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THE FOUNDATIONS OF LIFELONG HEALTH ARE BUILT IN EARLY CHILDHOOD

Introduction

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—actually beginning with the future mother’s health before she becomes

pregnant—Iays the groundwork for a lifetime of well-being. When developing biological systems are strengthened by

positive early experiences, healthy children are more likely to grow into healthy adults. Sound health also provides a

foundation for the construction of sturdy brain architecture and the associated achievement of a broad range of abilities

and learning capacities.

Health is more than merely the absence of disease—it is
an evolving human resource that helps children and adults
adapt to the challenges of everyday life, resist infections, cope
with adversity, feel a sense of personal well-being, and inter-
act with their surroundings in ways that promote successful
development. Nations with the most positive indicators of
population health, such as longer life expectancy and lower
infant mortality, typically have higher levels of wealth and
lower levels of income inequality. In short, children’s health
is a nation’s wealth, as a sound body and mind enhance the
capacity of children to develop a wide range of competen-
cies that are necessary to become contributing members of a
successful society.!?

Adverse events or experiences that occur early in child-
hood can have lifelong consequences for both physical and

Health in the earliest years—actually beginning
with the future mother’s health before she
becomes pregnant—lays the groundwork for

a lifetime of well-being.

mental well-being. That is to say, developmental and bio-
logical disruptions during the prenatal period and earliest
years of life may result in weakened physiological responses
(e.g., in the immune system), vulnerabilities to later impair-
ments in health (e.g., elevated blood pressure), and altered
brain architecture (e.g., impaired neural circuits). For ex-
ample, exposure of expectant mothers to highly stressful en-
vironments can influence the birth weight of their babies,
and lower birth weight has been linked to substantially in-
creased risk for obesity, diabetes, and cardiovascular disease
later in life. Traumatic experiences during childhood, such
as physical abuse or the adversities that accumulate for chil-
dren reared in deep and persistent poverty, are also capable

2 Center on the Developing Child at Harvard University

of disturbing the neurobiological systems that guide physi-
ological and behavioral responses to stress, potentially for
the remainder of an individual’s life. Altering these regula-
tory mechanisms (e.g., setting the stress response system on
a “short fuse”) can permanently increase the risks of acute
and chronic disease, and even a shortened life span, by un-
dermining the normally adaptive response of the body to the
challenges and stressors of everyday life. These alterations to
developing biological systems can lead to greater susceptibil-
ity to a wide range of illnesses well into the adult years, even
in the absence of any conscious memory of early trauma.

Beyond its effect on individuals, poor health early in life
also imposes significant societal costs that are borne by those
who remain healthy. For example, when large numbers of
children become ill because they did not receive their immu-
nizations, the entire population becomes vulnerable
to epidemics of infectious diseases. Similarly, the
consequences of adversity and poor health in child-
hood can lead to higher rates of chronic diseases in
adults, such as diabetes, hypertension, cardiovascu-
lar disease, and various forms of cancer, as well as
depression, anxiety disorders, addictions, and other
mental health impairments. These conditions affect
all of society by reducing the productivity of the
workforce and increasing the incidence of disability,
the demand on medical facilities, and the costs of medical
care. Thus, a focus on health promotion in the early child-
hood period—where an extensive body of evidence sup-
ports the promise of effective prevention programs that can
change the trajectory of children’s lives—can help reduce the
social and economic burdens of illness, not only in child-
hood but also throughout the adult years. This connection
between early life experiences and the health of a nation un-
derscores the importance of strategic investments in the care
and protection of pregnant women, infants, and young chil-
dren, and it suggests that most current attempts to prevent
adult disease and create a healthier workforce may be starting
too late.

WWW.DEVELOPINGCHILD.HARVARD.EDU



RECONCEPTUALIZING THE HEALTH DIMENSION OF EARLY CHILDHOOD POLICY

Reconceptualizing the Health Dimension

of Early Childhood Policy

THE KNOWLEDGE BASE SUMMARIZED IN THIS DOCUMENT
presents a compelling rationale for fundamentally rethinking
the health dimension of early childhood policy. Science tells
us that meeting the developmental needs of young children
is as much about building a strong foundation for lifelong
physical and mental health as it is about enhancing readiness
to succeed in school.’ This insight points to the importance
of viewing a broad array of policies and programs—beyond
the provision of medical services—as potentially important
vehicles for reducing the social burdens, human capital con-
sequences, and medical-care costs of health impairments
in the adult years.* In other words, significant progress in
lifelong health promotion and disease prevention could be
achieved by reducing the burden of significant adversity
on young children—and this progress could be accelerated
through science-based enhancements in a wide range of
policy domains, including child care and early education,
child welfare, public assistance and employment programs
for low-income parents, housing policies, and community
development initiatives, to name just a few.

Driven by converging evidence from neuroscience, mo-
lecular biology, genomics, and advances in the behavioral
and social sciences, this call for a broader perspective on
health promotion and disease prevention is guided by the
following three overarching concepts:

+  Experiences are built into our bodies (for better or for
worse) and significant adversity early in life can produce
physiological disruptions or embedded biological “mem-
ories” that persist far into adulthood and lead to lifelong
impairments in both physical and mental health.

+ Genes and experiences interact to determine an indi-
vidual’s vulnerability to early adversity and, for children
experiencing severe adversity, environmental influences
appear to be at least if not more powerful than genetic
predispositions in their impact on the odds of having
chronic health problems later in life.

+ Health promotion and disease prevention policies focused
on adults would be more effective if evidence-based in-
vestments were also made to strengthen the foundations
of health and mitigate the adverse impacts of toxic stress
in the prenatal and early childhood periods.

This new scientific knowledge compels us to think and
act creatively to enhance the healthy development of young
children by reducing the disruptive effects of significant
adversity on developing biological systems. Progress to-
ward this goal will be most effective if innovative actions
are guided by an understanding of four interrelated dimen-
sions that together comprise a new framework for improv-
ing physical and mental well-being: (1) the biology of health;
(2) the foundations of health; (3) caregiver and community

A Framework for Reconceptualizing Early Childhood Policies and Programs
to Strengthen Lifelong Health

Preconception Prenatal
Policy and Program Caregiver and Foundations Biology
Levers for Innovation Community Capacities of Health of Health
hvsiol | Early
i Physiologica 5
Public Health Stable, Responsive BRI Childhood
Child Care and Early Education Time and Commitment Relationshi Adaptations or
elationsnips Disruptions Health and
Child Welfare Financial. Psvchological. and | . { ‘ Development Across
- , | Financial, Psychological, { safe, Supportive [ ecumulative the Lifespan Middle
arly Intervention Institutional Resources f 7 y
Environments Over Time Childhood
Family Economic Stability
Community Development il g gt aeiz Appropriate *Embedded
. Nutrition Durin
Primary Health Care Sensifive Adolescence
Private Sector Actions Periods Adulthood
Settings
Workplace = Home
Programs Neighborhood
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THE FOUNDATIONS OF LIFELONG HEALTH ARE BUILT IN EARLY CHILDHOOD

capacities to promote health and prevent dis-
ease and disability; and (4) public and private
sector policies and programs that can influence
health outcomes by strengthening caregiver and
community capacities.

The biology of health is defined by advances in
science that explain how experiences and envi-
ronmental influences “get under the skin” and
interact with genetic predispositions, which
then result in various combinations of physi-
ological adaptation and disruption that affect
lifelong outcomes in learning, behavior, and
both physical and mental well-being. These

Experiences are built into our bodies and
significant adversity early in life can produce
biological “memories” that lead to lifelong

impairments in both physical and mental health.

findings call for us to rethink current, adult-
focused approaches to health promotion and
disease prevention by incorporating an under-
standing of the early childhood origins of life-
long illness and disability.

The foundations of health refer to three domains
of influence that establish a context within
which the early roots of physical and mental
well-being are either nourished or disrupted:
A stable and responsive environment of rela-
tionships. This domain underscores the ex-
tent to which young children need consis-
tent, nurturing, and protective interactions
with adults that enhance their learning and
behavioral self-regulation as well as help
them develop adaptive capacities that pro-
mote well-regulated stress response systems.
« Safe and supportive physical, chemical, and
built environments. This domain highlights
the importance of physical and emotional
spaces that are free from toxins and fear, al-
low active exploration without significant
risk of harm, and provide supports for fami-
lies raising young children.
« Sound and appropriate nutrition. This do-
main emphasizes the foundational impor-
tance of health-promoting food intake,

4 Center on the Developing Child at Harvard University

beginning with the future mother’s pre-
conception nutritional status and continu-
ing into the early years of the young child’s
growth and development.

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

Public and private sector policies and programs
strengthen the foundations of health through
their ability to enhance the capacities of care-
givers and communities in the multiple settings
in which children develop. Relevant policies
include both legislative and administrative ac-
tions that affect systems responsible for public
health, child care and early education, child
welfare, early intervention, family economic
stability (including employment support for
parents and public assistance), community de-
velopment, housing, and primary health care,
among others. It is also important to underscore
the role that private-sector practices as well as
government-sponsored programs can play in
strengthening the capacities of families to raise
healthy and competent children. Workplace
policies related to parental leave, flexible work-
ing hours, and time off to care for a sick child
or attend a parent-teacher conference are a few
examples.

This framework suggests a new way of con-
ceptualizing policies and practices in multiple
sectors, all of which affect the early childhood
origins of lifelong health. The goal is to catalyze
informed investments and creative innovations
that build on a shared scientific base to achieve
significantly improved outcomes for children
and society above and beyond the impacts of
existing efforts. Although the framework can be
adapted to address challenges facing all nations,
the policy and program context for this docu-
ment is focused on current circumstances and
opportunities in the United States.

WWW.DEVELOPINGCHILD.HARVARD.EDU



UNDERSTANDING THE BIOLOGY OF HEALTH IN THE EARLY YEARS OF LIFE

Understanding the Biology of Health in

the Early Years of Life

IN ORDER TO UNDERSTAND HOW POLICIES
and programs strengthen the capacities of fam-
ilies and communities to promote the founda-
tions of health, it is essential to begin with an
understanding of how personal experiences,
environmental conditions, and developmen-
tal biology work together in early childhood
to influence the roots of lifelong physical and
mental well-being. Early childhood is a time of
rapid development in the brain and many of
the body’s biological systems that are critical
to sound health. When these systems are being
constructed early in life, a child’s experiences
and environments have powerful influences on
both their immediate development and subse-
quent functioning. These effects may appear
early and be magnified later as children grow
into adolescence and adulthood. Some have
compared a child’s evolving health status in the
early years to the launching of a rocket, as small
disruptions that occur shortly after take-off can
have very large effects on its ultimate trajecto-
ry.° Thus, “getting things right” and establishing
strong biological systems in early childhood can
help to avoid costly and less effective attempts
to “fix” problems as they emerge later in life.

PHYSIOLOGICAL ADAPTATIONS OR
DISRUPTIONS IN EARLY DEVELOPMENT

An extensive body of scientific evidence now
shows that many of the most common chronic
diseases in adults—such as hypertension, dia-
betes, cardiovascular disease, and stroke—are
linked to processes and experiences occurring
decades before, in some cases as early as prena-
tally.>” For example, longitudinal studies have
demonstrated that lung disease in adulthood is
commonly associated with a history of respira-
tory illness in childhood, particularly among
premature infants and young children exposed
to tobacco smoke.® Chronic, life-threatening
cardiovascular disease in adulthood can also be
linked to nutritional deficits and growth im-
pairments occurring as early as the prenatal
period.>"

Early experiences or exposures can affect
adult health in two ways—by the chronic wear

WWW.DEVELOPINGCHILD.HARVARD.EDU
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and tear of repeated damage over time or by the
biological embedding of specific physiological
disruptions during sensitive developmental pe-
riods.'™'? If a physiological maladaptation occurs
in response to cumulative exposure to adverse so-
cial and/or physical conditions, then an ensuing
chronic disease can be seen as the consequence
of repeated encounters with psychologically or
physically toxic environments. When damaging
exposures occur during sensitive periods in the
early development of specific biological process-
es, the resulting disruptions can become biologi-
cally embedded and subsequent adult diseases
appear as the latent (or delayed) outcomes of
early environmental assaults. In either case, sci-
ence shows that there can be a lag of many years,
even decades, before early harm is expressed in
the form of overt disease.

CUMULATIVE EXPOSURES TO ADVERSE
CHILDHOOD EXPERIENCES

An extensive and growing body of research
demonstrates multiple linkages between child-
hood adversity and health impairments in the
adult years. The Adverse Childhood Experiences
(ACE) Study, for example, documents strong
associations among multiple instances of trau-
matic or abusive childhood events (as recalled

Center on the Developing Child at Harvard University 5



THE FOUNDATIONS OF LIFELONG HEALTH ARE BUILT IN EARLY CHILDHOOD

in adulthood) and an extensive array of condi-
tions later in life, including cardiovascular dis-
ease, chronic lung disease, cancer, depression,
alcoholism, and drug abuse." Individuals
reporting more adverse childhood experiences
also had substantially greater risks for life-
threatening psychiatric disorders," overlapping
mental health problems,"” teen pregnancies,'
obesity, physical inactivity, and smoking."”
Other longitudinal studies have found compa-
rable linkages between early stressful life events
and adult disease.'®*? In all cases the pattern
has been the same—the greater the number of
adverse experiences in childhood, the greater
the likelihood of health problems later in life.

