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Extensive evidence that personal experiences and environmental
exposures are embedded biologically (for better or for worse) and
the cumulative knowledge of more than four decades of in-
tervention research provide a promising opportunity to mobilize
evolving scientific insights to catalyze a new era of more
effective early childhood policy and practice. Drawing on emerg-
ing hypotheses about causal mechanisms that link early adversity
with lifelong impairments in learning, behavior, and health, this
paper proposes an enhanced theory of change to promote better
outcomes for vulnerable, young children by strengthening care-
giver and community capacities to reduce or mitigate the impacts
of toxic stress, rather than simply providing developmental enrich-
ment for the children and parenting education for their mothers.

Decades of scientific advances and practical experience tell us
that early childhood is a time of both great promise and

considerable risk. Converging evidence from neuroscience, mo-
lecular biology, genomics, and epigenetics further indicates that
the influence of the early years can extend over a lifetime, as it
affects the foundations of learning, behavior, and both physical
and mental health (1–3). Almost half a century of program
evaluation data add extensive evidence to support the additional
conclusion that a variety of intervention strategies can improve
the life prospects of children who face the burdens of low family
income, limited parent education, and social disadvantage—but
the magnitude of their measured effects has been variable and
the quality of program implementation has been uneven (4–7).
Science tells us that early experiences are embedded bi-

ologically (i.e., “built into our bodies”) for better or for worse—
and ongoing advances in the biology of adversity, the science of
learning, and the disciplines of intervention research invite us to
rethink the traditional modes of interaction among research,
policy, and practice in the early childhood arena. To that end,
the rapidly moving frontiers of the developmental sciences offer
an unprecedented opportunity to leverage knowledge in the
service of launching a new era in early childhood policy and
practice that is committed to achieve substantially greater
impacts than current efforts.
The convergence of increasing knowledge about child de-

velopment and effective interventions provides multiple targets
for fresh thinking, hypothesis-driven experimentation, and rig-
orous evaluation. These opportunities can be found across
a complex landscape of early childhood policies and programs in
education, health, and human services, ranging from approaches
focused primarily on children and their parents to larger-scale
initiatives that address more distal influences, such as community
characteristics or broader social and economic forces. In wealthy
nations, policymakers focus largely on preparing young children
for success in school as an investment in the development of
human capital to compete more effectively in a global economy
(8). Although discussions in the poorest countries typically focus
primarily on reducing preventable deaths and treating infectious
disease, when funds earmarked for child survival compete with
potential investments in early childhood development, science
suggests that the reduction of significant adversity could advance
progress toward both objectives (9–11).

Drawing on Advances in Science to Stimulate Fresh Thinking
About Promoting Learning
Extensive research has identified multiple developmental impedi-
ments that limit the ability of children with normal cognitive
potential to benefit from available learning opportunities. These
include emotional problems associated with fear and anxiety,
maladaptive social adjustment, disruptive behaviors, impair-
ments in executive functioning, and a range of other difficulties
that are often categorized rather loosely as socio-emotional
problems or mental health disorders. Viewed separately, each of
these impairments can play an important role in undermining
a young child’s ability to learn. Together, any combination of
difficulties is likely to seriously disrupt the capacity to engage in
productive, goal-directed activity. A common underlying prob-
lem that links all of these domains—diminished capacity for self-
regulation in the areas of attention, emotion, and behavior—
offers an example of one promising framework (among others)
for the design and implementation of new strategies to reduce
barriers to early learning (7).
At the time of school entry, children differ in how well they are

able to focus and shift their attention, manage their feelings,
control their impulses, follow rules and directions, and adapt to
a variety of other demands. Many teachers contend that begin-
ning school with a solid base of these foundational skills in ex-
ecutive function and self-regulation is more important than
whether children know letters and numbers (12, 13). Un-
derstanding these individual differences is essential to determine
the nature and intensity of assistance that all youngsters need to
learn effectively.
The acquisition of executive function and self-regulatory skills

corresponds closely to the extended development of the pre-
frontal cortex, which begins in early infancy and continues into
the early adult years (14–16). Because these neural circuits have
extensive interconnections with deeper brain structures that
control responses to threat and stress (17–19), maturing execu-
tive functioning both influences, and is affected by, a young
child’s management of strong emotions (20, 21). Thus, repeated
exposure to threatening situations can disrupt the development
of the prefrontal cortex and lead to emotional problems as well
as compromised working memory, attention, and inhibitory
control (22–24). In contrast, well-developed capabilities in these
important aspects of self-organization can help children (and
adults) manage adversity more effectively (25).
As research on the development and underlying neurobiology

of executive function and self-regulation skills continues to
advance, its relatively untapped potential for informing early
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childhood education policy and practice is becoming increasingly
compelling. To this end, there is an expanding evidence base on
effective interventions in each of these domains, and recent data
have linked self-regulation to the development of literacy and
numeracy skills (26). The need for greater attention to this area,
above and beyond the current focus on early language stimula-
tion, is underscored by growing evidence of the exacerbation
of early social class differences in development by emerging
disparities in executive function skills and in the developing
circuitry of the prefrontal cortex as early as the infant–toddler
period (27–32).

