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The Issue

HEALTHY DEVELOPMENT DEPENDS ON THE QUALITY AND RELIABILITY OF A YOUNG CHILD’S

relationships with the important people in his or her life, both within and outside the family.

Even the development of a child’s brain architecture depends on the establishment of these rela-

tionships.b> %456

Growth-promoting relationships are based on
the child’s continuous give-and-take (“serve and
return” interaction) with a human partner who
provides what nothing else in the world can offer
— experiences that are individualized to the child’s
unique personality style; that build on his or her
own interests, capabilities, and initiative; that
shape the child’s self-awareness; and that stimulate
the growth of his or her heart and mind.

Young children experience their world as
an environment of relationships, and these re-
lationships affect virtually all aspects of their
development — intellectual, social, emotional,
physical, behavioral, and moral. The quality
and stability of a child’s human relationships
in the early years lay the foundation for a wide
range of later developmental outcomes that re-
ally matter — self-confidence and sound men-
tal health, motivation to learn, achievement in
school and later in life, the ability to control ag-
gressive impulses and resolve conflicts in non-
violent ways, knowing the difference between
right and wrong, having the capacity to develop
and sustain casual friendships and intimate re-
lationships, and ultimately to be a successful
parent oneself.

Stated simply, relationships are the “ac-
tive ingredients” of the environment’s influ-
ence on healthy human development. They
incorporate the qualities that best promote

What Science Tells Us

competence and well-being — individualized
responsiveness, mutual action-and-interac-
tion, and an emotional connection to another
human being, be it a parent, peer, grandpar-

Young children experience their world as an
environment of relationships, and these

relationships affect virtually all aspects

of their development.

ent, aunt, uncle, neighbor, teacher, coach,
or any other person who has an important
impact on the child’s early development.
Relationships engage children in the human
community in ways that help them define
who they are, what they can become, and how
and why they are important to other people.
7,8,9,10,11,12,13

In the words of the distinguished develop-
mental psychologist Urie Bronfenbrenner: ...
in order to develop normally, a child requires pro-
gressively more complex joint activity with one
or more adults who have an irrational emotional
relationship with the child. Somebody’s got to be
crazy about that kid. That’s number one. First,
last, and always.

NURTURING AND STABLE RELATIONSHIPS WITH
caring adults are essential to healthy human
development beginning from birth. Early, se-
cure attachments contribute to the growth of
a broad range of competencies, including a
love of learning, a comfortable sense of one-
self, positive social skills, multiple successful
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relationships at later ages, and a sophisti-
cated understanding of emotions, commit-
ment, morality, and other aspects of human
relationships. Stated simply, establishing suc-
cessful relationships with adults and other
children provides a foundation of capacities
that children will use for a lifetime.' !> 117
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The “serve and return” interaction between par-
ent and baby - in which young children naturally
reach out for interaction through babbling, facial
expressions, and gestures and adults respond
with the same kind of vocalizing and gesturing
back at them - builds and strengthens brain ar-
chitecture and creates a relationship in which the
baby’s experiences are affirmed and new abili-
ties are nurtured. Children who have healthy
relationships with their primary caregivers are
more likely to develop insights into other peo-
ple’s feelings, needs, and thoughts, which form

Children who develop warm, positive relationships
with their kindergarten teachers are more excited
about learning, more positive about coming to

school, more self-confident, and achieve

more in the classroom.

a foundation for cooperative interactions with
others and an emerging conscience. Sensitive
and responsive parent-child relationships also
are associated with stronger cognitive skills in
young children and enhanced social compe-
tence and work skills later in school, which illus-
trates the connection between social/emotional
development and intellectual growth. The
broader quality of the home environment (in-
cluding toys, activities, and interactions with-
in the family setting) also is strongly related
to early cognitive and language development,
performance on IQ testing, and later achieve-
ment in School.lz, 18,19, 20, 21, 22, 23, 24, 25, 26

Young children also learn a great deal from each
other. They learn how to share, to engage in re-
ciprocal interactions (e.g., taking turns, giving
and receiving), to take the needs and desires of
others into account, and to manage their own im-
pulses. Just being around other children, how-
ever, is not enough. The development of friend-
ships is essential, as children learn and play
more competently in the rapport created with
friends rather than when they are dealing with
the social challenges of interacting with casual
acquaintances or unfamiliar peers.””*

The warmth and support of the caregiver in a
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child care setting also influence the development
of important capabilities in children, includ-
ing greater social competence, fewer behavior
problems, and enhanced thinking and reasoning
skills at school age. Young children benefit in
these ways because of the secure relationships
they develop in such settings, and because of the
ways in which the caregivers provide cognitively
stimulating activities and support for develop-
ing positive relationships with other children.
Unfortunately, the generally poor quality of care
provided in many child care arrangements in
the United States does not support these ben-
efits because of high caregiver turnover, poorly
designed programs, or inadequate preparation
of staff. Current research also suggests the addi-
tional risk that a greater amount of time in out-
of-home care during infancy may be associated
with greater disobedience and aggression by the
time children enter school.!?2» 232303132, 33

Relationships are important to school adjust-
ment. Children who develop warm, positive
relationships with their kindergarten teach-
ers are more excited about learning, more
positive about coming to school, more self-
confident, and achieve more in the classroom.
Relationships with peers also are important.
Children who experience greater peer accep-
tance and friendship tend to feel more positively
about the school experience and perform better
in the classroom.? 3433363738

Children have different ways of interacting with
their peers. Some are gregarious, others are too
shy to get involved (although they want to),
some need time to “warm up,” and others are
not as interested in being sociable. All of these
variations fall within a normal range, and it is
essential to differentiate among the many poten-
tial reasons (both biological and environmental)
that a young child may have limited or difficult
interactions with others. Playing cooperatively,
making friends, and sustaining friendships over
time are not always easy. Any child with severely
limited peer involvement is at considerable risk
for significant adverse developmental conse-
quences, 4041 42,43

Secure and stable relationships with car-
ing adults assure that young children are ad-
equately nourished; protected from dangerous
illnesses, exposure to toxins, and hazards that
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can lead to preventable injuries; provided pre-
ventive health check-ups; protected from ex-
cessive stress; and afforded predictable daily
routines that convey a sense of security. These
influences contribute significantly to healthy
brain development and depend upon the care
and support provided by individuals in the
community as well as in the family.'>*

Young children are highly vulnerable emotion-
ally to the adverse influences of parental men-
tal health problems and family violence. One
of the most extensively documented of these
vulnerabilities is the negative impact of a
mother’s clinical depression on her young
children’s emotional development, social
sensitivity, and concept of themselves, ef-
fects that have been demonstrated in both
developmental research and studies of brain
functioning. Young children who grow up
in seriously troubled families, especially
those who are vulnerable temperamentally,
are prone to the development of behavioral
disorders and conduct problems.* 46 47 48 49

Animal studies have shown that the quality of
the mother-infant relationship can influence
gene expression in areas of the brain that regu-
late social and emotional function and can even
lead to changes in brain structure. The nature
of the relationship also can have long-term
influences (into adulthood) on how the body

copes with stress, both physically and emo-
tlonally 15, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60

Science indicates that the quality of early par-
ent-child relationships can be strengthened,
but successful interventions are more difficult
to achieve when relationships are significantly
troubled or disturbed. Preventive interventions
also can produce a variety of positive outcomes,
depending on the extent to which the knowl-
edge and skills of the staff and the quality of the
implementation are matched to the magnitude
of the challenges being addressed. '»¢"626% 6465

Popular Misrepresentations of Science

WHAT SCIENCE TELLS US

AS THE PUBLIC’S APPETITE FOR SCIENTIFIC INFOR-
mation about the development of young chil-
dren is whetted by exciting new findings, the
risk of exaggerated or misleading messages
grows. Within this context, it is essential that
scientific fact be differentiated from popularly
accepted fiction.

Contrary to common assumptions, scientific
evidence shows that the influence of relation-
ships on development continues through-
out the lifespan. These relationships are not
more important at a particular stage of a child’s
life compared to another, but the nature of
those impacts does vary by age and develop-
mental status.*

In contrast to frequently cited concerns, science
indicates that young children can benefit sig-
nificantly from secure relationships with mul-
tiple caregivers (within or outside the family),
while their attachments to their parents remain
primary and central.”” There is no credible sci-
entific evidence to support the claim that close
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relationships with other nurturing and reliable
adults who they trust, especially early in life,
interfere with the strength of the young child’s
primary relationship with his or her parents.

Although young children certainly can estab-
lish healthy relationships with more than one
or two adults, prolonged separations from fa-
miliar caregivers and repeated “detaching” and
“re-attaching” to people who matter are emo-
tionally distressing and can lead to enduring
problems. There is no scientific evidence to sup-
port the belief that frequently rotating relation-
ships with large numbers of adult caregivers pro-
vide valuable learning opportunities in the early
years of life. Although the importance of sus-
tained, reliable relationships within the fam-
ily is well understood, the need for stable and
predictable relationships in child care set-
tings is acknowledged less frequently, and
the disruptive impacts of the abrupt changes
related to high caregiver turnover are too often
disregarded.®® ¢

Young Children Develop in an Environment of Relationships 3



NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

The Science-Policy Gap

THE IMPORTANCE OF MOTHER-CHILD RELATION-
ships is old news. The importance of other
family relationships (with fathers, siblings, and
grandparents) is semi-old news. The impact
of these relationships on the development of
the brain is new news. And the important in-
fluence of relationships outside of the fam-
ily — with child care providers, peers, teachers,
neighbors, and other adults and children in the
community — is even newer, because these in-
dividuals are often valued more for what they
do than for the meaning of their role in the life
experience of very young children. Greater un-
derstanding of what science tells us about the
importance of a range of relationships for early
childhood development leads us to think about
many areas of policy and practice in a new light.

“Quality” in early child care and education,
for example, is often defined in terms of adult-
child ratios, group size, physical facilities, and,
more recently, cognitively oriented curriculum.
But “quality” is perceived differently when we
view child care as a prominent feature of the
environment of relationships in which young
children develop. The importance of ensur-
ing that relationships in child care are nurtur-

Parental leave policies in the United States

currently provide parents of young children

with few options.

ing, stimulating, and reliable leads to an em-
phasis on the skills and personal attributes of
the caregivers, and on improving the wages
and benefits that affect staff turnover.'» ¢ -7

Parental leave policies in the United States cur-
rently provide parents of young children with few
options. A maximum of only three months of
unpaid leave is assured for parents of newborns,
and these policies cover only about half of
American workers. Of those who are eligible for
leave, only those who can get by without earned
income can afford to take it, and fewer than half
of workers even have this option without risk-
ing loss of their jobs. These policies seem highly

4 Young Children Develop in an Environment of Relationships

problematic when viewed in relation to exten-
sive scientific evidence of the vital importance
of establishing a strong and healthy mother-in-
fant bond beginning in the early months of life.
They elicit even greater alarm when viewed in
the context of concerns about the potential ad-
verse effects on very young babies of early and
extended experiences in out-of-home child care
arrangements of highly variable quality.”"">7

For mothers receiving welfare support under
Temporary Assistance to Needy Families (TANF),
federal rules require that states impose work
requirements of 30 or more hours per week.
Although modifications are permissible, about
half of the states do not exempt mothers of chil-
dren less than 12 months of age, and some states
permit mandated maternal employment be-
ginning a few weeks after a baby’s birth. When
viewed as an adult-oriented employment policy,
TANF can be a subject for reasonable debate.
But when examined from a child-oriented per-
spective, it reflects a wide gap between what we
know about the importance of early family re-
lationships and what we are doing to promote
the health and well-being of our nation’s most
vulnerable young children.”*”

WWW.DEVELOPINGCHILD.NET



IMPLICATIONS FOR POLICY AND PROGRAMS

Implications for Policy and Programs

THE SCIENCE OF EARLY CHILDHOOD DEVELOP-
ment is sufficiently mature to support a num-
ber of well-documented, evidence-based impli-
cations for those who develop and implement
policies that affect the health and well-being of
young children. Five compelling messages are
particularly worthy of thoughtful consideration:

When considered within the context of a child’s
environment of relationships, the concept of
school readiness is not exclusively a matter of
fostering literacy and number skills. It must also
include the capacity to form and sustain posi-
tive relationships with teachers, children, and
other adults, and develop the social and emo-
tional skills for cooperating with others.®® 7% 7

When viewed as an important part of a child’s en-
vironment of relationships, early childhood edu-
cation must strive to involve young children in re-
ciprocal learning interactions with teachers and
peers rather than isolated “pre-academic” work,
and it should capitalize on children’s natural in-
terests and intrinsic drive to learn, rather than
follow an adult-determined agenda. Stated sim-
ply, young children learn best in an interactive,
relational mode rather than through an educa-
tion model that focuses on rote instruction.”

Extending the length and coverage of leave cur-
rently provided under the Family and Medical
Leave Act would provide the critical necessities of
time and economic security that are required for
parents to develop the nurturing relationships
with their children that are essential to healthy
development. Much can be learned from other
industrialized nations that promote greater pa-
rental choice and child well-being by providing
subsidized parental leave for those who wish to
stay at home with their babies, and affordable,
decent quality, early care and education for the
children of those who choose or are compelled
to return to work.”*”®

In the absence of consistent evidence that mater-
nal employment intrinsically helps or hurts most
children, science has little to add to the ongoing
political debate about whether paid work should
be a mandated requirement for mothers on pub-
lic assistance. Nevertheless, emerging data that
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suggest that maternal employment in the first
six months of an infant’s life may be associated
with later developmental problems, and con-
cerns about the potential adverse impacts of
extended out-of-home child care experiences
on young children’s social development and

Stated simply, young children learn best in
an interactive, relational mode rather than

through an education model that focuses on

rote instruction.

behavior, require thoughtful public discussion.
Each raises serious concerns about the potential
harm of mandated maternal employment and
the limited availability of affordable, high qual-
ity child care, particularly for the already vul-
nerable babies of low-income women on public
assistance. It is time for society to weigh the evi-
dence carefully and fashion a more thoughtful
policy for parents in the workforce, particularly
for those who earn low wages.'”% %

Traditional child welfare approaches to maltreat-
ment focus largely on physical injury, the rela-
tive risk of recurrent harm, and questions of child
custody, in conjunction with a criminal justice
orientation. In contrast, when viewed through a
child development lens, the abuse or neglect of
young children should be evaluated and treated
as a matter of child health and development
within the context of a family relationship crisis,
which requires sophisticated expertise in both
early childhood and adult mental health. The
regularized referral of suspected cases of child
abuse or neglect from the child welfare system
to the early intervention system would assure
appropriate developmental and behavioral as-
sessment and treatment as needed. Child abuse
prevention strategies that emphasize both the
developmental needs of children and the im-
portance of community-based supports for
families provide another clear example of how
we can close the gap between science and prac-
tice for our most vulnerable young children."

Young Children Develop in an Environment of Relationships 5
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The Issue

A GROWING BODY OF SCIENTIFIC EVIDENCE TELLS US THAT EMOTIONAL DEVELOPMENT BEGINS EARLY

in life, that it is a critical aspect of the development of overall brain architecture, and that it has

enormous consequences over the course of a lifetime. These findings have far-reaching implica-

tions for policymakers and parents, and, therefore, demand our attention.

From birth, children rapidly develop their
abilities to experience and express different
emotions, as well as their capacity to cope with
and manage a variety of feelings."** The devel-
opment of these capabilities occurs at the same
time as a wide range of highly visible skills in
mobility (motor control), thinking (cognition),
and communication (language).*

Yet, emotional development often receives
relatively less recognition as a core emerging
capacity in the early childhood years. The foun-
dations of social competence that are developed
in the first five years are linked to emotional
well-being and affect a child’s later ability to
functionally adapt in school and to form suc-
cessful relationships throughout life.>*”#

As a person develops into adulthood, these
same social skills are essential for the formation
of lasting friendships and intimate relation-
ships, effective parenting, the ability to hold a
job and work well with others, and for becom-
ing a contributing member of a community.>'’

Disregarding this critical aspect of the

What Science Tells Us

developing child can lead parents and policymak-
ers to underestimate its importance and to ignore
the foundation that emotions establish for later

As young children develop, their early emotional

experiences literally become embedded in the

architecture of their brains.

growth and development. Thus, it is essential that
young children’s feelings get the same level of at-
tention as their thinking. Indeed, learning to man-
age emotions is more difficult for some children
than learning to count or read and may, in some
cases, be an early warning sign of future psycho-
logical problems. The failure to address difficul-
ties in this equally important domain can result in
missed opportunities for interventions. Had they
been initiated early, these interventions could have
yielded tremendous benefits for large numbers of
children and for society.

THE CORE FEATURES OF EMOTIONAL DEVELOP-
ment include the ability to identify and un-
derstand one’s own feelings, to accurately read
and comprehend emotional states in others, to
manage strong emotions and their expression
in a constructive manner, to regulate one’s own
behavior, to develop empathy for others, and to
establish and sustain relationships.>'!?
Emotional development is actually built into
the architecture of young children’s brains in
response to their individual personal experi-
ences and the influences of the environments in
which they live. Indeed, emotion is a biologically
based aspect of human functioning that is
“wired” into multiple regions of the central

WWW.DEVELOPINGCHILD.NET

nervous system that have a long history in the
evolution of our species.'>!+1>16:17

These growing interconnections among
brain circuits support the emergence of increas-
ingly mature emotional behavior, particularly
in the preschool years. Stated simply, as young
children develop, their early emotional experi-
ences literally become embedded in the archi-
tecture of their brains. Here is what we know:

The emotional experiences of newborns and
young infants occur most commonly during pe-
riods of interaction with a caregiver (such as
feeding, comforting, and holding).8*%% [nfants
display distress and cry when they are hungry,

Children’s Emotional Development Is Built into the Architecture of Their Brains 1
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cold, wet, or in other ways uncomfortable, and
they experience positive emotions when they
are fed, soothed, and held. During this early pe-
riod, children are incapable of modulating the
expression of overwhelming feelings, and they
have limited ability to control their emotions
in the service of focusing or sustaining atten-
tion." Associations between positive emotions
and the availability of sensitive and respon-
sive caregiving are strengthened during infan-
cy in both behavior and brain architecture.”

The emotional states of toddlers and preschool-
ers are much more complex.® They depend on
their emerging capacities to interpret their own

The emotional health of young children is closely
tied to the social and emotional characteristics of

the environments in which they live.

personal experiences and understand what
others are doing and thinking, as well as
to interpret the nuances of how others re-
spond to them.>'*? As they (and their
brains) build on foundations that are estab-
lished earlier, they mature and acquire a bet-
ter understanding of a range of emotions.
They also become more capable of manag-
ing their feelings, which is one of the most
challenging tasks of early childhood.*»**26%

By the end of the preschool years, children who
have acquired a strong emotional foundation
have the capacity to anticipate, talk about, and
use their awareness of their own and others’
feelings to better manage everyday social in-
teractions.>* Their emotional repertoires have
expanded dramatically and now include such
feelings as pride, shame, guilt, and embarrass-
ment — all of which influence how individu-
als function as contributing members of a so-
ciety.?»*® Throughout the early childhood years,
children develop increasing capacities to use
language to communicate how they feel and
to gain help without “melting down,” as well
as to inhibit the expression of emotions that
are inappropriate for a particular setting.>”

When feelings are not well managed, thinking
can be impaired. Recent scientific advances have

2 Children’s Emotional Development Is Built into the Architecture of Their Brains

shown how the interrelated development of
emotion and cognition relies on the emergence,
maturation, and interconnection of complex
neural circuits in multiple areas of the brain,
including the prefrontal cortex, limbic cortex,
basal forebrain, amygdala, hypothalamus, and
brainstem.” The circuits that are involved in
the regulation of emotion are highly interactive
with those that are associated with “executive
functions” (such as planning, judgment, and
decision-making), which are intimately in-
volved in the development of problem-solving
skills during the preschool years.” In terms
of basic brain functioning, emotions support
executive functions when they are well regu-
lated but interfere with attention and decision-
making when theyare poorly controlled. 23343

We now know that differences in early childhood
temperament — ranging from being extremely
outgoing and adventurous to being painfully shy
and easily upset by anything new or unusual —
are grounded in one’s biological makeup.3%3
These variations lead to alternative behavioral
pathways for young children as they develop in-
dividual strategies to control their emotions dur-
ing the preschool years and beyond. They also
present diverse challenges for parents and other
adults who must respond differently to different
kinds of children.”® When it comes to finding
the “best” approach for raising young children,
scientists tell us that one size does not fit all.”

Young children are capable of surprisingly
deep and intense feelings of sadness (includ-
ing depression), grief, anxiety, and anger
(which can result in unmanageable aggres-
sion), in addition to the heights of joy and hap-
piness for which they are better known. 444243
For some children, the preschool years mark
the beginning of enduring emotional dif-
ficulties and mental-health problems that
may become more severe than earlier genera-
tions of parents and clinicians ever suspected.

The emotional health of young children — or
the absence of it — is closely tied to the social
and emotional characteristics of the environ-
ments in which they live, which include not
only their parents but also the broader context
of their families and communities.s44546.47.48
Young children who grow up in homes
that are troubled by parental mental-health
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problems, substance abuse, or family violence
face significant threats to their own emotional
development. The experience of chronic, ex-
treme, and/or uncontrollable maltreatment
has been documented as producing mea-
surable changes in the immature brain.*»*

Children’s early abilities to deal with their emo-
tions are important not only for the foundation

these capacities provide for the future, but also
for the children’s current social functioning with
their parents, teachers, and peers. Indeed, dif-
ferences in how young children understand
and regulate their own emotions are closely
associated with peer and teacher perceptions
of their social competence, as well as with how
well-liked they are in a child-care setting or
preschool classroom.?"*%

Correcting Popular Misrepresentations of Science

WHAT SCIENCE TELLS US

AS THE PUBLIC’S APPETITE FOR SCIENTIFIC INFORMA-
tion about the development of young children is
whetted by exciting new findings, the risk of ex-
aggerated or misleading messages grows. Within
this context, it is essential that scientific fact be
differentiated from popularly accepted fiction.

There is no credible scientific evidence that
young children who have been exposed to vio-
lence will invariably grow up to be violent adults
themselves. Although these children clearly
are at greater risk for adverse impacts on
brain development and later problems with
aggression, they are not doomed to poor
outcomes, and they can be helped substan-
tially if provided with early and appropriate
treatment, combined with reliable and nurtur-
ing relationships with supportive caregivers.™

The Science-Policy Gap

Science does not support the claim that infants
and toddlers are too young to have serious
mental-health problems. Young children who
have experienced significant maltreatment

Science does not support the claim that

infants and toddlers are too young to have

serious mental-health problems.

exhibit an early childhood equivalent of post-
traumatic stress disorder, which presents a pre-
dictable array of clinical symptoms that are ame-
nable to successful therapeutic intervention.”
(See Working Paper 6, “Mental Health Problems
in Early Childhood Can Impair Learning and
Behavior for Life.”)