Research on the biology of adversity illus-
trates how the body’s physiological equilibrium
breaks down under cumulative conditions of
chronic stress (or what has been called “allo-
static load.”)?' The activation of stress manage-
ment systems in the brain results in a tightly
integrated repertoire of responses involving the
secretion of stress hormones, increases in heart
rate and blood pressure, elevation in blood sug-
ar and inflammatory protein levels, protective
mobilization of nutrients, redirection of blood
flow to the brain, and the induction of vigilance
and fear.”? The normal, healthy, temporary ac-
tivation of these systems represents a “positive
stress response” and is protective, even neces-
sary, in the face of an acute threat. A “tolerable
stress response” is a more serious and sustained
activation that is mitigated by supportive adults,
who help the child develop adaptive coping re-
sponses. A “toxic stress response” in early child-
hood can weaken developing brain architecture
and recalibrate the threshold for activating the
stress response system for life. It occurs under
circumstances of chronic or overwhelming ad-
versity without the buffering support of car-
ing, consistent, and supportive relationships.*
Animal studies indicate that toxic stress also
can have direct, negative, and persistent effects
on brain circuits that control reward and mo-
tivation. For example, research on rodents has
demonstrated that profound neglect during
early development increases drug-seeking be-
havior in adult rats.**

Recently documented patterns of allostatic
load that parallel racial disparities in health
outcomes suggest that chronic physiological
stress may play a role in the premature and dis-
proportionate burden of physical and mental

6 Center on the Developing Child at Harvard University

illness experienced by African-Americans and
other groups that experience discrimination.”
African-Americans, for example, sustain ear-
lier deteriorations of health compared with
whites, leading to racial health disparities that
increase with age and resulting in a life expec-
tancy for blacks in the United States that is four
to six years less than for whites.?® This finding
is consistent with research suggesting that the
“weathering” of the body under conditions of
chronic stress reflects an acceleration of normal
aging processes.”>*"%

BIOLOGICAL EMBEDDING DURING SENSITIVE
PERIODS OF DEVELOPMENT

During sensitive periods of early growth and
development, the evolving architecture of the
brain (as well as the maturation of other organ
systems) is highly receptive to a wide range of
environmental signals or cues, whether positive
or negative.”” A considerable body of research
suggests that adult disease and risk factors for
poor health can be biologically embedded in
the brain and other organ systems during these
sensitive periods, with resulting health impair-
ments appearing years, or even decades, later.
Biological embedding as a function of malnu-
trition, toxic stress response, or exposure to
damaging chemicals can occur in various ways,
including mechanisms that change the regula-
tion of genes that affect brain and body devel-
opment.” For example, poor living conditions
in early life (e.g., inadequate nutrition or recur-
rent exposure to infectious diseases) are associ-
ated with increased rates of chronic cardiovas-
cular, respiratory, and psychiatric diseases in
adulthood.'**" Also, lower birth weight is as-
sociated with several risk factors for later heart
disease, such as hypertension, central body fat
distribution, insulin resistance, metabolic syn-
drome, and diabetes.”****

These findings are supported by evidence
from a variety of animal and human studies.
For example, lower birth weight in rats has
been associated with higher blood pressure,”
and studies in humans have linked poor growth
in utero to later problems with heart disease®
and hypertension.”” Research investigating the
underlying mechanisms that explain these as-
sociations have found linkages between early
experiences of child maltreatment and evi-
dence of heightened inflammatory responses in

WWW.DEVELOPINGCHILD.HARVARD.EDU



adulthood that are known risk factors for the
development of cardiovascular disease, diabe-
tes, asthma, and chronic lung disease®®* as well
as new evidence of elevated inflammation as
early as age 12 in children experiencing mal-
treatment and depression, regardless of their
socioeconomic status.*

THE PHYSIOLOGICAL CONSEQUENCES OF
SOCIAL AND ECONOMIC DISADVANTAGE

Children who grow up in families or com-
munities of low socioeconomic status appear
to be particularly vulnerable to the biological
embedding of disease risk. Researchers have
hypothesized that this association may be the
result of excessive stress related to high rates of
neighborhood risk factors such as crime, vio-
lence, boarded-up houses, abandoned lots, and
inadequate municipal services.* Economically
disadvantaged children also tend to live in
housing that is crowded, noisy, and character-
ized by structural defects, such as leaky roofs,
rodent infestation, and inadequate heating.*
and they are exposed to greater air pollution
from traffic, industrial emissions, and caregiver
smoking.*' Children raised in low-income envi-
ronments, on average, also experience less and

Promoting the Foundations of Healthy Development

UNDERSTANDING THE BIOLOGY OF HEALTH IN THE EARLY YEARS OF LIFE

lower-quality parental responsiveness,* and are
more likely to experience conflictive and puni-
tive parenting behavior.*"*#* Together, these ad-
verse conditions create repeated physiological
and emotional disruptions that can have long-
lasting effects on health and development.
Socioeconomically patterned differences in
children’s emotional, cognitive, and social ex-
periences have been linked to several aspects of
brain development, particularly within those
areas of the brain that are tied most closely to
the regulation of emotion and social behavior,
reasoning capacity, language skills, and stress
reactivity.* Children from lower socioeconom-
ic backgrounds are more likely to show height-
ened activation of stress response systems,**
and some emerging research suggests that dif-
ferences in caregiving related to income and
education—such as responsiveness in parent-
child interaction—can alter the maturation
of selected brain areas such as the prefrontal
cortex.”” Animal models of early, stress-related
changes in brain circuitry show that such mod-
ifications can persist into adult life, altering
emotional states, decision-making capacities,
and bodily processes that contribute to sub-
stance abuse, aggression, obesity, emotional in-
stability, and stress-related disorders.**!

THE BIOLOGY OF EARLY HEALTH AND
development illustrates how complex interac-
tions among genes, environmental conditions,
and experiences
produce either posi-
tive adaptations or
negative disruptions

Foundations in basic biological

of Health systems—with life-
long consequences
Stable, Responsive for both physical

Relationships and mental health.

There is much that
society can do to en-
sure that children’s
environments pro-
vide the conditions
that their biological
systems need to pro-
duce positive health

Safe, Supportive
Environments

Appropriate
Nutrition
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outcomes. Three critically important founda-
tions invite careful scrutiny: a child’s environ-
ment of relationships; the physical, chemical,
and built environments; and sound and appro-
priate nutrition.

CREATING A STABLE AND RESPONSIVE
ENVIRONMENT OF RELATIONSHIPS

Human infants are unique among all species in
their prolonged period of extreme dependence
on adult care and protection for their survival
and healthy development. The care that infants
receive, whether from parents, extended family
members, neighbors, or child care profession-
als, lays the groundwork for the development
of a wide range of basic biological processes
that support emotion regulation, sleep-wake
patterns, attention, and ultimately all psycho-
social functioning.’> Stable, responsive, and

Center on the Developing Child at Harvard University 7
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nurturing caregiving early in life is also asso-
ciated with better physical and mental health,
fewer behavior problems, higher educational
achievement, more productive employment,
and less involvement with social services and
the criminal justice system in adulthood.***
In biological terms, a child’s environment of
relationships can affect lifelong outcomes in
emotional health, regulation of stress response
systems, immune system competence, and the
early establishment of health-related behaviors.

A child’s environment of relationships can affect
lifelong outcomes in emotional health, regulation
of stress response systems, immune system

competence, and the early establishment of

health-related behaviors.

Thus, supports for families and appropriate
training for providers of early care and educa-
tion across all types of care, including informal
arrangements as well as established centers, can
improve health outcomes throughout the life
course as well as enhance the current quality of
life for young children and the adults who care
for them.

Secure attachments. One important way in
which responsive caregiving has long-lasting
effects on physical and mental well-being is
through the formation of strong, positive bonds
between young children and the important
adults in their lives. Securely attached infants
show more positive emotion and less anxiety
in early childhood and have an easier time es-
tablishing relationships with teachers and peers
at school.®¥ Attachment patterns develop
over the first few years of life and can influence
mental health and psychological functioning
throughout childhood and the adult years.>**
Caregivers struggling with overwhelming prob-
lems such as depression may be unable to be
sufficiently responsive to a young child during
that early period when the foundations of at-
tachment relationships are developing.®*' This
lack of consistent responsiveness disrupts what
has been called the “serve and return” interac-
tion between infants and adults that is funda-
mental to the development of healthy brain
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architecture. When appropriate responses are
missing, this can lead to a range of poor out-
comes, including physical and mental health
problems later in life.®

Effective self-regulation and sleep cycles.
Another way in which the caregiving environ-
ment affects the health of young children is the
extent to which the consistency, quality, and
timing of daily routines shape their develop-
ing regulatory systems. Beginning in the earliest
weeks of life, the predictability and quality of
these experiences influence the most basic bio-
logical rhythms related to waking, eating, elimi-
nating, and sleeping.®*** For example, infants
who are exclusively breast-fed through about
3 months of age ingest levels of nutrients and
hormones that reflect the mother’s circadian
rhythm (i.e., her 24-hour sleep-wake cycle) and
appear to assist in establishing better sleep pat-
terns and sleep efficiency.®

Early experiences stimulate a wide variety of
nerve transmissions that activate different parts
of the brain and other body systems. When
positive experiences are repeated regularly in
a predictable fashion, the complex sequences
of neural stimulations create pathways that
become more efficient (i.e., “neurons that fire
together wire together.”) For example, infants
who learn that being soothed and comforted
occurs shortly after they experience distress are
more likely to establish more effective physi-
ological mechanisms for calming down when
they are aroused and are better able to learn to
self-soothe after being put down to sleep.®* In
contrast, when eating and being put to bed oc-
cur at different times each day and when com-
forting occurs unpredictably, the organization
and consolidation of sleep-wake patterns and
self-soothing responses do not develop well,
and biological systems do not “learn” healthy
routines and self-regulation.®’

This finding highlights the importance of se-
cure, stable housing with quiet and predictable
sleeping areas for babies. Although children dif-
fer in how much sleep they require, inadequate
amounts lead to disruptive behavior problems,
diminished cognitive performance, and greater
risk for unintentional injuries.®** Growing evi-
dence also suggests that poor sleep is associated
with obesity in later childhood and early adult-
hood.”®”" Given that babies’ internal clocks do
not initially differentiate day from night, how
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and when they are put to sleep shapes their de-
velopment of sleep-wake rhythms.**”

Healthy stress response systems. Just as early
experiences affect the architecture of the devel-
oping brain, they also shape the development
of other biological systems that are important
for health. For example, responsive caregiving
plays a key role in the normal maturation of
the neuroendocrine system.”*”>’¢ A wealth of
animal research that is now being replicated in
humans demonstrates that caregiving behavior
also shapes the development of circuits that reg-
ulate how individuals respond to stressful situ-
ations.”””® Specifically, variations in the quality
and quantity of maternal care that a mother re-
ceived in her own early life can affect how genes
are turned on or off in her own offspring.”>*
Genes involved in regulating the body’s stress
response are particularly sensitive to caregiving,
as early maternal care leaves a signature on the
genes of her offspring that carry the instruc-
tions for the development of physiological and
behavioral responses to adversity. That signa-
ture (known as an epigenetic marker) is a last-
ing imprint that affects whether the offspring
will be more or less likely to be fearful and
anxious later in life. Consequently, early over-
loading of the stress response system can have
a range of adverse, lifelong effects on learning,
behavior, and both physical and mental health.
That said, effective programs are available that
prevent specific types of stress-inducing events,
such as physical or sexual abuse, and that pro-
vide successful treatments for children experi-
encing high levels of anxiety or chronic fear.®

Immunologic responsiveness. Regulatory mech-
anisms that manage stress also influence the
body’s immune and inflammatory responses,
which are essential for defending against disease.
Young children cared for by individuals who
are available and responsive to their emotional
and material needs develop well-functioning
immune systems that are better equipped to
deal with initial exposures to infections and to
keep dormant infections in check over time.®
Some protections, such as maternal antibod-
ies, are passed directly from mother to fetus
through the placenta or from mother to infant
through breast milk. These protections confer
important passive immunity until the infant’s
own antibody response is developed.** Thus,
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caregiving practices such as breastfeeding not
only provide important opportunities for social
bonding but also help the baby develop a more
competent immune system.* Conversely, inad-
equate caregiving and limited nurturance very
early in life can have long-term (and sometimes
permanent) effects on immune and inflam-
matory responses, which increase the risk of
chronic impairments such as asthma, respira-
tory infections, and cardiovascular disease.’®*

Learned health-promoting behaviors. Another
way in which early caregiving practices matter
is the extent to which young children develop
behavioral routines and patterns that influ-
ence long-term health trajectories. These early
behaviors include a wide variety of domains:
tooth brushing, television viewing, routine lev-
els of physical activity, and risk-taking behav-
iors, among many others. One example is the
type, amount, and frequency of foods offered
to infants and toddlers, which together shape
the processes that affect their taste and texture
preferences and their developing dietary likes
and dislikes. ** Increasingly persuasive scien-
tific evidence shows that early learning of both
food preferences and routine levels of physical
activity affect the risk for obesity.®

SAFE AND SUPPORTIVE CHEMICAL,
PHYSICAL, AND BUILT ENVIRONMENTS

Unsafe environments are not only a threat to
the immediate physical well-being of young
children but also jeopardize their future health
and development. These threats can manifest
themselves in a variety of forms, many of which
are amenable to effective preventive actions
that simply await the political will required for
widespread implementation.