Drawing on Advances in Science to Stimulate Fresh Thinking
About Preventing Disease
The potential consequences of significant adversity and chronic
stress in early childhood extend beyond the domains of socio-
emotional and cognitive development. They also have significant
implications for the pathogenesis of adult disease. In this con-
text, it is important to underscore the distinctions among nor-
mative stress that is an essential part of healthy development,
tolerable stress (i.e., significant adversity that is managed
through effective coping skills that are facilitated by supportive
adults), and toxic stress (i.e., excessive and/or prolonged activa-
tion of stress response systems in the absence of the buffering
protection of supportive and responsive adult caregiving) (3).
At the behavioral level, there is extensive evidence of a strong

link between early adversity and a variety of health-threatening
lifestyles in the adolescent and adult years (33–35). At the bi-
ological level, there is growing documentation of the extent to
which the cumulative burden of excessive stress activation over
time (which can result from chronic neglect as much as from
overt abuse), as well as the timing of specific environmental
insults during sensitive developmental periods (e.g., from pre-
natal alcohol exposure or significant thyroid hormone deficiency
in infancy), can produce structural and/or functional disruptions
that lead to a wide range of physical and mental impairments
later in life (36–40).
The association between adverse childhood experiences and

unhealthy adult behaviors (e.g., tobacco use, alcohol and illicit
drug abuse, and unprotected sexual activity), compounded by the
ongoing burdens of socioeconomic disadvantage, are potent risk
factors for poor health. Beyond the consequences of these
pathogenic behaviors, however, it is critically important to un-
derscore the extent to which prolonged or excessive stress in
early childhood has also been shown to cause physiological dis-
ruptions that persist into adulthood and lead to disease, even in
the absence of later health-threatening lifestyles. These lasting
biological manifestations of early adversity include alterations in
immune function (41) and measurable increases in inflammatory
markers (42, 43) that are known to be associated with poor
health outcomes as diverse as cardiovascular disease (44–46),
viral hepatitis (47), liver cancer (48), asthma (49), chronic ob-
structive pulmonary disease (50), autoimmune diseases (51),
poor dental health (52), and depression (53–55), as well as in-
creasing evidence of comorbidities related to overlapping path-
ophysiological mechanisms. Thus, significant adversity in early
childhood can be a direct source of biological injury or disruption
that may have lifelong consequences independent of whatever
circumstances might follow later in life. In such cases, toxic stress
can be viewed as the precipitant of a physiological memory that
confers lifelong risk well beyond its time of origin.
The approach to childhood adversity discussed in this paper

has two compelling implications for a full, lifespan perspective
on health promotion and disease prevention. First, it postulates
that excessive activation of stress response systems in early child-
hood can play an important causal role in the intergenerational
transmission of poor health. Second, it underscores the need for
the entire medical community to focus more attention on the

roots of adult diseases that originate during the prenatal and
early childhood periods and to rethink the concept of preventive
health care within a system that currently perpetuates a scientif-
ically untenable wall between pediatrics and internal medicine
(40, 56). Both implications underscore the need for a trans-
formative approach to the organization and financing of the
current health-care system to promote greater horizontal (i.e.,
across medical, educational, and social services) and longitudinal
(i.e., lifelong) integration (57). Beyond the need for enhanced
coordination of services, however, breakthrough outcomes in
reducing health disparities will require a new generation of in-
tervention strategies whose individual impacts exceed those of
existing efforts.

Creating a New Paradigm for Early Childhood Policy and
Practice
Most current policies and services for young children living in
disadvantaged circumstances are viewed by policymakers and
the general public as investments in “school readiness” (as
a short-term objective) in the service of promoting later aca-
demic achievement and future economic productivity (as a long-
term goal). To this end, state-of-the-art early care and education
programs provide enriched learning opportunities and sound
nutrition for children and a combination of parenting education
and social support for their families (usually focused exclusively
on mothers), both in community-based centers and in the home
(6). This approach is embedded in a policy environment that
typically favors cognitive stimulation over the promotion of
social and emotional well-being and an educational landscape
that understands the foundational role of early language de-
velopment for later literacy (58).
When children grow up in adverse circumstances associated

with any combination of the three most frequently documented
risk factors associated with poor education outcomes—signifi-
cant economic hardship, limited parent education, and minority
group status based on race or ethnicity—the burdens that are
imposed on the caregiving environment can be substantial. When
these threats to healthy development are magnified by chronic
neglect or recurrent abuse, developing brain circuits may be
disrupted; other maturing organs can also be affected adversely;
metabolic regulatory systems may be impaired; and a foundation
is laid for lifelong problems in learning, behavior, and both
physical and mental health. Under such circumstances, signifi-
cant adversity can overwhelm the capacity of most providers of
early care and education, and the impacts of the programs are
often limited.
Building on the demonstrated benefits of current interventions