THE FACT THAT YOUNG CHILDREN HAVE FEELINGS
is old news. The extent to which infants can ex-
perience deep emotional pain as a result of early
traumas and losses is less understood. The re-
alization that young children can have serious
mental-health problems, including anxiety dis-
orders and signs of depression accompanied by
the same kind of brain changes seen on electro-
encephalograms in clinically depressed adults, is
startling news to most people. 4657

The fact that significant and prolonged emo-
tional distress can affect the emerging architec-
ture of a young child’s brain should be a sobering
wake-up call for society as a whole. Despite
the availability of rich and extensive knowl-
edge on the emotional and social development
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of young children, including its underlying
neurobiology, current early-childhood policies
focus largely on cognition, language, and early
literacy. Policies addressing children’s emotional
and behavioral needs have been the exception,
not the rule. This gap between what we “know”
about healthy emotional development and the
management of behavioral difficulties, and
what we “do” through public policies and pro-
grams, is illustrated by the following examples:

Uneven availability of support for parents and
providers of early care and education to deal
with common, age-appropriate behavioral
challenges, such as discipline and limit setting.”®
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Limited caregiver and teacher
evaluate and deal with children who present sig-
nificant emotional and/or behavioral problems
education programs.
This is particularly alarming in the face of
recent evidence of dramatic increases in pre-

scriptions for behavior-modifying medications
59,60

in early care and

to treat preschoolers.

Minimal expertise in early childhood de-
velopment or “infant mental health” within

Implications for Policy and Programs

training to

child-welfare agencies that assess and treat
children who have been the victims of serious
maltreatment, despite extensive evidence that
very young children can experience debilitating
anxiety and trauma from parental abuse or ne-
glect or from witnessing violence in their fam-
ily or neighborhood, as well as data illustrating
that early interventions can moderate the effects
of these traumas.*!

THE SCIENCE OF EARLY CHILDHOOD DEVEL-
opment is sufficiently mature at the pres-
ent time to support a number of well-
documented, evidence-based implications for
those who develop and implement policies
that affect the health and well-being of young

All early childhood programs, including
Head Start, must balance their focus on cognition
and literacy skills with significant attention to

emotional and social development.

children. Five compelling messages are par-
ticularly worthy of thoughtful consideration:

All early childhood programs, including Head
Start, must balance their focus on cognition
and literacy skills with significant attention to
emotional and social development. Children
clearly need the social and emotional capa-
bilities that enable them to sit still in a class-
room, pay attention, and get along with their
classmates just as much as they need the cog-
nitive skills required to master the reading
and math concepts taught in kindergarten.®

The rich and growing science of early emotional
and socialdevelopment mustbeincorporatedinto
services to support parents who are struggling to
manage routine behavioral difficulties in their
young children, as well as those who are trying
to figure out whether, when, and how to deal with
more serious social or emotional problems.®

4 Children’s Emotional Development Is Built into the Architecture of Their Brains

Providers of early care and education must
have sufficient knowledge and skills to help
children who present common behavior
problems early on, particularly those who ex-
hibit significant aggression or difficulties with
attention and “hyperactivity.” The achievement
of this goal requires a two-pronged approach.
First, greater attention must be focused on the
social and emotional development of children
in both pre-professional training programs and
continuing professional education. Second,
all early childhood programs must have ac-
cess to specialized mental-health services that
have professionals available to meet the needs
of young children whose problems cannot
be addressed adequately by front-line staff.”

Expertise in early identification, assessment,
and clinical treatment must be incorporated
into existing intervention programs to ad-
dress the complex and currently unmet needs
of young children with serious mental-health
problems such as depression, anxiety, and sig-
nificant antisocial behaviors. Central to this
challenge is the need to accurately differenti-
ate transient emotional difficulties that reflect a
“phase” that the child will outgrow from diagnos-
able disorders that require clinical treatment."”

All child-welfare agencies that have responsibil-
ity for investigating suspected abuse or neglect
must include a sophisticated assessment of the
child’s developmental status, including cogni-
tive, linguistic, emotional, and social compe-
tence. This could be accomplished through
closer collaboration between child-protective
services and early intervention programs
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for children with developmental delays or
disabilities, as mandated by the Keeping
Children and Families Safe Act of 2003 (Public
Law 108-36).%

THESE IMPLICATIONS FOR POLICY AND PRACTICE
are striking in their simplicity, the extent to
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brain development. Closing the science-policy
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therefore our society, should be an important
priority for all who are engaged in public life.
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The Issue

THE ABILITY TO COPE WITH NOVEL AND/OR POTENTIALLY THREATENING SITUATIONS, SUCH AS AN

unfamiliar environment or physical danger, is essential to survival. This capacity is built into spe-

cific brain circuits whose development is influenced by multiple experiences beginning early in

life. Environmental stimuli that activate these circuits are often referred to as stressors, and stress

reactions are the body’s chemical and neural responses that promote adaptation.

Stressful events can be harmful, tolerable, or
beneficial, depending on how much of a bodily
stress response they provoke and how long the
response lasts. These, in turn, depend on wheth-
er the stressful experience is controllable, how
often and for how long the body’s stress system
has been activated in the past, and whether the
affected child has safe and dependable relation-
ships to turn to for support. Thus, the extent
to which stressful events have lasting adverse
effects is determined more by the individual’s
response to the stress, based in part on past ex-
periences and the availability of a supportive
adult, than by the nature of the stressor itself.
This matters because a child’s ability to cope
with stress in the early years has consequences
for physical and mental health throughout life.
Furthermore, categorizing the nature and sever-
ity of early stressful experiences helps us make
better judgments about the need for interven-
tions that reduce the risk for later negative
impacts.

Toxic stress refers to strong, frequent or pro-
longed activation of the body’s stress manage-
ment system. Stressful events that are chronic,
uncontrollable, and/or experienced without
the child having access to support from caring
adults tend to provoke these types of toxic stress
responses. Studies indicate that such stress re-
sponses can have an adverse impact on brain
architecture. In the extreme, such as in cases
of severe, chronic abuse, toxic stress may result
in the development of a smaller brain. Less ex-
treme exposure to toxic stress can change the
stress system so that it responds at lower thresh-
olds to events that might not be stressful to oth-
ers, thereby increasing the risk of stress-related
physical and mental illness.

Tolerable stress refers to stress responses
that could affect brain architecture but gener-
ally occur for briefer periods that allow time
for the brain to recover and thereby reverse
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potentially harmful effects. In addition to their
relative brevity, one of the critical ingredients
that make stressful events tolerable rather than
toxic is the presence of supportive adults who
create safe environments that help children learn
to cope with and recover from major adverse ex-
periences, such as the death or serious illness of
a loved one, a frightening accident, or parental
separation or divorce. In some circumstances,
tolerable stress can even have positive effects.

A child’s ability to cope with stress in the early

years has consequences for physical and

mental health throughout life.

Nevertheless, it also can become toxic stress in
the absence of supportive relationships.

Positive stress refers to moderate, short-
lived stress responses, such as brief increases in
heart rate or mild changes in the body’s stress
hormone levels. This kind of stress is a normal
part of life, and learning to adjust to it is an es-
sential feature of healthy development. Adverse
events that provoke positive stress responses
tend to be those that a child can learn to con-
trol and manage well with the support of caring
adults, and which occur against the backdrop of
generally safe, warm, and positive relationships.
The challenge of meeting new people, dealing
with frustration, entering a new child care set-
ting, getting an immunization, and overcoming
a fear of animals all can be positive stressors if a
child has the support needed to develop a sense
of mastery. This is an important part of the nor-
mal developmental process.

Excessive Stress Disrupts the Architecture of the Developing Brain

1



NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

What Science Tells Us

SCIENTIFIC KNOWLEDGE IN THIS AREA COMES
from research on animals as well as humans.
These extensive bodies of work have generated
common principles of developmental biology
that support valid generalizations across species
and reasonable hypotheses about humans based
on consistent findings from animal studies. The
ability to control exposure to negative life ex-
periences in animals makes it additionally pos-
sible to conduct studies of the impacts of more
graded forms of stress on the brain than could
be done in human research.

The capacity to deal with stress is controlled
by a set of highly inter-related brain circuits and
hormonal systems that are specifically designed

The neural circuits for dealing with stress are

particularly malleable (or “plastic”) during the

fetal and early childhood periods.

to deal adaptively with environmental challeng-
es. When an individual feels threatened, stress
hormones are produced that convert the physical
or emotional stress into chemical signals that are
sent throughout the body as well as to the brain.

The neural circuits for dealing with stress are
particularly malleable (or “plastic”) during the
fetal and early childhood periods. Early experi-
ences shape how readily they are activated and
how well they can be contained and turned off.
Toxic stress during this early period can affect
developing brain circuits and hormonal systems
in a way that leads to poorly controlled stress-
responsive systems that will be overly reactive
or slow to shut down when faced with threats
throughout the lifespan. *2

Well-functioning brain systems that respond to
stress are essential to preserve life. However,
like the immune system, which defends the
body against threatening infections but can
cause autoimmune disease when it turns
against the body’s own cells, a poorly controlled

2 Excessive Stress Disrupts the Architecture of the Developing Brain

response to stress can be damaging to health and
well-being if activated too often or for too long.?

Frequent or sustained activation of brain sys-
tems that respond to stress can lead to height-
ened vulnerability to a range of behavioral and
physiological disorders over a lifetime. These
undesirable outcomes can include a number of
stress-related disorders affecting both mental
(e.g., depression, anxiety disorders, alcoholism,
drug abuse) and physical (e.g., cardiovascular
disease, diabetes, stroke) health.?

Stress responses include activation of a va-
riety of hormone and neurochemical systems
throughout the body. Two hormonal systems
have received extensive attention in this regard:
(1) the sympathetic-adrenomedullary (SAM)
system, which produces adrenaline in the central
part of the adrenal gland, and (2) the hypotha-
lamic-pituitary-adrenocortical (HPA) system,
which produces cortisol in the outer shell of the
adrenal gland.* Both chemicals are produced
under normal circumstances and help prepare
the body for coping with stressors.

Adrenaline production occurs in response to
many forms of acute stress. It mobilizes energy
stores and alters blood flow, thereby allowing the
body to effectively deal with a range of stresses.
Its release is essential to survival.*

Cortisol also is produced in response to many
forms of stress, and likewise helps the body cope
effectively with adverse situations. It also mobi-
lizes energy stores, as well as suppresses immune
responses, when it is released acutely. Longer-
term effects of cortisol include regulation of
gene expression in neural circuits involved in
modulating stress responsiveness, emotion, and
memory.*

Sustained or frequent activation of the hor-
monal systems that respond to stress can have
serious developmental consequences, some of
which may last well past the time of stress ex-
posure. For example, when children experi-
ence toxic stress, their cortisol levels remain
elevated for prolonged periods of time. Both
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animal and human studies show that long-term
elevations in cortisol levels can alter the func-
tion of a number of neural systems, and even
change the architecture of regions in the brain
that are essential for learning and memory.**

MUCH OF WHAT WE KNOW ABOUT THE SPECIFIC
effects of stress on the developing architecture
of the brain comes from research on rodents,
non-human primates, and other animal species.
These studies indicate that:

Increases in the level of cortisol in the brain ac-
tually can turn specific genes “on” or “off” at
specific times and locations.” Examples include
regulation of the glucocorticoid receptor gene,
which affects the long-term responsiveness of
the brain to stress-induced cortisol release, and
the myelin basic protein gene, which is involved
in regulating the development of the “insula-
tion” that increases the efficiency of nerve signal
transmission.®’

High, sustained levels of cortisol or corticotro-
pin-releasing hormone (CRH), which is the brain
chemical that regulates the HPA system, result in
damage to a part of the brain called the hippocam-
pus. This can lead to impairments in learning,
memory, and the ability to regulate certain stress
responses in both young and adult animals."

Significant maternal stress during pregnancy
and poor maternal care during infancy both af-
fect the developing stress system in young ani-
mals and alters genes that are involved in brain
development. Pregnant females who experience
exceptionally high levels of stress have offspring
that are more fearful and more reactive to stress
themselves. Young animals that experience in-
attentive maternal care have similar problems
and show impaired production of brain growth
factors important for brain development and
repair.'"'? Both groups of animals also have im-
paired memory and learning abilities, and they
experience more aging-related memory and
cognitive deficits in adulthood.* "

Positive experiences after infancy in young ani-
mals, such as being exposed to an environment
rich in opportunities for exploration and social
play, have been shown to compensate to some
degree for the negative behavioral consequences
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of prenatal stress and postnatal neglect. This
compensation actually involves adaptive changes
in both the architecture and the chemistry of the
developing brain (such as reversal of the effects
of mild adversity on stress hormone output), al-
though deprivation-induced changes in some of
the regulatory components of the stress system
(e.g., reduced glucocorticoids receptors in the
hippocampus) are more resistant to change.*

Individualresponsesto early stressful experiences
can vary dramatically. This variability is thought
to be related to differences among animals in
the expression of so-called “vulnerability genes,”
which make it more likely that early stressors will
lead to subsequent problems in stress hormone

WHAT SCIENCE TELLS US

The relationships children have with their

caregivers play critical roles in regulating

stress hormone production during

the early years of life.

regulation and behavioral difficulties. In such cas-
es, positive early caregiving can decrease the like-
lihood of these adverse outcomes, demonstrat-
ing that beneficial environmental influences can
moderate the impact of genetic vulnerability.”

BUILDING ON THE EXTENSIVE KNOWLEDGE
gained from animal research, studies of children
are beginning to document a compelling story
about the relation between early stress experi-
ences and human development. The following
findings appear to be particularly salient:

The relationships children have with their care-
givers play critical roles in regulating stress hor-
mone production during the early years of life.
Those who experience the benefits of secure
relationships have a more controlled stress hor-
mone reaction when they are upset or fright-
ened. This means that they are able to explore
the world, meet challenges, and be frightened
at times without sustaining the adverse neuro-
logical impacts of chronically elevated levels of
hormones such as cortisol that increase reactiv-
ity of selected brain systems to stress and threat.
In contrast, children whose relationships are
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Popular Misrepresentations of Science

insecure or disorganized demonstrate higher
stress hormone levels when they are even mildly
frightened. This results in an increased inci-
dence of elevated cortisol levels which may alter
the development of brain circuits in ways that
make some children less capable of coping ef-
fectively with stress as they grow up.?

Research has shown that the presence of a sensi-
tive and responsive caregiver can prevent eleva-
tions in cortisol among toddlers, even in chil-
dren who tend to be temperamentally fearful or
anxious.' Thus, sensitive and responsive care-
giving from a parent or a child care provider

Young children who experience debilitating

anxiety and trauma as a result of personal

abuse or neglect are amenable

to early treatment.

can serve as a powerful buffer against stress
hormone exposure, even in children who might
otherwise be highly vulnerable to stress-system
activation.

The quality of the early care and education
that many young children receive in programs

outside their homes also plays an important role
in whether (and to what extent) their brains are
exposed to elevated stress hormones early in life.
For example, toddlers and young preschool-
ers show increases in cortisol as the child care
day progresses, while older preschoolers and
school-aged children can manage long hours
in care without activating their stress system.'”
Young children in poorer quality child care show
larger elevations, however, than those in better
quality care.'

Children who grow up in families facing econom-
ic hardship commonly exhibit elevated cortisol
levels. These elevations are often exacerbated
when mothers experience symptoms of depres-
sion. %22 Recent research also has demon-
strated that a mother’s depression during her
child’s early years increases the child’s cortisol
reactions to adverse family conditions later in
childhood.?#>*

Young children who are neglected or maltreated
have abnormal patterns of cortisol production
that can last even after the child has been moved
to a safe and loving home.”>* This is especially
true for children who show symptoms of post-
traumatic stress, even if their behavior is not
sufficient to warrant a definitive diagnosis of
post-traumatic stress disorder.””**%

4

AS THE PUBLIC’S APPETITE FOR SCIENTIFIC IN-
formation about the development of young
children is stimulated by exciting new findings,
the risk of exposure to misleading or, frankly,
irresponsible messages grows. Within this con-
text, it is essential that we distinguish scientific
fact from popularly accepted fiction.

Science does not support the claim that infants
and young children are too young to be affected
by significant stresses that negatively affect their
family and caregiving environments. In fact, ani-
mal studies have shown that adverse early infant
experiences (e.g., neglectful maternal care), as
well as serious disruptions of the pre-natal envi-
ronment (e.g., drug and alcohol exposure), can

Excessive Stress Disrupts the Architecture of the Developing Brain

lead to short-term neurobehavioral and neuro-
hormonal changes in offspring that may have
long-term adverse effects on memory, learning,
and behavior throughout life. Human studies
suggest that similar effects may be seen in in-
fants and children.”

Notwithstanding the preceding statement, there
is no credible scientific evidence that supports
the conclusion that young children who have
been exposed to significant early stresses will
always develop stress-related disorders. In both
animal and human studies, interventions that
provide more appropriate and supportive care
help to stimulate positive growth and prevent
poor outcomes. '3
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The Science-Policy Gap

THE SCIENCE-POLICY GAP

THE FACT THAT MANY YOUNG CHILDREN ARE
exposed to significant stresses is old news. How
different aspects of a child’s environment can be
a source of continuous stress, and the degree to
which children’s past developmental experienc-
es influence their biological responsiveness to
later stressful conditions are not appreciated by
most adults. The realization that stresses expe-
rienced by parents and other caregivers can af-
fect a child’s developing brain architecture and
chemistry in a way that makes some children
more susceptible to stress-related disorders later
in life is startling news to most people.

A rich and growing scientific knowledge base
illuminates the multiple adverse effects of early
life stresses, including their long-term impacts
on how individuals cope with stress throughout
the life cycle. Yet little attention has been paid to
the development and implementation of strat-
egies to reduce stressors that affect everyday
life for families with young children. This gap
between what we know about the potentially
harmful developmental impacts of stresses ex-
perienced by both caregivers and children, and
what we do to promote healthy coping and ad-
aptation through informal supports, voluntary
workplace practices, and formal public policies
and programs, is illustrated by the following
examples:

Limited availability of family leave after the birth
or adoption of a baby, and little financial sup-
port for parents who wish to stay at home with
their newborns but do not have the economic
resources to make ends meet in the absence of
paid employment. In some circumstances, this
creates situations where the supportive rela-
tionships necessary to help very young chil-
dren manage stress are intermittent or seriously
compromised.???*33

Limited supports for working parents at all in-
come levels who are struggling to balance the
demands and responsibilities of work and rais-
ing children. These balancing challenges are
particularly difficult for low-income, work-
ing families whose economic security depends
on multiple low-wage jobs, often during non-
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standard working hours, and for families whose
children have chronic health problems or special
developmental needs that require multiple
medical appointments and skilled child care. In
such circumstances, some young children are
subjected to excessive stress that can have last-
ing effects on their health and well-being.”!

Limited efforts to reduce high job turnover in
child care programs, which affects the quality of
relationships between adults and the children
under their care. This is a particularly serious
problem for those children whose family’s so-
cioeconomic circumstances limit their access to
better-quality programs that have well trained,
adequately compensated, and more stable
Staf .35,36,37,38

Limited availability of expert help for parents
and providers of early care and education who
are struggling to manage behavioral difficulties
in young children. This is particularly problem-
atic in the face of recent data on expulsion of
children from preschool programs, which in-
dicate the extent to which staff members are
unable and/or unwilling to deal with challeng-
ing behavioral problems.”” The growing “off-
label” use of prescription drugs, particularly
stimulant and anti-depressant medications, for
increasingly younger children with emotional or
behavioral difficulties is another sign of the ex-
tent to which parents are putting greater pres-
sure on professionals to provide more help in
managing behavior problems during the pre-
school years.*

Limited access to clinical expertise in men-
tal health for very young children and their
families. This is particularly problematic in
child welfare agencies that are mandated to as-
sess children who are coping with toxic stress
that can have lasting adverse effects on their
well-being. Most important, young children
who experience debilitating anxiety and trau-
ma as a result of personal abuse or neglect, or
who witness violence in their family or neigh-
borhood, are amenable to early treatment.*"*
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Implications for Policy and Programs

THE SCIENCE OF EARLY CHILDHOOD DEVELOP-
ment, including knowledge about the impact
of stress on the developing brain, is sufficient-
ly mature to support a number of evidence-
based implications for those who develop and
implement policies that affect the health and
well-being of young children. To this end, both
public and private actions can prevent the kinds
of adverse circumstances that are capable of
derailing healthy development, as well as in-
crease the likelihood that effective interventions

Both public and private actions can prevent the

kinds of adverse circumstances that are capable of

derailing healthy development.

will reduce potential damage to a young child’s
developing brain architecture and thereby pro-
mote greater resilience. Five points are par-
ticularly worthy of thoughtful consideration.

The rich and growing scientific understanding of
how individuals cope with stress should be used
tostrengthenarange ofinformalsupports and for-
malservices to bolster parents who are struggling
to manage the challenges of raising their chil-
dren. These could be provided through varying
combinations of extended family support, com-
munity-based volunteer efforts, flexible work-
place policies, and publicly funded programs.*

The availability of affordable expert assistance
should be expanded for parents and provid-
ers of early care and education to provide them
with sufficient knowledge and skills to help
young children who have symptoms related to
abnormal stress responses. This is particu-
larly important for children who exhibit ex-
cessive fears, aggressive behavior, or difficul-

ties with attention and “hyperactivity.” **

Expertise in the identification, assessment, and
clinical treatment of young children with serious,
stress-related, mental health problems (as wellas
access to mental health services for mothers with

6 Excessive Stress Disrupts the Architecture of the Developing Brain

depression) should be incorporated into existing
intervention programs to address these complex
and widely unmet needs. Research indicates that
young children can experience a range of men-
tal health impairments that used to be viewed
solely as adult problems, such a depression,
anxiety disorders, and anti-social behaviors.”

Investigations of suspected child abuse or ne-
glect should include a sophisticated assess-
ment of the child’s developmental status, in-
cluding cognitive, linguistic, emotional, and
social competence. This could be accomplished
through closer collaboration between child
welfare services and early intervention pro-
grams for children with developmental delays
or disabilities,* as mandated by the Keeping
Children and Families Safe Act of 2003 and
the recent reauthorization of the Individuals
with Disabilities Education Act (IDEA).

Children of mothers who are receiving welfare
payments or related services underthe Temporary
Assistance to Needy Families (TANF) program
represent another identified group whose expe-
rience with stress is likely to exceed that of the
general population. In this context, it is difficult
to justify the extent to which public discussion
about welfare reform focuses primarily on ma-
ternal employment and other adult behaviors,
while the special needs of the young children
in these families are afforded relatively little at-
tention. Our knowledge of the importance of
supportive relationships as buffers against the
adverse effects of stress on the architecture of
the developing brain indicates the need for seri-
ous reconsideration of mandated employment
for mothers of very young children, particularly
when access to high quality child care is not
assured. Research also underscores the impor-
tance of timely assessments and intervention
services (when indicated) for children living in
stressful environments who show early signs of
developmental difficulties.*>*¢

WWW.DEVELOPINGCHILD.NET



References

REFERENCES

1. Zhang, T., Parent, T., Weaver, L., & Meaney, M. J. (2004).
Maternal programming of individual differences in
defensive responses in the rat. Annals of the New York
Academy of Science, 1032, 85-103.