Chemical exposures. Environmental toxins pose
a significant threat to immature biological sys-
tems, as low-level exposures before or shortly
after birth often produce more damaging and
longer-lasting harm than exposures at higher
levels in later childhood or adult life. At the
same level of exposure, embryos, fetuses, and
children absorb much larger doses of toxins
relative to their body weight than adults, which
is another reason why the adverse impacts are
greater in the prenatal period and early in life,
when important developmental processes are
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underway. Of all the body’s organ systems, the
brain is especially vulnerable to environmen-
tal toxicity, as even small injuries can produce
significant effects on future health, learning,
and behavior. Early chemical exposures also
may prompt changes in other organs and tis-
sues, resulting in structural malformations or
greater susceptibility to diseases that may even
be passed on to subsequent generations.” For
example, prenatal exposure to diethylstilbestrol
(DES), a drug prescribed for many pregnant
women until the 1970s, has been linked to re-
productive cancers in young women whose
mothers were medicated while pregnant.”’

In contrast to the long latency of adverse ef-
fects for many chemical exposures, the health im-
pacts of some toxins are apparent much sooner.
For example, lead ingestion is a well-established
risk factor for cognitive deficits across the life
course, largely because lead disrupts neurotrans-
mitter regulation of synaptic development in the
brain.”” Although most lead exposure is related
to lead-based paint, soil, and dust,” recent prob-
lems have been detected from contaminated
consumer products, including toys.*

Physical and built environments. The danger of
toxic chemical exposures as an environmental
threat to child health is easy to understand. Less
immediately apparent is the growing evidence
that the way a child’s physical environment is
designed, built, and maintained can also signifi-
cantly affect the risk of disease, disability and in-
jury.” Beyond the safety of homes and child care
settings, the “built” environment offers multiple
opportunities to influence health-related behav-
iors. The availability of food choices and options
for healthy eating illustrates one important ex-
ample. This can be seen in many low-income,
urban communities that are less likely to have
grocery stores that stock healthy foods such as
fresh fruits or vegetables and more likely to have
multiple fast-food outlets and liquor stores, all of
which undermine good nutrition.*
Neighborhoods designed with parks, green
space, sidewalks, and playgrounds away from
traffic offer children and their families an op-
portunity to play and socialize with friends and
other caregivers, as well as encourage greater
physical activity, reduce child pedestrian inju-
ries, and increase social ties.” Children living
in such communities tend to be more physi-
cally active and have a lesser risk for obesity
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than those who live in neighborhoods with
fewer recreational facilities.”®*”® Neighborhood
features such as parks and sidewalks also influ-
ence social interactions: people can come to-
gether and develop a sense of mutual trust and
responsibility for the community and its in-
habitants, which often leads to a willingness to
intervene on behalf of the common good.!?!"!
This neighborhood-level phenomenon, called
“collective efficacy” or social capital, has been
linked to lower rates of childhood obesity,'*
better adult mental health, ' and reduced
crime rates.'™ Thus, zoning laws and regula-
tions that influence the built environment can
have an important influence on the well-being
of children and caregivers, which contributes to
the overall health of a community.

SOUND AND APPROPRIATE NUTRITION

Health at every stage of the life course is influ-
enced by nutrition, beginning with the moth-
er’s pre-conception nutritional status, extend-
ing through pregnancy to early infant feeding
and weaning, and continuing with diet and ac-
tivity throughout childhood and into adult life.
Adequate intake of both macronutrients (e.g.,
protein, carbohydrates, and fats) and micronu-
trients (e.g., vitamins and minerals) is particu-
larly important in the early months and years of
life, when body growth and brain development
are more rapid than during any other period.
In this context, nutrition serves as an important
example of how early influences contribute to
developmental patterns of health over time.

Although levels of severe hunger and mal-
nutrition that persist in many of the world’s
poorest countries are rarely found in the United
States, food insecurity remains a problem for a
subset of the population that lacks access to suf-
ficient food to meet their basic needs because
of inadequate financial resources. That said,
the growing epidemic of both childhood and
adult obesity in the United States is receiving
far more public attention than concerns about
poor growth.

The relation between nutrition and health
in childhood is broadly understood. The extent
to which the nutritional status of a pregnant
woman can influence the long-term growth
and health of her child is less well appreciated.
Inadequate maternal nutrition during preg-
nancy is associated with a range of undesirable
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outcomes in the offspring, including obesity in
childhood and adulthood as well as subsequent
hypertension and cardiovascular disease.”
When mothers do not receive adequate calories
and nutrients while pregnant, their fetuses de-
velop in anticipation of “making do” with fewer
nutritional resources. This response is ben-
eficial if the post-natal environment provides
minimal calories. However, if the post-natal en-
vironment offers access to sufficient nutrients,
the infant’s prior adaptation becomes a liability,
predisposing children to obesity and other dis-
eases of excess because they were prepared for
a world of scarcity.”® Children born at very low
birth weight also show marked insulin resis-
tance and other changes that put them at risk
for diabetes.

Maternal nutrition also affects the develop-
ment of the fetal and infant immune system, as
the adversity of under-nutrition can stimulate
the release of maternal stress hormones that
impair thymus development in the fetus.'” The
thymus gland is important, because it plays a
key role in the development of the immune sys-
tem by incubating immature immune cells, and
decreased thymus size in infancy is associated
with higher rates of infection and mortality.'*

Strengthening the Capacities of Caregivers and
Communities to Promote the Health of Young Children

PROMOTING THE FOUNDATIONS OF HEALTHY DEVELOPMENT

Indeed, a smaller thymus has been linked to
poor immune responsiveness from the neona-
tal period through adolescence. ™7 As a re-
sult, adults who experience prenatal and early
childhood under-nutrition are 10 times more
likely to die from an infection than others.'*

Successful public health efforts to improve
maternal nutrition, even prior to conception,
have had beneficial effects on the health of both
expectant mothers and their children. For ex-
ample, maintaining adequate levels of folate for
women in their child-bearing years has impor-
tant implications for both pregnancy and the
health of the newborn,'*® with folate fortifica-
tion of foods leading to a 20 to 30 percent reduc-
tion in neural tube defects.!®'' Nevertheless,
iron deficiency and inadequate levels of vita-
mins A and D remain significant health con-
cerns for many children, who need increased
levels of these nutrients to support the rapid
growth of blood cells, bones, and other tissues.
These types of deficiencies early in life can have
adverse impacts on a wide range of cognitive,
motor, social-emotional, and neurophysiologi-
cal development and behavioral outcomes as
well as lead to chronic medical conditions such
as osteoporosis, asthma, and diabetes.''"!!!13

THE MULTIPLE, INTERRELATED CAPACITIES OF
caregivers and communities are essential pro-
moters of the foundations
of child health. Thus, poli-
cies and programs designed
to promote the well-being of
young children will be more
effective if they bolster these
capacities. The influences of
caregivers and communities
are played out in a wide vari-
ety of settings and contexts,
including neighborhoods, par-
ents’ workplaces, early care
and education settings, health
care facilities, and, of course, in
the home. When caregiver and
community capacities reinforce
each other in positive ways, the

Caregiver and
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Time and Commitment

Financial, Psychological,
and Institutional Resources

Skills and Knowledge

foundations of health are strong. When they

function at cross purposes, or collectively in the
wrong direction, child health
is threatened and society’s fu-
ture is at peril.

CAREGIVER CAPACITIES

Community Capacities

Because young children devel-
op in an environment of rela-
tionships, it is critically impor-
tant that adult caregivers inter-
act with them in a consistent
and responsive manner. All
parents and other adults (both
within and outside of the fam-
ily) bring a range of capaci-
ties to the care and support of
young children. These include
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(1) time and commitment (i.e., the nature and
quality of time spent with children and on their
behalf); (2) resources—Dboth financial (i.e., eco-
nomic ability to purchase goods and services)
and psychological, emotional, and social (i.e.,
physical and mental health and parenting style);
and (3) skills and knowledge (i.e., human capital
acquired through education, training, interac-
tions with child-related professionals, and per-
sonal experiences).” Extensive documentation
of the important impacts of these capabilities
on child health and development is provided
throughout this paper.

The fact that the majority of young children
in the United States currently live in families
with working parents provides a clear illustra-
tion of the importance of this issue. The pres-
sures and demands of balancing parenting and
work responsibilities, along with other changes
in family structure and social roles, lead to con-
siderable strain on time for parenting and other
caregiver capacities across the socioeconomic
spectrum.'** That said, most policies and pro-
grams for families with young children in the
United States are focused on either parenting
education or financial support for those with
limited income. The fact that relatively limited
attention is focused on addressing the short-
falls in time and/or psychological resources that
overwhelm many parents across all social class-
es threatens the healthy development of many
children, with the greatest burdens on those
whose families and communities are impov-
erished and those whose children have special
needs.

COMMUNITY CAPACITIES

Just as children develop in an environment of
relationships, families function within a physi-
cal and social environment that is influenced by
the conditions and capacities of the communi-
ties in which they live. In the context of com-
munity capacities, commitment is evident when
child health and developmental outcomes are
monitored, and responsibility for their promo-
tion is assigned and accepted, such as through
enforcement of legislation and regulations that
affect child well-being. Resources at the com-
munity level include services and organiza-
tions dedicated to the promotion of children’s
healthy development as well as the availability
of supportive structures such as parks, child
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care facilities, schools, and after-school pro-
grams. Finally, skills comprise both political and
organizational capabilities that can be leveraged
to accomplish strategic goals.'”” Thus, commu-
nity capacities can range from enforcement of
standards for child safety seats to the availabil-
ity of high-quality markets selling affordable
fresh fruits and vegetables and the presence of
local leaders and organizations that can mobi-
lize collective action.

Communities vary widely in their collec-
tive commitment, resources, and skills. For ex-
ample, while there is strong evidence regarding
the link between quality child care and posi-
tive child health and developmental outcomes,
not all communities have the same level of re-
sources to ensure access to affordable, quality
options. Moreover, although problems in af-
fordability and access to quality child care are
an important issue for low-income neighbor-
hoods, they also present significant challenges
for middle-income communities where par-
ents are employed but do not qualify for public
subsidies.''®

To summarize, although both individual
caregivers and communities as a whole can in-
fluence the foundations of child health, not all
have the same capacities. When necessary re-
sources are not available, effective policies and
programs can fill the gaps by building those
under-developed or missing capacities. Healthy
children are raised by people and communi-
ties, not by government and professional ser-
vices—but public policies and evidence-based
interventions can make a significant difference
when caregivers and neighborhoods need assis-
tance. It is also important to note the potential
impacts of private-sector actions, above and
beyond the effects of public policies, to address
unmet needs. Creative, new strategies from
multiple sources represent vital and highly
promising contributions to community-wide
health that are likely to produce substantially
greater returns across the lifespan.
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Rethinking the Health Implications of a
Broad Range of Policies and Programs
in the Public and Private Sectors

BUILDING ON THE FRAMEWORK
presented in this document, a
science-based approach to the
promotion of health and pre-
vention of disease would be
well served by strategic invest-
ments that build the capacities
of communities and families to
strengthen the foundations of
healthy development in young
children. This broader focus
does not in any way diminish
the importance of primary
health care for all children and
high-quality medical treat-
ment for those who are ill. It
does, however, underscore ex-
tensive and growing evidence
that many of the major threats
to the health of children cannot be addressed
effectively in a hospital or a physician’s office. In
fact, the origins of health-related behaviors and
many adult diseases can be found in the envi-
ronments and experiences of early childhood.
The time has come to view primary health
care as one important component of a multi-
dimensional approach: building the capacities
of communities and caregivers to strengthen
the foundations of lifelong health during the
prenatal period and early childhood years. With
this goal in mind, two strategies for invest-
ment are worthy of attention. First, sufficient
resources should be allocated to assure that all
eligible children and families are served by ex-
isting policies and programs with demonstrated
effectiveness factors that strengthen each of the
three foundations of health. Second, a consis-
tent portion of expenditures should be invested
in the design and evaluation of new approaches
to health promotion and disease prevention
that are grounded in rigorous science. The
need for innovative interventions across a wide
range of sectors is particularly important for
young children who are at greatest risk for early
physiological disruptions that lay a foundation

Public Health

Child Welfare
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Policy and Program
Levers for Innovation

Child Care and Early Education

Early Intervention

Family Economic Stability
Community Development
Primary Health Care

Private Sector Actions

for later stress-related
physical and mental health
impairments.

Examples of policies
and programs that focus
on each of the three foun-
dations of health—stable
and responsive relation-
ships; safe and supportive
environments; and sound
nutrition—are  described
below. Collectively, they
cover a range of informal
family supports, volun-
tary community efforts,
private sector actions, and
publicly funded policies
and programs. Some are
well-documented  initia-
tives that deserve broader implementation.
Others represent promising new directions that
are grounded in sound scientific reasoning yet
await formal testing and evaluation. Both strat-
egies are worthy of investment.

POLICIES AND PROGRAMS THAT PROMOTE
STABLE AND RESPONSIVE RELATIONSHIPS

The goal of strengthening parent-child rela-
tionships is central to many existing policies
and services for families with young children.
Parents who are raising children in environ-
ments with multiple stressors and few supports
comprise a critical constituency for such as-
sistance. Working parents in well-functioning
families with low incomes constitute another
important target group. The need for rela-
tionship-strengthening support is particularly
compelling for families whose economic secu-
rity depends on low-wage jobs, often during
non-standard working hours, and for working
parents whose children have chronic health
problems or special developmental needs that
require multiple medical and therapeutic ap-
pointments, skilled child care, and a variety
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of specialized interventions. In the absence of
sufficient support for families facing such cir-
cumstances, many young children are subjected
to excessive stresses that can have lifelong ef-
fects on their physical and mental health. These
adverse effects incur substantial costs, for af-
fected individuals personally and for society as
a whole, that could be reduced by more timely
and appropriate intervention early in life.

The following four policy/program domains
are excellent candidates for re-examination
through this new lens of health promotion and
disease prevention.