for many young children, the biology of adversity suggests that
the magnitude and sustainability of program impacts on those
who are the most vulnerable could be increased by greater in-
vestment in protection from the biological consequences of toxic
stress. The challenge facing policymakers and practitioners is not
the elimination of all stress, as low levels of manageable adversity
have been shown to serve as a form of “stress inoculation” that
can enhance later resilience (59). Rather, there is a clear need
for enhanced interventions that strengthen the capacity of
parents and other adult caregivers to help build the adaptive
capacities and coping skills of children whose life circumstances
impose extensive threats to their well-being. This need for pro-
tection is particularly critical for children who exhibit increased
biological sensitivity to context—making them both most vul-
nerable in the face of adversity and most able to benefit from
positive experiences (60, 61). Although many questions about
precise causal mechanisms remain to be answered, advances in
the biological sciences support the following two fundamental
shifts in the dominant paradigm that drives current early child-
hood policy and practice.
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Early Experiences and Environmental Influences Affect Lifelong
Health, Not Just Educational Achievement. The extent to which
early childhood policy is viewed primarily as falling within the
jurisdiction of departments or ministries of education reflects
a highly myopic view of its investment potential. Indeed,
growing evidence of the early life origins of adult illness sug-
gests that a promising strategy for reducing the prevalence of
many of the most common (and costly) chronic diseases is to
develop early, science-based interventions that reduce or miti-
gate the biological disruptions associated with toxic stress. By
preventing the emergence of maladaptive physiological and
behavioral responses to adversity, such interventions may prove
to be effective in reducing rates of hypertension, cardiovascular
disease, diabetes, and depression, among many other chronic
conditions that are disproportionately associated with socio-
economic disadvantage. Thus, the current revolution in biology
offers compelling investment opportunities in the prenatal and
early childhood period for policymakers whose responsibilities
lie in the realms of population health, not just for those whose
accomplishments are measured exclusively in education out-
comes (9, 40).

There Is a Clear Need for More Effective Strategies to Protect
Children from the Biological Consequences of Significant Adversity,
Not Just to Provide Enriched Learning Opportunities. Although
curricular enhancements are certainly worthy of continuing at-
tention, the biology of adversity suggests that children who ex-
perience toxic stress may be less able to benefit from good-
quality early childhood programs because of impairments in their
developing brain circuitry. This proposition is supported by ex-
tensive evidence (from both animal and human studies) of the
vulnerability of the amygdala, hippocampus, and prefrontal
cortex (PFC) to the disruptive effects of excessively activated
stress response systems, beginning in the prenatal period and
early infancy and, in the case of the PFC, extending well into the
adult years (62, 63). As this knowledge base grows, it will be
increasingly difficult to defend the absence of an explicit “brain
protection” strategy that focuses on both primary prevention and
“physiological healing” for young children whose life circum-
stances increase the risk of debilitating sequelae from toxic
stress (6, 40). Moreover, although evidence of adult plasticity

(particularly for PFC-mediated skills) provides reassurance that
later remediation can produce positive benefits, the foundational
importance of early sensitive periods suggests that better out-
comes are likely to result when neural circuitry is “wired prop-
erly” from the beginning (1, 2).

Generating Hypotheses to Guide New Intervention
Strategies
Healthy organizations (whether they are service programs,
private businesses, or government agencies) recognize that
continuing success depends on both high-quality performance
in the present and proactive thinking about the future. In that
spirit, multiple opportunities for innovation exist across a broad
spectrum of early childhood policies and programs, ranging
from capacity-building services focused on children and their
caregivers to place-based initiatives designed to support fami-
lies and reduce neighborhood sources of toxic stress. The logic
model depicted in Fig. 1 offers a framework for augmenting
the impacts of existing efforts through innovative intervention
strategies informed by insights from the biological and behav-
ioral sciences.
Human health and development are the product of a complex

mixture of biological adaptations and disruptions that result
from the dynamic interaction of genetic predispositions and
environmental influences. These mediators are shaped by three
foundations of healthy development—child–adult relationships,
aspects of the physical environment, and nutrition—that provide
important targets of intervention to improve life outcomes.
Caregiver and community capacities have a major influence on
the evolving quality of these foundations, and the extent to which
policies and programs generate high returns on investment is tied
to their effectiveness in strengthening those capacities. Guided
by this logic model, there is an urgent need for creative, new
strategies about how to produce substantially greater impacts on
the skills of adult caregivers and the health-promoting charac-
teristics of the communities in which vulnerable children are
living. The following three hypotheses are presented as examples
of innovative approaches to enhanced capacity building that are
worthy of systematic testing and evaluation.

Fig. 1. A science-based logic model could inform more effective early childhood policies and programs (adapted from ref. 79).
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Hypothesis A: Protecting Children from the Impacts of Toxic Stress
Requires Selective Skill Building—Not Simply the Provision of Infor-
mation and Support—for the Adults Who Care for Them. The time
has come to address both the benefits and the limitations of
parenting education and social support as cornerstones of early
childhood policy and practice. On the positive side, the value of
providing practical information and concrete assistance has tre-
mendous intuitive appeal and a research base to support its
positive effects, particularly for mothers with limited education.
There is also reason for concern, however, that the magnitude of
impact achieved by such interventions is typically modest (4, 5)
and the absence of significant effects on parents and children
who are facing substantial disadvantage is a reality that must be
confronted. With this challenge in mind, the biology of adversity
suggests that the promotion of resilience in the face of excessive
stress early in life depends upon the availability of adults who can
help young children develop effective coping skills that restore
physiological homeostasis by bringing their stress response sys-
tems back to baseline. Central to this hypothesis is the required
capacity of adult caregivers to provide that buffering protection
through their own well-developed skills in problem solving,
planning, monitoring, and self-regulation. That said, these criti-
cal skill areas are typically underdeveloped in both parents and
early childhood service providers who have limited education,
low socioeconomic status, and poor prior exposure to models of
effective parenting. The likelihood is, therefore, relatively low
that these skills will be sufficiently strengthened by the simple
provision of information about child development. In contrast,
training or coaching strategies focused explicitly on adult ca-
pacity building in these domains offer a promising new direction
that is worthy of investigation, especially for parents and early
childhood program staff whose needs are not sufficiently
addressed by existing supports (64, 65).