2. Loman, M., & Gunnar, M.R. (in press). Early experience
and the development of stress reactivity and regulation
in children. Neuroscience ¢ Biobehavioral Reviews.

3. McEwen, B. S. (2008). Central effects of stress hormones
in health and disease: Understanding the protective and
damaging effects of stress and stress mediators. European
Journal of Pharmacology, 583, 174-185.

4. Sapolsky, R.M., Romero, L.M., & Munck, A. (2000). How
do glucorticoids influence stress responses? Integrating
permissive, suppressive, stimulatory and preparative ac-
tions. Endocrine Reviews, 21(1), 55-89.

5. Lupien, S.J., de Leon, M.]J., Santi, S.D., Convit,A., Tarshish,
C., Nair, N.P.V,,Thakur, M., McEwen, B., Hauger, R.L, &
Meaney, M.J. (1998). Cortisol levels during human ag-
ing predict hippocampal atrophy and memory deficits.
Nature Neuroscience, 1(1), 69-73.

6. McEwen, B. S., & Sapolsky, R. M. (1995). Stress and cog-
nitive function. Current Opinion in Neurobiology, 5(2),
205-216.

7. De Kloet, E.R., Rots, N.Y., & Cools, A.R. (1996). Brain-
corticosteroid hormone dialogue: Slow and persistent.
Cellular and Molecular Neurobiology, 16(3), 345-356.

8. Gunnar, M., & Vazquez, D. M. (2006). Stress neurobiol-
ogy and developmental psychopathology. In D. Cicchetti
& D. Cohen (Eds.), Developmental Psychopathology, 2nd
Edition, Volume 2: Developmental Neuroscience. New
York: Wiley.

9. Weaver, I.C., Diorio, J., Seckl, J.R., Szyf, M., & Meaney,
M.J. (2004) Early environmental regulation of hip-
pocampal glucocorticoid receptor gene expression:
Characterization of intracellular mediators and potential
genomic target sites. Annals of the New York Academy of
Sciences, 1024, 182-212.

10. Brunson, Grigoriadis D.E., Lorang M.T., & Baram T.Z.
(2002) Corticotropin-releasing hormone (CRH) down-
regulates the function of its receptor (CRF1) and induces
CRF1 expression in hippocampal and cortical regions of
the immature rat brain. Experimental Neurology, 176(1),
75-86.

11. Roceri, M., Cirulli, E, Pessina, C., Peretto, P., Racagni, G.,
& Riva, M. A. (2004). Postnatal repeated maternal depri-
vation produces age-dependent changes in brain-derived
neurotrophic factor expression in selected rat brain re-
gions. Biological Psychiatry, 55, 708-714.

12. Roceri, M., Hendriks, W., Racagni, G., B.A., E., & Riva, M.
A. (2002). Early maternal deprivation reduces the expres-
sion of BDNF and NMDA receptor subunits in rat hip-
pocampus. Molecular Psychiatry, 7, 609-616.

13. Weinstock, M. (2001). Alterations induced by gestational
stress in brain morphology and behaviour of the off-
spring. Progress in Neurobiology, 62(4), 427-451.

14. Francis, D., Diorio, J., Plotsky, P.M, & Meaney, M.J.
(2002). Environmental enrichment reverses the effects
of maternal separation on stress reactivity. Journal of
Neuroscience, 22(18), 7840-7843.

15. Barr, C.S., Newman, T.K., Lindell, S., Shannon, C.,
Champoux, M., Lesch, K.P,, Suomi, S., Goldman, D.,
Higley, J.D. (2004). Interaction between serotonin gene

WWW.DEVELOPINGCHILD.NET

16.

17.

20.

2

—_

22.

23.

24.

25.

26.

27.

28.

29.

variation and rearing history in alcohol preference and
consumption in female primates. Archives of General
Psychiatry, 61(11), 1146-1152.

Nachmias, M., Gunnar, M. R., Mangelsdorf, S., Parritz,
R., & Buss, K. A. (1996). Behavioral inhibition and stress
reactivity: Moderating role of attachment security. Child
Development, 67(2), 508-522.

Vermeer, H. J., & van IJzendoorn, M. H. (2006).
Children’s elevated cortisol levels at daycare: A review
and meta-analysis. Early Childhood Research Quarterly,
21,390-401.

. Gunnar, M.R., Kryzer, E., VanRyzin, M.]., & Phillips,

D. (in press). The rise in cortisol in family day care:
Associations with aspects of care quality, child behavior,
and child sex. Child Development.

. Essex, ML]., Klein, M.H., Cho, E., & Kalin, N.H. (2002).

Maternal stress beginning in infancy may sensitize
children to later stress exposure: Effects on cortisol and
behavior. Biological Psychiatry, 52(8), 776-784.

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

. Lupien, S., King, S., Meaney, M.J., & McEwen, B.S. (2001).

Can poverty get under your skin? Basal cortisol levels
and cognitive function in children from low and high
socioeconomic status. Development and Psychopathology,
13, 653-676.

Dawson, G. & Ashman, S.B. (2000). On the origins of a
vulnerability to depression: The influence of the early
social environment on the development of psychobiolog-
ical systems related to risk for affective disorder. In C.A.
Nelson (Ed.), The Effects of Adversity on Neurobehavioral
Development: Minnesota Symposia on Child Psychology,
(pp- 245-280). Mahwah, NJ: Lawrence Erlbaum & Assoc.
Ashman, S.B., Dawson, G., Panagiotides, H., Yamada,

E., & Wilkins, C.W. (2002). Stress hormone levels

of children of depressed mothers. Development and
Psychopathology, 14(2), 333-349.

Jones, N.A., Field, T., & Fox, N.A.(1997). EEG activa-
tion in 1-month-old infants of depressed mothers.
Development and Psychopathology, 9(3), 491-505.
Gunnar, M., Morison, S.J., Chisholm, K., & Schuder,

M. (2001). Salivary cortisol levels in children ad-

opted from Romanian orphanages. Development and
Psychopathology, 13, 611-628.

Bruce, J., Fisher, P. A., Pears, K. C., & Levine, S. (2009).
Morning cortisol levels in preschool-aged foster children:
Differential effects of maltreatment type. Developmantal
Psychobiology, 51, 14-23.

Carrion, V.G.,Weems, C.E, Ray, R.D., Glaser, B., Hessl, D.,
& Reiss, A.L.. (2002). Duirnal salivary cortisol in pedi-
atric posttraumatic stress disorder. Biological Psychiatry,
51(7), 575-582.

De Bellis, M.D., Baum,A.S., Birmaher, B., Keshavan,
M.S., Eccard, C.H., Boring,A.M., Jenkins, EJ., & Ryan, N.
(1999). Developmental traumatology, Part 1: Biological
stress systems. Biological Psychiatry, 9, 1259-1270.

De Bellis, M.D., Keshavan, M.S., Clark, D.B., Casey, B.J.,
Giedd, J.B., Boring,A.M., Jenkins, EJ., & Ryan, N. (1999).
Developmental traumatology, Part 2: Brain development.
Biological Psychiatry, 45, 1271-1284.

Excessive Stress Disrupts the Architecture of the Developing Brain



NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

30. Gunnar, M. (2003). Integrating neuroscience and psy- 45. Duncan, G.,& Chase-Lansdale, L. (2002). For Better and
chosocial approaches in the study of early experiences. In For Worse: Welfare reform and the well-being of children
J.A. King, C. E. Ferris & I. I. Lederhendler (Eds.), Roots of and families. New York: Russell Sage.

Mental Illness in Children, 1008, 238-247. New York: New 46. Huston, A.C. (2002). Reforms and child development.
York Academy of Sciences. The Future of Children, 12(1), 59-77.

31. Bredy, T.W., Humpartzoomian, R.A., Cain, D.P.,, &
Meaney, M.J.P. (2003). Partial reversal of the effect of
maternal care on cognitive function through environ-
mental enrichment. Neuroscience, 118(2), 571-576.

32. Kamerman, S.,& Kahn,A. (1995). Starting Right: How
America neglects its young children and what we can do
about it. New York: Oxford University Press.

33. Waldfogel, J. (1999).The impact of the Family and
Medical Leave Act. Journal of Policy Analysis and
Management, 18(2), 281-302.

34. Waldfogel, J. (2001) International policies toward paren-
tal leave and child care. The Future of Children, 11(1),
99-111.

35. Shonkoft, J.P,, & Phillips, D. (Eds.) (2000). From Neurons
to Neighborhoods: The science of early childhood develop-
ment. Committee on Integrating the Science of Early
Childhood Development. Washington, D.C.: National
Academy Press.

36. Phillips, D., Mekos, D., Carr, S., & Abbott-Shim, M.
(2000). Within and beyond the classroom door:
Assessing quality in child care centers. Early Childhood
Research Quarterly, 15(4), 475-496.

37.NICHD Early Child Care Research Network (1996).
Characteristics of infant child care: Factors contribut-
ing to positive caregiving. Early Childhood Research
Quarterly, 11,296-306.

38. NICHD Early Child Care Research Network (2000).
Characteristics and quality of child care for toddlers
and preschoolers. Applied Developmental Science, 4(3),
116-125.

39. Gilliam,W.S., & Shahar, G. (2006). Prekindergarten
expulsion and suspension: Rates and predictors in one
state. Infants and Young Children.

40. Zito, .M., Safer, D.]., dosRelis, S., Gardner, J.F., Boles,
M., & Lynch, E (2000).Trends in the prescribing of psy-
chotropic medications to preschoolers. Journal of the
American Medical Association, 283(8),1025-1030.

41. Johnson, K., Knitzer, J., & Kaufmann, R. (2002). Making
Dollars Follow Sense: Financing early childhood mental
health services to promote healthy social and emotional de-
velopment in young children. New York: National Center
for Children in Poverty.

42. Melton, G.B., & Thompson, R.A. (2002). The con-
ceptual foundation: Why child protection should be
neighborhood-based and child-centered. In G.B. Melton,
R.A. Thompson, & M.A. Small (Eds.), Toward a Child-
centered, Neighborhood-based Child Protection System: A
report of the Consortium on Children, Families, and the
Law, (pp. 3-27).Westport, CT: Praeger.

43. Brooks-Gunn, J., Berlin, L.J., & Fuligni, A.S. (2000). Early
childhood intervention programs: What about the fam-
ily? In J.P. Shonkoft & S.J. Meisels (Eds.), Handbook of
Early Childhood Intervention (2nd Ed.) (pp. 549-577).
New York: Cambridge University Press.

44. Thompson, R.A., & Flood, M.E. (2002).Toward a child-
oriented child protection system. In G.B. Melton,

R.A. Thompson, & M.A. Small (Eds.) Toward a Child-
centered, Neighborhood-based Child Protection System: A
report of the Consortium on Children, Families, and the
Law, (pp. 155-194). Westport, CT: Praeger.

8 Excessive Stress Disrupts the Architecture of the Developing Brain WWW.DEVELOPINGCHILD.NET



COUNCIL 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 Brain (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)

ALSO FROM THE COUNCIL

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)

NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

e oo

Center on the Developing Child € HARVARD UNIVERSITY

50 Church Street, 4th Floor, Cambridge, MA 02138
617.496.0578

www.developingchild.harvard.edu
www.developingchild.net



NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

SPRING 2006 WORKING PAPER #4




Jack P. Shonkoff, M.D. (Chair)
Samuel F. and Rose B. Gingold Professor of
Human Development and Social Policy
The Heller School for Social Policy
and Management
Brandeis University

Judy Cameron, Ph.D.
Professor of Psychiatry
University of Pittsburgh

Senior Scientist
Oregon National Primate Research Center

Greg Duncan, Ph.D.
Edwina S. Tarry Professor of Education
and Social Policy
Northwestern University

Director
Joint Center for Poverty Research
Northwestern University and
University of Chicago

Nathan Fox, Ph.D.
Professor of Human Development
University of Maryland, College Park

William Greenough, Ph.D.
Swanlund Professor of Psychology
Psychiatry and Cell and Structural Biology

Director
Center for Advanced Study
University of lllinois, Urbana-Champaign

Megan Gunnar, Ph.D.
Distinguished McKnight University Professor
Institute of Child Development
University of Minnesota

COUNCIL MEMBERS

Eric Knudsen, Ph.D.
Edward C. and Amy H. Sewall Professor of Neurobiology
Stanford University School of Medicine

Pat Levitt, Ph.D.
Professor of Pharmacology

Director
Kennedy Center for Human Development
Vanderbilt University

Betsy Lozoff, M.D.
Professor of Pediatrics
University of Michigan Medical School

Research Professor
Center for Human Growth and Development
University of Michigan

Charles A. Nelson, Ph.D.
Richard David Scott Professor of Pediatrics
Harvard University Medical School

Director of Research
Developmental Medicine Center, Boston Children's Hospital

Deborah Phillips, Ph.D.
Professor of Psychology

Co-Director
Center for Research on Children
Georgetown University

Ross Thompson, Ph.D.
Professor of Psychology
University of California, Davis

NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

is a multidisciplinary collaboration of leading scientists in early childhood and early
brain development. Its mission is to bring sound and accurate science to bear on
public decision-making affecting the lives of young children.

For more information on the Council and the science of early childhood, please see
www.developingchild.net.




THE ISSUE

Children develop in an environment of relationships'. They also develop in an environment of chemicals. Many of these
chemicals, such as the nutrients in a well-balanced diet, are essential for good health. Others, such as lead in drinking water, are
poisonous and can cause illness or death. Some chemicals that disrupt brain architecture are produced in our own bodies as a
result of severe and prolonged stress®. Others enter through contaminants in the air that we breathe, the water that we drink, and

the food that we eat.

Brain development begins well before birth and continues through the early adult years. The biology of that process is influenced
by the genes that are passed on from the parents to the child, by the environment of the mother’s womb, and by the world the
child experiences during infancy and childhood, which can either weaken or strengthen the initial blueprint. Thus, brains are
built over time, and the circumstances in which they are built are every bit as important as the initial architectural framework

handed down by genetics.

Toxic substances have the capacity to disrupt the development of all of the body’s organ systems. The nature and severity of that
disruption depend upon the type of substance, the level and duration of exposure, and most important, on the timing during
the developmental process. Early assaults can lead to a broad range of lifelong problems in both physical and mental health that
impose devastating human and financial costs. This paper focuses on the effects of toxic exposures on the architecture of the
developing brain. When it is relatively immature, the brain is particularly susceptible to adverse impacts on the formation of its
basic circuits. During pregnancy, the developing brain is extremely sensitive to many chemicals. When certain substances reach
dangerous levels at particularly sensitive points in time, they can disrupt that developmental process through toxic effects on the
general health of brain cells as well as on their ability to perform specialized functions. These toxic influences can weaken the
foundational structure of the brain and result in permanent impairment, thereby leading to a wide range of lifelong, adverse

impacts on learning, behavior, and health.>'2

The magnitude of the challenge of potentially toxic exposures requires sustained review and responsible management of a wide
array of potentially threatening substances. Each year 2,000 to 3,000 new chemicals are brought to the U.S. Environmental
Protection Agency for review prior to their manufacture. Currently there are more than 15,000 chemicals that are produced in
quantities greater than 10,000 pounds per year and 2,800 are produced in quantities that exceed one million pounds annually '?
Reports indicate that only 43 per cent of these “high volume” chemicals have been tested for human toxicity, and only 7 per

cent have been evaluated for their potential effects on development.!* ™

Neurotoxicity (i.e., the quality or state of having a poisonous effect on neurons or neural circuits) may produce changes in the
architecture and function of the brain as a result of exposure to a variety of biological or chemical agents®*®# Certain prenatal
infections, such as rubella, cytomegalovirus, and toxoplasmosis, are examples of biological agents whose neurotoxic properties
have been studied extensively. This paper will focus on the wide variety of chemical substances that can harm the developing
brain, which we have subdivided into three categories: (1) environmental chemicals, such as lead, mercury, and
organophosphates; (2) recreational drugs, such as alcohol, nicotine, and cocaine; and (3) prescription medications, such as
anticonvulsants to control seizure disorders and selected drugs for treatment of severe acne. Within each of these categories,

exposure that occurs either before or after birth can result in highly toxic effects on the immature brain.

The striking finding from extensive research on neurotoxins is the magnitude of devastation and lifelong impacts they can have

on human brain development* ' An important message for policy makers, however, is the extent to which many scientific findings
are not well understood by the general public and do not match popularly held beliefs about safety and risk. This is particularly
problematic in the face of widely available substances, such as alcohol, mercury, and many prescription drugs that are highly
damaging to the immature brains of embryos (first trimester of pregnancy), fetuses (second and third trimester of pregnancy),
and young children at doses that are tolerated with minimal to no adverse effects in adults. Thus, greater public understanding
of this often confusing scientific knowledge provides an important opportunity for evidence-based policies that can strengthen

our capacity to protect the developing brains of all young children.
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WHAT SCIENCE TELLS US

Neurotoxins interfere with the natural function of genes, proteins, and other small molecules that
build brain architecture. Disruptions of brain development caused by toxic substances, both before
and after birth, can result in disorders that are evident immediately after exposure as well as impairments
that emerge much later in life>”'>'¢ Because fully effective treatments have yet to be developed for
many of these disabling conditions, children who are exposed to neurotoxins before or soon after

birth often face a lifetime of difficulties, for which all of society pays a continuing price.

O Environmental influences can be positive or negative in very powerful ways, because they have the
capacity to literally change the architecture of the brain as it grows. Although exposure to toxins
can result in serious injury, the brain is also resilient as biology protects it over other organ systems
and helps it resist the potentially negative impacts of outside threats. Moreover, when given the
chance, the brain often demonstrates the capacity to recover from damage. This balance between
vulnerability and resilience determines how different environmental conditions affect brain

development over time.

OThe immature brain is far more vulnerable to toxic exposures than that of an adult. Mature
brains have a barrier of cells that restrict the entry of chemicals from the bloodstream into
brain tissue, but that protective barrier is absent in the fetus and only reaches maturity in the
first year after birth. Thus, the time of greatest brain growth and most intensive construction
of brain architecture is also the period that is most vulnerable to the relatively free passage of
toxins into its cells.>®% 7 Similar to the impact of disrupting the construction of the
foundation of a new house, early exposure to toxic substances has broader and more lasting

effects on brain development than exposure later in life.

GLOSSARY

GELL MEMBRANE: the outer layer of a cell that controls the passage of chemicals between the external
environment and the cell’s interior

ENZYME: a protein produced by cells that initiates or controls specific biochemical reactions

GLIA: specialized cells that provide a protective and supportive environment for neurons and their connections in
the brain

GROWTH FACTOR: a protein or other substance (like vitamins) that promotes the growth of cells

MYELINATION: the process by which specialized brain cells form insulation around nerve fibers, which aids
in the more rapid and error-free transmission of signals from one neuron to another

NEURAL CELL MIGRATION: an important part of the early embryonic development of the brain characterized
by the movement of nerve cells from the place where they originate to specific locations where they form
specific brain structures

NEURAL CIRCUIT: a network of connections among neurons that performs a specific function (e.g., visual circuit)
NEURON: a specialized cell that serves as the fundamental information-processing unit of the nervous system
NEUROTOXICITY: the quality or state of having a poisonous effect on neurons or neural circuits

NATIONAL NEUROTRANSMITTER: naturally occuring chemical substances (such as serotonin or dopamine) produced

2%‘ iNNT 'CFI'f and used by the nervous system to transmit information across a synapse from one neuron to another.

DEOVEL(T);EG SYNAPSE: the junction between two neurons across which neurotransmitters pass in order to excite or

CHILD inhibit the next neuron in line.
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ENVIRONMENTAL AGENTS

O Chemicals classified as heavy metals, such as lead, mercury, and manganese, disrupt many of
the normal biochemical processes that are necessary to build a sound and durable brain early
in life. These substances come from many places, including contaminants in foods (e.g., mercury
in fish), chemical waste that accumulates in water and plants, and synthetic materials (e.g.,
lead in paint, dust, or soil; manganese in unleaded gasoline). Generally speaking, heavy metals
are present in complex chemical mixtures that break down over time, leading to the release of
individual toxins that enter the bodies of children through eating, skin absorption, or inhalation,

as well as through the placenta before birth.! '

O At levels frequently measured in our environment, heavy metals interfere with the construction of
the basic framework of the maturing brain as well as with its function. These toxic effects include
disruption of neural cell migration from one part of the brain to another, as well as the formation
of synapses (i.e., connections among cells), each of which is essential for building normal brain
architecture. Heavy metals also interfere with neurotransmitters, which are the natural body
chemicals that carry signals from one cell to another. These neurotransmitters are responsible for
all brain functions, including learning, control of emotions, social interactions, and such fundamental
processes as movement, vision, hearing, and touch. The most complex of these functions, which

involve thinking and feeling, are the most susceptible to disruption by toxic exposures.”

O Lead can have adverse effects on several specific aspects of brain development. These include the
formation and sculpting of neural circuits (i.e., the networks of connections among brain
cells) as well as the process by which fatty tissue forms insulation around nerve fibers (known as
myelination) like the insulation around the electrical wires in a house, which facilitates more rapid
transmission of signals among brain cells. The disruptive effects of lead are due largely to interference
with the normal function of several important neurotransmitters, including dopamine, glutamate,
and acetylcholine. The primary functional deficits resulting from lead exposure, which have been
demonstrated through repeated studies in both humans and animals, include a range of problems

in learning, behavior, and the ability to focus and sustain attention.>>

O Mercury disrupts brain development by inhibiting important enzymes and preventing certain
cells from dividing to produce more neurons and support cells (called glia). Research shows
that mercury also increases the vulnerability of the brain to the adverse effects of other toxins
at levels that are otherwise thought to be below dangerous thresholds, thereby producing a
so-called “double hit.” As for all neurotoxins, the degree to which developing brain architecture
is disrupted by mercury ultimately depends upon the timing and level of exposure, each of
which is influenced by the source of the toxin. Currently, emissions released by coal-fired

230

power plants are the most important source of environmental mercury in the United States.