Parenting education and home visiting pro-
grams, with their origins in public health nurs-
ing, occupy a growing niche within the broad
array of existing programs designed to ensure
that primary caregivers have the knowledge and
skills required to provide the kinds of safe envi-
ronments and learning experiences that young
children need. Research has demonstrated the
extent to which higher levels of staff training
and expertise predict the effectiveness of these
kinds of services in such areas as developmental
progress and reduction of child maltreatment.'”
Even so, an important subgroup of families
who face considerable hardship needs more
assistance than parenting education and social
support alone can provide. Science suggests
that highly skilled personnel with the training
and programmatic resources needed to reduce
the impacts of these specific stressors on the
home environment (whether related to severe
poverty, maternal depression, substance abuse,
or family violence) will improve the long-term
physical and mental health of the children.

Parental leave policies are designed to promote
the enhanced bonding and responsive caregiv-
ing needed to build a strong foundation for
healthy development by providing families with
sufficient time to adjust to the birth or adoption
of a new child. Although universal family leave
arrangements with varying levels of income re-
placement are part of the policy environment
in virtually all economically developed nations
in the world, the United States remains a highly
conspicuous outlier.'® Continuing debate on
this issue in both the public and private sec-
tors could be informed by a greater under-
standing of its implications for child well-being
and long-term human capital development.
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Although relevant empirical evidence on the
merits and costs of paid leave is limited because
of the paucity of studies that have been con-
ducted in the United States, we do know that
children of mothers who have the financial sup-
port to delay their return to work receive more
timely well-child care and are more likely to be
breastfed and for longer durations.!*>!2>12! Job-
protected, paid leave also has also been shown
to be associated with lower rates of infant mor-
tality and low birth weight.'?*'* Although sev-
eral states have begun to implement parental
leave initiatives, evaluation data are currently
limited. Both government and the private sec-
tor continue to face the important responsibil-
ity of determining how to respond to the reality
that all parents need time to adjust to the ar-
rival of a newly born or adopted child.

Income supports and “make work pay” programs
are designed to augment the capacity of low-
income families to provide basic necessities and
positive learning environments for their chil-
dren, thereby enhancing their developmental
outcomes,'** and a growing body of program
evaluation research has confirmed this expec-
tation.”” While the effects of these programs
on health have not been studied, research on
the biology of adversity suggests that reducing
serious, sustained stress in the lives of families
with young children should in theory help to
reduce the higher rates of stress-related chronic
diseases that are consistently documented in
low-income populations.

Expanded professional development for early
care and education providers offers another
strategy for strengthening the relationships that
young children have with the important adults
in their lives. This is particularly important for
children who exhibit emotional difficulties or
behavioral problems that present a challenge
in out-of-home settings.'”® Expanded access
to expert assistance in identifying and treating
emergent mental health problems could pro-
vide much-needed support for program staff
to strengthen their capacity to help young chil-
dren who exhibit excessive fear, withdrawal, ag-
gressive behavior, or difficulties with attention,
impulsivity, and hyperactivity—all common
problems for which considerable new knowl-
edge has been generated but access to evidence-
based services remains markedly limited.'*"!?
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POLICIES AND PROGRAMS THAT ASSURE
SAFE AND SUPPORTIVE CHEMICAL,
PHYSICAL, AND BUILT ENVIRONMENTS

Two major studies by the Institute of Medicine
have reviewed evidence on the influences of bi-
ology and the environments in which children
spend most of their time."* Both reports agree
on the following clear and consistent conclu-
sions. First, health outcomes are profoundly in-
fluenced by a range of factors beyond children’s
biological endowment and the medical care
they receive. Second, since these influences are
rooted in the social and physical environments
in which families and children live, learn, work,
and play, enhancing these environments is nec-
essary to both improve child health generally
and to reduce disparities in outcomes related to
socioeconomic disadvantage.

Health and safety requirements for early care and
education programs represent an important ref-
erence point for measuring the extent to which
a community takes responsibility for protect-
ing the well-being of its children. This issue
is broadly relevant to the nearly 75 percent of
children under the age of 5 in the United States
who are enrolled in early child care and educa-
tion programs in a variety of settings (includ-
ing center-based and family child care as well
as informal care provided by family members,
friends, and neighbors). Recent reviews of state
regulations show that one-half to two-thirds of
the states fail to require even minimally accept-
able care' and that many care providers oper-
ate legally beyond the purview of state licensing
laws.*! Children who attend child care facilities
of poor quality receive less of the individualized
attention that is necessary for healthy develop-
ment, and they incur increased risk of exposure
to multiple communicable diseases and a vari-
ety of potential injury hazards, including unsafe
playground surfaces and equipment, missing or
broken child safety gates, unattended window-
blind cords, and a variety of equipment (such
as cribs and bedding) and toys that do not meet
current safety codes.’? In the absence of na-
tional standards for monitoring the quality of
the child care environment, each state currently
formulates its own regulations and criteria.
Although some guidance is available from pro-
fessional organizations, such as the American
Academy of Pediatrics’ National Health and
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Safety Performance Standards,'” widespread
deficiencies in this highly fragmented diversity
of settings are well known to child care direc-
tors and program staff.

Physical features of a community (e.g., side-
walks, bicycle trails, and parks that are safe from
crime 4 and neighborhood resources (e.g., gro-
cery stores that sell fresh fruits and vegetables)
are selected examples of what is meant by the
“built” environment. These features are heavily
influenced by community zoning laws and land
use policies, which provide a promising vehicle
to facilitate the development of health-enhanc-
ing characteristics and to limit the proliferation

Health outcomes are profoundly influenced by a
range of factors beyond children’s biological

endowment and the medical care they receive.

of those that are health-endangering. Examples
of the former include parks that provide a place
for physical activity and for parents to engage
in positive interactions with their children as
well as opportunities for caregivers to meet
and interact with other adults to enhance their
network of social support and thereby facilitate
positive mental health.'® Examples of the lat-
ter include pollution-generating factories, an
abundance of fast-food restaurants and liquor
stores, and congested, unsafe walkways. Zoning
laws and land use policies that protect green
space and limit the density of fast-food outlets
also encourage neighborhood awareness of the
health-related benefits of these decisions, and
thus embed health-enhancing behaviors in the
fabric of the community. Together, these kinds
of policies strengthen the capacities of caregiv-
ers and communities to support the founda-
tions of child health and improve well-being
across the lifespan.

Laws and safety regulations for commercial prod-
ucts provide another illustration of how state
policies and standards can not only protect the
healthy development of children directly but
can also build caregiver and community capac-
ities to assure a safer physical environment. For
example, motor vehicle injuries are the leading
cause of death among children in the United
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States, and both serious injuries and fatalities
can be reduced by more than half through the
use of age-appropriate and size-appropriate
child safety and booster seats.'*>'** Standards
for child restraints serve to strengthen individ-
ual caregiver capacity by increasing awareness
about the importance of safety measures. At
the state level, the establishment and enforce-
ment of standards can increase community ca-
pacity by creating a marketplace for child seats
and boosters, implementing hospital discharge
policies requiring approved safety seats, and
supporting child restraint checks by law en-
forcement officials. The enforcement of regu-
lations mandating maximum temperatures on
residential hot water tanks is another example
of a characteristic of the built environment that
reduces threats to child health, as scald burns
represent one of the more common household
injuries.

Policies that regulate the chemical environments
in which children grow and develop include lead
paint laws, emissions restrictions that require
filtering of mercury, guidelines on the use of
bisphenol A (BPA) in plastic baby bottles, and
restrictions on the use of toxic insecticides near
playgrounds, schools, and child care centers. As
described in greater detail in a previous work-
ing paper,'”” the decreased prevalence of lead
poisoning is an example of an effective pub-
lic policy that has reduced exposure to one of
the most widely recognized neurotoxins."*¥
Another example is the use of organophosphate
pesticides, on which the U.S. Environmental
Protection Agency imposed new restrictions in
1999-2000, largely because of concerns about
the potential exposure of young children.
Subsequently, the percentage of food samples
with detectable residues of these pesticides de-
clined from 29 percent in 1996 to 19 percent
in 2001."*° Although progress has been made
in reducing environmental levels of some tox-
ins, policies that could restrict the exposure of
embryos, fetuses, and infants to other chemi-
cals whose neurotoxicity is well documented,
such as mercury and other industrial organic
compounds, have fared less well.!3140141,142,143
Beyond the compelling moral responsibility to
reduce known threats to the health of young
children, there are also persuasive economic
arguments for greater attention to the value
of prevention, both as a strategy for reducing
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the continuously escalating treatment costs of
disease and disability and as an investment in
human and economic development.'*"!*!1
Specifically, one study, using a widely accepted
measure of basic cognitive skills, calculated that,
for every decrease equivalent to a 15-point drop
on an IQ test, an individual’s earnings were 20
percent lower a decade later.'*

Among the most significant environmental
toxins that affect lifelong health, the exposure
of pregnant women, fetuses, and young chil-
dren to tobacco smoke, is particularly impor-
tant.'"¥ Maternal smoking during pregnancy
continues to expose about half a million new-
borns to this toxic substance.'*® Although ex-
posure of nonsmokers to environmental smoke
decreased substantially beginning in the 1990s,
due in large part to policies affecting workplac-
es and commercial and public spaces, the me-
dian exposure level of children age 4 to 11 years
has remained twice as high as that of adults.!*
Numerous reports conclude that between one-
quarter and one-half of all preschool age chil-
dren are exposed to smoke.” The health conse-
quences of these exposures include increased
risk of low birth weight, increased hospitaliza-
tion, and serious respiratory disease,** and the
direct medical costs of all pediatric diseases at-
tributable to parental smoking is estimated to
be $7.9 billion (in 2006 dollars).”!>!

POLICIES AND PROGRAMS THAT PROMOTE
SOUND AND APPROPRIATE NUTRITION

Community actions that affect child nutrition
range from zoning laws that favor stores sell-
ing nutritious foods over fast-food restaurants,
to guidelines for healthful snacks and lunches
that are served in early care and education pro-
grams. Until recently, the health-related nutri-
tional problems facing children living in low-
income families were largely manifested in iron
deficiency anemia and poor growth. Currently,
the major problem facing U.S. children across
all social classes (with low-income populations
still affected disproportionately) is the phe-
nomenon of increasing obesity and its associ-
ated health complications, most prominently in
the form of increasing rates of type 2 diabetes.
Given what science now shows about how early
experiences can biologically embed vulnerabili-
ty to diseases later in life, much greater attention
to maternal and prenatal health is clearly needed
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in order to address the early childhood roots of
obesity. Other public and private sector poli-
cies that affect nutrition and health include the
following examples.

The Special Supplemental Nutrition Program for
Women, Infants and Children (WIC) is a good ex-
ample of a long-standing federal-level program
(implemented at the state and local levels) that
is designed to build the capacities of families
to provide appropriate nutrition for their chil-
dren by providing financial support (i.e., cash
for food purchases) and strengthening knowl-
edge and skills (i.e., health education and nu-
trition counseling, including the promotion of
breastfeeding). Since 1972, WIC has grown to
serve about 45 percent of all pregnant women
in the United States and over 25 million chil-
dren annually."® Concerns about the quality
and appropriateness of the WIC food package
have been addressed in recent years by includ-
ing fresh fruits and vegetables, legumes and
alternative proteins, and culturally appropri-
ate foods. Conlflicting claims have been made
about the health benefits of the program, with
good evidence that it prevents iron deficiency
anemia in low-income infants but conflict-
ing data on its effectiveness in reducing low
birth weight.!3>1541>1%6 Despite these differ-
ences, a Congressional report found that, for
every dollar spent on WIC, the government
saved $3.50 on reduced payments for Medicaid,
Supplemental Security Income, special educa-
tion, and unneeded medical costs in the first
year of life.'”

Private sector policies that support breastfeed-
ing by working mothers represent a promising,
non-governmental example of promoting com-
munity and caregiver capacities that enhance
infant nutrition and strengthen mother-infant
relationships. Approximately 60 percent of the
mothers of children under the age of 6 are em-
ployed full- or part-time.'*® Research shows that
full-time work has a significant negative effect
on breastfeeding initiation and duration,'>*!6%1¢!
as many women wean their babies early in an-
ticipation of returning to work or dealing with
the difficulties of balancing work and breast-
feeding.'®* Preliminary evidence suggests that
corporate lactation programs—including the
provision of worksite lactation rooms and
lactation counselors—bolster caregiver and
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community capacities and enable women to
maintain breastfeeding for at least 6 months,
with rates equivalent to those of mothers not
employed outside the home.'*'* The potential
health benefits of breastfeeding include fewer

Reducing the number and severity of early
adverse experiences and strengthening
relationships that mitigate the effects of toxic
stress on young children will decrease the
prevalence of a wide range of stress-related

physical and mental health problems.

and less severe illnesses in general among young
children ' and indications of potential protec-
tion against obesity in childhood and later in
life.l66,167

BUILDING A BROADER, MULTI-SECTOR
PERSPECTIVE ON THE EARLY CHILDHOOD
ROOTS OF LIFELONG HEALTH

Although public interest in health promotion
and disease prevention programs for adults is
high, public understanding of the relation be-
tween early childhood experiences and adult
illnesses remains low. Even expert understand-
ing of the broad array of factors and conditions
that either support or compromise child health
is constrained by the “silos” of existing domains
of policy and practice that make it difficult to
test creative, new ideas that cross sectors.