Hypothesis B: Interventions That Improve the Caregiving Environment
by Strengthening the Executive Function and Self-Regulation Skills of
Vulnerable Parents Will Also Enhance Their Employability, Thereby
Providing an Opportunity to Augment Child Outcomes by Strength-
ening the Economic and Social Stability of the Family. The long-
standing disconnection between programs focused on remedial
education, workforce preparation, and asset building for adults
living in poverty vs. services focused on the developmental needs
of poor children has been noted critically for decades. Much of
that criticism has centered on problems related to fragmentation
of effort and inefficient resource utilization. Science now offers
a new argument for a conceptually unified, two-generation
framework for reducing the cycle of poverty by focusing on
a core set of adult capacities that are essential prerequisites for
success in both the home and the workplace. The extended
plasticity of the prefrontal cortex into the early adult years
provides a strong rationale for such efforts (62). Young children
learn these skills through creative, structured play with their
peers and from the scaffolding provided by adults who have well-
developed planning, monitoring, and self-regulating capacities of
their own. Capitalizing on their extended window of plasticity,
these skills can be enhanced through training and practice during
any stage of development, from infancy through the young adult
years (64, 66–70).

Hypothesis C: Community-Based Initiatives and Broad-Based, Systems
Approaches Are Likely to be More Effective in Promoting Healthy
Development and Reducing Intergenerational Disparities If They
Focus Explicitly on Strengthening Neighborhood-Level Resources
That Buffer Young Children from the Adverse Impacts of Toxic
Stress. Motivated by extensive evidence that poverty and racial
or ethnic minority status are risk factors for poor life outcomes,
decades of place-based initiatives have been fueled by broad con-
cepts such as collective efficacy, social empowerment, elimination

of structural inequities, combating institutionalized discrimina-
tion, building social capital, and advancing social justice (71–74).
Concurrently, the emergence of ecological models that empha-
size the impact of socioeconomic and cultural influences on
human development has added substantial scientific justification
for policies and programs that focus on the broader context in
which families raise children (75, 76). That said, the persistence
of significant, socioeconomic disparities in health and devel-
opment underscores the need for more effective intervention
strategies at all levels, including place-based interventions. To
that end, advances in the science of early childhood development
and its underlying biology offer the opportunity to launch a new
era in community-based action that is driven by theories of
change that target causal mechanisms linking specific neighbor-
hood-level interventions to explicit child outcomes (77). The
biology of adversity provides one of many potential starting
points by providing a compelling rationale for developing more
effective approaches to reduce community-level precipitants of
toxic stress in young children, such as endemic neighborhood
violence and the absence of safe places for parents to
congregate.

Confronting the Complexity of Measurement
Among the many challenges that confound early childhood pol-
icy and practice, the assessment of developmental skills and the
measurement of change over time are among the most complex.
In 2006, the US Congress commissioned the National Re-

search Council (NRC) to review the status of early childhood
assessment and recommend appropriate measures to evaluate
the impacts of public investments in young children. The final
committee report underscored the complexity of the assessment
challenge and provided an extensive overview of the benefits and
limitations of existing measures but avoided endorsement of
a preferred battery of instruments (78).
In view of the limited inclusion of health outcomes in most

long-term follow-up studies, the full economic returns on
investments that reduce toxic stress in early childhood are likely
to be even higher when medical costs are included in the anal-
yses. Health care expenditures that are paying for the con-
sequences of unhealthy lifestyles (e.g., obesity and tobacco,
alcohol, and substance abuse) are enormous, and the costs of
chronic diseases whose roots germinate early in life include many
conditions that consume a substantial percentage of current state
and federal budgets (79, 80). Measurements of incremental
improvements in health outcomes—including the development
of intermediate biomarkers of relative risk for later disease—
should therefore be incorporated into all longitudinal evaluations
to calculate the full return on investments in young children.
Without minimizing the NRC’s call for caution in the evalu-

ation of developing skills in young children, the emerging ca-
pacity to measure biomarkers of adversity that may indicate
increased risk for later disease presents a far more complicated
challenge. Although an extensive discussion of the range of bi-
ological assays that have been associated with adverse experi-
ences is beyond the scope of this paper, there is a clear need to
operationalize the concept of toxic stress and to identify valid
and reliable measures of its parameters. Candidates that appear
to be worthy of study include measures of inflammation, stress
hormone levels, cardiovascular reactivity, telomere length, oxi-
dative stress, neuroimaging techniques, and epigenetic mod-
ifications that reflect early prenatal or postnatal experiences and
environmental exposures.
Recognizing the critical importance of informed consent,

confidentiality, and protection from inappropriate labeling of
young children, the incorporation of biological measurement
into early childhood policy and practice must be approached
with considerable caution and sensitivity. The need for shared de-
cision making and joint ownership among scientists, practitioners,
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local communities, and parents is essential. This is particularly
important for research conducted in communities of color,
where the history of efforts to incorporate biology into public
policy is stained with multiple examples of stigmatization, ex-
ploitation, and worse (81–83). If pursued in a thoughtful and
responsible manner, however, the judicious use of biomarkers
offers the potential for enhanced capacity to document physio-
logical “healing” in highly vulnerable children following the de-
livery of effective services, thereby providing near-term evidence
of effective reductions in the risk for diseases that may not
emerge until several decades later.