This chemical is deposited into rivers, streams, and lakes where it is transformed by bacteria

into a substance called methyl mercury, which is considered one of its most toxic forms. In
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recent years, the level of this dangerous chemical has been rising in the food chain, with the

highest recordings found in contaminated fish (such as swordfish and tuna) as well as some

ON THE

shellfish, which are now the most significant sources of mercury exposure in the country and the B ECVIIE-ILIOF NG




EARLY EXPOSURE TO TOXIC SUBSTANCES DAMAGES BRAIN ARCHITECTURE

most harmful to the developing fetus and young child. Direct exposure to other forms of
mercury, through contaminated soil or air near industrial sites, is a relatively smaller contributor.
Exposure to elemental mercury, through broken thermometers or switches, is also much less

common and much less toxic than to methyl mercury.®* >

OExposure to organophosphates (also called “OPs”), which are common ingredients in
insecticides used widely in agricultural regions and by professionals for control of insect
infestation in homes and commercial facilities, can cause mild to severe disruption of
brain development. The most widely investigated of the organophosphates, chlorpyrifos
(CPF), kills neurons, causes defects in neural cell migration, and reduces connections
among brain cells. Other organophosphates also affect the production of neurons,
supporting cells, and neurotransmitters. Thus, organophosphates disrupt a wide range of
processes that are essential for the formation and function of brain circuits. Although
animal research demonstrates that organophosphates produce microscopic changes that
are difficult to detect, studies of functional outcomes in both animals and children
demonstrate that modest changes in brain architecture caused by exposure to CPF can

lead to measurable problems in learning, attention, and emotional control.* > 101618 24 3436

RECREATIONAL DRUGS

O Both legal and illicit recreational neurotoxins, such as alcohol, nicotine and cocaine, interfere
with chemicals that are necessary for the formation of normal brain architecture. Extensive
human and animal research indicates that each agent causes different functional deficits
that are influenced by the level, duration, and timing of the exposure. Recreational neurotoxins
are most damaging during pregnancy because of the heightened susceptibility of the
embryonic and fetal brain to developmental disruption. Research designed to pinpoint
the precise biological impacts of parental substance abuse on fetal brain development, however,
is quite challenging, given the high prevalence of multiple exposures (e.g., cocaine users
often smoke cigarettes and consume alcohol) and the difficulties in conducting careful studies
of individuals who are addicted to illegal substances. Even more important, it is often difficult
to separate the biological impact of fetal exposure to toxic recreational drugs before birth
from the physiological effects of environmental stresses facing children whose parents have
a substance abuse problem, both of which can harm the developing brain.? Nevertheless,
despite these research challenges, there is abundant scientific evidence that exposure to
dangerous levels of recreational neurotoxins at particularly sensitive times in the developmental

process can disrupt the architecture of the brain.'®

O Of all the recreational neurotoxins studied to date, alcohol produces the most devastating

disruptions of early brain development. These changes are most evident in the structure of

cell membranes, which contain the proteins that are responsible for the ability of growth factors

NATIONAL
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spared by other toxic exposures, including those of the cardiovascular, digestive, and musculo-
skeletal systems. Thus, high levels of alcohol exposure during pregnancy have been shown to
produce a combination of problems that have been characterized as the “fetal alcohol syndrome,”
which is a serious medical condition involving multiple organ systems. Once again, the timing
of the toxic exposure is most important. Alcohol exposure in the embryo and fetus can cause
different kinds of disruptions of brain architecture by killing neurons or stalling their migration
during critical developmental periods. The potential long term functional outcomes of such
disruptions in both human and animal studies include cognitive deficits such as mental

retardation, reduced emotional control, problems with attention, and hyperactivity.> ¢33

O Nicotine exposure from cigarette smoking during pregnancy also has a well documented adverse
impact on the structure and function of the fetal brain. Nicotine binds to a membrane protein
that is responsible for the function of acetylcholine, a naturally occurring neurotransmitter in the
adult brain that also is present during fetal development. When pregnant women smoke, oxygen
delivery to the fetus is reduced and high levels of nicotine exposure result in decreased overall
growth. Both animal and human studies also have documented cognitive impairments associated
with fetal nicotine exposure, although these effects are significantly milder than those resulting

from alcohol or other toxic chemicals® 1*27%

O Cocaine, methamphetamine (“speed”), and methylphenidate (Ritalin) are psycho-stimulant
substances that have been shown to cause functional impairments in animals and humans
who experience prenatal exposure. However, unlike the adverse effects of alcohol and other
neurotoxins that are noticeable in early childhood, the damage from prenatal psychostimulant
exposure may not be apparent until later in life.” Moreover, the specific impact of exposure to
psychostimulants in humans has been relatively difficult to investigate, because pregnant
women who abuse cocaine or other psychostimulants typically use alcohol and nicotine as
well. Psychostimulants act by interfering with the regulation of a class of neurotransmitters
(the monoamines) whose activation and inactivation are important for normal function in
fetal brain development. Animal studies demonstrate that psychostimulants such as cocaine
cause changes in the maturation of brain cells located in specific circuits that affect the ability to
focus attention and regulate emotion. Most prospective studies of prenatal cocaine exposure in
humans report relatively modest developmental changes in infants and toddlers but measurable
problems with attention, hyperactivity, and mood control as the children are followed into

their early teen years.'® 2%

MEDICATIONS

OA variety of prescription drugs that are safe for adults can cause serious damage to an

immature nervous system. For example, both human and animal studies indicate that prenatal

exposure to valproate, which is used to treat seizure disorders, can cause neural tube defects

NATIONAL
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destruction of brain cells and alteration in the formation of neural circuits involved in cognitive
and behavioral functions. As expected from this type of developmental disruption, valproate
exposure during pregnancy can cause mental retardation, other cognitive deficits, and

impaired emotional control>*

OThe extent to which certain nutritional supplements can disrupt the development and
function of the immature brain is highly influenced by both the timing and level of
exposure. Vitamin A, for example, is a common example of a class of chemicals called
retinoids, which are essential to a variety of chemical reactions that are important for
normal brain development, including the activity of genes that are necessary for producing
brain cells, promoting their specialization, and protecting their survival. Excessive exposure
during embryonic or fetal development, however, results in impairments that can be
major (e.g., spina bifida) or relatively minor (i.e., mild functional difficulties). Excessive
levels of retinoids resulting from maternal use of a compound to treat severe acne during
pregnancy can have particularly devastating effects. This provides a striking example of
a chemical that is highly neurotoxic for the immature brain of a fetus at doses that are

tolerated without serious consequences by adults.*#
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POPULAR MISREPRESENTATIONS OF SCIENCE

Popular beliefs about which chemical substances are more or less toxic to the developing
embryo, fetus, infant, and child are most commonly related to their relative abundance and
legal status in society. In this context, it is essential that we distinguish scientific facts from

widespread misperceptions.

Olt is generally assumed that illegal recreational drugs have the most damaging impacts on
brain development and function. In fact, extensive research indicates that alcohol is one of

the most dangerous neurotoxins that can affect the brain during the period between conception
and birth.>?%

Olt is generally assumed that the adverse impact of toxic substances on the developing
architecture of the brain is an all-or-none phenomenon. In fact, neurotoxins can
produce a range of outcomes, from mild to severe impairment, which often lead to
confusing conclusions about the linkage between exposure to a specific substance and its

consequences.’” 1> 27> 2840

Olt is generally assumed that the absence of cognitive or behavioral problems in childhood
indicates that an early exposure to a neurotoxin had no adverse effect on brain development.
In fact, studies in both animals and humans have demonstrated that some substances cause
damage to the brain that is manifested in the delayed onset of learning problems, attention
deficits, and changes in emotional regulation, which can have long term consequences into

the teenage and adult years.>>7> 2%

Olt is generally assumed that the determination of a dangerous level of exposure to a
potentially neurotoxic substance is a straightforward scientific question. In fact, this can
present a complicated challenge because the developing brain of a young child is typically
more susceptible to damage than the mature brain of an adult, and the immature nervous
system of an embryo or fetus is even more vulnerable to toxic exposures than is that of
an infant. Therefore, there is no credible way to determine a safe level of exposure to a
potentially toxic substance without explicit research that differentiates its impact on
adults from the greater likelihood of its adverse influences on the developing brain during

pregnancy and early childhood.® &7 2 1112 16,24, 26.36. 44

OThere is a popular misperception among some groups that vaccines containing thimerosal
(which has been added as a preservative) are linked to the development of autism in susceptible
children. In fact, extensive and repeated studies by highly reputable scientific groups have

failed to confirm this claim.®
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THE SCIENCE-POLICY GAP

There is no question that exposure to certain chemical substances during the period from
conception through the early years of life causes significant and irreversible damage to the
developing architecture of the brain. Nevertheless, the importance of determining which substances
are safe and specifying thresholds of exposure for those that are dangerous is not yet incorporated
into public policy. These tasks are complicated by the fact that policy initiatives in this area are
driven largely by popular beliefs, which are influenced primarily by advocacy groups and media
reports that often are not updated as new science becomes available. Moreover, these folk beliefs
prove especially stubborn to dislodge as they are not subject to rigorous scientific review.
Although much remains to be learned about the full breadth of risk during pregnancy and early
childhood, there is much that can be done based on what we know now about how to reduce

the number of children whose brains are harmed by neurotoxins.

Over the past few decades, effective public policy has been developed to reduce exposure to
some of the most widely recognized neurotoxins. The decreased prevalence of lead poisoning
is a prominent example® '®“ Efforts to educate the public about the harmful effects on
children of second hand cigarette smoke provide another example. Between 1994 and 1999,
the percentage of homes with a child under age 7 in which someone smoked regularly
dropped from 29% to 19%. Consequently, median blood levels of cotinine (a breakdown
product of nicotine) were 56% lower in the five year period from 1999 to 2000 compared
to levels reported between 1988 and 1991." In 1999-2000, the U.S. Environmental
Protection Agency imposed new restrictions on the use of organophosphate pesticides, largely
because of concerns about the potential exposure of young children. Subsequently, the
percentage of food samples with detectable residues of these pesticides declined from 29% in
1996 to 19% in 2001."

Although progress has been made in reducing selected toxins, policies that could restrict
the exposure of embryos, fetuses, and infants to other chemicals whose neurotoxicity is well
documented, such as mercury and other industrial organic compounds, have been less well
formulated!® ' * % Beyond the moral responsibility to reduce known threats to the health
of young children, there are persuasive economic arguments for greater attention to the value
of prevention, both as an investment in sound development and as strategy for reducing the
continuously escalating treatment costs of disease and disability." * % “ The gap between
what we know about the potentially devastating effects of neurotoxins and what we do
through public policies and programs to protect the developing brain from harm in the early

years of life is illustrated by the following examples.

O Because of the highly complex nature of the processes that build brain architecture in the

carliest years, the immature brain of an embryo, fetus, or infant is often susceptible to

significant damage from exposure to chemicals at levels that appear to be harmless for
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adults. Despite this well established scientific fact, policy makers generally establish safe
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OThe absence of overt cognitive and behavioral deficits in infants and toddlers who have been
exposed to neurotoxic substances often has a strong influence on establishing priorities for
regulatory controls. However, long-term impacts of some early toxic exposures, which can
include a so-called “silent period” of normal functioning prior to the appearance of functional
deficits, are not well understood. This typically results in public policies that fail to protect

developing brains during pregnancy and early infancy.>>7> 1>

O An illustrative example of the science-policy gap can be found in a recent study by the U.S.
Environmental Protection Agency which estimated that 8 per cent of women of childbearing
age in the United States have dangerously high blood levels of mercury. After concluding
that “there is no safe level of methyl mercury in the blood” (p. 59), the report went on to
state that 50 per cent of women of childbearing age have blood levels of mercury that reach
or exceed 1 part per billion."® With these data as a backdrop, research shows that mercury
levels in the food chain are increasing, with the greatest concern focused on popular fish
such as swordfish and tuna. What makes the science-policy gap particularly striking is evidence
that the source of this increasing toxic chemical burden is well known and preventable. The
largest production of environmental mercury comes from the emissions of coal-burning
power plants and incinerators, despite the fact that technology is available to reduce its
atmospheric release.'® % Other sources of contamination are related to inadequate disposal
of mercury-containing products, which could be ameliorated through greater
public education and the provision of convenient and appropriate mechanisms for recycling

and waste management.” %2

NATIONAL
SCIENTIFIC
COUNCIL

ON THE
DEVELOPING
CHILD




EARLY EXPOSURE TO TOXIC SUBSTANCES DAMAGES BRAIN ARCHITECTURE

IMPLICATIONS FOR POLICY AND PROGRAMS

Beyond the importance of individual responsibility for the care and protection of children,
public policies can have a significant impact on promoting health and preventing disease or
disability in the entire population. When fluoride is added to public water supplies, children
have fewer dental caries. When foods eaten by infants and toddlers are fortified with iron, the
prevalence of anemia decreases, and the risk of associated developmental problems goes down.
In contrast, when mercury enters the food chain or when young children play in gardens that have
been sprayed with neurotoxic insecticides, individual behavior cannot guarantee safety and the
resulting disruptions of early brain development that lead to lifelong disabilities could have been

prevented by informed public policies.®* %%

To this end, the basic science of how early brain development can be disrupted by toxic
substances is now sufficiently detailed to inform more effective policies to protect the well-being

of human embryos, fetuses, and young children.

OThe costs of ignoring the danger of neurotoxins are high. The moral costs of preventable
disability and public expenses for special education, medical care, and lost economic
productivity incurred for individuals with disabilities that were caused by early chemical damage
to the developing brain are considerable. The costs of cognitive impairments due to lead
poisoning alone, for example, have been estimated to approach $43 billion per year, and
the costs of mental retardation, autism, and cerebral palsy due to environmental pollutants
have been estimated at $9 billion annually.” The magnitude of this financial burden indicates
that the prevention of brain damage by neurotoxic exposures should be assigned a higher
priority for policies focused on public health, education, human capital development, and

environmental protection.> !> 4>

OThe establishment of safe levels of exposure to toxic substances should be based on
scientific data that recognizes the critical link between vulnerability and age. In view
of the well-established scientific fact that embryonic, fetal, and early childhood brain
development is considerably more susceptible to damage from toxic substances than the
mature brain of an adult, the establishment of thresholds for toxic exposures should focus

primarily on the best data available for the youngest children.® 71 12.16.26.3¢

OPublic awareness campaigns should be grounded in state-of-the-art science.
Knowledge about the potential adverse impacts of prescription drugs and nutritional
supplements when used by pregnant women and nursing mothers should be updated
continuously and communicated to health care personnel and the general public. The fact
that toxic exposures can be most damaging in the earliest weeks of pregnancy, before many
women are aware that they are pregnant, underscores the importance of broader public

education on this issue. Current efforts to strengthen the ability of nurses to play this

NATIONAL important role can be seen in the Environmental Health Nursing Initiative launched by
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OScientific information should be disseminated more extensively through warning
labels and proactive controls on toxic exposures. Information on the toxic effects of
organophosphates could be disseminated in a more effective manner by a requirement for
clearer warning labels on the packaging of commonly used insecticides. This would enable
pregnant women and families with young children to make more informed choices about
the products they use. In an effort to move beyond sole reliance on individual behavior,
Michigan enacted legislation in 2004 that prohibits the use of any pesticides at a school or
child care center unless it has adopted an integrated pest management program that focuses
on non-pesticide alternatives to chemical controls. Both the Michigan law and recent
legislation in Rhode Island require schools and child care centers to notify parents in
advance before pesticides are used on school grounds.™ More proactive education programs also
should be provided for employees of childbearing age who are exposed to substances in the
workplace that are not harmful to adults but can be highly toxic to the immature brain. In
such cases, chemicals can be transmitted through the placenta of a pregnant woman or

brought home on the clothing of a mother or father of a young child.

O Marketing campaigns provide opportunities for enhanced public education. The significant
neurotoxicity of prenatal alcohol exposure calls for a focused re-examination of the marketing of
alcohol to young adults and other vulnerable populations. This should include efforts targeted at
low income neighborhoods and populations with less education, college campuses where alcohol

abuse is common, and work sites that have high concentrations of employees of childbearing age.

OThe chemical and interpersonal impacts of adult addictive behaviors on child well-being
require greater public attention. Routine prenatal care should be augmented by the
incorporation of state-of-the-art practices for identifying and treating women who are
addicted users of both legal (e.g., alcohol and tobacco) and illegal (e.g., cocaine) substances.
This could be reinforced through community-based counseling, targeted education programs
in the workplace, and comprehensive therapeutic interventions as needed. Central to such
efforts is the need to focus on the fact that parental substance abuse threatens the development
of healthy brain architecture through the effects of two kinds of chemicals: (1) abused substances
that are taken by the mother and cross the placenta during pregnancy; and (2) elevated
stress hormones that are produced by young children themselves who experience highly

stressful interactions in the absence of stable and supportive caregiving relationships.

Olncreased investments in environmental surveillance are needed to strengthen our
capacity to prevent damage to young children’s brains. There is a compelling need for
greater public efforts to track developmental disorders that are linked to environmental
exposures in order to identify disease clusters and determine the causes of disrupted brain
architecture.”® Examples of recent state-level legislation include the California Health
Tracking Act of 2003 and the Illinois Children’s Environmental Health Officer Act of 2005.

NATIONAL

The protection of young children requires a balanced approach to both individual and public SCIENTIFIC
e . . . . CoOuNCIL
responsibility. Extensive research shows that preventive public health measures are most effective ON THE

DEVELOPING
CHILD

11



EARLY EXPOSURE TO TOXIC SUBSTANCES DAMAGES BRAIN ARCHITECTURE

when they do not depend primarily on individual behavior.® > '® 1 47 Well studied
examples include safety caps on medications that decrease child ingestions; lowered hot water
temperatures that prevent scalding burns; the removal of lead from gasoline, food cans, and
residential paint products which leads to lowered blood lead levels in children; and the fortification
of bread, flour, and grain products with folic acid to reduce the incidence of neural tube defects

such as spina bifida.

In the final analysis, the prevention of brain damage to embryos, fetuses, and young children
as a result of toxic exposures will depend largely on the extent to which effective controls are
implemented to lower the levels of known neurotoxins in the environment. Maryland
demonstrated such a commitment in 2000 with the creation of a children’s environmental
health protection advisory panel, which reviews existing regulations, statutes, and proposed
regulations to assess whether they provide sufficient protection for children and makes specific
recommendations accordingly. The challenge for policy makers and civic leaders is to build
working relationships with leading research and public health agencies, educate the general
public about the science of neurotoxicity, confront popular misunderstandings and active
distortions of that science, and use currently available knowledge to design and implement

policies to reduce preventable injuries to the brains of young children, both before

and after birth.
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The Issue

THE FOUNDATIONS OF BRAIN ARCHITECTURE ARE ESTABLISHED EARLY IN LIFE THROUGH A CONTINU-

ous series of dynamic interactions in which environmental conditions and personal experiences

have a significant impact on how genetic predispositions are expressed.'” Because specific experi-

ences affect specific brain circuits during specific developmental stages—referred to as sensitive

periods*’—it is vitally important to take advantage of these early opportunities in the developmen-

tal building process. That is to say, the quality of a child’s early environment and the availability of

appropriate experiences at the right stages of development are crucial in determining the strength

or weakness of the brain’s architecture, which, in turn, determines how well he or she will be able to

think and to regulate emotions.

Just as in the construction of a house, cer-
tain parts of the formative structure of the brain
need to happen in a sequence and need to be ad-
equate to support the long-term developmental
blueprint. And just as a lack of the right materi-
als can result in blueprints that change, the lack
of appropriate experiences can lead to altera-
tions in genetic plans. Moreover, although the
brain retains the capacity to adapt and change
throughout life, this capacity decreases with
age."”"? Thus, building more advanced cogni-
tive, social, and emotional skills on a weak ini-
tial foundation of brain architecture is far more
difficult and less effective than getting things
right from the beginning."

The exceptionally strong influence of early
experience on brain architecture makes the early
years of life a period of both great opportunity
and great vulnerability for brain development.
An early, growth-promoting environment, with
adequate nutrients, free of toxins, and filled
with social interactions with an attentive care-
giver, prepares the architecture of the develop-
ing brain to function optimally in a healthy
environment.'*"” Conversely, an adverse early
environment, one that is inadequately supplied
with nutrients, contains toxins, or is deprived of
appropriate sensory, social, or emotional stimu-
lation, results in faulty brain circuitry.”'*"” Once
established, a weak foundation can have detri-
mental effects on further brain development,
even if a healthy environment is restored at a
later age.

The considerable susceptibility of the young,
developing brain to the synergistic effects of
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environment and experience has enormous im-
plications for policymakers, parents, and soci-
ety. An abundance of scientific evidence clearly
demonstrates that critical aspects of brain archi-
tecture begin to be shaped by experience before
and soon after birth, and many fundamental
aspects of that architecture are established well
before a child enters school.””*"*

Critical aspects of brain architecture begin to be
shaped by experience before and soon after birth,
and many fundamental aspects of that architecture

are established well before a child enters school.

Nevertheless, despite increasing public in-
vestment in K-12 education, there remains a
persistent tolerance in our society for poor
quality care and education in the early child-
hood period. In this context, scientific evidence
indicates that for children to reach their full
potential, communities need to support the
capacity of all families to provide a variety of
stimulating and appropriate experiences in the
earliest years, when a child’s brain is optimally
programmed to benefit from specific types of
experiences, and then build on that sturdy brain
foundation through continuous exposures
to high quality, age-appropriate experiences
throughout the later school-age years.”
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What Science Tells Us

The architecture of the brain depends on the mu-
tual influences of genetics, environment, and ex-
perience. Genetics supplies a basic plan for brain
development, just as an architect supplies a
blueprint for building a house. The genetic plan
instructs the basic properties of the nerve cells
and lays down the basic rules for interconnect-
ing nerve cells within and across circuits. In this
manner, genes provide the initial construction
plan for the brain’s architecture.

The environment in which the brain begins
to develop can have a profound influence on its
initial architecture. Just as the selection of the
best building materials enables the realization
of the full potential of an architect’s blueprint,
a healthy environment beginning in the prena-
tal period allows the full potential of the genetic
plan for the brain to be expressed. This includes
an abundant supply of nutrients, an absence
of toxins, and the healthy personal and social

Experiences during sensitive periods of
development play an exceptionally important

role in shaping the capacities of the brain.

habits of the expectant mother."*"> Conversely,
an environment lacking in critical nutrients, or
containing toxins that result from unhealthy
behaviors such as excessive maternal alcohol
intake during pregnancy or lead ingestion in
early childhood, can cause neurons to acquire
abnormal properties and aberrant connections
with other brain cells."””'®* In addition, an ad-
verse prenatal environment can actually alter
the genetic plan for the brain."””* These effects
of threatening environmental conditions can
cause neural circuits to change in ways that pre-
vent them from functioning well, or at all, even
in a subsequent healthy environment.
Experience refers to the interaction of a child
with his or her environment. In humans, such
experience begins before birth, as the fetus
senses and responds to the environment of the
womb.!® This early experience influences the
basic architecture of low-level circuits that ma-
ture at this early stage. After birth, experience
plays an increasingly important role in shaping

2 TheTiming and Quality of Early Experiences Combine to Shape Brain Architecture

the architecture of developing neural circuits
so that they function optimally for each indi-
vidual.*'**** Just as a master carpenter modifies
the blueprint for a house to adapt to the needs
of its setting and the people who will live in it,
experience adjusts the genetic plan for the brain
and shapes the architecture of its neural circuits
according to the needs and distinctive envi-
ronment of the individual.**"” Consequently,
healthy and stimulating experience results in
brain architecture that operates at its full genetic
potential, and persistent adversity leads to weak
brain architecture with impaired capabilities.

