2

An ecobiodevelopmental framework
for early childhood policies and
programs. This was adapted from ref
1. See text for details.

Broadening the Framework for Early Childhood Policy and
Practice

Advances across the biological, behavioral, and social sciences support 2
clear and powerful messages for leaders who are searching for more effective
ways to improve the health of the nation.6 First, current health promotion
and disease prevention policies focused largely on adults would be more
effective if evidence-based investments were also made to strengthen the
foundations of health in the prenatal and early childhood periods. Second,
significant reductions in chronic disease could be achieved across the life
course by decreasing the number and severity of adverse experiences that
threaten the well-being of young children and by strengthening the
protective relationships that help mitigate the harmful effects of toxic stress.
The multiple domains that affect the biology of health and development—
including the foundations of healthy development, caregiver and community
capacities, and public and private sector policies and programs—provide a
rich array of targeted opportunities for the introduction of innovative
interventions, beginning in the earliest years of life.1

The biology of health and development explains how experiences and
environmental influences get under the skin and interact with genetic
predispositions, which then result in various combinations of physiologic
adaptation and disruption that affect lifelong outcomes in learning, behavior,
and both physical and mental well-being. These findings call for us to
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augment adult-focused approaches to health promotion and disease
prevention by addressing the early childhood origins of lifelong illness and
disability.

The foundations of healthy development refers to 3 domains that establish a
context within which the early roots of physical and mental well-being are
nourished. These include (1) a stable and responsive environment of
relationships, which provides young children with consistent, nurturing, and
protective interactions with adults to enhance their learning and help them
develop adaptive capacities that promote well-regulated stress-response
systems; (2) safe and supportive physical, chemical, and built environments,
which provide physical and emotional spaces that are free from toxins and
fear, allow active exploration without significant risk of harm, and offer
support for families raising young children; and (3) sound and appropriate
nutrition, which includes health-promoting food intake and eating habits,
beginning with the future mother’s preconception nutritional status.

Caregiver and community capacities to promote health and prevent disease
and disability refers to the ability of family members, early childhood
program staff, and the social capital provided through neighborhoods,
voluntary associations, and the parents’ workplaces to play a major
supportive role in strengthening the foundations of child health. These
capacities can be grouped into 3 categories: (1) time and commitment; (2)
financial, psychological, social, and institutional resources; and (3) skills and
knowledge.

Public and private sector policies and programs can strengthen the
foundations of health through their ability to enhance the capacities of
caregivers and communities in the multiple settings in which children grow
up. Relevant policies include both legislative and administrative actions that
affect systems responsible for primary health care, public health, child care
and early education, child welfare, early intervention, family economic
stability (including employment support for parents and cash assistance),
community development (including zoning regulations that influence the
availability of open spaces and sources of nutritious food), housing, and
environmental protection, among others. It is also important to underscore
the role that the private sector can play in strengthening the capacities of
families to raise healthy and competent children, particularly through
supportive workplace policies (such as paid parental leave, support for
breastfeeding, and flexible work hours to attend school activities and medical
visits).

Defining a Distinctive Niche for Pediatrics Among Multiple
Early Childhood Disciplines and Services

Notwithstanding the important goal of ensuring a medical home for all
children, extensive evidence on the social determinants of health indicates
that the reduction of disparities in physical and mental well-being will
depend on more than access to high-quality medical care alone. Moreover, as
noted previously, experience tells us that continuing calls for enhanced
coordination of effort across service systems are unlikely to be sufficient if
the systems are guided by different values and bodies of knowledge and the
effects of their services are modest. With these caveats in mind, pediatricians
are strategically situated to mobilize the science of early childhood
development and its underlying neurobiology to stimulate fresh thinking
about both the scope of primary health care and its relation to other
programs serving young children and their families. Indeed, every system that
touches the lives of children—as well as mothers before and during
pregnancy—offers an opportunity to leverage this rapidly growing knowledge
base to strengthen the foundations and capacities that make lifelong healthy
development possible. Toward this end, explicit investments in the early
reduction of significant adversity are particularly likely to generate positive
returns.