A rich and growing body of epidemiological
evidence and research in neuroscience, molecu-
lar biology, and genomics indicates that reduc-
ing the number and severity of early stressful
and traumatic experiences, such as child mal-
treatment, family violence, parental mental
illness and substance abuse, and the adversity
associated with significant economic hardship,
will decrease the prevalence of a wide range
of stress-related physical and mental health
problems. Guided by this scientific knowledge,
multiple policies and programs outside the ju-
risdiction of the medical sector offer promis-
ing opportunities to improve health outcomes
by mitigating the impact of adversity on young
children. The examples presented in each of the
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following policy sectors illustrate some of many
potential options.

Public Health. The time has come in the con-
tinuing debate over spiraling health care ex-
penditures to look beyond strategies for limit-
ing the costs of hospitalization and medica-
tion and to invest in policies that keep people
healthy. The impacts of current health promo-
tion and disease prevention efforts that begin in
the adult years are limited by three important
constraints.” First, they are burdened by the
increasing difficulty of changing behavior and
lifestyles as people get older. Second, they face
the difficult challenge of overcoming the bio-
logical vulnerabilities that remain from early

Early care and education programs that incorporate
efforts to reduce toxic stress offer the possibility
of considerable returns, not only in stronger

academic gains but also in better health

well into the adult years.

adverse experiences, which could have been
prevented by intervening earlier to change the
environments in which children live. Third, by
addressing adult behaviors only, without also
addressing the conditions faced by families of
young children, they shift the focus toward in-
dividuals whose health risks have been shaped
already and away from the circumstances that
shaped them. Thus, science suggests that a
more effective approach to health promotion
would invest more resources in the reduction
of significant adversity during the prenatal and
early childhood periods, in contrast to the cur-
rent disproportionate emphasis on campaigns
to encourage more exercise and better eating
habits in middle-aged adults.

Early Care and Education. Programs designed
to promote readiness to succeed academi-
cally in school (such as Early Head Start, Head
Start, and pre-kindergarten) serve large num-
bers of young children and their families and
offer a rich infrastructure for testing innova-
tive approaches to address the stress-related
roots of disparities in learning, behavior, and
health. As child development experts work
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on new teaching strategies to enhance learn-
ing outcomes for vulnerable young children,
neuroscience and genomics suggest that fur-
ther decreases in disparities in educational
achievement will require both the provision of
rich learning experiences and the reduction of
significant adversity that disrupts the develop-
ing architecture of the brain. Research on the
biology of stress further demonstrates that such
adversity also threatens the function of other
organ systems, leading to higher rates of hyper-
tension, obesity, and diabetes. Thus, early care
and education programs that incorporate ef-
forts to reduce toxic stress in the service of pro-
moting healthy brain circuitry—for example,
by addressing sources of serious family stress,
including economic instability, maternal de-
pression, or family violence—offer the possibil-
ity of considerable returns, not only in stronger
academic gains but also in better health well
into the adult years. In this context, the current
approach to funding child care of variable qual-
ity through the Temporary Assistance for Needy
Families (TANF) program illustrates a striking
example of an important gap between what we
know from research and what we do in policy
and practice. Despite persistent resistance to
the enforcement of quality standards, science
indicates that TANF funds for child care should
be viewed as an opportunity to invest in high-
quality programs that promote the healthy de-
velopment of vulnerable, young children and
not simply as an obligatory expense to facilitate
mandated maternal employment.

Child Welfare. For more than a century, child
protective services have focused on issues re-
lated to physical safety, reduction of repeated
injury, and child custody. Now, recent scientific
advances are increasing our understanding of
the extent to which the toxic stress of abuse,
neglect, or exposure to family or community
violence can produce physiological changes in
young children that increase the likelihood of
mental health problems and physical disease
throughout their lives. Based on this heightened
risk of stress-related illness, science suggests that
all investigations of suspected child abuse or
neglect should include a comprehensive assess-
ment of the child’s cognitive, language, emo-
tional, social, and physical development, fol-
lowed by the provision of effective therapeutic
services as needed. This could be accomplished
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through regularized referrals from the child
welfare system (which is a mandated service
in each state) to the early intervention system
for children with developmental delays or dis-
abilities (which provides services under an en-
titlement established by federal law). Although
the most recent federal reauthorizations of the
Keeping Children and Families Safe Act and
the Individuals with Disabilities Education Act
both included requirements for establishing
such linkages, sufficient funding has not been
provided, and the implementation of these re-
quirements has moved slowly. The availability
of new, evidence-based interventions that have
been shown to improve outcomes for children
in the child welfare system'®® underscores the
compelling need to transform “child protec-
tion” from its traditional concern with physical
safety and custody to a broader, more science-
based focus on health promotion and disease
prevention. The Centers for Disease Control
and Prevention has taken an important step in
advancing this issue by promoting the preven-
tion of child maltreatment as a public health

concern.'®17

Mental Health. In view of the many advances
that have been made in the development of
evidence-based treatments for a range of child
mental health problems, the limited availability
of appropriate therapeutic services for young
children and families dealing with toxic stress
requires urgent attention. Reports of young-
sters with disruptive behaviors being expelled
from preschool programs'’"'’? and the dra-
matic rise in off-label prescription of antipsy-
chotic medications for very young children'”
underscore the extent to which this situation
has reached crisis proportions. Timely access
to specialists in the identification, assessment,
and clinical treatment of young children with
serious mental health problems within exist-
ing early childhood programs could enhance
their capacity to address unmet needs without
creating a separate mental health system for
young children. Because of the close associa-
tion between children’s emotional well-being
and the mental health of their caregivers, men-
tal health services for parents would have a
broader impact if they routinely included at-
tention to the needs of their children as well.'*
Finally, more effective treatment of stress-re-
lated problems in early childhood is likely to
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reduce the prevalence of a wide range of stress-
related health disorders later in adulthood.

Primary Health Care. The association between
an expectant mother’s preconception health
and the subsequent well-being of her baby is
well documented, but there are few policies or
programs that connect these periods explic-
itly in the delivery of primary health services.
The absence of attention to the mother-child
relationship in the treatment of depression in
women is another striking example of the gap
between science and practice, given extensive
evidence of the negative impact of diminished
maternal responsiveness on the development
of young children.® Payment mechanisms that
provide incentives for coordinating child and
parent medical services (e.g., automatic cov-
erage for parent-child intervention linked to
reimbursement for the treatment of maternal
depression) offer one promising strategy for
addressing this problem.

The most striking challenge related to the
role of primary health services in promoting
child well-being is reflected in a longstanding
debate within the pediatric health care com-
munity about the possibilities and limitations
of well-child care within a comprehensive
health system.'”*'”> For at least half a century,
this debate has focused on the need for family-
centered approaches to address the concerns
of children with developmental impairments,
behavioral difficulties, and chronic health
problems, along with the complex challenge of
providing more effective interventions for chil-
dren living in highly adverse environments.'”®
Despite longstanding calls for an explicit com-
munity-focused, primary care strategy, a recent
national study of pediatric practices identified
the persistent inability to achieve better link-
ages with community-based resources as a ma-
jor challenge.'”” A parallel survey of parents also
noted the limited communication that exists
between pediatric practices and community-
based services such as WIC programs, child
care providers, and schools.'”® Moreover, both
groups agreed that pediatricians cannot be ex-
pected to meet all of a child’s needs.

Notwithstanding this broad accord, history
tells us that continuing calls for reduced frag-
mentation among community-based services
will have little impact. The time has come for-
bold and innovative leadership to develop new
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strategies for coordination that are:

+  grounded in a shared science base;

+  able to leverage the benefits of new infor-
mation technologies for sharing informa-
tion more effectively while protecting con-
fidentiality; and

+  genuinely committed to trying new mod-
els of working collaboratively across disci-
plines and sectors.

Recommendations for providing a “medical
home”'” for all children within the provisions
of the Patient Protection and Affordable Care
Act of 2010 offer a promising starting point.

A Call for Innovation

However, successful transformation to a more
effective model of primary health care will re-
quire deeply committed attention to a wide
range of factors, including strong leadership, fi-
nancial resources, personal and organizational
relationships, engagement with families, man-
agement expertise, health information technol-
ogy, support for care coordination, and staff
development'® as well as the extent to which
practitioners in the medical, educational, and
social services worlds are truly ready to work
together (and to train the next generation of
practitioners) in new ways.

THE STABILITY, PROSPERITY, AND SUSTAINABILITY
of a society depend on the healthy develop-
ment of its population. Knowing this, a recent
analysis of data from the United States and six
other countries (Australia, Canada, Germany,
the Netherlands, New Zealand, and the United
Kingdom) raises serious concerns that require
thoughtful attention. In addition to noting that
the U.S. health care system ranks last or next-
to-last on four dimensions associated with
high performance (quality, access, efficiency,
and equity), the report also indicated that the
United States ranks last on mortality amenable
to health care, last on infant mortality, and
second-to-last on healthy life expectancy at age
60."®" The fact that the U.S. spends more money
per capita on medical care than any other in-
dustrialized nation'*? makes these findings par-
ticularly problematic. Extensive evidence that
effective health promotion and disease preven-
tion depend on more than simply assuring the
availability and affordability of high-quality
medical care further underscores the need for
creative, new strategies to improve our nation’s
health.

As we look to the scientific community for
new ways to address this challenge, advances in
neuroscience, molecular biology, and genomics
are converging on three compelling conclusions:
(1) early experiences are built into our bodies;
(2) significant adversity early in life can pro-
duce physiological disruptions or embed-
ded biological “memories” that undermine
the development of the body’s stress re-
sponse systems and affect the developing
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brain, cardiovascular system, immune sys-
tem, and metabolic regulatory functions; and
(3) these physiological disruptions can persist
far into adulthood and lead to lifelong impair-
ments in both physical and mental health.

These broadly accepted scientific principles
send two clear and powerful messages to deci-
sion-makers who are searching for more effec-
tive ways to improve the health of the nation.
First, health promotion and disease prevention
policies focused on adults would be more ef-
fective if evidence-based investments were also
made to strengthen the foundations of health
in the prenatal and early childhood periods.
Second, the increasing prevalence of chronic
disease across the life course could be lowered
by reducing the number and severity of adverse
experiences threatening the well-being of young
children and by strengthening the protective
relationships that help mitigate the harmful ef-
fects of toxic stress.

Although much important research still re-
mains to be done, sufficient knowledge to ad-
dress these challenges more effectively is already
available. Disjointed medical care in the crucial
periods of preconception, pregnancy, and early
childhood demands better coordination,as do a
broad range of policies that affect families with
young children who are facing significant ad-
versities that threaten their physical and men-
tal well-being. These policies include early care
and education, child welfare, early intervention,
workforce development, housing, urban plan-
ning, economic development, and environ-
mental protection, among many others.
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Simply calling for a more comprehensive ap-
proach to the challenges facing disadvantaged
young children and their parents, however, of-
fers nothing new. Equally important, enhanced
coordination across systems that are guided by
disparate values and disconnected bodies of
knowledge is unlikely to produce sufficiently
greater impact. What is needed instead is cre-
ative new thinking about how to apply a unified
science base about the early childhood origins
of health, learning, and behavior across mul-
tiple sectors.'®

The framework presented in this document
is offered in the spirit of attempting to cata-
lyze such innovative policymaking and creative
interventions. Promising ideas include the
following:

+  Child welfare agencies can help prevent
long-term adult impairment, not just
provide immediate child protection.

+  Zoning laws and land development pol-
icies can facilitate healthy lifestyles, not
just generate commercial profit.

+  Alternative child care arrangements
for young children whose mothers are
mandated to work as a condition of
receiving public assistance provide an
opportunity to build foundations for
healthy development, not just support
maternal employment.

+  High-quality early care and education
programs can promote health and pre-
vent disease, not just prepare children to
succeed in school.
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Dramatic advances in the biological sciences
are transforming the diagnosis and treatment
of illness—and the products of these efforts will
undoubtedly improve the effectiveness of med-
ical care as well as increase its cost. It is equally
important to note that these same advances
could also be mobilized to transform the way

A CALL FOR INNOVATION

Every system that touches the lives of children

offers an opportunity to strengthen the

foundations and capacities that make lifelong

healthy development possible.

we address the promotion of health, prevention
of disease, and reduction of disparities related
to social and economic disadvantage. Every sys-
tem that touches the lives of children—as well
as mothers before and during pregnancy—of-
fers an opportunity to strengthen the founda-
tions and capacities that make lifelong healthy
development possible. Investments in the early
reduction of significant adversity are particu-
larly likely to generate strong returns.

Center on the Developing Child at Harvard University 21



THE FOUNDATIONS OF LIFELONG HEALTH ARE BUILT IN EARLY CHILDHOOD

References

1. National Research Council and Institute of Medicine.
(2004). Children’s health: The nation’s wealth.
Washington, DC: The National Academies Press.

2. Marmot, M. (2010). Fair society, healthy lives: Strategic
review of health inequalities in England post-2010.
http://www.marmotreview.org/

3. Shonkoft, J. P., Boyce, W. T., & McEwen, B. S. (2009).
Neuroscience, molecular biology, and the childhood
roots of health disparities: Building a new framework
for health promotion and disease prevention. JAMA,
301, 2252-2259.

4. Robert Wood Johnson Foundation Commission to Build
a Healthier America. (2009). Beyond health care: New
directions to a healthier America.
http://www.commissiononhealth.org

5. Brooks-Gunn, J., Brown, B., Duncan, G., & Moore, K.A.
(1995). Child development in the context of family
and community resources: An agenda for national data
collections. In National Research Council and Institute
of Medicine, Integrating federal statistics on children:
Report of a workshop (pp. 27-97). Washington, DC:
The National Academies Press.

6. Coe, C. L., & Lubach, G.R. (2003). Critical periods of
special health relevance for psychoneuroimmunology.
Brain, Behavior and Immunity, 17, 3-12.