Early environments and experiences have an ex-
ceptionally strong influence on brain architecture.
For most neural circuits, the effects that the en-
vironment and individual experience can exert
on their architecture are particularly potent
just as the circuit is maturing.® As a circuit be-
gins to function, its chemical environment and
the electrical information that it processes can
have an enormous impact on that circuit, caus-
ing adjustments in its genetic plan and changing
its architecture in fundamental ways. After most
circuits have matured, their genetic plans and
architecture can still be modified by experience,
but the extent of these later modifications tends
to be far more limited.

The period of exceptional sensitivity to the
effects of environment and experience is called
a sensitive period for that circuit. Because it is far
more difficult to alter neural circuits substan-
tially after their sensitive periods have ended,
experiences during these sensitive periods play
an exceptionally important role in shaping the
capacities of the brain. Some examples of be-
havioral capacities that have been shown to be
affected by sensitive periods of underlying cir-
cuitry include vision,** hearing," language,”
and responses to social cues.”">"

The increased flexibility of the circuitry in a
young, developing brain is explained primarily
by three factors. First, during its initial stages of
formation, the brain develops far more extensive
connections than it needs in order to function
optimally, and connections that are not useful
are pruned away over time." Second, the mo-
lecular environment and cellular mechanisms
that enable the formation of new connections
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and the elimination of incorrect connections
are highly active in a circuit while it is matur-
ing.’ Finally, neural circuits are far more flexible
before a particular pattern of connections has
been shaped and fully activated.' Consequently,
once a particular circuitry pattern becomes es-
tablished, it is difficult for the effects of new and
different experiences to alter that architec-
ture.”*”” This means that early experience has
a unique advantage in shaping the architecture
of developing brain circuits before they are fully
mature and stabilized.

Different mental capacities mature at different
stages in a child’s development. Aspects of men-
tal function are carried out by different hierar-
chies of neural circuits in the brain. The hierar-
chies of circuits that analyze visual information
are different from those that process auditory
information, learn language, remember recent
events, plan future actions, or determine emo-
tional responses. Because these various hierar-
chies mature at different times in a child’s life,**
the same environmental conditions will produce
different cognitive and emotional experiences
for a child, depending on his or her age.*****
Even within a single hierarchy—such as visu-
al,auditory, or language development—different
neural circuits mature at different times. Circuits
that process lower-level information mature
earlier than those that process higher-level in-
formation.” For example, in the neural hierar-

WHAT SCIENCE TELLS US

chy that analyzes visual information, low-level
circuits that analyze color, shape, or motion are
fully mature long before the higher-level circuits
that interpret complex stimuli, such as facial ex-
pressions, or identify meaningful inputs such as
frequently used objects.’****** For the develop-
ing brain, this means that the ability to perceive
simple aspects of the world and to make simple
emotional and social judgments develops long
before the ability to make sophisticated, cogni-
tive analyses.”””' Stated simply, children’s ability
to interpret what they see changes over time as
their brain circuitry is built. Thus, it is impor-
tant that experiences provided in the earliest
years are appropriate for the young child’s stage
of development. Reading a picture book with a
toddler who is learning to speak, for example,
provides an important opportunity to point to
and talk about the pictures, not to focus on the
written words. The ability to decode written lan-
guage comes later, when the appropriate, higher-
level brain circuitry will be built.

Sensitive periods occur at different ages for dif-
ferent parts of the brain. Different neural circuits
pass through sensitive periods at different ages.
The sensitive periods for neural circuits that per-
form low-level analyses of sensory stimuli tend
to end before or soon after birth.”®** In contrast,
the sensitive periods for high-level circuits that
process sophisticated aspects of the world, such
as communication signals (including language)

Birth—5 years

Synapse Formation in the Developing Brain

Higher cognitive function
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Source: Charles A. Nelson, From Neurons to Neighborhoods, 2000.
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or the interpretation of facial expressions, end
much later in development.***>*

Because low-level circuits mature early and
high-level circuits mature later, different kinds
of experiences are critical at different ages for
optimal brain development," a concept called
age-appropriate experience. Soon after birth, ba-
sic sensory, social, and emotional experiences
are essential for optimizing the architecture of
low-level circuits. At later ages, more sophisti-
cated kinds of experiences are critical for shap-
ing higher-level circuits. When adults or com-
munities expect young children to master skills
for which the necessary brain circuits have not
yet been formed, they waste time and resources,
and may even impair healthy brain development
by inducing excessive stress in the child.

Stimulating early experiences lay the foundation
for later learning. High-level neural circuits that
carry out sophisticated mental functions de-
pend on the quality of the information that is
provided to them by lower-level circuits. Low-
level circuits whose architecture was shaped by
healthy experiences early in life provide high-
level circuits with precise, high-quality informa-
tion. High-quality information, combined with
sophisticated experiences later in life, allows the
architecture of circuits involved in higher func-
tions to take full advantage of their genetic po-
tential. Thus, early learning lays the foundation
for later learning and is essential (though not
sufficient) for the development of optimized
brain architecture. Stated simply, stimulating
early experience must be followed by more so-
phisticated and diverse experiences later in life,
when high-level circuits are maturing, in order
for full potential to be achieved.'******

Impoverished early experience can have severe
and long-lasting detrimental effects on later brain
capabilities. Sensitive periods act as double-
edged swords. On the one hand, a sensitive pe-
riod enables a neural circuit to optimize its ar-
chitecture for the needs and environment of the
individual.”* On the other hand, this period of
extreme receptivity also makes the circuit vul-
nerable to the damaging effects of adversity.'*
Just as a faulty foundation has far-reaching det-
rimental effects on the strength and quality of
a house, adverse early experience can have far-
reaching detrimental effects on the develop-
ment of brain architecture.

4 The Timing and Quality of Early Experiences Combine to Shape Brain Architecture

Stressful experiences during sensitive pe-
riods alter the function and architecture of
specific neural circuits, as these circuits adapt
their functional properties to the adversity that
has been experienced.*'”* As shown by experi-
ments in which animals have been subjected to
significant stress, when the adverse conditions
last through the end of a circuit’s sensitive pe-
riod, the changes in the circuit’s architecture
become stable and tend to persist in the adult
brain.**" Subsequently, although the brain’s
residual capacity for plasticity can mitigate the
adverse effects of the altered circuit architec-
ture,"” the affected neural circuits do not pro-
cess information as well as they could have if
the animal had been exposed to an appropriate
experience during the sensitive period. The de-
graded information that is transmitted by the
altered neural circuit can prevent high-level cir-
cuits from receiving the information they need
to shape their architectures optimally, even af-
ter a rich environment has been restored later
in life.

Brain plasticity continues throughout life. Neural
circuits, particularly those that are specialized
for learning, continue to adapt their architec-
ture in response to experience throughout the
adult years."”"" Even circuits that pass through
sensitive periods maintain a degree of flexibil-
ity that allows them to adapt their architecture,
at least partially, to experience in adulthood."***
The plasticity of many of these circuits in adult
animals can be enhanced significantly by in-
tentionally drawing attention to the infor-
mation that is being processed by the circuit."
For example, plasticity in the representation of
sound frequencies in the auditory cortex can
be induced in adults—long after the appropri-
ate sensitive period has ended—by having adult
animals attend to particular sound frequencies
to receive a food reward.”” The residual capac-
ity for plasticity in mature neural circuits thus
allows for some recovery of brain capabilities,
even in adults. In order for the brain to take full
advantage of this plasticity, experience needs to
be tailored to activate the relevant neural circuits
and the individual’s attention must be engaged
in the task.” The implications for later interven-
tions in development are clear—the task will
be harder, more expensive in terms of societal
and individual effort, and potentially less exten-
sive and durable.

WWW.DEVELOPINGCHILD.NET



POPULAR MISREPRESENTATIONS OF SCIENCE

Popular Misrepresentations of Science

AS ADVANCES IN NEUROSCIENCE HAVE RECEIVED
increasing attention, there has been parallel
growth in the appetite for information about
how to use scientific knowledge to enhance early
brain development. This creates both important
opportunities for more informed investments
in young children, and the danger of unrealistic
or misleading applications, sometimes with al-
truistic intentions and at other times simply for
commercial profit. Within this context, it is es-
sential that we differentiate scientific fact from
common misperceptions.

Although a great deal of brain architecture is
shaped during the first three years, claims that
the window of opportunity for brain development
closes on a child’s third birthday are completely
unfounded. Basic aspects of brain function, such
as our ability to see and hear effectively, do de-
pend critically on very early experiences. Some
aspects of emotional development also conform
to this concept. Nevertheless, vast regions of
the brain that are responsible for higher order
functions—including most cognitive, social, and
emotional capacities—have not yet begun to
mature by age three or are at extremely early
stages of maturation. Thus, although the basic
principle of early plasticity generally applies
(i.e., “earlier is better than later”), the impor-
tant time periods for experience depend on the
specific function of interest. For most functions,
the window of opportunity remains open well
beyond age three.

Studies of the adverse effects of deprivation on
brain development tell us little about the bene-
fits of enrichment. Much of what we know about
the impact of early experience on brain archi-
tecture comes from animal or human studies
of deprivation. Examples include the nega-
tive effect on the development of vision from
a cataract present at birth or an untreated stra-
bismus (i.e., “lazy eye”) early in life; adverse im-
pacts on language and behavior as a result of
delayed detection and intervention for a con-
genital hearing impairment; and the devastat-
ing effects on all aspects of development when
a child is brought up in a bleak and neglectful
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orphanage. It is important to emphasize, how-
ever, that well-documented, scientific evidence
of the negative impacts of deprivation on brain
circuitry does not necessarily mean that exces-
sive enrichment produces measurable enhance-
ments in brain architecture.

There are no credible scientific data to support
the claim that specialized videos or particular mu-
sic recordings (e.g., “the Mozart Effect”) have a
positive, measurable impact on developing brain
architecture. Beyond recent research that has
argued against such claims,” evidence from de-
cades of scientific investigation of experience-

Well-documented, scientific evidence of the nega-
tive impacts of deprivation on brain circuitry does
not mean that excessive enrichment produces

measureable enhancements in brain architecture.

induced changes in brain development makes
it highly unlikely that the potential benefits of
such media would even come close to match-
ing (much less exceeding) the more important
influences of attentive, nurturing, and growth-
promoting interactions with invested adults.
Although a varied array of experiences clearly
stimulates learning in the preschool years, pro-
motional statements about the superior brain-
building impacts of expensive “educational”
toys and videos for infants and toddlers have
no scientific support.”** Similarly, didactic in-
struction in skill areas that are developmentally
inappropriate for young children (i.e., the un-
derlying neural circuitry necessary to master
the particular skill has not developed) is an ex-
ercise in futility. Attempting to teach one-year
olds to read is an example of such misguided
efforts. The issue is not whether the child is
“smart enough” or “motivated” to learn, but
whether the necessary brain circuitry is suffi-
ciently “wired” to support the specific domains
required for that learning.
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The Science-Policy Gap

PRACTICAL EXPERIENCE TELLS US THAT IT IS
easier to teach a “slow” first grader how to read
than it is to train an illiterate adult for a job that
pays a living wage. We don’t need sophisticated
research to prove that aggressive preschoolers
are easier to “rehabilitate” than violent crimi-
nals. Common sense tells us that the learning
and behavior problems of young children can
be fixed more easily and at less cost than those
of adolescents and young adults. Neuroscience
tells us why these statements are all true.
Scientific evidence about how brains develop
makes it very clear that neural circuits are shaped
by time-specific experiences, and that the impact
of a given experience is influenced by the nature
of the circuits that are being formed at that time.

The convergence of neuroscience and econom-
ics tells us that the clock is always ticking, and

the costs of ignoring problems keep rising.

Moreover, the convergence of neuroscience and
economics tells us that the clock is always ticking,
and the costs of ignoring problems keep rising as
time passes. Notwithstanding these fundamen-
tal principles of biology and human capital for-
mation, the critical importance of time is often
ignored in the world of early childhood policy.
This striking gap between science and policy is
illustrated by the following examples.

The child welfare system is typically character-
ized by cumbersome and protracted decision-
making processes that leave young children
vulnerable to the adverse impacts of significant
stress during sensitive periods of early brain de-
velopment. The powerful and far-reaching ef-
fects of severely adverse environments and ex-
periences on brain development make it crystal
clear that time is not on the side of an abused or
neglected child whose physical and emotional
custody remains unresolved in a slow-moving
bureaucratic process. The basic principles of
neuroscience indicate the need for a far greater
sense of urgency regarding the prompt resolu-
tion of such decisions as when to remove a child
from the home, when and where to place a child

6 The Timing and Quality of Early Experiences Combine to Shape Brain Architecture

in foster care, when to terminate parental rights,
and when to move towards a permanent place-
ment. The window of opportunity for remedia-
tion in a child’s developing brain architecture is
time-sensitive and time-limited.

Education reform efforts that invest significant
resources in the training, recruitment, and reten-
tion of skilled teachers for K-12 will have greater
impact if they also include higher standards and
more rigorous professional credentials for pre-
school programs. Research shows that staff
knowledge and skills are among the most im-
portant determinants of the impact of early
childhood programs.>** Consequently, when
model programs that have been proven to be
effective are “taken to scale” with less well-com-
pensated personnel who have less expertise, it
is not surprising that comparable benefits are
often not realized.” Stated simply, effective pre-
school investments require well-trained staff
whose knowledge and skills match the needs
of the children and families they are asked to
serve. Poorly qualified personnel (whose low
salaries provide immediate cost savings) com-
promise the effectiveness of preschool educa-
tion programs and diminish the ultimate re-
turns that can be achieved from subsequent
K-12 investments.

Education policies disregard fundamental con-
cepts of neuroscience when they delay teaching
second languages until early adolescence and si-
multaneously undervalue bilingual programs for
young children. Beginning at birth, all children
have the capacity to learn any of the world’s
languages. This ability is encoded in our genes
and activated by exposure to everyday conver-
sation in an interactive way. Unless a child has
a specific disability, the achievement of fluency
in any language, as well as the mastery of more
than one language at the same time, does not re-
quire formal instruction or intervention in the
early childhood years. It simply requires ongo-
ing communication with others. Moreover, the
younger the brain, the greater its capacity to
master more than a single langauge. If education
policies were guided by what we know about
the development of the brain, second-language
learning would be a preschool priority.
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Implications for Policy and Programs

THE SCIENCE OF EARLY BRAIN DEVELOPMENT
is sufficiently mature to support a number of
evidence-based implications for those who de-
velop and implement policies that affect the
health and well-being of young children. Central
to this conclusion are the core concepts of sensi-
tive periods and neuroplasticity, which convey
three important messages. First, both brain de-
velopment and behavior are shaped by experi-
ence over time. Second, both the architecture of
the brain and established patterns of behavior
are increasingly difficult to change as individu-
als get older. Third, it is more effective and more
efficient to get things right the first time than to
try to fix them later.

There is considerable evidence that public
policies can have a significant impact on pro-
moting the healthy development of young chil-
dren, above and beyond the central importance
of family influences. This is particularly com-
pelling for children who experience significant
adversity during the early childood years. The
following four points are particularly worthy of
thoughtful consideration.

The basic principles of neuroscience and the
econometrics of human capital development both
suggest that early and effective intervention for
the most vulnerable children will generate the
greatest financial payback. In recent years, a
growing body of sophisticated economic analy-
ses has contributed an important new dimen-
sion to the public debate about the value to so-
ciety of investing in the care and education of
young children who are at risk for later failure
in school and in the workplace. Extensive data
now indicate that policymakers can achieve
greater return on investments in early education
for children from families with low income and
limited parent education than they can from in-
vestments in remedial programs for adults with
limited workforce skills."”” In short, although
optimal financial benefits depend on continued
investment throughout the middle childhood
years, the greatest returns are realized when in-
vestments are made in the lives of vulnerable
children well before they begin school.

Increasing the availability of evidence-based,
two-generation programs that begin immediately
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after birth (and preferably prenatally), can en-
hance the experiences of young children in fami-
lies with limited education and low income. The
environment of relationships in which young
children live literally shapes the architecture of
their brains. Effective programs provide center-
based, growth-promoting experiences for the
children, as well as help their parents create a
home environment that provides the kind of
positive social interactions, rich language expo-
sure, and early literacy experiences that increase
the probability that their child will enter school
with the social, emotional, and cognitive skills
needed to succeed. These supportive interven-
tions can be made available through voluntary
associations, community-based organizations,
and employer-sponsored initiatives, as well as
through government-funded services. Because
not all such services are effective, it is essential
that funds be invested in programs that have
been shown to have measurable impacts.”

Enrolling all children who meet the eligibility
criteria for early intervention programs as early
as possible would help infants and toddlers with
developmental delays and disabilities build the
foundational skills needed to realize their full
potential. When compensatory adjustments are
facilitated as early as possible, they help build a

Return on Investment Over Time

/ pre-school programs

RATE OF RETURN TO INVESTMENT

=)
0| tunity Cost of Fund
< N pportunity Cost of Funds
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v
E job training
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AGE

Rates of return to investment in human capital as function of age when the investment was
initiated. The data were derived from a life cycle model of dynamic human capital accumulation
with multiple periods and credit constraints. Investments were initially set to be equal across all
ages. ‘r’ represents the cost of the funds. Data are from Cunha et al (2005).

Source: Knudsen, et al.»
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The Issue

THE SCIENCE OF EARLY CHILDHOOD DEVELOPMENT TELLS US THAT THE FOUNDATION FOR SOUND

mental health is built early in life, as early experiences shape the architecture of the developing

brain. These important experiences include children’s relationships with parents, caregivers, rela-

tives, teachers, and peers, which play a critical role in shaping social, emotional, and cognitive de-

velopment. While concerns about cognition and language are already the focus of much public at-

tention, emerging emotional and behavioral difficulties in the early years are also important soci-

etal issues that must be addressed. Attention to early mental health concerns is warranted because

these kinds of problems impair emerging capacities for learning and relating to others.

Sound mental health provides an essential
foundation of stability that supports all other
aspects of human development—from the for-
mation of friendships and the ability to cope
with adversity to the achievement of success in
school, work, and community life. Similar to
the way a wobbly table may not function well
if the floor is uneven, the legs are not aligned,
or the tabletop is not level, the destabilizing
consequences of problems in mental health can
be caused by many interdependent factors. Just
as small “wobbles” in a table can become big-
ger and more difficult to fix over time, the ef-
fective management of mental health concerns
in young children requires early identification
of the causes and appropriate attention to their
source, whether they reside in the environ-
ment, the child, or (most frequently) in both.
Understanding how emotional well-being can
be strengthened or disrupted in early childhood
can help policymakers promote the kinds of en-
vironments and experiences that prevent prob-
lems and remediate early difficulties so they do
not destabilize the developmental process.

The scientific evidence is clear: Significant
mental health problems can and do occur in
young children. In some cases, these problems
can have serious consequences for early learn-
ing, social competence, and even lifelong health.
Children can show clear characteristics of anxi-
ety disorders, attention-deficit/hyperactivity
disorder, conduct disorder, depression, post-
traumatic stress disorder, and other problems
at a very early age.! And older children often
exhibit the emotional legacy of early abuse or
neglect.? Early mental health problems merit at-
tention because they disrupt the typical patterns
of developing brain architecture and impair
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emerging capacities for learning and relat-
ing to others. And regardless of the origin of
mental health concerns, new research clearly
indicates that early intervention can have a
positive impact on the trajectory of common
emotional or behavioral problems as well as
outcomes for children with serious disorders.

All children experiencing prolonged adversity
are at risk for cognitive and mental health prob-
lems. Studies show, however, that the long-term
impact on physical and mental health is most
likely to affect individuals who are genetically
more vulnerable to stress. But genetics is neither

The scientific evidence is clear: Significant mental

health problems can and do occur in young children.

destiny nor “hard-wired”; our genes contain in-
structions that tell our bodies how to work, but
the environment leaves a signature on the genes
that authorizes or prevents those instructions
from being carried out (or even speeds them
up or slows them down). Thus, the interaction
between genetic predispositions and sustained,
stress-inducing experiences early in life can lay
an unstable foundation for mental health that
endures well into the adult years. Early expo-
sure to child abuse or neglect, family turmoil,
neighborhood violence, extreme poverty, and
other threats in a child’s environment can prime
neurobiological stress systems to become hyper-
responsive to adversity.® Adverse experiences
such as these early in life, particularly for vul-
nerable children, predict the emergence of later
physical and mental health problems, including
disorders like major depression.*’

Establishing a Level Foundation for Life: Mental Health Begins in Early Childhood
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Although mental health challenges for young
children share many biological and behavioral
characteristics with those of older children and
adults, there are at least three ways in which early
childhood is a period of special vulnerability.
First, psychological health for young children is
very strongly influenced by their environment
of relationships and the support or risks these
relationships confer.® These relationships can

While a range of strategies is available to treat or
prevent difficulties, diagnosis in early childhood

can be even more difficult than it is in adults.

buffer the impact of adverse early experiences to
make them tolerable. Therefore, to understand
the reasons that young children may be at risk
for impairments, how best to provide assistance,
and the strategies for promoting positive men-
tal health, it is important to look at the quality
of their early environments and relationships.
To a greater extent than is true of older children
and adults, viewing the child alone as the “pa-
tient,” or the source of the problem, can lead to
costly or ineffective policies and practices.
Second, cognitive, social, and emotional
capacities are all intertwined within the archi-
tecture of the brain, and these capacities are

What Science Tells Us

qualitatively different at different ages, as the
brain matures. For example, the area of the
brain that enables us to extinguish a learned
fear develops later than the area that elicits a
fear response.” So, young children respond to
and process emotional experiences and trau-
matic events in ways that are very different from
older children and adults. Children understand,
manage, think, and talk about their experiences
differently at different ages. These developmen-
tal differences are important to understand-
ing the behavioral and emotional disturbances
that young children may experience, how the
problems are manifested, and how they can be
ameliorated.

Third, in early childhood, it can be difficult
to distinguish short-lived variations in behavior
from persistent problems, or typical differences
in maturation from significant developmen-
tal delays.® Although many enduring mental
health problems have their origins in the early
years, some behavioral or emotional difficul-
ties in children and even adolescents can be
transient.”'®"! Thus, while a range of strategies
is available to treat or prevent difficulties, diag-
nosis in early childhood can be even more diffi-
cult than it is in adults. Caution is needed when
evaluating an infant or young child for potential
indicators of emotional or behavioral problems
and matching those indicators to appropriate
treatments.