The possibilities and limitations of well-child care within a multidimensional
health system have been the focus of a spirited and enduring discussion
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within the pediatric community.88,90,91 Over more than half a century, this
dialogue has focused on the need for family-centered, community-based,
culturally competent care for children with developmental disabilities,
behavior problems, and chronic health impairments, as well as the need for a
broader contextual approach to the challenges of providing more effective
interventions for children living under conditions of poverty, with or without
the additional complications of parental mental illness, substance abuse, and
exposure to violence.10 As the debate has continued, the gap between the
call for comprehensive services and the realities of day-to-day practice has
remained exceedingly difficult to reduce. Basic recommendations for routine
developmental screening and referrals to appropriate community-based
services have been particularly difficult to implement.92 The obstacles to
progress in this area have been formidable at both ends of the process—
beginning with the logistical and financial challenges of conducting routine
developmental screening in a busy office setting and extending to significant
limitations in access to evidence-based services for children and families who
are identified as having problems that require intervention.

Despite long-standing calls for an explicit, community-focused approach to
primary care, a recent national study of pediatric practices identified
persistent difficulties in achieving effective linkages with community-based
resources as a major challenge.92 A parallel survey of parents also noted the
limited communication that exists between pediatric practices and
community-based services, such as Supplemental Nutrition Program for
Women, Infants, and Children; child care providers; and schools.93 Perhaps
most important, both groups agreed that pediatricians cannot be expected to
meet all of a child’s needs. This challenge is further complicated by the
marked variability in quality among community-based services that are
available—ranging from evidence-based interventions that clearly improve
child outcomes to programs that appear to have only marginal effects or no
measurable impacts. Thus, although chronic difficulty in securing access to
indicated services is an important problem facing most practicing
pediatricians, the limited evidence of effectiveness for many of the options
that are available (particularly in rural areas and many states in which public
investment in such services is more limited) presents a serious problem that
must be acknowledged and afforded greater attention.

At this point in time, the design and successful implementation of more
effective models of health promotion and disease prevention for children
experiencing significant adversity will require more than advocacy for
increased funding. It will require a deep investment in the development,
testing, continuous improvement, and broad replication of innovative models
of cross-disciplinary policy and programmatic interventions that are guided
by scientific knowledge and led by practitioners in the medical, educational,
and social services worlds who are truly ready to work together (and to train
the next generation of practitioners) in new ways.88,89 The sheer number and
complexity of underaddressed threats to child health that are associated with
toxic stress demands bold, creative leadership and the selection of strategic
priorities for focused attention. To this end, science suggests that 2 areas are
particularly ripe for fresh thinking: the child welfare system and the
treatment of maternal depression.

For more than a century, child welfare services have focused on physical
safety, reduction of repeated injury, and child custody. Within this context,
the role of the pediatrician is focused largely on the identification of
suspected maltreatment and the documentation and treatment of physical
injuries. Advances in our understanding of the impact of toxic stress on
lifelong health now underscore the need for a broader pediatric approach to
meet the needs of children who have been abused or neglected. In some
cases, this could be provided within a medical home by skilled clinicians with
expertise in early childhood mental health. In reality, however, the magnitude
of needs in this area generally exceeds the capacity of most primary care
practice settings. A report from the Institute of Medicine and National
Research Council15 stated that these needs could be addressed through
regularized referrals from the child welfare system to the early intervention
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system for children with developmental delays or disabilities; subsequent
federal reauthorizations of the Keeping Children and Families Safe Act and
the Individuals with Disabilities Education Act (Part C) both included
requirements for establishing such linkages. The implementation of these
federal requirements, however, has moved slowly.