Moving Forward
The ability to catalyze the design, implementation, and scaling of
significantly more effective intervention strategies for vulnerable,
young children will require a fundamental cultural shift in the
relations among science, policy, and practice. Two recent docu-
ments from the American Academy of Pediatrics (AAP) provide
a striking example of how this shift might evolve. After reviewing
extensive evidence of the link between early adversity and life-
long health impairments, a technical report concluded that many
adult diseases should be viewed as developmental disorders and
that the focus and boundaries of pediatric practice deserve new
thinking (40). In an official policy statement, the AAP endorsed
a developing leadership role for the entire pediatric community
to “catalyze fundamental change” in early childhood policy and
services focused on the need for creative new strategies to reduce
the precipitants of toxic stress and to mitigate their negative
effects on health and development (56).
Notwithstanding both the spirit and the substance of this bold

message, the task of translating science and commitment into
breakthrough impacts in health promotion, disease prevention,
and early childhood development is a formidable one. To that
end, the availability of a single, integrated knowledge base and
shared theories of change that can be applied across multiple

policy and service sectors offers greater promise for productive
collaboration than the simple call to improve communication
among agencies that are guided by diverse practices and dis-
connected historical precedents. Forward movement along this
pathway will require an innovation-friendly environment that
welcomes new ideas, a strong belief in the value of learning from
failure, and a broad definition of evidence that includes well-
established, scientific concepts and rigorously analyzed evalua-
tion findings (both qualitative and quantitative), as well as ben-
efit–cost data and the results of properly conducted, randomized
controlled studies.
Finally, without understating the potential lifelong influences

of early experience, it is essential that policymakers understand
the concept of adult neuroplasticity. This is especially true for
brain circuits that are specialized for selected aspects of learning,
which can continue to make adaptations in response to new
experiences after their sensitive developmental periods have
passed (84–86). It is also important to note that changes in
mature brain circuits require highly tailored inputs and focused
efforts to secure maximal attention. Stated simply, building brain
circuitry correctly from the beginning is easier and generally
leads to better outcomes, but it is never too late to invest in
remediation. The proposed emphasis on explicit capacity build-
ing in parents with limited education, described earlier in this
paper, draws on these concepts, particularly as they apply to
skills that are mediated by the prefrontal cortex.
The biology of human development is a rapidly moving sci-

entific frontier, the medical case for preventive intervention to
combat toxic stress is increasingly persuasive, and the moral
imperative for action on behalf of children experiencing signifi-
cant adversity is compelling. The time has come to build on the
best of what current efforts are achieving and to incorporate the
biological sciences into a new era of increasingly effective early
childhood policy and practice.

1. Fox SE, Levitt P, Nelson CA, 3rd (2010) How the timing and quality of early experiences
influence the development of brain architecture. Child Dev 81:28–40.

2. Meaney MJ (2010) Epigenetics and the biological definition of gene x environment
interactions. Child Dev 81:41–79.

3. Shonkoff JP, Boyce WT, McEwen BS (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. Astuto J, Allen L (2009) Home visitation and young children: An approach worth in-
vesting in? Soc Policy Rep 23:3–21.

5. Karoly L, Kilburn M, Cannon J (2005) Early Childhood Interventions: Proven Results,
Future Promise (RAND, Santa Monica, CA).

6. Shonkoff JP (2010) Building a new biodevelopmental framework to guide the future
of early childhood policy. Child Dev 81:357–367.

7. Shonkoff JP, Phillips D, eds (2000) From Neurons to Neighborhoods: The Science of
Early Childhood Development, Committee on Integrating the Science of Early Child-
hood Development, Board on Children, Youth, and Families, Institute of Medicine
and National Research Council (National Academies Press, Washington, DC).

8. Knudsen EI, Heckman JJ, Cameron JL, Shonkoff JP (2006) Economic, neurobiological,
and behavioral perspectives on building America’s future workforce. Proc Natl Acad
Sci USA 103:10155–10162.

9. Shonkoff JP, Richter L, van der Gaag J, Bhutta ZA (2012) An integrated scientific
framework for child survival and early childhood development. Pediatrics 129:
e460–e472.

10. Walker SP, et al. (2011) Inequality in early childhood: Risk and protective factors for
early child development. Lancet 378:1325–1338.

11. Engle PL, et al.; Global Child Development Steering Group (2011) Strategies for re-
ducing inequalities and improving developmental outcomes for young children in
low-income and middle-income countries. Lancet 378:1339–1353.

12. Lewit EM, Baker LS (1995) School readiness. Future Child 5:128–139.
13. Rimm-Kaufman SE, Pianta RC, Cox MJ (2000) Teachers’ judgments of problems in the

transition to kindergarten. Early Child Res Q 15:147–166.
14. Diamond A (2002) Normal development of prefrontal cortex from birth to young

adulthood: Cognitive functions, anatomy, and biochemistry. Principles of Frontal
Lobe Function, eds Stuss DT, Knight RT (Oxford Univ Press, New York), pp 466–503.