Toxic stress early in life can damage the archi-
tecture of the developing brain and increase
the likelihood of significant mental health
problems that may emerge either early or years
later. 1213113161718 ] jfe circumstances associated
with family stress in the absence of support-
ive adult relationships, such as persistent pov-
erty, threatening neighborhoods, and very poor
child care conditions, elevate the risk of serious
mental health problems and undermine healthy
functioning in the early years." Early childhood
adversity of this kind also increases the risk of
adult physical and mental health problems be-
cause of its enduring effects on the developing
brain and other maturing organs.” Young chil-
dren who experience recurrent abuse or chronic
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neglect, regularly witness domestic violence, or
livein homes burdened by parental mental health
or substance abuse problems are particularly
vulnerable. Relationship-based circumstances
contributing to early emotional difficulties,
such as maternal depression, also have well-
documented adverse effects on developing
brain function in the early years.?"?*%»4%

Toxic stress can lead to persistent activation
of biological stress response systems. This pro-
duces abnormal levels of stress hormones that
have the capacity to damage brain architecture
if they do not normalize. In the absence of the
buffering protection of supportive relationships,
these atypical hormone levels interfere with the
development of healthy brain architecture. This
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poses a serious threat to young children, not only
because it undermines their emotional well-
being, but also because it can impair a wider
range of developmental outcomes, including
early learning, school readiness, and later aca-
demic achievement.12,18,26,27,28,29,30,31,32

Much impairment in mental health arises as
a result of the interaction between a child’s
genetic predisposition and his or her expo-
sure to significant environmental adversity.
Not all stressful experiences are damaging,
and those that are positive, like an initial fear
of pets, can strengthen adaptive responses to
short-lived stress for a lifetime. However, ex-
posure to early traumatic or abusive experi-
ences can be toxic to developing brain cir-
cuitry and can combine with differences in
individual behavioral styles (which child de-
velopment researchers call “temperament”) to
influence the severity of the long-term men-
tal health consequences. A young child with a
genetic tendency to fearfulness, for example,
is more likely to develop anxiety or depression

than a child without that predisposition.
This is particularly powerful in the context of
harsh, inconsistent relationships and experi-
ences, such as those associated with deep pov-
erty, poor-quality child care in the family’s
community, or a depressed mother. In other
words, early adversity acts as the “signature” that
releases a child’s genetic predisposition for anxi-
ety, building a brain architecture that responds
to lower levels of stress with excessive fear and
anxiety, leading to lifelong consequences for
mental health.*

This nature-nurture interaction is illustrated
in studies of behavioral inhibition, an early-
emerging pattern of fearful, withdrawn behavior
that is a risk factor for later anxiety disorders.***
In a recent report, behavioral inhibition at age 7
was related to the interaction of two earlier in-
fluences: (a) a gene that is associated with anxi-
ety and fear in adults, and (b) the mother’s re-
port that she lacked social support from others,
which may be associated with toxic stress for
her children. Put another way, the interaction
between a genetic tendency toward anxiety and

WHAT SCIENCE TELLS US

Mental Health Problems Can Occur Across Childhood

Any Diagnosis

Source: Egger & Angold (2006)"
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the experience of early life stresses best predict-
ed which children remained behaviorally inhib-
ited at age 7.>>* Such behavioral inhibition may
be related to the development of more serious
problems later in life, as additional research
shows that children who are behaviorally in-
hibited show different patterns of activation of
brain regions related to emotional withdrawal
and fear compared with children whose behav-
ior is more typical.’”83%4

The behaviors and characteristics associated
with mental health problems in the earliest years
of life are often different from those seen in older
children and adults with psychological difficul-
ties.**>* Young children’s brains are not fully
developed, and they do not respond to stressful
events the way adults do. A toddler who is
coping with trauma or the loss of a loved one

If young children are not provided appropriate
help, emotional difficulties that emerge early in

life can become more serious disorders over time.

acts differently from a traumatized adolescent
because of different psychological capabilities,
emotional needs, and social experiences at dif-
ferent ages. Young children manifest the symp-
toms of depression or post-traumatic stress
disorder (PTSD) differently than young adults.
Some mental health problems, such as attach-
ment-related disorders (i.e., profound distur-
bances in close relationships with caregivers),
are specific to early childhood. Thus, although
adult diagnostic approaches can provide some
guidance for understanding the kinds of prob-
lems that younger children may experience,
new approaches to assessment and diagnosis
based on the unique developmental needs and
characteristics of young children are extremely
important.***

Over the past few years, researchers have vali-
dated diagnostic criteria specific to young chil-
dren that are useful in identifying early forms
of depression, post-traumatic stress disorder,
autism, disruptive behavior disorders, anxiety
disorders, and attention deficit/hyperactivity
disorder.!#>4047:48495051 Degpite these advances,
however, the accurate identification of serious
mental health disorders during the first three
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to four years of life remains a challenging
task. Consequently, it is unwise to assume
that early problems can be classified simply
into one category within a diagnostic system.
Indeed, young children, like older children
and adults, frequently experience multiple
problems (known as “co-morbidity”). This is
illustrated by the co-occurrence of depression
with oppositional-defiant disorders in early
childhood, or the increased prevalence of de-
pression or other emotional problems in chil-
dren with autism.*>>3>*

If young children are not provided appropriate
help, emotional difficulties that emerge early
in life can become more serious disorders over
time.>**> Early prevention strategies and efforts
to identify and treat emergent mental health
concerns are likely to be more psychologically
beneficial and cost-effective than trying to treat
emotional difficulties after they become more
serious at a later age. This field urgently needs
treatment strategies that are age-appropriate,
support the development of healthy relation-
ships, and are consistent with scientific knowl-
edge about early psychological development.
Promising approaches for some early mental
health challenges are well-described in the re-
search literature,”>® yet they are not widely
available. Other problems have been less well-
studied in very young children. Nevertheless,
many disorders can be prevented before they
begin by providing access to developmentally
appropriate, high-quality early care and edu-
cation. Systems of support are particularly im-
portant, as they assist parents and caregivers in
providing warm and secure relationships and in
detecting emotional problems before they be-
come more resistant to change. Public policies
are also essential to help ameliorate the physi-
cal, social, and economic conditions that cause
some families to struggle.

Some individuals demonstrate remarkable ca-
pacity to overcome the severe challenges of
early, persistent maltreatment, trauma, and
emotional harm. Yet, there are limits to the
capacity of young children to recover psycho-
logically from such adversity.®"*>%*¢* Even under
circumstances in which children have been
removed from traumatizing conditions and
placed in exceptionally nurturing homes,
developmental improvements are often
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accompanied by continuing problems in
self-regulation, emotional adaptability, relating
to others, and self-understanding. There also
is research indicating that long-term physical
health can be affected by early life adversity.
This is seen in the form of increased risk of
heart disease, diabetes, hypertension, and other
physical ailments, as toxic stress can literally be
“built” into the body.> When children overcome
these burdens, they have typically been the ben-
eficiaries of exceptional efforts on the part of
supportive adults. These findings underscore
the importance of prevention and timely inter-
vention in circumstances that put young chil-
dren at severe psychological risk.

Serious developmental disabilities can also be
associated with significant mental health im-
pairments that are affected by experience and
amenable to intervention. Neurodevelopmental
disorders, such as autism, fragile X syndrome,
and Down syndrome, for example, are the re-
sult of strong genetic influences. Nevertheless,
genetics is only part of the story. Although dis-
orders such as Down syndrome have a specific
genetic cause, mental health outcomes for these
children are also affected by the quality of care
and support they receive, compared with typi-
cally developing children. The possibility of sig-
nificant improvement in quality of life, as well
as in both cognitive and social functioning, as a
result of prompt intervention provides a strong
argument for the early detection and treatment
of these developmental disorders. This is
becoming increasingly apparent with respect to
early intervention for autism.*

It is essential to treat young children’s mental
health problems within the context of their

ADDRESSING COMMON MISCONCEPTIONS

family, home, and community environments.
The powerful influence of a child’s early
environment of relationships illustrates how
much the emotional well-being of young chil-
dren is directly tied to the emotional function-
ing of their caregivers and the families in which
they live.® When these relationships are abusive,
threatening, chronically neglectful, or other-
wise psychologically harmful, they are a potent
risk factor for the development of early men-
tal health problems. In contrast, when positive
“serve and return” relationships develop, which
occur through reliably responsive and support-
ive interactions, they can actually buffer young
children from the adverse effects of other stress-
ors. 1001676869 Addressing the sources of toxic
stress affecting a child requires relieving the
stressors on his or her family in order to ensure
that this broader environment of relationships
can be maximally supportive.

For many parents and providers of child health
services and early care and education who are
faced with children who present problematic be-
havior, the question of “when to worry” is para-
mount, yet little evidence exists to answer that
question definitively in most circumstances.
Although early mental health problems can
foreshadow enduring disorders, many difficul-
ties are transient and disappear with appropri-
ate management and further maturation.”'®!!
Generally speaking, clinical experts advise
greater concern when children exhibit constel-
lations of problems (e.g., persistent irritabil-
ity or eating and sleeping problems, combined
with defiance) that lead to significant impair-
ments in age-appropriate behavioral skills and
relationships.

Addressing Common Misconceptions

AS THE PUBLIC DEVOTES MORE ATTENTION TO
the relation between early brain development
and the emotional well-being of young children,
the risk of misinformation and misleading or
irresponsible messages also grows. Within this
context, it is essential that we distinguish scien-
tific fact from erroneous fiction. The following
two misconceptions are particularly important
to set straight.

WWW.DEVELOPINGCHILD.HARVARD.EDU

Contrary to popular belief, young children can
and do experience serious mental health prob-
lems that are comparable in severity to what we
observe in older children and adults, and they
can have lasting effects. Although young chil-
dren are not as psychologically sophisticated
as adults, research on early childhood develop-
ment shows that they are capable of experienc-
ing peaks of joy and elation as well as depths of
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The Science-

grief, sadness, hopelessness, intense anger, and
rage. Contrary to traditional views, highly nega-
tive emotional experiences in early childhood
are not “forgotten”; they are built into the ar-
chitecture of the developing brain and can have
a sustained impact that extends well into the
adult years, especially when they are severe, per-
sistent, and uncontrollable. Adverse community
and family environments can have a similarly
enduring emotional impact on young children
when they are experienced as toxic stress and
not buffered by supportive relationships.

Contrary to popular belief, young children living
in highly threatening environments can be

Policy Gap

protected from serious emotional or behav-
ioral consequences. Although such conditions
increase their risk for serious mental health
problems, learning impairments, and long-term
physical illnesses, children who experience seri-
ous threats to their psychological health, such
as those who are physically abused, chronically
neglected, or emotionally traumatized, do not
inevitably develop significant mental illnesses.
These children can be protected through the
early identification of their emotional needs
and the provision of appropriate assistance in
the context of stable, nurturing relationships
with supportive and skilled caregivers as well as
through preventive mental health services.*>%"°

THE FACT THAT YOUNG CHILDREN CAN PRESENT
challenging behaviors is hardly news to the adults
who care for them. It is less well-known that some
serious behavior problems in the early years of
life may be the first signs of potentially lifelong
mental health disorders that are preventable

if treated at a young age. Very young chil-
dren can experience significant impairments
in their mental health that are embedded in the
developing architecture of their brains and may
have lifelong consequences, according to a rich
and growing science base. Yet, relatively little
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attention has been paid to the formulation and
implementation of strategies to identify children
who are at risk for such problems and to pro-
vide supports for them and their families that
will increase the probability of more favorable
outcomes. This gap between what we know and
what we do is illustrated by the following three
examples.

Professionals who are regularly involved in the
lives of infants, toddlers, and preschoolers often
lack the knowledge and skills that would help
them identify the early signs of mental health
problems as well as fully understand the conse-
quences of family difficulties and parent mental
health problems for young children’s develop-
ment. These professionals include child care
providers and preschool teachers (who are of-
ten the first people outside the family to iden-
tify a child who has serious emotional difficul-
ties), physicians and other health care providers
(who often lack a sophisticated understanding
of psychological development and early mental
health), paraprofessional home visitors, pro-
gram administrators and personnel in social
service, child protection, early intervention, and
welfare agencies, among others who regularly
serve families with young children.

In most communities, mental health services
for young children and their families are often
limited, of uneven quality, and difficult to access,
and there are relatively few well-trained profes-
sionals with expertise in early childhood men-
tal health. Central to this problem is the need

IMPLICATIONS FOR POLICY AND PROGRAMS

to close the gap between the large numbers of
young children exhibiting emotional difficul-
ties and/or problematic behavior that cannot
be managed adequately by their parents and the
limited number of personnel who are skilled
in effective intervention approaches that are
uniquely suited to this age group.

There has been a dramatic increase in the use of
psychoactive drugs for treating young children
with behavioral or mental health problems, de-
spite the fact that neither the efficacy nor safety
of many of these medications has been studied
specifically in children at these early ages.”
A recent report from the National Survey of
Children’s Health, for example, reported that
children ages 4 to 8 were more likely to be taking
medication for attention deficit/hyperactivity
disorder than older children and adolescents.”
Of even greater concern, some studies have re-
ported increasing numbers of prescriptions for
stimulant medications and antidepressants to
treat children as young as age 3.7 In most cases,
these medications for young children are pre-
scribed “off label,” which means that they have
only been approved for treating adults and that
there are no scientific data on their immediate
or long-term effects on child behavior or early
brain development.*” Until the relevant clini-
cal studies have been completed with the ap-
propriate populations of young children, the
use of such medications must be viewed as ex-
perimental and their safety and effectiveness as
unknown.73'74'75'76

Implications for Policy and Programs

THE SCIENCE OF EARLY CHILDHOOD DEVELOP-
ment, including knowledge about the extent to
which serious emotional problems are embed-
ded in the architecture of the developing brain,
is sufficiently mature to support a number of
evidence-based implications for those who de-
velop and implement policies that affect the
health and well-being of young children. Both
public and private actions can prevent the kinds
of adverse circumstances that are capable of
derailing healthy development, as well as in-
crease the likelihood that effective supports and
appropriate therapeutic interventions (where
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needed) will reduce the long-term consequences
of early threats to a child’s mental health. The
following points are particularly worthy of
thoughtful consideration.

Because young children’s emotional well-being
is tied so closely to the mental health of their
parents and non-family caregivers, the emotional
and behavioral needs of infants, toddlers, and
preschoolers are best met through coordinated
services that focus on their full environment of
relationships. Multigenerational, family-cen-
tered approaches offer the most promising
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models for preventing and treating mental
health problems in young children. These strat-
egies range from providing information and
support to address problematic child behavior
to initiating therapeutic interventions to attend
to significant parent mental health or substance
abuse problems, end domestic violence, or help
families to cope with the burdens of persistent
poverty. Indeed, sometimes the best interven-
tion strategy for young children with serious
behavioral or emotional problems is to focus
directly on the primary needs of those who care
for them. However, most approaches to funding
mental health services are client-specific rather
than family-focused, and most programs aimed
at such “adult” problems as poverty, domes-
tic violence, substance abuse, or depression do
not take into consideration the emotional well-
being of the children affected by them. More
flexible approaches to funding family-based
preventive and therapeutic mental health
services are needed.

Therapeutic help for a young child with emotional
or behavioral problems can be provided through
a combination of home- and center-based ser-
vices involving parents, extended family mem-
bers, home visitors, providers of early care and
education, and/or mental health professionals.
The settings, partnerships, and targets of thera-
peutic assistance for young children with men-
tal health needs are much more diverse than
those for adults, because their emotional well-
being is linked tightly to the quality of their re-
lationships with the important people in their
lives. Effective intervention often requires the
coordination of services from multiple sourc-
es that do not relate easily. These might in-
clude early care and education, social service
and welfare departments, health care, schools,
child welfare agencies, and early intervention
programs, to name a few. Reducing barriers to
greater coordination often requires attention
to a tangle of administrative obstacles. One
example would be a change in reimbursement
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Preschool Expulsions Decrease with Access to Mental Health Professionals
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regulations to allow “mental health funds” to
be used to pay for specialized child care for a
youngster with emotional and behavioral prob-
lems, rather than restricting the funds to only
“mental health programs.”

Mental health services for adults who are parents
of young children would have broader impact if
they routinely included attention to the needs of
the children as well. Because of the close associa-
tion between young children’s emotional well-
being and the emotional health and functioning
of their caregivers,” therapeutic assistance to
a parent ought to include an automatic assess-
ment of any young children in the family to see
how they are experiencing the emotional conse-
quences of their parent’s problems. For example,

IMPLICATIONS FOR POLICY AND PROGRAMS

Cultural differences in attitudes and beliefs
about mental health need to be recognized and
included as factors when developing programs
for prevention and intervention. The mental
health needs of young children in families from
different cultural and ethnic groups would
benefit considerably from enhanced practitioner
training and flexible service models that in-
corporate greater content representing a broad
variety of populations. Cultural differences in-
clude how children are taught to interpret and
express their experiences of fear, anger, and
shame; the relative reinforcement given to in-
dividual achievement versus interdependent
behavior; parent and caregiver attitudes about

The emotional and behavioral needs of infants,

any physician treating a depressed mother ought
to understand the consequences of that diagnosis
for her young children and therefore assure that
they receive timely examinations and appropri-

toddlers, and preschoolers are best met through

coordinated services that focus on their full

ate intervention, as needed.

Physicians and providers of early care and edu-
cation would be better equipped to understand
and manage the behavioral problems of young
children if they had more intensive professional
training focused on this area and easier access to
child mental health professionals when needed.
Caregivers, teachers, and physicians are often
the first to recognize serious emotional difficul-
ties in a child who is in their care, yet their train-
ing may include little information regarding
an up-to-date understanding of child mental
health. The availability of a rich scientific research
base provides an opportunity to improve relevant
curriculum and training programs. It also is
clear that on-site assistance from early child-
hood mental health specialists can be particularly
helpful in providing guidance about how best to
respond to the needs of the children, their par-
ents, and providers of early care and education.
Preschool teachers with access to mental health
consultation, for example, are less likely to expel
children with behavioral problems from their
programs.”® Some states have made progress in
providing funds for early childhood mental
health consultations in early child care settings,
often through the coordination of diverse fund-
ing streams. Broader attention to early childhood
mental health requires attention to the quality of
out-of-home care that children typically experi-
ence in the early years.
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environment of relationships.

mental health and mental illness; and accep-
tance of therapeutic intervention for very young
children by non-family members, among many
other concerns. The shifting demographics that
are increasing the diversity of the early child-
hood population in the United States make this
a particularly compelling priority for attention.
Finally, it is important to understand individual
differences within cultural groups related to as-
similation of immigrant groups across genera-
tions and changes in cultural beliefs and prac-
tices over time.

Better investment and coordination of re-
sources to support mental health services
for young children will provide a more stable
and efficient vehicle for assuring access to ef-
fective prevention and treatment programs.
Consistent with both current scientific knowl-
edge (i.e., the physiological interrelations
among the physical, cognitive, social and
emotional dimensions of well-being in young
children) and federal legislative support
for parity in coverage of physical and men-
tal health care, access to and quality of early
childhood mental health services need to im-
prove. Integrating efforts more effectively into
a wide range of existing, effective programs is
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but one solution. Mental health services cov-
ered by the Early and Periodic Screening,
Diagnosis, and Treatment
gram, Children’s Health Insurance Program
(CHIP), early intervention (IDEA Part C) or
maternal and child health programs should
better coordinate with related programs such as
child welfare, child care, Early Head Start and
Head Start, home visiting, and other programs

and settings.
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The Issue

DEBATE REGARDING WORKFORCE DEVELOPMENT AND WELFARE REFORM OFTEN FOCUSES EXCLUSIVELY

on the skills, employment, and economic self-sufficiency of parents. Consequently, little attention

has been paid to whether these programs can improve the chances that children in these families

will break the intergenerational cycle of poverty. Can policies promoting family self-sufficiency

increase both parents’ incomes and their children’s school success? What kinds of work supports

matter most for improving child well-being? How can these policies play a role in addressing our

nation’s economic problems?

Transitions from welfare to work may benefit
children by placing them in stimulating child
care settings, creating positive maternal role
models, promoting maternal self-esteem and
sense of control, introducing productive daily
routines into family life, and eventually, foster-
ing career advancement and higher earnings on
the part of both parents and children. On the
other hand, efforts to promote employment
may overwhelm already stressed parents, force
young children into substandard child care, re-
duce parents’ abilities to monitor the behavior
of their older children and, for those unable to
sustain steady employment, deepen family pov-
erty. Understanding what makes the difference
between these positive and negative outcomes
for children should be as much the focus of
investigation—and public policy—as what im-
proves adult workforce participation.

This Working Paper summarizes recent
evidence from a series of evaluations of fam-

ily self-sufficiency programs. These studies
show that policies can be successful in achiev-
ing both positive economic benefits for parents
(increased employment, for example) and posi-
tive educational effects on their children. It need

Can policies promoting family self-sufficiency

increase both parents’ incomes and their

children’s school success?

not be the case that increasing mothers” work
effort, for example, simply increases their time
away from the family and harms their children.
Certain types of economic policies can in fact
benefit children’s school performance and social
behavior.

What Evaluation Research Tells Us

POLICIES THAT MAKE WORK PAY BY INCREASING
both work and total family income boost young-
er children’s school achievement while policies
that simply mandate work do not improve child
outcomes.

Recent evidence from five large-scale experi-
ments testing 11 different approaches to work
and welfare policies holds important lessons
for how these policies can influence children’s
development.”* The policies tested two over-
all approaches to encouraging employment—
“making work pay” by supplementing earnings
and simply mandating employment within the

WWW.DEVELOPINGCHILD.HARVARD.EDU

welfare system but without extra income sup-
plements. Both kinds of policies increased em-
ployment and earnings among parents living in
poverty. But only the “make work pay” approach
increased family income (typically by between
$1,500 and $2,000 a year). In the case of man-
dated programs, earnings increased but welfare
payments fell by similar amounts, producing
little to no net changes in total family income.
These experiments were conducted in several
states and localities in the United States,>***’ as
well as two provinces in Canada.’ In each set-
ting, an approach to encouraging work was im-
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plemented, and effects on children were tested
using random-assignment methods and assess-
ment of children’s school performance and so-
cial behaviors. These experiments enable us to
compare policies that increase both work and
family income to policies that simply increase
work with respect to their effects on children.
The results were remarkably consistent across
the 11 programs — only the “make work pay”
policies improved children’s school perfor-
mance and social behaviors, while policies that
simply mandated work did not alter children’s
outcomes one way or the other.

How large were the effects of the “make work
pay” policies? Positive impacts on school perfor-
mance were small overall, but somewhat larger
among younger children making the transition
into primary school. For these children, program-
induced improvements in school achievement
were the equivalent of 1-2 points on an IQ type
scale or about 10 points on an SAT-type test. These
achievement gains may seem small, but if sus-
tained they can translate into substantially higher

lifetime earnings (see box on page 3 for example of
a program where effects were sustained).”

A menu of supports that includes child care will
most benefit children. The evidence from these
studies shows that there is no single best pro-
gram model for the “make work pay” policies.
Some successful programs were implemented in
welfare systems, but others were implemented
outside of such systems, generally through com-
munity-based workforce development orga-
nizations. The particular approach to be taken
can be tailored to the individualized needs of
a community, city, or state. Not surprisingly,
the “make work pay” policies cost more than
mandates, with additional annual costs rang-
ing from $2,000 to $4,000 per family. The types
of supports in these policies varied, including
such programs as wage supplements, subsidies
for health insurance and/or child care, and basic
skills or job training for parents.

One “make work pay” program that pro-
vided wage supplements was particularly im-

Making Work Pay Pays off in Student Achievement

.200

Effects of “Make Work Pay”
Programs on Student 150

Achievement Compared
to Other Programs

Effect sizes represent the -100

maghnitude of differences on

student achievement measures

between children whose low-

income parents received

programs with earning .050
supplements, mandated

work-only programs, and no

intervention. The greater the

effect size, the larger the impact Earning
of the program as compared to Effect Supplement
no intervention. Size

Earning
Supplement

T
2-3yrs.