The growing availability of evidence-based interventions that have been
shown to improve outcomes for children in the child welfare system94

underscores the compelling need to transform “child protection” from its
traditional concern with physical safety and custody to a broader focus on
the emotional, social, and cognitive costs of maltreatment. The Centers for
Disease Control and Prevention has taken an important step forward by
promoting the prevention of child maltreatment as a public health
concern.95,96 The pediatric community could play a powerful role in leading
the call for implementation of the new requirement for linking child welfare
to early intervention programs, as well as bringing a strong, science-based
perspective to the collaborative development and implementation of more
effective intervention models.

The widespread absence of attention to the mother-child relationship in the
treatment of depression in women with young children is another striking
example of the gap between science and practice that could be reduced by
targeted pediatric advocacy.97 Extensive research has demonstrated the
extent to which maternal depression compromises the contingent reciprocity
between a mother and her young child that is essential for healthy cognitive,
linguistic, social, and emotional development.98 Despite that well-
documented observation, the treatment of depression in women with young
children is typically viewed as an adult mental health service and rarely
includes an explicit focus on the mother-child relationship. This serious
omission illustrates a lack of understanding of the consequences for the
developing brain of a young child when the required “serve and return”
reciprocity of the mother-child relationship is disrupted or inconsistent.
Consequently, and not surprisingly, abundant clinical research indicates that
the successful treatment of a mother’s depression does not generally
translate into comparable recovery in her young child unless there is an
explicit therapeutic focus on their dyadic relationship.98 Pediatricians are the
natural authorities to shed light on this current deficiency in mental health
service delivery. Advocating for payment mechanisms that require (or provide
incentives for) the coordination of child and parent medical services (eg,
through automatic coverage for the parent-child dyad linked to
reimbursement for the treatment of maternal depression) offers 1 promising
strategy that American Academy of Pediatrics state chapters could pursue. As
noted previously, although some medical homes may have the expertise to
provide this kind of integrative treatment, most pediatricians rely on the
availability of other professionals with specialized skills who are often
difficult to find. Whether such services are provided within or connected to
the medical home, it is clear that standard pediatric practice must move
beyond screening for maternal depression and invest greater energy in
securing the provision of appropriate and effective treatment that meets the
needs of both mothers and their young children.

The targeted messages conveyed in these 2 examples are illustrative of the
kinds of specific actions that offer promising new directions for the pediatric
community beyond general calls for comprehensive, family-centered,
community-based services. Although the practical constraints of office-
based practice make it unlikely that many primary care clinicians will ever
play a lead role in the treatment of children affected by maltreatment or
maternal depression, pediatricians are still the best positioned among all the
professionals who care for young children to provide the public voice and
scientific leadership needed to catalyze the development and implementation
of more effective strategies to reduce adversities that can lead to lifelong
disparities in learning, behavior, and health.

A great deal has been said about how the universality of pediatric primary
care makes it an ideal platform for coordinating the services needed by
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vulnerable, young children and their families. In this respect, the medical
home is strategically positioned to play 2 important roles. The first is to
ensure that needs are identified, state-of-the-art management is provided as
indicated, and credible evaluation is conducted to assess the effects of the
services that are being delivered. The second and, ultimately, more
transformational role is to mobilize the entire pediatric community (including
both clinical specialists and basic scientists) to drive the design and testing of
much-needed, new, science-based interventions to reduce the sources and
consequences of significant adversity in the lives of young children.99 To this
end, a powerful new role awaits a new breed of pediatricians who are
prepared to build on the best of existing community-based services and to
work closely with creative leaders from a range of disciplines and sectors to
inform innovative approaches to health promotion and disease prevention
that generate greater effects than existing efforts.

No other profession brings a comparable level of scientific expertise,
professional stature, and public trust—and nothing short of transformational
thinking beyond the hospital and office settings is likely to create the
magnitude of breakthroughs in health promotion that are needed to match
the dramatic advances that are currently emerging in the treatment of
disease. This new direction must be part of the new frontier in pediatrics—a
frontier that brings cutting-edge scientific thinking to the multidimensional
world of early childhood policy and practice for children who face significant
adversity. Moving that frontier forward will benefit considerably from
pediatric leadership that provides an intellectual and operational bridge
connecting the basic sciences of neurobiology, molecular genetics, and
developmental psychology to the broad and diverse landscape of health,
education, and human services.