15. Goldman-Rakic PS (1987) Circuitry of primate prefrontal cortex and regulation of
behavior by representational memory. Handbooks of Physiology: A Spectrum of
Physiological Knowledge and Concepts: Nervous System: Higher Functions of the
Brain, ed Plum F (American Physiological Society, Bethesda), Section 1, Vol V (2 parts),
pp 373–417.

16. Rothbart MK, Posner MI (2005) Genes and experience in the development of execu-
tive attention and effortful control. New Horizons in Developmental Theory and
Research, eds Jensen LA, Larson RW (Jossey-Bass, San Francisco), pp 101–108.

17. Bush G, Luu P, Posner MI (2000) Cognitive and emotional influences in anterior cin-
gulate cortex. Trends Cogn Sci 4:215–222.

18. Drevets WC, Raichle ME (1998) Reciprocal suppression of regional cerebral blood flow
during emotional versus higher cognitive processes: Implications for interactions
between emotion and cognition. Cogn Emotion 12:353–385.

19. Kuhl J, Kazen M (1999) Volitional facilitation of difficult intentions: Joint activation of
intention memory and positive affect removes Stroop interference. J Exp Psychol Gen
128:382–399.

20. Rueda MR, Posner MI, Rothbart MK (2005) The development of executive attention:
Contributions to the emergence of self-regulation. Dev Neuropsychol 28:573–594.

21. Blair C, Zelazo PD, Greenberg MT (2005) The measurement of executive function in
early childhood. Dev Neuropsychol 28:561–571.

22. Lengua LJ, Honorado E, Bush NR (2007) Contextual risk and parenting as predictors of
effortful control and social competence in preschool children. J Appl Dev Psychol 28:
40–55.

23. Maughan A, Cicchetti D (2002) Impact of child maltreatment and interadult violence
on children’s emotion regulation abilities and socioemotional adjustment. Child Dev
73:1525–1542.

24. O’Connor TG, Rutter M, Beckett C, Keaveney L, Kreppner JM English and Romanian
Adoptees Study Team (2000) The effects of global severe privation on cognitive
competence: Extension and longitudinal follow-up. Child Dev 71:376–390.

25. Center on the Developing Child at Harvard University (2011) Building the Brain’s “Air
Traffic Control” System: How Early Experiences Shape the Development of Executive
Function, Working Paper No. 11 (Cambridge, MA). Available at http://developingchild.
harvard.edu.

26. Raver CC, et al. (2011) CSRP’s impact on low-income preschoolers’ preacademic skills:
Self-regulation as a mediating mechanism. Child Dev 82:362–378.

27. Best JR, Miller PH (2010) A developmental perspective on executive function. Child
Dev 81:1641–1660.

28. Kishiyama MM, Boyce WT, Jimenez AM, Perry LM, Knight RT (2009) Socioeconomic
disparities affect prefrontal function in children. J Cogn Neurosci 21:1106–1115.

29. Li-Grining CP (2007) Effortful control among low-income preschoolers in three cities:
Stability, change, and individual differences. Dev Psychol 43:208–221.

30. Noble KG, McCandliss BD, Farah MJ (2007) Socioeconomic gradients predict individual
differences in neurocognitive abilities. Dev Sci 10:464–480.

17306 | www.pnas.org/cgi/doi/10.1073/pnas.1121259109 Shonkoff

D
ow

nl
oa

de
d 

at
 P

al
es

tin
ia

n 
T

er
rit

or
y,

 o
cc

up
ie

d 
on

 D
ec

em
be

r 
31

, 2
02

1 

http://developingchild.harvard.edu
http://developingchild.harvard.edu
www.pnas.org/cgi/doi/10.1073/pnas.1121259109


www.manaraa.com

31. Noble KG, Norman MF, Farah MJ (2005) Neurocognitive correlates of socioeconomic
status in kindergarten children. Dev Sci 8:74–87.

32. Mezzacappa E (2004) Alerting, orienting, and executive attention: Developmental
properties and sociodemographic correlates in an epidemiological sample of young,
urban children. Child Dev 75:1373–1386.

33. Rothman EF, Edwards EM, Heeren T, Hingson RW (2008) Adverse childhood experi-
ences predict earlier age of drinking onset: Results from a representative US sample
of current or former drinkers. Pediatrics 122:e298–e304.

34. Anda RF, et al. (1999) Adverse childhood experiences and smoking during adoles-
cence and adulthood. JAMA 282:1652–1658.

35. Scherrer JF, et al. (2007) Association between exposure to childhood and lifetime
traumatic events and lifetime pathological gambling in a twin cohort. J Nerv Ment Dis
195:72–78.

36. Hertzman C (1999) The biological embedding of early experience and its effects on
health in adulthood. Ann N Y Acad Sci 896:85–95.

37. Kuh D, Ben-Shlomo Y (2004) A Life Course Approach to Chronic Disease Epidemiology
(Oxford Univ Press, Oxford).

38. McEwen BS (1998) Stress, adaptation, and disease. Allostasis and allostatic load. Ann
N Y Acad Sci 840:33–44.

39. Frodl T, Reinhold E, Koutsouleris N, Reiser M, Meisenzahl EM (2010) Interaction of
childhood stress with hippocampus and prefrontal cortex volume reduction in major
depression. J Psychiatr Res 44:799–807.