Source: Morris et al. (2005) 16

Child’s Age at Start of Program

T
45 yrs.
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pressive, demonstrating large positive effects on
classroom achievement and behavior for boys
and smaller effects for girls. This Milwaukee-
based program—the New Hope project—pro-
vided not only child care subsidies, but also
health insurance subsidies, case managers with
low caseloads (i.e., 50 families), and temporary
community service jobs that paid the minimum
wage."’ By requiring proof of at least 30 hours
of weekly work, New Hope garnered the support
of the Milwaukee business community (see box
below).

Child care supports appear to be a particular-
ly important “effectiveness factor” for such pro-
grams, as research shows that quality of care can
matter for children’s early school success. Those
programs that included child care subsidies in-
creased the use of center-based care, the type of
care that most consistently improves young chil-
dren’s early school performance.

Programs that focus on basic skills and job train-
ing can help children if they are designed to

WHAT EVALUATION RESEARCH TELLS US

encourage and support active participation by
parents. Three of the experimental programs
mandated participation in basic skills or vo-
cational training, depending on the needs of
the mother." Since maternal education is one
of the most reliable predictors of children’s

Only the “make work pay” policies improved
children’s school performance and social behaviors,
while policies that simply mandated work did not

alter children’s outcomes one way or the other.

achievement, it was expected that the boost in
education from being assigned to these training
programs might boost child achievement.
Participation in the program was highly vari-
able. Mothers who participated in education and
training activities the most (over an average of 8
months) provided significantly better home learn-
ing environments for their children. Perhaps as a

NEW HOPE:
A Cafeteria of Benefits for Families Leads to Classroom Success for Children

In the New Hope program, participants committed themselves to full-time work and New Hope in turn promised a package of work
supports to ensure that they would not be poor and that they would be able to afford health insurance and licensed child care. New
Hope was open to all low-income adults (family income below 150 percent of the poverty line), regardless of family circumstances.

Specifically, when New Hope participants provided pay stubs or other proof of full-time work (30+ hours per week), they became
eligible for three sliding-scale benefits:

1) an earnings supplement that raised their income above the poverty line;

2) subsidized child care; and

3) subsidized health insurance.

Individuals unable to find full-time work would be eligible for:

4) a temporary community-service job.

Taken together, New Hope offered a “cafeteria” of benefits from which participants could pick and choose—a feature that allowed
families with diverse needs and circumstances to tailor the program to their own situation. New Hope services were made available
in a single office to facilitate the time-consuming and confusing process of dealing with multiple agencies. Although many
participants in the original New Hope program were only interested in the program benefits themselves, all had access to help from
a caseworker who provided information about jobs, educational opportunities, child care, and other community resources in an
atmosphere of respect.

Because its participants were selected by a lottery, New Hope’s evaluation resembled a clinical trial of a new drug, with program
participants being compared with otherwise similar women and men who were not chosen in the lottery. The results showed that
New Hope increased work and reduced poverty. Teachers reported that children in New Hope families performed better in school,
were more cooperative and independent, and had fewer behavior problems and loftier schooling expectations than children in
the comparison families. Given that boys, particularly black and Hispanic boys, have a higher risk of school failure and behavior
problems than girls, it is noteworthy that New Hope was especially successful in improving their school performance and behavior.
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result, their children’s school readiness increased
and academic problems (e.g., special education
placement or grade retention) declined.”

Overall, however, only about half of the
mothers assigned to education or training par-
ticipated at all, and on average the time spent
training was sufficiently small to produce no
discernable effect on children’s school readiness.
So while education and training programs for
mothers have the potential for boosting chil-
dren’s achievement, it has proven difficult to de-
sign a program that delivers the required train-
ing intensity.

Research on these programs did show that
if the program approach (education-first vs.
work-first) matched the parents’ expressed goals
for these activities, effects on children’s early
school achievement were more positive.”” This
suggests that parents’ goals for education and
work should be considered in structuring self-
sufficiency activities in policies and programs
for low income, working families.

Adolescents and children of the most disad-
vantaged parents need different supports. For
adolescents, a different story emerged than that
for very young children." Both types of poli-
cies produced small negative effects on parents’
perceptions of their adolescents” school perfor-
mance. Some of the negative impacts on adoles-
cents may have been caused by the fact that the
increased employment reduced the amount of
parental interaction and supervision. It also ap-
peared that some adolescents developed school
problems because they were spending more
time caring for their younger siblings.

In addition, these programs were most ef-
fective for those families at moderate levels of
disadvantage.” Children of those parents with
the most severe barriers to work (such as low
levels of education and prior work experience)
did not benefit from even the “make work pay”
programs. This suggests that the most disadvan-
taged families in poverty require more intensive
services than most work and income support
programs provide.

Sustained Benefits of Making Work Pay

The effects of New Hope
were most pronounced on
boys. These graphs show
the impact of New Hope
on boys two and five
years after the program
began. Achievement was
measured by teachers’
response on a five-point
achievement-reporting
scale, and college
expectations by student
responses on a

five-point scale.

Note: Effect sizes, which represent
the magnitude of differences
between boys participating in the

New Hope program and a control

group receiving no intervention, are )

moderate—roughly .3-.4.

Source: Huston, et.al. (2003).

Boys in New Hope Rate Higher in
School Achievement Over Time
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IMPLICATIONS FOR POLICY AND PROGRAMS

Implications for Policy and Programs

CHILD WELL-BEING CAN BE AFFECTED BY BOTH
welfare-to-work policies as well as policies that
provide supports for already-working families.
We discuss each of these kinds of policies and
their impacts below.

Welfare policy: Focus on “making work pay,”
not just making parents work. State policymak-
ers face choices when deciding how best to re-
spond to the changing federal policy demands
under Temporary Assistance to Needy Families
(TANF). The least expensive option in the short
run is to focus on increasing parental work
through mandatory employment programs. A
more effective option in the long run is to at-
tempt to ensure that “work pays” with earnings
supplements, such as state Earned Income Tax
Credits and work-conditioned benefits to chil-
dren, such as child-care subsidies.

Offer a range of work supports. Work-support
packages are diverse and can include earnings
supplements, child care assistance, health insur-
ance, and even temporary community service
jobs. Potential ways to incorporate work sup-
ports into federal policies include providing
additional funds for the child care block grant,
expanding health insurance coverage and par-
ticipation for children, expanding participation
in the Food Stamp program, and expanding the
Earned Income Tax Credit (EITC). Evaluation
evidence does not point to a single best way
of using these kinds of supports to boost child
well-being, yet data show successes for children
with both earnings supplements alone as well
as with the provision of a more comprehensive
package of benefits.

Consider implementing proven after-school pro-
grams for teens in addition to employment and
welfare policies. States should be aware of the
likely differential consequences of their policies
among children of different ages. Evidence sug-
gests that the school achievement of adolescents
is most likely to suffer somewhat when parents
are required to work. In response, states may want
to consider proven after-school and community-
based programs for adolescents to help support
working parents while also supporting these

WWW.DEVELOPINGCHILD.HARVARD.EDU

parents’ efforts to keep their children focused on
school achievement and positive behavior.

Design training and basic skills programs to
encourage and support mothers to actively par-
ticipate in them. A number of experimental
programs have sought to boost the basic or vo-
cational skills of mothers, hoping to enhance
their employability and perhaps improve the
learning opportunities at home for their chil-
dren. These programs rarely improved school-
ing outcomes for children, but for an important

Work-support packages are diverse and can
include earnings supplements, child care
assistance, health insurance, and even

temporary community service jobs.

reason — mothers rarely spend much time in
them. Education programs for both children
and adults succeed only when instructional
time is substantial or when parents express high
levels of motivation to pursue their own edu-
cation. In the case of the training programs, it
appeared that the more time mothers spent in
their job training classrooms, the more their
children benefited.

Workforce Development, Welfare Reform, and Child Well-Being 5
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The Issue

SERIOUS DEPRESSION IN PARENTS AND CAREGIVERS CAN AFFECT FAR MORE THAN THE ADULTS WHO

are ill. It also influences the well-being of the children in their care. Because chronic and severe

maternal depression has potentially far-reaching harmful effects on families and children, its wide-

spread occurrence can undermine the future prosperity and well-being of society as a whole. When

children grow up in an environment of mental illness, the development of their brains may be se-

riously weakened, with implications for their ability to learn as well as for their own later physical

and mental health. When interventions are not available to ensure mothers’ well-being and chil-

dren’s healthy development, the missed opportunities can be substantial.

Healthy development depends on the in-
teractive influences of genes and experiences,
which shape the architecture of the developing
brain. The active ingredient of those experi-
ences can be described as mutual responsive-
ness or the “serve and return” of young chil-
dren’s interactions with adult caregivers.! For
example, when an infant babbles and an adult
responds appropriately with attention, gestures,

experiencing other stressors, such as financial
hardship or social isolation.®” Depression and
depressive symptoms are particularly com-
mon in disadvantaged populations. Recent data
indicate that, in households below the federal
poverty threshold, one in four mothers of in-
fants is experiencing moderate-to-severe levels

Because chronic and severe maternal depression

or speech, this builds and strengthens connec-
tions in the child’s brain that support the de-
velopment of communication and social skills.

When caregivers are sensitive and responsive to | familjes and children, its widespread occurrence
a young child’s signals, they provide an environ-

ment rich in serve and return experiences, like | can undermine the future prosperity and well-being

has potentially far-reaching harmful effects on

a good game of tennis or Ping-Pong. However,
if depression interferes with the caregiver’s abil-
ity to regularly provide such experiences, these
connections in the child’s brain may not form as
they should. The difference between a child who
grows up in a responsive environment and one
who does not can be the difference between the
development of strong or weak brain architec-
ture, which serves as a foundation for the learn-
ing, behavior, and health that follow.

Maternal depression is particularly worri-
some because of its prevalence. An estimated
10 to 20 percent of mothers will be depressed
at some time during their lives.>**> About one
in eleven infants will experience their moth-
ers major depression in their first year of
life, and the rates are even higher for mothers
with previous histories of depression or those
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of society as a whole.

of depressive symptoms. (See graph, page 2.)
Although it is all the same underlying dis-
order, mothers’ experiences of depression may
differ in timing, severity, and duration.*® For a
substantial proportion of mothers, depression
comes in spells that may last just a few months;
but, for others, depression is more chronic.>'*!!
Some mothers may experience depression pri-
marily during their children’s infant and toddler
years; others endure depression that is prolonged
or recurs over many years of a child’s life.!*!>13
Although the greatest cause for concern arises
when depression begins early and is long-lasting
and severe, poor developmental outcomes have

Maternal Depression Can Undermine the Development of Young Children
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Despite the frequency of depression

among new mothers, large numbers of

affected individuals may not be identified

as having a treatable condition, and only

15 percent obtain professional care.

been documented for children of mothers with
declining or low levels of depression, as well.'>™

Despite the frequency of depression among
new mothers, large numbers of affected in-
dividuals may not be identified as having a
treatable condition, and only 15 percent obtain
professional care.”” Just as it is essential to treat

children’s emotional and behavioral problems
within the context of their families,'® it is equally
essential for treatments and programs aimed at
improving maternal depression and depressive
symptoms to consider, treat, and measure their
impact on the children. Although depression in
fathers or other important caregivers (such as
grandparents) also deserves further attention,
the effects on children’s development are rarely
studied, and the research is far less conclusive.*
It is not normal for women to suffer major
depression after having a baby. Major depres-
sion is very different from (but sometimes
confused with) the emotional swings experi-
enced by many mothers shortly after child-
birth.”” Characterized by a low mood and loss of
interest in usually enjoyable activities, depressive
symptoms include difficulty sleeping and

30%

25%

20%

15%

10%

5%

0%

Maternal Depression Affects Children in Low-Income Families Disproportionately

Not Poor Near-Poor

Percent of mothers with a 9-month-old infant who are moderately
or severely depressed

Source: Calculations based on analyses of the Early Childhood Longitudinal Study, Birth Cohort 9-month restricted-use data (NCES 2006-044)

by Danielle Crosby, PhD, University of North Carolina Greensboro. Maternal Depression is measured by the 12-item version of the Center for
Epidemiological Studies’ Depression Scale (CES-D). Elevated symptoms of moderate to severe depression are identified by scores of 10 points

or higher on a scale that ranges from 0-36. Analytic weights (W1Ro) were applied to ensure data were nationally representative of mothers with
9-month-old infants born in 2001. Poor refers to family income less than or equal to 100% Federal Poverty Threshold (FPT). Near poor refers to family
income greater than 100% of FPT but less than 200% of FPT. Not poor refers to income greater than 200% of FPT.

Poor
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concentrating, loss of appetite, feelings of worth-
lessness or guilt, and low energy. In the face
of major clinical depression, the drive, energy,
and enjoyment needed to build and maintain
positive family relationships recedes.* Especially
when combined with other, related adversities,
deep depression is debilitating, making it diffi-
cult for mothers to effectively carry out requisite
caregiving tasks and responsibilities and to build
and maintain nurturing relationships with their
children. This may explain why, when raised by a
chronically depressed mother, children perform
lower, on average, on cognitive, emotional, and
behavioral assessments than children of non-
depressed caregivers, and they are at risk for
later mental health problems, social adjustment
difficulties, and difficulties in school.'® Such pat-
terns may also forecast difficulties in adult life
across a variety of important domains, includ-
ing employment and health.

As the magnitude and societal conse-
quences of this problem have become better
understood, increasing numbers of clinicians
and policymakers have begun to realize that it

What Neuroscience and Developmental Research Tell Us

WHAT NEUROSCIENCE AND DEVELOPMENTAL RESEARCH TELL US

is unacceptable to ignore what science tells us
and have made the prevention and treatment of
maternal depression an important goal. In

Children who experience maternal depression early
in life may suffer lasting effects on their brain

architecture and persistent disruptions of their

stress response systems.

order to maximize the impact of such invest-
ments on the well-being of children as well as
mothers, it’s important for policymakers to
start from a common understanding of what we
know—and what we don’t know—about the ef-
fects of maternal depression on children as well
as the effectiveness of programs designed to
treat or prevent this serious condition.

Chronic depression can manifest itself in two
types of problematic parenting patterns that dis-
rupt the “serve and return” interaction that is es-
sential for healthy brain development: hostile or
intrusive, and disengaged or withdrawn.” When
parents are hostile and/or intrusive, it is as if the
parent is “serving” the ball in ways that make it
difficult for the child to “return.” Conversely, if
a parent is withdrawn or disengaged, the child
may serve the ball, but the parent doesn’t re-
turn it. In both cases, depressed mothers are less
likely to respond to their infants’ cues (i.e., vo-
calizations and actions) or to engage with their
infants and young children in positive, harmo-
nious interactions.”**! When caregivers are hos-
tile or withdrawn for prolonged periods of time,
the game of serve and return falls apart, and the
architecture of the developing brain may be af-
fected adversely. Such patterns are particularly
worrisome because, once negative parent-child
interactions are established, they may persist
even after a mother’s depression has improved
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and may make the child more likely to have neg-
ative interactions with other important adults,
as well.*»* When infants and young children
interact with a hostile, irritable caregiver, this
creates feelings of fear and anxiety in the child,
which may result in the increased production
of potentially harmful stress chemicals.** Such a
recurring physiological reaction can affect brain
development, interfere with young children’s
ability to learn, and increase the risk of emo-
tional disorders.”

Children who experience maternal depression
early in life may experience lasting effects on
their brain architecture and persistent disrup-
tions of their stress response systems. Studies
of children of depressed mothers show pat-
terns of brain activity (as observed on an elec-
troencephalogram, or EEG) that are similar to
those found in adults with depression.”® These
patterns are more pervasive when the mother is
both depressed and withdrawn from her infant”

Maternal Depression Can Undermine the Development of Young Children 3



NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD
NATIONAL FORUM ON EARLY CHILDHOOD PROGRAM EVALUATION

and when deep depression occurs during the
child’s second and third year, the time at which
the brain systems that generate the depression-
associated pattern of brain waves are developing
rapidly.** Living with a depressed mother may
also shape the development of a child’s stress bi-
ology.?® Indeed, there is increasing evidence that
effects on stress response systems are one mech-
anism linking maternal depression to the child’s

Depressed women produce higher levels of
stress chemicals during pregnancy, which
reduce fetal growth and are associated with an

increased risk for premature labor.

own risk of developing depression and other
emotional disorders.”* When mothers are de-
pressed, both early in a child’s life and later, their
children tend to produce higher and more fluc-
tuating levels of stress chemicals such as corti-
sol.>*? Chronic maternal depression over many
years of a child’s life also predicts cardiovascular
patterns suggestive of emergent hypertension in
childhood and abnormal stress chemical pat-
terns in response to laboratory testing.”

Maternal depression may begin to affect brain
development in the fetus before birth. Depressed
women produce higher levels of stress chemicals
during pregnancy, which reduce fetal growth
and are associated with an increased risk for
premature labor.”* Depressive symptoms in an
expectant mother also have been shown to be
associated with altered immune functioning in
her baby after birth.** Even more striking, recent

research has found that prenatal depression can
be linked to the silencing of a gene that controls
the over-production of stress chemicals.” Thus,
by the time of birth, the infant of a seriously de-
pressed mother may have sustained effects on
his or her stress response and immune systems
that make the child even more vulnerable than
average to irritable, intrusive, or withdrawn ma-
ternal care.

Depression often occurs in the context of other
family adversities, which makes it challenging
to treat successfully. When mothers have good
social supports, adequate income, and environ-
ments free of stress and conflict, they are better
able to provide the developmentally appropriate
interactions that their children need. However,
depression often coincides with a constellation
of other adversities that may further undermine
child development. For example, mothers ex-
periencing depression are often also young,
socially isolated, economically or educationally
disadvantaged, and burdened by more family
conflict and stressful life events than mothers
who are not depressed.'*® Mothers who experi-
ence deep or chronic depression are also more
likely to have experienced intimate partner
violence,”” to be in poorer health, and to have
problems with anxiety or substance abuse.* In-
deed, evidence suggests that 75 percent of adults
diagnosed with major depression have at least
one other mental health diagnosis.”® When ma-
ternal depression co-occurs with other serious
adversities, not only are standard treatments
less likely to be successful in reducing depres-
sive symptoms, but the children are at even
greater risk for poor outcomes, as these related
risk factors also reduce the likelihood that they
will experience environments that foster healthy
development.**

What Program Evaluation Research Tells Us

GIVEN THE POTENTIAL NEGATIVE CONSEQUENCES
of depression for both mothers and their chil-
dren, a variety of interventions has been de-
signed to prevent and treat it as well as to buffer
children from its harmful effects. By intervening
early, before these effects can accrue, we increase

4 Maternal Depression Can Undermine the Development of Young Children

the likelihood that children of depressed moth-
ers will grow into healthy, capable, fully contrib-
uting members of society.

Although a few studies address the more gen-
eral treatment of maternal depression, much of
the research on prevention is focused on the
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specific condition of postpartum depression
(PPD). Interventions that have been employed
differ as to whether they take a biological ap-
proach, such as the prescription of antidepres-
sant medications, or a psychosocial approach
grounded in therapeutic and psycho-education-
al strategies. In cases of PPD, the use of medi-
cation for preventive purposes has been lim-
ited because of concerns about the potentially
harmful effects of antidepressants that can pass
directly into the fetus through the placenta or
into the infant through breast milk.** Alterna-
tively, the range of psychosocial interventions
that have been employed includes strategies di-
rected either solely to mothers or to the mother-
child dyad.

Intensive intervention efforts that focus spe-
cifically on mother-child interactions have
shown promising results in several recent stud-
ies. One program of weekly toddler-parent

WHAT PROGRAM EVALUATION RESEARCH TELLS US

By intervening early, we increase the
likelihood that children of depressed mothers

will grow into healthy, capable, fully contributing

members of society.

psychotherapy that lasted over a year produced
improved cognitive development among chil-
dren of depressed mothers.* Another success-
ful intervention targeted young, economically
disadvantaged mothers of infants and provided
a comprehensive set of daily supports, includ-
ing education opportunities for the mothers,
massage therapy for both mothers and infants,
and mother-infant interaction coaching.” Sev-
eral recent studies have shown improvements
in important dimensions of mother-child

100%

Exposure to Maternal Depression in Infancy Causes Stress Hormone
Levels to Become More Extreme in Adolescence
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No Maternal
Depression as Infant

Experienced Maternal
Depression as Infant

Percentage of Adolescents with Extremely High Cortisol Levels
(Above goth percentile for gender) on 1 or more days out of 10 measured

WWW.DEVELOPINGCHILD.HARVARD.EDU

Maternal Depression Can Undermine the Development of Young Children 5




NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD
NATIONAL FORUM ON EARLY CHILDHOOD PROGRAM EVALUATION

interaction.***®  Collectively, these examples

demonstrate that intensive, well-designed in-
terventions for depressed mothers and their
children can improve both parenting behaviors
in the mothers and developmental outcomes in
the children. What these studies cannot tease

Interventions with families and older children
also provide suggestive evidence that
programs that explicitly promote positive
parenting practices among depressed parents

may have benefits for children and families.

apart, however, is whether the key ingredient in
the program’s success was its focus on the moth-
er-child dyad or the intensity of the treatment.
Nevertheless, interventions with families and
older children also provide suggestive evidence
that programs that explicitly promote positive
parenting practices among depressed parents
may have benefits for children and families.**
Yet, the high cost of intensive interventions and
the fact that most studies have been conducted
on relatively small samples present serious chal-
lenges to the task of replicating successful mod-
els and taking them to scale.

Research indicates that various combinations of
psychotherapy and educational treatments that
are focused exclusively on adults can be effec-
tive in reducing depressive symptoms in moth-
ers but appear to have limited impacts on the
development of their young children.*#>#>% A
few good studies of therapeutic interventions

Correcting Common Misconceptions

have demonstrated reductions in maternal
depression after treatment, but no differences
were documented in long-term child outcomes,
such as cognitive functioning and behavior.
These findings have led several researchers to
argue that therapies should not only treat the
mother but should also focus on the mother-
child relationship.*

Successful efforts to prevent maternal depres-
sion before it develops have thus far been more
elusive than effective treatments. Several models
of educational and psychological interventions
to prevent postpartum depression have shown
promise.*”**" These programs are diverse in
terms of when services are initiated, how and
by whom services are delivered, and the likeli-
hood of depression in the population they serve.
Most of these prevention programs, however,
are short-term, often delivered through a small
number of individual or group educational ses-
sions or psychotherapy, midwife care, or home
visits. The documented success of a program
in which poor women participated in four pre-
natal sessions of group psychotherapy suggests
that preventing PPD may be possible.” Yet, the
small, voluntary, and select nature of the sample,
as well as the lack of child outcome measures,
indicate that more research is necessary. Bio-
logical approaches to preventing PPD also have
been studied, but successful results are rare,*"
and, as noted previously, biological prevention
approaches are often not well received by moth-
ers because of concerns about the pass-through
effects of medication on fetuses or infants. The
extent to which maternal depression often co-
exists with other mental health problems (e.g.,
anxiety disorders or substance abuse) further
complicates the challenge of designing effective
prevention programs.