SUMMARY

A vital and productive society with a prosperous and sustainable future is
built on a foundation of healthy child development. Health in the earliest
years—beginning with the future mother’s well-being before she becomes
pregnant—lays the groundwork for a lifetime of the physical and mental
vitality that is necessary for a strong workforce and responsible participation
in community life. When developing biological systems are strengthened by
positive early experiences, children are more likely to thrive and grow up to
be healthy, contributing adults. Sound health in early childhood provides a
foundation for the construction of sturdy brain architecture and the
achievement of a broad range of skills and learning capacities. Together
these constitute the building blocks for a vital and sustainable society that
invests in its human capital and values the lives of its children.

Advances in neuroscience, molecular biology, and genomics have converged
on 3 compelling conclusions: (1) early experiences are built into our bodies;
(2) significant adversity can produce physiologic disruptions or biological
memories that undermine the development of the body’s stress response
systems and affect the developing brain, cardiovascular system, immune
system, and metabolic regulatory controls; and (3) these physiologic
disruptions can persist far into adulthood and lead to lifelong impairments in
both physical and mental health. This technical report presents a framework
for integrating recent advances in our understanding of human development
with a rich and growing body of evidence regarding the disruptive effects of
childhood adversity and toxic stress. The EBD framework that guides this
report suggests that many adult diseases are, in fact, developmental
disorders that begin early in life. This framework indicates that the future of
pediatrics lies in its unique leadership position as a credible and respected
voice on behalf of children, which provides a powerful platform for
translating scientific advances into more effective strategies and creative
interventions to reduce the early childhood adversities that lead to lifelong
impairments in learning, behavior, and health.

CONCLUSIONS
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1. Advances in a broad range of interdisciplinary fields, including
developmental neuroscience, molecular biology, genomics,
epigenetics, developmental psychology, epidemiology, and
economics, are converging on an integrated, basic science of
pediatrics (see Fig 1).

2. Rooted in a deepening understanding of how brain architecture is
shaped by the interactive effects of both genetic predisposition
and environmental influence, and how its developing circuitry
affects a lifetime of learning, behavior, and health, advances in the
biological sciences underscore the foundational importance of the
early years and support an EBD framework for understanding the
evolution of human health and disease across the life span.

3. The biology of early childhood adversity reveals the important role
of toxic stress in disrupting developing brain architecture and
adversely affecting the concurrent development of other organ
systems and regulatory functions.

4. Toxic stress can lead to potentially permanent changes in learning
(linguistic, cognitive, and social-emotional skills), behavior
(adaptive versus maladaptive responses to future adversity), and
physiology (a hyperresponsive or chronically activated stress
response) and can cause physiologic disruptions that result in
higher levels of stress-related chronic diseases and increase the
prevalence of unhealthy lifestyles that lead to widening health
disparities.

5. The lifelong costs of childhood toxic stress are enormous, as
manifested in adverse impacts on learning, behavior, and health,
and effective early childhood interventions provide critical
opportunities to prevent these undesirable outcomes and generate
large economic returns for all of society.

6. The consequences of significant adversity early in life prompt an
urgent call for innovative strategies to reduce toxic stress within
the context of a coordinated system of policies and services
guided by an integrated science of early childhood and early brain
development.

7. An EBD framework, grounded in an integrated basic science,
provides a clear theory of change to help leaders in policy and
practice craft new solutions to the challenges of societal disparities
in health, learning, and behavior (see Fig 2).

8. Pediatrics provides a powerful yet underused platform for
translating scientific advances into innovative early childhood
policies, and practicing pediatricians are ideally positioned to
participate “on the ground” in the design, testing, and refinement
of new models of disease prevention, health promotion, and
developmental enhancement beginning in the earliest years of life.
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