40. Shonkoff JP, Garner AS Committee on Psychosocial Aspects of Child and Family
Health; Committee on Early Childhood, Adoption, and Dependent Care; Section on
Developmental and Behavioral Pediatrics (2012) The lifelong effects of early child-
hood adversity and toxic stress. Pediatrics 129:e232–e246.

41. Bierhaus A, et al. (2003) A mechanism converting psychosocial stress into mono-
nuclear cell activation. Proc Natl Acad Sci USA 100:1920–1925.

42. Miller GE, Chen E (2010) Harsh family climate in early life presages the emergence of
a proinflammatory phenotype in adolescence. Psychol Sci 21:848–856.

43. Miller GE, Chen E, Parker KJ (2011) Psychological stress in childhood and susceptibility
to the chronic diseases of aging: Moving toward a model of behavioral and biological
mechanisms. Psychol Bull 137:959–997.

44. Araújo JP, et al. (2009) Prognostic value of high-sensitivity C-reactive protein in heart
failure: A systematic review. J Card Fail 15:256–266.

45. Galkina E, Ley K (2009) Immune and inflammatory mechanisms of atherosclerosis (*).
Annu Rev Immunol 27:165–197.

46. Ward JR, Wilson HL, Francis SE, Crossman DC, Sabroe I (2009) Translational mini-
review series on immunology of vascular disease: Inflammation, infections and Toll-
like receptors in cardiovascular disease. Clin Exp Immunol 156:386–394.

47. Heydtmann M, Adams DH (2009) Chemokines in the immunopathogenesis of hepa-
titis C infection. Hepatology 49:676–688.

48. Berasain C, et al. (2009) Inflammation and liver cancer: New molecular links. Ann N Y
Acad Sci 1155:206–221.

49. Chen E, Miller GE (2007) Stress and inflammation in exacerbations of asthma. Brain
Behav Immun 21:993–999.

50. Yao H, Rahman I (2009) Current concepts on the role of inflammation in COPD and
lung cancer. Curr Opin Pharmacol 9:375–383.

51. Li M, Zhou Y, Feng G, Su SB (2009) The critical role of Toll-like receptor signaling
pathways in the induction and progression of autoimmune diseases. Curr Mol Med 9:
365–374.

52. Poulton R, et al. (2002) Association between children’s experience of socioeconomic
disadvantage and adult health: A life-course study. Lancet 360:1640–1645.

53. Danese A, et al. (2008) Elevated inflammation levels in depressed adults with a history
of childhood maltreatment. Arch Gen Psychiatry 65:409–415.

54. Danese A, Pariante CM, Caspi A, Taylor A, Poulton R (2007) Childhood maltreatment
predicts adult inflammation in a life-course study. Proc Natl Acad Sci USA 104:
1319–1324.

55. Howren MB, Lamkin DM, Suls J (2009) Associations of depression with C-reactive
protein, IL-1, and IL-6: A meta-analysis. Psychosom Med 71:171–186.

56. Garner AS, Shonkoff JP Committee on Psychosocial Aspects of Child and Family
Health; Committee on Early Childhood, Adoption, and Dependent Care; Section on
Developmental and Behavioral Pediatrics (2012) Early childhood adversity, toxic
stress, and the role of the pediatrician: Translating developmental science into life-
long health. Pediatrics 129:e224–e231.

57. Halfon N, DuPlessis H, Inkelas M (2007) Transforming the U.S. child health system.
Health Aff (Millwood) 26:315–330.

58. Snow C, Burns MS, Griffin P, eds (1998) Preventing Reading Difficulties in Young
Children, Committee on the Prevention of Reading Difficulties in Young Children,
National Research Council (National Academies Press, Washington, DC).

59. Lyons DM, Parker KJ (2007) Stress inoculation-induced indications of resilience in
monkeys. J Trauma Stress 20:423–433.

60. Ellis BJ, Boyce WT (2011) Differential susceptibility to the environment: Toward an
understanding of sensitivity to developmental experiences and context. Dev Psy-
chopathol 23:1–5.

61. Obradovi�c J, Bush NR, Stamperdahl J, Adler NE, Boyce WT (2010) Biological sensitivity
to context: The interactive effects of stress reactivity and family adversity on socio-
emotional behavior and school readiness. Child Dev 81:270–289.

62. Lupien SJ, McEwen BS, Gunnar MR, Heim C (2009) Effects of stress throughout the
lifespan on the brain, behavior, and cognition. Nat Rev Neurosci 10:1–12.

63. McEwen BS, Gianaros PJ (2010) Central role of the brain in stress and adaptation:
Links to socioeconomic status, health, and disease. Ann N Y Acad Sci 1186:190–222.

64. Jolles DD, van Buchem MA, Rombouts SA, Crone EA (2012) Practice effects in the
developing brain: A pilot study. Dev Cogn Neurosci 2(Suppl 1):S180–S191.

65. Shonkoff JP (2011) Protecting brains, not simply stimulating minds. Science 333:
982–983.

66. Olesen PJ, Westerberg H, Klingberg T (2004) Increased prefrontal and parietal activity
after training of working memory. Nat Neurosci 7:75–79.

67. Rabiner DL, Murray DW, Skinner AT, Malone PS (2010) A randomized trial of two
promising computer-based interventions for students with attention difficulties. J
Abnorm Child Psychol 38:131–142.