7. Guyer, B., Ma, S., Grason, H., Frick, K., Perry, D., Sharkey,
A., & McIntosh, J. (2009). Early childhood health
promotion and its life-course health consequences.
Academic Pediatrics, 9, 142-149.

8. Colley, J. R, Douglas, J. W., & Reid, D. D. (1973).
Respiratory disease in young adults: Influence of early
childhood lower respiratory tract illness, social class,
air pollution, and smoking. British Medical Journal,
3(5873),195-198.

9. Barker, D.]J. (2004). The developmental origins of adult
disease. Journal of the American College of Nutrition,
23, 5885-5958.

10. Roseboom, T.J., van der Meulen, J. H., Osmond, C.,
Barker, D. J., Ravelli, A. C., Schroeder-Tanka, J. M., et
al. (2000). Coronary heart disease after prenatal expo-
sure to the Dutch famine, 1944-45. Heart, 84, 595-598.

11. Kuh, D., & Ben-Shlomo, Y. (2004). A life course ap-
proach to chronic disease epidemiology. Oxford: Oxford
University Press.

12. Hertzman, C. (2000). The biological embedding of early
experience and its effects on health in adulthood.
Annals of the New York Academy of Sciences, 896, 85-95.

13. Felitti, V. J., Anda, R. F.,, Nordenberg, D., et al. (1998).
Relationship of childhood abuse and household dys-
function to many of the leading causes of death in
adults: The Adverse Childhood Experiences (ACE)
study. American Journal of Preventive Medicine, 14(4),
245-258.

14. Edwards, V. J., Holden, G. W.,, Felitti, V. J., & Anda, R. F.
(2003). Relationship between multiple forms of child
maltreatment and adult mental health in community
respondents: Results from the Adverse Childhood
Experiences study. American Journal of Psychiatry,
160(8), 1453-1460.

15. Anda, R. E, Felitti, V. J., Bremner, J. D., et al. (2006). The
enduring effects of abuse and related adverse experi-
ences in childhood: A convergence of evidence from
neurobiology and epidemiology. European Archives of
Psychiatry and Clinical Neuroscience, 256(3), 174-186.

22 Centeron the Developing Child at Harvard University

18.

19.

2

—_

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

—

32.

. Hillis, S. D., Anda, R. E, Dube, S. R, Felitti, V. .,

Marchbanks, P. A., & Marks, J. S. (2004). The asso-
ciation between adverse childhood experiences and
adolescent pregnancy, long-term psychosocial conse-
quences, and fetal death. Pediatrics,113(2), 320-327.

.Dong, M., Giles, W. H., Felitti, V. ]., et al. (2004).

Insights into causal pathways for ischemic heart
disease: Adverse Childhood Experiences study.
Circulation,110(13),1761-1766.

Caspi, A., Harrington, H., Moffitt, T. E., Milne, B. J., &
Poulton, R. (2006). Socially isolated children 20 years
later: Risk of cardiovascular disease. Arch Pediatr
Adolesc Med, 160(8), 805-811.

Horwitz, A. V., Widom, C. S., McLaughlin, J., & White, H.
R. (2001). The impact of childhood abuse and neglect
on adult mental health: A prospective study. ] Health
Soc Behav, 42(2), 184-201.

. Schilling, E. A., Aseltine, R. H., & Gore, S. (2007).

Adverse childhood experiences and mental health
in young adults: A longitudinal survey. BMC Public
Health, 7, 30.

. McEwen, B. S. (1998). Protective and damaging effects of

stress mediators. New Engl ] Med, 338(3), 171-179.

McEwen, B. S. (2000). The neurobiology of stress: from
serendipity to clinical relevance. Brain Res, 886(1-2),
172-189.

National Scientific Council on the Developing Child
(2005). Excessive stress disrupts the architecture of the
developing brain: Working paper no. 3. http://www.
developingchild.net.

Zhang, X.Y, Sanchez, H., Kehoe, P., & Kosten, T. A.
(2005). Neonatal isolation enhances maintenance but
not reinstatement of cocaine self-administration in
adult male rats. Psychopharmacology, 177(4), 391-399

Geronimus, A. T., Hicken, M., Keene, D., & Bound, J.
(2006). “Weathering” and age patterns of allostatic
load scores among blacks and whites in the United
States. Am J Public Health, 96(5), 826-33.

Harper, S., Lynch, J., Burris, S., & Davey Smith, G.
(2007). Trends in the black-white life expectancy gap
in the United States, 1983-2003. JAMA, 297(11), 1224-
32.

Geronimus, A. T. (1992). The weathering hypothesis and
the health of African-American women and infants:
Evidence and speculations. Ethn Dis, 2(3), 207-21.

Geronimus, A. T. (1996). Black/white differences in the
relationship of maternal age to birthweight: A popu-
lation-based test of the weathering hypothesis. Soc Sci
Med, 42(4), 589-97.

Johnson, M.H. (2005). Sensitive periods in functional
brain development: Problems and prospects. Dev
Psychobiology, 46(3), 287-92.

National Scientific Council on the Developing Child
(2010). Early experiences can alter gene expression and
affect long-term development: Working paper no. 10.
http://www.developingchild.net.

. Barker, D. J., et al. (2005). Trajectories of growth among

children who have coronary events as adults. New Engl
] Med, 353(17), 1802-1809.

Nomura, Y., Wickramaratne, P. J., Pilowsky, D. J., et al.
(2007). Low birth weight and risk of affective disorders
and selected medical illness in offspring at high and
low risk for depression. Comprehensive Psychiatry, 48,
470-478.

WWW.DEVELOPINGCHILD.HARVARD.EDU


http://www.marmotreview.org/
http://www.commissiononhealth.org
http://www.developingchild.net
http://www.developingchild.net
http://www.developingchild.net

33. Gluckman, P,, & Hanson, M. (2006). The conceptual ba-
sis for the developmental origins of health and disease.
In P. Gluckman & M. Hanson (Eds.), Developmental
origins of health and disease (pp. 33-50). Cambridge,
UK: Cambridge University Press.

34, Cutfield, W. S., Jefferies, C. A., & Hofman, P. L. (2006).
Perinatal influences on the endocrine and metabolic
axes during childhood. In P. Gluckman & M. Hanson
(Eds.). Developmental origins of health and disease
(pp. 206-222). Cambridge, UK: Cambridge University
Press.

35. Schreuder, M. E, Fodor, M., van Wijk, J. A., &
Delemarre-van de Waal, H. A. (2006). Association of
birth weight with cardiovascular parameters in adult
rats during baseline and stressed conditions. Pediatr
Res, 59(1), 126-30.

36. Massin, M. M, Withofs, N., Maeyns, K., & Ravet, E.
(2001). The influence of fetal and postnatal growth
on heart rate variability in young infants. Cardiology,
95(2), 80-83.

37. Shankaran, S., Das, A., Bauer, C. R, et al. (2006). Fetal
origin of childhood disease: Intrauterine growth re-
striction in term infants and risk for hypertension at 6
years of age. Arch Pediatr Adolesc Med, 160, 977-981.

38. Danese, A., Pariante, C. M., Caspi, A., Taylor, A., &
Poulton, R. (2007). Childhood maltreatment predicts
adult inflammation in a life-course study. Proc Natl
Acad Sci USA, 104(4), 1319-1324.

39. Chen, E., Hanson, M. D., Paterson, L. Q., Griffin, M. J.,
Walker, H. A., & Miller, G. E. (2006). Socioeconomic
status and inflammatory processes in childhood
asthma: The role of psychological stress. J Allergy Clin
Immunol,117,1014-1020.

40. Danese, A., Caspi, A., Williams, B., et al. (2010).
Biological embedding of stress through inflammation
processes in childhood [Letter to the editor]. Molecular
Psychiatry. Advance online publication. doi:10.1038/
mp.2010.5

. Evans, G. W. (2004). The environment of childhood
poverty. Am Psychol, 59(2), 77-92.

42. Evans, G. W.,, Saltzman, H., & Cooperman, J. (2001).
Housing quality and children’s socioemotional health.
Environment and Behavior, 33, 389-399.

43. Hart, T., & Risley, T. R. (1995). Meaningful differences
in the everyday experience of young American children.
Baltimore, MD: Brookes Publishing.

44. Dodge, K. A,, Pettit, G. S., & Bates, J. E. (1994).
Socialization mediators of the relation between socio-
economic status and child conduct problems. Child
Development, 65, 649-665.

45. McLoyd, V. C. (1998). Socioeconomic disadvantage and
child development. Am Psychol, 53(2), 185-204.

46. McEwen, B. S. (2007). Physiology and neurobiology of
stress and adaptation: Central role of the brain. Physiol
Rev, 87(3), 873-904.

47. Lupien, S.J., King, S., Meaney, M. J., & McEwen, B. S.
(2000). Child’s stress hormone levels correlate with
mother’s socioeconomic status and depressive state.
Biol Psychiatry, 48(10), 976-980.

48. Lupien, S. ], King, S., Meaney, M. J., & McEwen, B. S.
(2001). Can poverty get under your skin? Basal cor-
tisol levels and cognitive function in children from
low and high socioeconomic status. Development ¢
Psychopathology, 13, 653-676.

4

—_

WWW.DEVELOPINGCHILD.HARVARD.EDU

49.

50.

5

—

52.

5

W

54.

55

5

=)

57.

5

[oe}

59.

6

—

62.

63.

64.

REFERENCES

Farah, M. J., Shera, D. M, Savage, J. H., et al. (2006).
Childhood poverty: specific associations with neu-
rocognitive development. Brain Res, 1110(1), 166-174.

Isgor, C., Kabbaj, M., Akil, H., & Watson, S. J. (2004).
Delayed effects of chronic variable stress during peri-
pubertal-juvenile period on hippocampal morphol-
ogy and on cognitive and stress axis functions in rats.
Hippocampus, 14(5), 636-648.

. Kaufman, D., Banerji, M. A., Shorman, 1., et al. (2007).

Early-life stress and the development of obesity
and insulin resistance in juvenile bonnet macaques.
Diabetes, 56(5), 1382-1386.

Morris, A. S., Silk, J. S., Steinberg, L., Myers, S. S., &
Robinson, L. R. (2007). The role of family context
in the development of emotional regulation. Social
Development, 16(2), 361-388.

. Scaramella, L.V., & Leve, L. D. (2004). Clarifying parent-

child reciprocities during early childhood: The early
childhood coercion model. Clin Child Fam Psychol
Rev, 7, 89-107.

Schweinhart, L. J., Montie, ]., Xiang, Z., Barnett, W. S.,
Belfield, C. R., & Nores, M. (2005). Lifetime effects:
The High/Scope Perry Preschool study through age 40.
Ypsilanti, MI: High/Scope Press.

. Heckman, J. J. (2007). The economics, technology, and

neuroscience of human capability formation. PNAS,
104, 13250-13255.

. Cassidy, J. (1988). Child-mother attachment and the self

in six-year-olds. Child Dev, 59, 121-134.

Bohlin, G., Hagekull, B., & Rydell, A. (2000). Attachment
and social functioning: A longitudinal study from
infancy to middle childhood. Social Development, 9,
24-39.

. Crowell, J., Treboux, D., & Waters, E. (1999). The adult

attachment interview and the relationship question-
naire: Relations to reports of mothers and partners.
Personal Relationships, 6, 1-18.

Thompson, R. (2000). Early attachment and later devel-
opment. In J. Cassidy & P.R. Shaver (Eds.), Handbook
of attachment. New York: Guilford Press.

. Ashman, S. B., Dawson, G., & Panagiotides, H. (2008).

Trajectories of maternal depression over 7 years:
Relations with child psychophysiology and behavior
and role of contextual risks. Dev Psychopathology, 20,
55-77.

. Maughan, A, Cicchetti, D., Toth, S. L., & Rogosch, F.

A. (2007). Early-occurring maternal depression and
maternal negativity in predicting young children’s
emotion regulation and socioemotional difficulties. J
Abnorm Child Psychol, 35, 685-703.

Center on the Developing Child at Harvard University
(2009). Maternal depression can undermine the de-
velopment of young children: Working paper no. 8.
http://www.developingchild.harvard.edu

Burnham, M. M., Goodlin-Jones, B. L., Gaylor, E. E.,
Anders, T. F. (2002). Nighttime sleep-wake patterns
and self-soothing from birth to one year of age: A lon-
gitudinal intervention study. J Child Psychol Psychiatry,
43,713-725.

Heraghty, J. L., Hilliard, T. N., Henderson, A. J., &
Fleming, P. J. (2008). The physiology of sleep in in-
fants. Arch Dis Child, 93, 982-985.

Center on the Developing Child at Harvard University

23


http://www.developingchild.harvard.edu

THE FOUNDATIONS OF LIFELONG HEALTH ARE BUILT IN EARLY CHILDHOOD

65.

66.

67.

68.

69.

70.

7

—

72.

73.

74.

75.

76.

77.

78.

79.

80.

8

—_

82.

Cubero, J., Valero, V., Sanchez, J., et al. (2005). The circa-
dian rhythm of tryptophan in breast milk affects the
rhythms of 6-sulfatoxymelatonin and sleep in new-
born. Neuro Endocrinol Lett, 26, 657-661.

Spruyt, K., Aitken, R. J., So, K., Charlton, M., Adamson,
T. M., & Horne, R. S. (2008). Relationship between
sleep/wake patterns, temperament and overall devel-
opment in term infants over the first year of life. Early
Hum Dev, 84, 289-296.

Rosen, L. A. (2008). Infant sleep and feeding. ] Obstet
Gynecol Neonatal Nurs, 37, 706-714.