68. Rueda MR, Rothbart MK, McCandliss BD, Saccomanno L, Posner MI (2005) Training,
maturation, and genetic influences on the development of executive attention. Proc
Natl Acad Sci USA 102:14931–14936.

69. Stevens C, Fanning J, Coch D, Sanders L, Neville H (2008) Neural mechanisms of se-
lective auditory attention are enhanced by computerized training: Electrophysio-
logical evidence from language-impaired and typically developing children. Brain Res
1205:55–69.

70. Diamond A, Barnett WS, Thomas J, Munro S (2007) Preschool program improves
cognitive control. Science 318:1387–1388.

71. Brooks-Gunn J, Duncan G, Aber JL, eds (1997) Neighborhood Poverty: Context and
Consequences for Children: Policy Implications in Studying Neighborhoods (Russell
Sage Foundation Press, New York), Vols 1 and 2.

72. Sampson RJ, Raudenbush SW, Earls F (1997) Neighborhoods and violent crime: A
multilevel study of collective efficacy. Science 277:918–924.

73. Wilson WJ (1990) The Truly Disadvantaged: The Inner City, the Underclass, and Public
Policy (Univ of Chicago Press, Chicago).

74. Wilson WJ (1997) When Work Disappears: The World of the New Urban Poor (Vin-
tage, New York).

75. Bronfenbrenner U (1979) The Ecology of Human Development: Experiments by Na-
ture and Design (Harvard Univ Press, Cambridge, MA).

76. Sameroff A (2010) A unified theory of development: A dialectic integration of nature
and nurture. Child Dev 81:6–22.

77. Radner J, Shonkoff J (2012) Mobilizing science to reduce intergenerational poverty.
Investing in What Works for America’s Communities: Essays on People, Place & Pur-
pose, eds Andrews NO, Erickson DJ, Galloway IJ, Seidman ES (Federal Reserve Bank of
San Francisco and the Low Income Investment Fund, San Francisco), pp 338–350.

78. Snow C, Van Hemel S, eds (2008) Early Childhood Assessment: Why, What, and How,
Committee on Developmental Outcomes and Assessments for Young Children, Board
on Children, Youth, and Families, Board on Testing and Assessment, Division of Be-
havioral and Social Sciences and Education, National Research Council (National
Academies Press, Washington, DC).

79. Center on the Developing Child at Harvard University (2010) The Foundations of
Lifelong Health Are Built in Early Childhood (Cambridge, MA). Available at http://
developingchild.harvard.edu.

80. US Department of Health and Human Services, Agency for Healthcare Research and
Quality (2008) Total expenses and percent distribution for selected conditions by type
of service (United States, 2008). Medical Expenditure Panel Survey Household
Component Data. Available at http://meps.ahrq.gov/mepsweb/data_stats/tables_
compendia_hh_interactive.jsp?_SERVICE=MEPSSocket0&_PROGRAM=MEPSPGM.TC.
SAS&File=HCFY2008&Table=HCFY2008_CNDXP_C&_Debug=.

81. Fairchild AL, Bayer R (1999) Uses and abuses of Tuskegee. Science 284:919–921.
82. Gould SJ (1981) The Mismeasure of Man (Norton, New York).
83. Skloot R (2010) The Immortal Life of Henrietta Lacks (Crown Publishing Group, New

York).
84. Keuroghlian AS, Knudsen EI (2007) Adaptive auditory plasticity in developing and

adult animals. Prog Neurobiol 82:109–121.
85. Buonomano DV, Merzenich MM (1998) Cortical plasticity: From synapses to maps.

Annu Rev Neurosci 21:149–186.
86. Karmarkar UR, Dan Y (2006) Experience-dependent plasticity in adult visual cortex.

Neuron 52:577–585.

Shonkoff PNAS | October 16, 2012 | vol. 109 | suppl. 2 | 17307

D
ow

nl
oa

de
d 

at
 P

al
es

tin
ia

n 
T

er
rit

or
y,

 o
cc

up
ie

d 
on

 D
ec

em
be

r 
31

, 2
02

1 

http://developingchild.harvard.edu
http://developingchild.harvard.edu
http://meps.ahrq.gov/mepsweb/data_stats/tables_compendia_hh_interactive.jsp?_SERVICE=MEPSSocket0&tnqh_x0026;_PROGRAM=MEPSPGM.TC.SAS&tnqh_x0026;File=HCFY2008&tnqh_x0026;Table=HCFY2008_CNDXP_C&tnqh_x0026;_Debug=
http://meps.ahrq.gov/mepsweb/data_stats/tables_compendia_hh_interactive.jsp?_SERVICE=MEPSSocket0&tnqh_x0026;_PROGRAM=MEPSPGM.TC.SAS&tnqh_x0026;File=HCFY2008&tnqh_x0026;Table=HCFY2008_CNDXP_C&tnqh_x0026;_Debug=
http://meps.ahrq.gov/mepsweb/data_stats/tables_compendia_hh_interactive.jsp?_SERVICE=MEPSSocket0&tnqh_x0026;_PROGRAM=MEPSPGM.TC.SAS&tnqh_x0026;File=HCFY2008&tnqh_x0026;Table=HCFY2008_CNDXP_C&tnqh_x0026;_Debug=