Touchette, E., Petit, D., Seguin, J. R., Boivin, M.,
Tremblay, R. E., & Montplaisir, J. Y. (2007).
Associations between sleep duration patterns and
behavioral/cognitive functioning at school entry. Sleep,
30, 1213-1219.

Koulouglioti, C., Cole, R., & Kitzman, H. (2008).
Inadequate sleep and unintentional injuries in young
children. Public Health Nurs, 25, 106-114.

Al Mamun, A., Lawlor, D. A., Cramb, S., O’Callaghan,
M., Williams, G., & Najman, J. (2007). Do childhood
sleeping problems predict obesity in young adulthood?
Evidence from a prospective birth cohort study. Am |
Epidemiol, 166, 1368-1373.

. Reilly, J. J., Armstrong, J., Dorosty, A. R., et al. (2005).

Early life risk factors for obesity in childhood: Cohort
study. BMJ, 330, 1357.

Taveras, E. M., Rifas-Shiman, S. L., Oken, E., Gunderson,
E. P, & Gillman, M. W. (2008). Short sleep duration in
infancy and risk of childhood overweight. Arch Pediatr
Adolesc Med,162,305-311.

Anders, T. F, Halpern, L. F, & Hua, J. (1992) Sleeping
through the night: A developmental perspective.
Pediatrics, 90, 554-560.

Coe, C. L., Lubach, G. R., Schneider, M. L., Dierschke,
D.J., & Ershler, W. B. (1992). Early rearing conditions
alter immune responses in the developing infant pri-
mate. Pediatrics, 90, 505-509.

Hanson, L., Silfverdal, S. A., Stromback, L., et al. (2001).
The immunological role of breast feeding. Pediatr
Allergy Immunol, 12(14), 15-19.

McGowan, P. O, Sasaki, A., D’Alessio, A. C., et al. (2009).
Epigenetic regulation of the glucocorticoid receptor in
human brain associates with childhood abuse. Nature
Neuroscience, 12, 342-348.

Gunnar, M. R., & Donzella, B. (2002). Social regulation
of the cortisol levels in early human development.
Psychoneuroendocrinology, 27, 199-220.

Tarullo, A. R., & Gunnar, M. R. (2006). Child maltreat-
ment and the developing HPA axis. Horm Behav, 50,
632-639.

Francis, D. D., Champagne, F. A, Liu, D., & Meaney, M.
J. (1999). Maternal care, gene expression, and the de-
velopment of individual differences in stress reactivity.
Ann NY Acad Sci, 896, 66-84.

Liu, D., Diorio, J., Tannenbaum, B., et al. (1997).
Maternal care, hippocampal glucocorticoid recep-
tors, and hypothalamic-pituitary-adrenal responses to
stress. Science, 277, 1659-1662.

. Caldji, C., Tannenbaum, B., Sharma, S., Francis, D.,

Plotsky, P. M., & Meaney, M. J. (1998). Maternal care
during infancy regulates the development of neural
systems mediating the expression of fearfulness in the
rat. PNAS, 95, 5335-5340.

National Scientific Council on the Developing Child
(2010). Persistent fear and anxiety can affect young
children’s learning and development: Working paper
no. 9. http://www.developingchild.net

24 Center on the Developing Child at Harvard University

83.

84.

85.

86.

87.

88.

89.

90.

9

—_

92.

93.

94.

95.

96.

97.

98.

99

Shirtcliff, E. A., Coe, C. L., & Pollak S. D. (2009). Early
childhood stress is associated with elevated antibody
levels to herpes simplex virus type 1. PNAS, 106, 2963-
2967.

Coe, C. L., & Lubach, G. R. (2007). Mother-infant in-
teractions and the development of immunity from
conception through weaning. In R. Ader (Ed.),
Psychoneuroimmunology (pp. 455-474). Burlington,
MA: Elsevier Academic Press.

Else-Quest, N. M., Hyde, J. S., & Clark, R. (2003).
Breastfeeding, bonding and the mother-infant rela-
tionship. Merrill-Palmer Quarterly, 49, 495-517.

Birch, L. L., & Fisher, J. O. (1998). Development of eating
behaviors among children and adolescents. Pediatrics,
101, 539-549.

Gaillard, D., Passilly-Degrace, P., & Besnard, P. (2008).
Molecular mechanisms of fat preference and overeat-
ing. Ann NY Acad Sci, 1141, 163-175.

Huang, T. T., & Goran, M. I. (2003). Prevention of type
2 diabetes in young people: A theoretical perspective.
Pediatr Diabetes, 4, 38-56.

Hertz-Picciotto, L., Park, H. Y., Dostal, M., Kocan, A.,
Trnovec, T., & Sram, R. (2008). Prenatal exposures to
persistent and non-persistent organic compounds and
effects on immune system development. Basic Clin
Pharmacol Toxicol, 102, 146-154.

Grandjean, P., Bellinger, D., Bergman, A., et al. (2008).
The Faroes statement: Human health effects of devel-
opmental exposure to chemicals in our environment.
Basic Chemical Pharmacology and Toxicology, 102(2),
73-75.

. Hatch, E. E., Palmer, J. R., Titus-Ernstoff, L., et al. (1998).

Cancer risk in women exposed to diethylstilbestrol in
utero. JAMA, 280, 630-634.

Cleveland, L. M., Minter, M. L., Cobb, K. A., Scott, A.

A., & German, V. F. (2008). Lead hazards for pregnant
women and children: Part 1: Immigrants and the poor
shoulder most of the burden of lead exposure in this
country. Part 1 of a two-part article details how expo-
sure happens, whom it affects, and the harm it can do.
American Journal of Nursing, 108(10), 40-49, quiz 50.

Dozier, M., & Peloso, E. (2006). The role of early stres-
sors in child health and mental health outcomes. Arch
Pediatr Adolesc Med, 160(12), 1300-1301.

Weidenhamer, J. D. (2009). Lead contamination of
inexpensive seasonal and holiday products. Sci Total
Environ, 407, 2447-2450.

Cummins, S. K., & Jackson, R. J. (2001). The built en-
vironment and children’s health. Pediatric Clinics of
North America, 48,1241-52.

Morland, K., Wing, S., & Diez Roux, A. (2002). The con-
textual effect of the local food environment on resi-
dents’ diets: The atherosclerosis risk in communities
study. Am J Public Health, 92, 1761-1767

Cohen, D. A., McKenzie, T. L., Sehgal, A., Williamson,
S., Golinelli, D., & Lurie, N. (2007). Contribution of
public parks to physical activity. Am ] Public Health,
97,509-514.

Davison, K. K, & Lawson, C. T. (2006). Do attributes in
the physical environment influence children’s physical
activity? A review of the literature. Int ] Behav Nutr
Phys Act, 3, 19.

. Kerr, J. (2007). Designing for active living among children.

San Diego, CA: Active Living Research, Robert Wood
Johnson Foundation. http://www.rwjf.org/files/re-
search/builtdesign.pdf.

WWW.DEVELOPINGCHILD.HARVARD.EDU


http://www.developingchild.net
http://www.rwjf.org/files/re�search/builtdesign.pdf
http://www.rwjf.org/files/re�search/builtdesign.pdf
http://www.rwjf.org/files/re�search/builtdesign.pdf

100

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

11

—

112.

113.

114.

115.

116.

117.

118.

. Cohen, D. A,, Inagami, S., & Finch, B. (2008). The built
environment and collective efficacy. Health Place, 14,
198-208.

Evans, G. W. (2006). Child development and the physi-
cal environment. Annu Rev Psychol., 57, 423-451.

Cohen, D. A,, Finch. B. K., Bower, A., & Sastry, N.
(2006). Collective efficacy and obesity: The potential
influence of social factors on health. Soc Sci Med., 62,
769-778.

Araya, R., Dunstan, E, Playle, R., Thomas, H., Palmer,
S., & Lewis, G. (2006). Perceptions of social capital and
the built environment and mental health. Soc Sci Med.,
62,3072-3083.

Sampson, R. J., Raudenbush, S. W., & Earls. E. (1997).
Neighborhoods and violent crime: A multilevel study
of collective efficacy. Science, 277, 918-924.

Langley-Evans, S. C. & Carrington, L. J. (2006). Diet
and the developing immune system. Lupus, 15,
746-752.

Moore, S. E., Collinson, A. C., Tamba N’Gom, P.,
Aspinall, R., & Prentice, A. M. (2006). Early immu-
nological development and mortality from infectious
disease in later life. Proc Nutr Soc., 65,311-318.

McDade, T. W., Beck, M. A., Kuzawa, C. W., & Adair,
L.S. (2001). Prenatal undernutrition and postnatal
growth are associated with adolescent thymic function.
J Nutr, 131, 1225-1231.

Eichholzer, M., Tonz, O., & Zimmermann, R. (2006).
Folic acid: A public-health challenge. Lancet, 367,
1352-1361.

Grosse, S. D., Waitzman, N .J., Romano, P. S., &
Mulinare, J. (2005). Reevaluating the benefits of folic
acid fortification in the United States: Economic anal-
ysis, regulation, and public health. Am J Public Health,
95,1917-1922.

Su, L. J. & Arab, L. (2001) Nutritional status of folate
and colon cancer risk: Evidence from NHANES I epi-
demiologic follow-up study. Ann Epidemiol., 11, 65-72.

. Beard J. (2003). Iron deficiency alters brain develop-
ment and functioning. J Nutr.,133, 1468S-72S.

Lozoff, B. & Georgieff, M. K. (2006). Iron deficiency
and brain development. Semin Pediatr Neurol., 13,
158-165.

Huh, S.Y. & Gordon, C. M. (2008). Vitamin D deficien-
cy in children and adolescents: Epidemiology, impact
and treatment. Rev Endocr Metab Disord., 9, 161-170.

Halfon, N., McLearn, K. T., Schuster, M. A. (eds.)
(2002). Child Rearing in America: Challenges fac-
ing parents with young children. Cambridge, UK:
Cambridge University Press.

Mayer, S. (2002). Building community capacity: How
different groups contribute. Effective Communities
Project. http://www.effectivecommunities.com/pdfs/
ECP_GroupContribution.pdf

Leventhal T, & Brooks-Gunn, J. (2000). The neighbor-
hoods they live in: The effects of neighborhood resi-
dence on child and adolescent outcomes. Psychol. Bull,
126, 309-337.

Center on the Developing Child at Harvard University
(2007). A science-based framework for early child-
hood policy: Using evidence to improve outcomes in
learning, behavior, and health for vulnerable children.
http://www.developingchild.harvard.edu

Smolensky, E., & Gootman, J. A. (Eds.). (2003). Working
families and growing kids: Caring for children and
adolescents. Washington, DC: The National Academies
Press.

WWW.DEVELOPINGCHILD.HARVARD.EDU

119. Visness, C. M. & Kennedy, K. I. (1997). Maternal em-
ployment and breast-feeding: Findings from the 1988
national maternal and infant health study. American
Journal of Public Health, 87, 945-950.

120. Baker, M. & Milligan, K. (2008). Maternal employment,
breastfeeding, and health: Evidence from maternity
leave mandates. ] Health Econ., 27, 871-887.

121. Berger, L. M., Hill, J., & Waldfogel, J. (2005). Maternity-
leave, early maternal employment and child health and
development in the U.S. The Economic Journal, 115,
F29-F47.

122. Ruhm, C. (2000). Parental leave and child health.
Journal of Health Economics. 19, 931-960.

123. Tanaka, S. (2005). Parental leave and child health across
OECD countries. The Economic Journal, 115, F7-F28.

124. Morris, P., Duncan, G., & Clark-Kauffman, E. (2005).
Child well-being in an era of welfare reform: The sen-
sitivity of transition in development to policy change.
Developmental Psychology, 41(6), 919-932.

125. National Forum on Early Childhood Program
Evaluation (2008). Workforce development, welfare
reform, and child well-being: Working paper no. 7.
http://www.developingchild.harvard.edu

126. National Scientific Council on the Developing Child
(2008). Mental health problems in early childhood can
impair learning and behavior for life: Working paper
no. 6. http://www.developingchild.net

127. Bierman, K. L., Domitrovich, C. E., Nix, R. L., Gest, S.
D., Welsh, J. A., Greenberg, M. T., . .. Gill, S. (2008).
Promoting academic and social-emotional school
readiness: The Head Start REDI program. Child
Development, 79(6), 1802-1817.

128. Raver, C. C., Jones, S. M., Li-Grining, C. P, Zhai, E,,
Metzger, M. W., & Solomon, B. (2009). Targeting
children’s behavior problems in preschool classrooms:
A cluster-randomized controlled trial. Journal of
Consulting and Clinical Psychology, 77, 302-316.

129. National Research Council and Institute of Medicine.
(2009) Preventing mental, emotional, and behavioral
disorders among young people: Progress and possibilities.
Washington, DC: The National Academies Press.

130. Marsland, K., Zigler, E., & Martinez, A. (2003).
Regulation of infant and toddler child care: Are state
requirements for centers adequate? Unpublished manu-
script. Yale University, New Haven, CT.

. Brauner, J., Gordic, B., & Zigler, E., (2004). Putting the
child back into child care. Social Policy Report, XVIII
(1), 5.

132. Alkon, A., To, K., Mackie, J. E, Wolff, M., & Bernzweig,
J. (2010). Health and safety needs in early care and
education programs: What do directors, child health
records, and national standards tell us? Public Health
Nursing, 27(1), 3-16.

133. American Academy of Pediatrics, American Public
Health Association, & U.S. Department of Health
and Human Services, Health Resources and Services
Administration. (2002). Caring for our children:
National health and safety performance standards:
Guidelines for out-of-home child care programs (2nd
ed.). Washington, DC: American Public Health
Association.

134. Goodell, S. & Williams, C. H. (2007). The built envi-
ronment and physical activity: What is the relation-
ship? Policy brief no. 11. Princeton, NJ: Robert Wood
Johnson Foundation. http://www.rwjf.org/files/re-
search/nollpolicybrief.pdf

13

—

REFERENCES

Center on the Developing Child at Harvard University 25


http://www.effectivecommunities.com/pdfs/ECP_GroupContribution.pdf
http://www.effectivecommunities.com/pdfs/ECP_GroupContribution.pdf
http://www.developingchild.harvard.edu
http://www.developingchild.harvard.edu
http://www.developingchild.net

THE FOUNDATIONS OF LIFELONG HEALTH ARE BUILT IN EARLY CHILDHOOD

135.

136.

137.

138.

139.

140.

Centers for Disease Control and Prevention. Web-based
injury statistics query and reporting system.
http://www.cdc.gov/injury/wisqars/index.html.

U.S. Department of Transportation, National Highway
Traffic Safety Administration. Traffic safety facts 2006.
http://www-nrd.nhtsa.dot.gov/pubs/tsf2006fe.pdf.

National Scientific Council on the Developing Child
(2006). Early exposure to toxic substances damages
brain architecture: Working paper no. 4. Retrieved
from http://www.developingchild.net

Etzel, R. A., & Balk, S. J., eds. (2003). Pediatric environ-
mental health (2™ ed.) Elk Grove Village, IL: American
Academy of Pediatrics, Committee on Environmental
Health.

U.S. Environmental Protection Agency. (2003).
America’s children and the environment: Measures
of contaminants, body burdens, and illnesses. http://
www.epa.gov/opeedweb/children/publications/
ace_2003.pdf

Needham, L. L., et al. (2005). Concentrations of envi-
ronmental chemicals associated with neurodevelop-
mental effects in the U.S. population. NeuroToxicology,
26(4), 531-545.

141.Landrigan, P. ], et al. (2002). Environmental pollutants

142.

143.

144.

145.

146.

147.

148.

149.

150.

and disease in American children: Estimates of mor-
bidity, mortality, and costs for lead poisoning, asthma,
cancer, and developmental disabilities. Environmental
Health Perspectives, 110(7), 721-728.

Centers for Disease Control and Prevention. (2001).
National report on human exposure to environmental
chemicals. Atlanta, GA: Centers for Disease Control
and Prevention.

Goldman, L. R,, et al. (2004). Environmental pediatrics
and its impact on government health policy. Pediatrics,
113(4), 1146-1157.

Rice, G., & Hammitt, J. K. (2005). Economic valua-
tion of human health benefits of controlling mercury
emissions from U.S. coal-fired power plants. Boston,
MA: Northeast States for Coordinated Air Use
Management.

Muir, T., & Zegarac, M. (2001). Societal costs of expo-
sure to toxic substances: Economic and health costs
of four case studies that are candidates for environ-
mental causation. Environmental Health Perspectives,
109(Suppl. 6), 885-903.

Neal, D. A., & Johnson, W. R. (1995). The role of pre-
market factors in black-white age differences: Working
paper no. 5124. Cambridge, MA: National Bureau of
Economic Research.

Harrison, E., Partelow, J., & Grason, H. (2009).
Environmental toxicants and maternal and child
health: An emerging public health challenge.
Baltimore, MD: Women’s and Children’s Health Policy
Center, Johns Hopkins Bloomberg School of Public
Health. http://www.jhsph.edu/wchpc/publications/
Environ_Tox_MCH.pdf

Martin, J. A., Hamilton, B. E., Sutton, P. D., Venture, S.
J., Menaker, F.,, & Munson, M. L. (2003). Births: final
data from 2002. National Vital Stat Rep, 52, 12.

Pirkle, J. L., Bernert, J. T., Caudill, S. P., Sosnoff, C. S.,
& Pechacek, T. E. (2006). Trends in the exposure of
nonsmokers in the U.S. population to secondhand
smoke: 1988-2002. Environmental Health Perspectives,
114(6), 853-8.

Samet, J. M., Lewitt, E. M., & Warner, K. E. (1994)
Involuntary smoking and children’s health. The Future
of Children: Critical Health Issues for Children and
Youth, 4(3):94-114.

26 Centeron the Developing Child at Harvard University

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

Aligne, C. A., & Stoddard, J. J. (1997). Tobacco and
children. An economic evaluation of the medical ef-
fects of parental smoking. Arch Pediatr Adolesc Med,
151(7), 648-53.

U.S. Department of Agriculture, Food and Nutrition
Service, Office of Analysis, Nutrition and Evaluation
(2007). WIC Participant and Program Characteristics
2006 (WIC-06-PC). Alexandria, VA.

Joyce, T., Racine, A., & Yunzal-Butler, C. (2008).
Reassessing the WIC effect: Evidence from the preg-
nancy nutrition surveillance system. Journal of Policy
Analysis and Management, 27, 277-303.

Besharov, D. ., & Germanis, P. (2000). Evaluating WIC.
Evaluation Review, 24,123-190.

Owen, A. L., & Owen, G. M. (1997). Twenty years of
WIC: A review of some effects of the program. Journal
of the American Dietetic Association, 97, 777-782.

Bitler, M.P., & Currie, J. (2005). Does WIC work? The
effects of WIC on pregnancy and birth outcomes.
Journal of Policy Analysis and Management, 24(1),
73-91.

U.S. General Accounting Office. (1992). Early interven-
tion: Federal investments like WIC can produce savings
(GAO/HRD-92-18). Washington, DC.

Danziger, S., & Waldfogel, J. (Eds.). (2000). Securing the
future: Investing in children from birth to college. New
York: Russell Sage Foundation.

Hawkins, S. S., Griffiths, L.J., Dezateux, C., Law C.
(2007). Maternal employment and breast-feeding
initiation: Findings from the millenium cohort study.
Paediatric and Perinatal Epidemiology, 21, 242-247.

Hawkins, S. S., Griffiths, L. J., Dezateux, C., & Law,

C. (2007). The impact of maternal employment on
breast-feeding duration in the millenium cohort study.
Public Health and Nutrition, 10, 891-896.

Ryan, A. S., Zhou, W., & Arensberg, M. B. (2006). The
effect of employment status on breastfeeding in the
United States. Women’s Health Issues, 16,243-251.

Fein, S. B., & Roe, B. (1998). The effect of work status
on initiation and duration of breastfeeding. American
Journal of Public Health, 88, 1042-1046.

Cohen, R., & Mrtek, M. B. (1994). The impact of two
corporate lactation programs on the incidence and
duration of breast-feeding by employed mothers.
American Journal of Health Promotion, 8, 436-441.

Ortiz, J., McGilligan, K., & Kelly, P. (2004). Duration
of breast milk expression among working mothers
enrolled in an employer-sponsored lactation program.
Pediatric Nursing, 30,111-119.

Cohen, R., Mrtek, M. B., & Mrtek, R. G. (1995).
Comparison of maternal absenteeism and infant ill-
ness rates among breast-feeding and formula-feeding
women in two corporations. American Journal of
Health Promotion, 10, 148-153.

Hora, B. L., Bahl, R., Martines, J. C., & Victora, C. G.
(2007). Evidence on the long-term effects of breastfeed-
ing: Systematic reviews and meta-analyses. Geneva,
Switzerland: World Health Organization.

Owen, C. G., Martin, R. M., Whincup, P. H., Smith, G.
D., & Cook, D. G. (2005). Effect of infant feeding on
the risk of obesity across the life course: A quantitative
review of published evidence. Pediatrics,115,
1367-1377.

Fisher, P.,, Gunnar, M., Dozier, M., Bruce, J., & Pears, K.
(2006). Effects of therapeutic interventions for foster
children on behavioral problems, caregiver attach-
ment, and stress regulatory neural systems. Ann NY
Acad Sci, 1094, 215-225.

WWW.DEVELOPINGCHILD.HARVARD.EDU


http://www.cdc.gov/injury/wisqars/index.html
http://www-nrd.nhtsa.dot.gov/pubs/tsf2006fe.pdf
http://www.developingchild.net
http://www.epa.gov/opeedweb/children/publications/ace_2003.pdf
http://www.epa.gov/opeedweb/children/publications/ace_2003.pdf
http://www.epa.gov/opeedweb/children/publications/ace_2003.pdf
http://www.jhsph.edu/wchpc/publications/Environ_Tox_MCH.pdf
http://www.jhsph.edu/wchpc/publications/Environ_Tox_MCH.pdf

169. Middlebrooks, J. S., & Audage, N. C. (2008). The effects
of childhood stress on health across the lifespan. Atlanta,
GA: Centers for Disease Control and Prevention,
National Center for Injury Prevention
and Control.

170. Mercy, J. A., & Saul, J. (2009). Creating a healthier fu-
ture through early interventions for children. JAMA,
301(21), 2262-2264.

171. Gilliam, W.S. (2005). Prekindergartners left behind:
Explusion rates in state prekindergarten programs. FCD
Policy Brief Series, no. 3. New York: Foundation for
Child Development.

172. Gilliam, W.S., & Shahar, G. (2006). Preschool and
child care expulsion and suspension. Infants ¢ Young
Children, 19(3), 228-245.

173. Olfson, M., Crystal, S., Huang, C., & Gerhard, T. (2010).
Trends in antipsychotic drug use by very young,
privately insured children. Journal of the American
Academy of Child and Adolescent Psychiatry, 49(1),
13-23.

174. Halfon, N., DuPlessis, H., & Inkelas, M. (2007).
Transforming the U.S. child health system. Health
Affairs, 26, 315-330.

175. Schor, E. (2007). The future pediatrician: Promoting
children’s health and development. Journal of
Pediatrics, 113(6), 1802-1809.

176. Palfrey, J., Tonniges, T., Green, M., & Richmond, J.
(2005). Addressing the millennial morbidity: The
context of community pediatrics. Pediatrics, 115,
1121-1123.

177. Tanner, L., Stein, M., Olson, L., Frinter, M., & Radecki,
L. (2009). Reflections on well-child care practice: A
national study of pediatric clinicians. Pediatrics, 124,
849-857.

178. Radecki, L., Olson, L., Frinter, M., Tanner, L., & Stein,
M. (2009). What do families want from well-child
care? Including parents in the rethinking discussion.
Pediatrics, 124, 858-865.

179. Sia, C., Tonniges, T., Osterhus, E., & Taba S. (2004).
History of the medical home concept. Pediatrics, 113(5
suppl.), 1473-1478.

180. Homer, C., & Baron, R. (2010). How to scale up
primary care transformation: What we know and what
we need to know? | Gen Intern Med, 25(6), 625-629.

181. Davis, K., Schoen, C., & Stremikis, K. (2010). Mirror,
mirror on the wall: How the performance of the U.S.
health care system compares internationally: 2010
update. The Commonwealth Fund.

182. Anderson, G. E, Frogner, B. K., & Reinhardt, U. E.
(2007). Health spending in OECD countries in 2004:
An update. Health Affairs, 46(5), 1481-1489.

183. Shonkoff, J. P. (2010). Building a new biodevelopmen-
tal framework to guide the future of early childhood
policy. Child Development, 81(1), 357-367.

WWW.DEVELOPINGCHILD.HARVARD.EDU

REFERENCES

Center on the Developing Child at Harvard University 27



THE FOUNDATIONS OF LIFELONG HEALTH ARE BUILT IN EARLY CHILDHOOD

Notes

28 Center on the Developing Child at Harvard University WWW.DEVELOPINGCHILD.HARVARD.EDU



NOTES

WWW.DEVELOPINGCHILD.HARVARD.EDU Center on the Developing Child at Harvard University 29



ALSO FROM THE CENTER ON THE DEVELOPING CHILD

A Science-Based Framework for Early Childhood Policy: Using Evidence to Improve Outcomes in Learning, Behavior,
and Health for Vulnerable Children (2007)

The Science of Early Childhood Development: Closing the Gap Between What We Know and What We Do (2007)

Early Childhood Program Evaluations: A Decision-Maker’s Guide (2007)

WORKING PAPER SERIES

Working Paper #1
Young Children Develop in an Environment of Relationships (2004)

Working Paper #2
Children’s Emotional Development is Built into the Architecture of their Brains (2004)

Working Paper #3
Excessive Stress Disrupts the Architecture of the Developing Brain (2005)

Working Paper #4
Early Exposure to Toxic Substances Damages Brain Architecture (2006)

Working Paper #5
The Timing and Quality of Early Experiences Combine to Shape Brain Architecture (2007)

Working Paper #6
Mental Health Problems in Early Childhood Can Impair Learning and Behavior for Life (2008)

Working Paper #7
Workforce Development, Welfare Reform, and Child Well-Being (2008)

Working Paper #8
Maternal Depression Can Undermine the Development of Young Children (2009)

Working Paper #9
Persistent Fear and Anxiety Can Affect Young Children’s Learning and Development (2010)

Working Paper #10
Early Experiences Can Alter Gene Expression and Affect Long-Term Development (2010)

http://developingchild.harvard.edu/library/reports_and_working_papers/

Center on the Developing Child & HARVARD UNIVERSITY

NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD
NATIONAL FORUM ON EARLY CHILDHOOD POLICY AND PROGRAMS

50 Church Street, 4th Floor, Cambridge, MA 02138
617.496.0578
www.developingchild.harvard.edu

www.developingchild.net



http://www.developingchild.harvard.edu
http://www.developingchild.net