Contrary to popular belief, professional treat-
ment is needed to help mothers overcome major
depression. Although many mothers experience
emotional adjustments and mood swings in the
immediate period following childbirth—some-
times known as the “baby blues”—this is very

6 Maternal Depression Can Undermine the Development of Young Children

different from major depression, which is much
more severe and can be long-lasting."” Major
depression should be understood as a serious
medical condition that affects brain function-
ing and typically limits one’s ability to carry
out everyday activities. Mothers of infants are
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more likely than other women to experience
such depression, particularly as they experience
high caregiving demands, yet they are less likely
to get professional help." This is most unfortu-
nate, because there is evidence that a range of
treatment approaches may reduce depressive
symptoms among these mothers.*

It is not commonly understood that even very
young children are likely to be affected by their
mother’s depression and these effects may be
lasting. Adverse effects may even begin during
pregnancy. As noted earlier, maternal depres-
sion in the prenatal period is linked to altera-
tions in the stress response and immune systems
of the fetus, which can increase the chance that
an infant will be more vulnerable to irritable,
intrusive, or withdrawn maternal care than the
average baby.***> Moreover, ongoing depression

CORRECTING COMMON MISCONCEPTIONS

after childbirth is linked to patterns of parenting
that may disrupt the normal “serve and return”
interactions between an infant and mother, thus
potentially harming the child’s developing brain
architecture and emerging skills."” Finally, hos-
tile or withdrawn parenting has been linked to
patterns of child brain activity associated with
anxious and withdrawn emotions, which may
persist over time.*

Contrary to what is frequently assumed, reducing
mothers’ depressive symptoms alone does not
necessarily lead to improvements in parenting
and children’s development. This erroneous as-
sumption has been called into question by treat-
ments that have improved mothers” depressive
symptoms but have not had measurable effects
on children’s development.*>**** Even when suc-
cessful, short-term treatments that focus only

Toddler-Parent Therapy Improves Cognitive Development
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Source: Cicchetti, Rogosch, and Toth (2000).
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Mothers with a major depressive disorder were randomly selected to participate in Toddler-
Parent Psychotherapy as a preventive intervention for their children, age 20 months at entry
to program. Children’s scores on Bayley Mental Developmenet index did not differ at age of
entry, but significant differences appeared in 1Q tests given at age 3.
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on reducing mothers’ depression may miss the
opportunity to also improve their parenting
skills and their view of their children.* Limited
but promising evidence suggests that treatments
designed to improve child well-being must

The Science-Policy Gap

attend both to relieving mothers’ depression
and to focusing on parenting behavior and in-
teractions with the child as central dimensions
of the intervention.’

Postpartum depression has several characteris-
tics that make it a particularly compelling target
for preventive intervention, yet little has been
done in the U.S. to determine which interven-
tions work. These characteristics include a clear
time of onset (childbirth), a distinct risk period
(up to six months postdelivery), and an identi-
fiable population of at-risk women (expectant
mothers).”! Despite this striking opportunity,
most studies of programs designed to prevent
PPD have been conducted outside of the United
States, where differences in health service de-
livery systems may make their findings less ap-
plicable to the U.S. context. In view of the fact
that maternal depression can set in motion
detrimental patterns of parenting and develop-
mental processes that may be difficult to change
as time passes, the limited availability of effec-
tive prevention programs in the United States
represents an important missed opportunity to
improve children’s development.

Implications for Policy and Programs

Enhanced treatment programs for mental health
problems in parents need to address adult be-
havior toward young children as well as the
programs’ impacts on children’s developmental
outcomes. This presents a major challenge, as
very few studies to date have measured the im-
pacts of interventions for maternal depression
on either mother-child interaction or child well-
being. Evidence that depression interferes with
a mother’s ability to engage in and benefit from
a variety of services adds to that challenge, par-
ticularly for disadvantaged populations.* Sev-
eral settings have been identified as promising
vehicles through which prevention, screening,
and treatment services for maternal depression
might be embedded, including primary health
care, home visiting, and early care and educa-
tion.* Each of these types of programs pro-
vides an underutilized opportunity to identify
and engage depressed mothers, yet they all face
distinctive challenges in developing and imple-
menting effective services.**

Maternal depression matters for children, fami-
lies, and society. Maternal depression affects a
large number of families and can have poten-
tially far-reaching, adverse effects on parenting
and the development of children. These conse-
quences have implications for society as a whole,
as children who are affected adversely become
the next generation of parents and workers. Un-
treated maternal depression may lead to more
hostile or withdrawn parenting, which can, in
turn, have harmful effects on young children’s
developing brains, leaving them at higher risk
for later cognitive and socio-emotional prob-
lems. Insensitive, hostile, or withdrawn par-
enting is associated with the development of

8 Maternal Depression Can Undermine the Development of Young Children

patterns of brain activity associated with
anxious, withdrawn emotions in children and
adults. Depressed mothers engage in less stimu-
lation of their children, potentially reducing the
strength of brain circuits involved in learning
and memory. It is therefore important for the
well-being of society to find effective ways to
prevent and treat this disorder.

Evidence suggests that intensive therapies that
focus on both mothers and their young children
together can improve child outcomes. Not only
are access and use of mental health services by
mothers important, but equally important is the
need for policymakers and clinicians to work
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together to establish and supporta model of care
that simultaneously addresses mothers’ own
mental health needs as well as their caregiving
roles and their children’s healthy development.
Because healthy brain architecture is built by
positive interactions with responsive caregivers
over time, short-term therapies of low inten-
sity that focus solely on mothers may be effec-
tive at reducing their depressive symptoms, but
they are unlikely to improve child outcomes. In
view of the magnitude of the problem, creative
policymaking would be well served by support
for promising pilot projects that focus on moth-
ers’ interactions with their infants and are linked
to strong evaluation designs.

Innovation, evaluation, and continuous improve-
ment are needed to better understand what
works for both children and their mothers and
to bring such interventions to scale. Findings
from program evaluations indicate that the
challenge of treating maternal depression is not
simply a matter of increased funding. Because
there is still much to be learned, two kinds of
investments are important for policymakers to
consider. The first would focus on replication
and expansion of interventions that have been
evaluated and shown to have positive effects on
young children. The second and equally impor-
tant kind of investment would provide support
for innovative program models that focus on
the needs of mothers and their children, guided
by advances in neuroscience and developmen-
tal research and committed to rigorous evalu-
ations. In short, the prevalence of maternal de-
pression, the growing evidence of its potential
adverse impacts on young children, and the lack
of interventions that focus on the well-being of
the young children of affected mothers all call
for increased investment in the design, testing,
and continuous improvement of more effective
two-generation interventions.

WWW.DEVELOPINGCHILD.HARVARD.EDU

IMPLICATIONS FOR POLICY AND PROGRAMS

The development and testing of more successful
models for prevention of maternal depression,
particularly for women who are at increased risk
for the disorder, should be an important policy
priority. Evaluations of prevention programs for
maternal depression thus far have been disap-
pointing. This does not mean that prevention
cannot work, but it does indicate that we still

The development and testing of more successful
models for prevention of maternal depression,
particularly for women who are at increased

risk for the disorder, should be an important

policy priority.

have much to learn. The magnitude of risk fac-
ing affected mothers and young children from
all social classes, particularly those who have
low incomes and limited education, under-
scores the need for policymakers, neuroscien-
tists, doctors, program developers, and evalua-
tion specialists to work together in the search for
new and more effective prevention strategies.

IN SUMMARY, THE PREVALENCE AND MULTIPLE
costs of maternal depression and the growing de-
velopment of conceptual and practical approach-
es for protecting children whose mothers have
the disorder all provide a compelling rationale
for testing and evaluating promising practices
and new intervention strategies. The continuing
failure to address the consequences of depression
for large numbers of vulnerable, young children
presents a missed opportunity to help families
and children in a way that could have far-reach-
ing implications for the productivity, health, and
well-being of the next generation.

Maternal Depression Can Undermine the Development of Young Children 9



NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD
NATIONAL FORUM ON EARLY CHILDHOOD PROGRAM EVALUATION

References

10.

1

—

12.

1

W

14.

. National Scientific Council on the Developing Child.

(2007). The science of early childhood development.
Retrieved November 1, 2009, from www.developingchild.
harvard.edu.

. Kessler, R. C., Berglund, P., Demler, O., Jin, R., Koretz, D.,

Merikangas, K. R., Rush, A. J., Walters, E. E., & Wang, P. S.
(2003). The epidemiology of major depressive disorder:
Results from the National Comorbidity Survey Replica-
tion (NCS-R). Journal of the American Medical Associa-
tion, 289, 3095-3105.

. Mian, A. 1. (2005). Depression in pregnancy and the post-

partum period: Balancing adverse effects of untreated
illness with treatment risks. Journal of Psychiatric Prac-
tice, 11(6), 389-396.

. National Research Council and Institute of Medicine

(2009). Depression in parents, parenting, and children:
Opportunities to improve identification, treatment, and
prevention. Committee on Depression, Parenting Prac-
tices and the Healthy Development of Children, Board
on Children, Youth and Families, Division on Behavioral
and Social Sciences and Education. Washington, DC: The
National Academies Press.

. O’Hara M. W., & Swain, A. M. (1996). Rates and risk of

postpartum depression - a meta-analysis. International
Review of Psychiatry, 8, 37-54.

. Miller, L. J. (2002). Postpartum depression. Journal of the

American Medical Association, 287, 762-765.

. Administration for Children and Families. (2002). Mak-

ing a difference in the lives of children and families: The
impacts of Early Head Start programs on infants and
toddlers and their families. Washington, DC: U.S. Depart-
ment of Health and Human Services.

. Cooper, C., Jones, L., Dunn, E., Forty, L., Haque, S.,

Opyebode, E., Craddock, N., & Jones, I. (2007). Clinical
presentation of post-natal and non-postnatal depressive
episodes. Psychological Medicine, 37, 1273-1280.

. Whiffen, V. E., & Gotlib, I. H. (1993). Comparison of post-

partum and nonpostpartum depression: Clinical presenta-
tion, psychiatric history, and psychosocial functioning.
Journal of Consulting and Clinical Psychology, 61, 485-494.
Campbell, S., Cohn, J. E, & Meyers, T. (1995). Depres-

sion in first-time mothers: Mother-infant interaction

and depression chronicity. Developmental Psychology, 31,
349-357.

. Horowitz, S. M., Briggs-Gowan, M. J., Storfer-Isser, A., &

Carter, A. (2007). Prevalence, correlates and persistence of
maternal depression. Journal of Women’s Health, 16, 678-691.
Ashman, S. B., Dawson, G., & Panatogiotides, H. (2008).
Trajectories of maternal depression over seven years:
Relations with child psychophysiology and behavior and
role of contextual risks. Development and Psychopathol-
ogy, 20, 55-77.

. Phillips, J., Sharpe, L., Matthey, S., & Charles, M. (in

press). Subtypes of postnatal depression? A comparison
of women with recurrent and de novo postnatal depres-
sion. Journal of Affective Disorders.

Campbell, S., Morgan-Lopez, A. A., Cox, M., McLoyd, V.
& NICHD ECCRN (2009). A latent class analysis of ma-
ternal depressive symptoms over 12 years and offspring

adjustment in adolescence. Journal of Abnormal Psychol-
ogy, 3,479-493.

10 Maternal Depression Can Undermine the Development of Young Children

15.

16.

17.

18.

1

Ne)

20.

2

—_

22.

2

W

24.

2

w

26.

27.

Vesga-Lopez, O., Blanco,C., Keyes, K., Olfson, M., Grant,
B., & Hasin, D. (2008). Psychiatric disorders in pregnant
and postpartum women in the United States. Archives of
General Psychiatry, 65, 805-815.

National Scientific Council on the Developing Child.
(2008). Mental health problems in early childhood can im-
pair learning and behavior for life. Working Paper No. 6.
Retrieved November 1, 2009, from www.developingchild.
harvard.edu.

Sohr-Preston, S.L., & Scaramella, L. V. (2006). Implica-
tions of maternal depressive symptoms for early cogni-
tive language development. Clinical Child and Family
Psychology Review, 9, 65-83.

Goodman, S. H., & Gotlib, I. H. (1999). Risk for psy-
chopathology in the children of depressed mothers: A
developmental model for understanding mechanisms of
transmission. Psychological Review, 106, 458-490.

. Lovejoy, M. C., Graczyk, P. A., O’Hare, E., & Neuman, G.

(2000). Maternal depression and parenting behavior: A
meta-analytic review. Clinical Psychology Review, 20(5),
561-592.

Field, T., Pickens, J., Prodromidis, M., Malphurs, J., Fox,
N., & Bendell, D. (2000). Targeting adolescent mothers
with depressive symptoms for early intervention. Adoles-
cence, 35, 381-414.

. Gladstone, T. R. G., & Beardslee, W. R. (2002). Treat-

ment, intervention and prevention with children of
depressed parents: A developmental perspective. In S.
H.Goodman & I. H. Gotlib (Eds.). Children of depressed
parents: Mechanisms of risk and implications for treatment
(pp- 277-305). Washington, DC: American Psychological
Association.

Seifer, R., Dickstein, S., Sameroff, A. J., Magee, K. D., &
Hayden, L. C. (2001). Infant mental health and vari-
ability of parental depression symptoms. Journal of the
American Academy of Child and Adolescent Psychiatry, 40,
1375-1382.

. Tronick, E., & Reck, C. (2009). Infants of depressed

mothers. Harvard Review of Psychiatry, 17, 147-156.
Dawson, G., & Ashman, S. (2000). On the origins of a
vulnerability to depression: The influence of early social
environment on the development of psychobiological
systems related to risk for affective disorder. In C. A.
Nelson (Ed.), The effects of early adversity on neurobe-
havioral development: The Minnesota Symposia on Child
Psychology, Vol. 31 (pp. 245-278). New York: Erlbaum &
Associates.

. National Scientific Council on the Developing Child.

(2005). Excessive stress disrupts the architecture of the de-
veloping brain. Working Paper No. 3. Retrieved Novem-
ber 1, 2009, from www.developingchild.harvard.edu
Dawson, G., Frey, K., Panagiotides, H., Osterling, J., &
Hessl, D. (1997). Infants of depressed mothers exhibit
atypical frontal brain activity: A replication and exten-
sion of previous findings. Journal of Child Psychology and
Psychiatry and Allied Disciplines, 38(2), 179-186.

Diego, M. A, Field, T., Jones, N. A., & Hernandez-Reif, M.
(2006). Withdrawn and intrusive maternal interaction
style and infant frontal EEG asymmetry shifts in infants
of depressed and non-depressed mothers. Infant Behav-
ior and Development, 29, 220-209.

WWW.DEVELOPINGCHILD.HARVARD.EDU



28.

29.

30.

3

—_

32.

33.

34.

35.

36.

37.

38.

39

40.

4

—_

42.

Ronsaville, D.S., Municchi, G., Laney, C., Cizza, G.,
Meyer, S.E. & Haim, A. (2006). Maternal and environ-
mental factors influence the hypothalamic-pituitary-
adrenal axis response to corticotropin-releasing hormone
infusion in offspring of mothers with or without mood
disorders. Development & Psychopathology, 18, 173-194.
Gump, B. B., Reihman, J., Stewart, P., Lonky, E., Darvill, T.,
Granger, D. A., & Matthews, K. A. (2009). Trajectories of
maternal depressive symptoms over her child’s life span:
Relation to adrenocortical, cardiovascular, and emotional
functioning in children. Development & Psychopathology,
21,207-225.

Halligan, S. L., Herbert, J., Goodyer, 1., & Murray, L.
(2007). Disturbances in morning cortisol excretion in
association with maternal postnatal depression predict
subsequent depressive symptomatology in adolescents.
Biological Psychiatry, 62, 40-46.

. Essex, M. ]., Klein, M., Cho, E., & Kalin, N. H. (2002). Ma-

ternal stress beginning in infancy may sensitize children
to later stress exposure: Effects on cortisol and behavior.
Biological Psychiatry, 52, 776-784.

Halligan, S. L., Herbert, J., Goodyer, I. M., & Murray, L.
(2004). Exposure to postnatal depression predicts elevat-
ed cortisol in adolescent offspring. Biological Psychiatry,
55,376-381.

Diego, M. A., Field, T., Hernandez-Reif, M., Schanberg,
S., Kuhn, C., & Gonzalez-Quintero, V. H. (2009). Prenatal
depression restricts fetal growth. Early Human Develop-
ment, 85, 65-70.

Mattes, E., McCarthy, S., Gong, G., van Eekelen, J. A.,
Dunstan, J., & Foster, J. (2009). Maternal mood scores in
mid-pregnancy are related to aspects of neonatal immune
function. Brain Behavior & Immunity, 23(3), 380-388.
Oberlander, T. E,, Weinberg, J., Papsdorf, M., Grunau,

R., Misri, S., & Devlin, A. M. (2008). Prenatal exposure

to maternal depression, neonatal methylation of human
glucocorticoid receptor gene (NR3C1) and infant cortisol
stress responses. Epigenetics, 3, 97-106.

Lorant, V., Deliege, D., Eaton, W., Robert, A., Philippot, P,
and Ansseau, M. (2003). Socioeconomic inequalities in
depression: A meta-analysis. American Journal of Epide-
miology,157, 98—112.

Golding, J. M. (1999). Intimate partner violence as a risk
factor for mental disorders: A metaanalysis. Journal of
Family Violence, 14,99-132.

Kessler, R. C., Berglund, P., Demler, O,, Jin, R., Merikan-
gas, K. R., and Walters, E. E. (2005). Lifetime prevalence
and age-of-onset distributions of DSM-IV disorders in
the National Comorbidity Survey Replication. Archives of
General Psychiatry, 62, 593-602.

. Talati, A., Wickramaratne, P. J., Pilowsky, D. J., Alpert, J.

E., Cerda, G., Garber, J., Hughes, C. W,, King, C. A., Mal-
loy, E., Sood, A. B., Verdeli, H., Trivedi, M. H. Rush, A.

J., & Weissman, M. M. (2007). Remission of maternal
depression and child symptoms among single mothers:

A STAR*D-Child report. Social Psychiatry and Psychiatric
Epidemiology, 42, 962-971.

Clark, R., Tluczek, A., & Wenzel, A. (2003). Psychotherapy
for postpartum depression: A preliminary report. Ameri-
can Journal of Orthopsychiatry, 4, 441-454.

. Chabrol, H., & Callahan, S. (2007). Prevention and treat-

ment of postnatal depression. Expert Review of Neuro-
therapeutics, 7(5), 557-576.

Cooper, P. J., Murray, L., Wilson, A., & Romaniuk, H.
(2003). Controlled trial of the short- and long-term effect
of psychological treatment of postpartum depression: I.

WWW.DEVELOPINGCHILD.HARVARD.EDU

43.

44.

45.

46.

47.

48.

49

50

51.

52.

53.

54.

55.

56.

REFERENCES

Impact on maternal mood. British Journal of Psychiatry,
182, 412-419.

Forman, D. R., O’'Hara, M. W,, Stuart, S., Gorman, L. L.,
Larsen, K., & Coy, K. C. (2007). Effective treatment for
postpartum depression is not sufficient to improve the
developing mother-child relationship. Development and
Psychopathology, 19, 585-602.

Murray, L., Cooper, P. J., Wilson, A., & Romaniuk, H.
(2003). Controlled trial of the short- and long-term effect
of psychological treatment of postpartum depression: II.
Impact on the mother-child relationship and child out-
come. British Journal of Psychiatry, 182, 420-427.

Nylen, K. J., Moran, T. E., Franklin, C. L., & O’Hara, M. W.
(2006). Maternal depression: A review of relevant treat-
ment approaches for mothers and infants. Infant Mental
Health Journal, 27(4), 327-343.

Cicchetti, D., Rogosch, E. A., & Toth, S.L. (2000). The
efficacy of toddler-parent psychotherapy for fostering
cognitive development in offspring of depressed mothers.
Journal of Abnormal Psychology, 28(2), 135-148.

Field, T. (2002). Prenatal effects of maternal depression. In
S.H.Goodman & I. H. Gotlib (Eds.), Children of depressed
parents: Mechanisms of risk and implications for treatment
(pp- 59-88). Washington, DC: American Psychological
Association.

Toth, S. L., Rogosch, F. A., Manly, J. T., & Cicchetti, D.
(2006). The efficacy of toddler-parent psychotherapy to
reorganize attachment in the young offspring of mothers
with major depressive disorder: A randomized preventive
trial. Journal of Consulting and Clinical Psychology, 74,
1006-1016.

. Beardslee,W. R., Wright, E. J., Gladstone, T.R. G., &

Forbes, P. (2008). Long-term effects from a randomized
trial of two public health preventive interventions for
parental depression. Journal of Family Psychology, 21,
703-713.

. Dennis, C. (2005). Psychosocial and psychological inter-

ventions for prevention of postnatal depression: System-
atic review. British Medical Journal, 331(7507), 15.
Ogrodniczuk, J. S., & Piper, W. E. (2003). Preventing post-
natal depression: A review of research findings. Harvard
Review of Psychiatry, 11(6), 291-307.

Zlotnick, C., Johnson, S. L., Miller, I. W., Pearlstein, T.,
Howard, M. (2001). Postpartum depression in women
receiving public assistance: Pilot study of an interperson-
al-therapy-oriented group intervention. American Journal
of Psychiatry, 158, 638-640.

Howard, L. M., Hoffbrand, S. Henshaw, C., Boath, L., &
Bradley, E. (2005). Antidepressant prevention of postnatal
depression. Cochrane Database of Systematic Reviews,
Issue 2. Article No.: CD004363. DOI: 10.1002/14651858.
CD004363.pub2.

Dennis, C. L., & Hodnett, E. D. (2009). Psychosocial and
psychological interventions for treating postpartum de-
pression (Review). The Cochrane Library, 2.
Chazen-Cohen, R., Ayoub, C., Pan, B. A., Roggman, L.,
Raikes, H., McKelvey, L., Whiteside-Mansell, L., & Hart,
A. (2007). It takes time: Impacts of Early Head Start that
lead to reductions in maternal depression two years later.
Infant and Mental Health Journal, 28, 151-170.

Tandon, S. D,, Parillo, K. M., Jenkins, C., & Duggan, A. K.
(2005). Formative evaluation of home visitors’ role in ad-
dressing poor mental health, domestic violence, and sub-
stance abuse among low-income pregnant and parenting
women. Maternal and Child Health Journal, 9, 273-283.

Maternal Depression Can Undermine the Development of Young Children

11



NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD
NATIONAL FORUM ON EARLY CHILDHOOD PROGRAM EVALUATION

Notes

12 Maternal Depression Can Undermine the Development of Young Children WWW.DEVELOPINGCHILD.HARVARD.EDU



NOTES

WWW.DEVELOPINGCHILD.HARVARD.EDU Maternal Depression Can Undermine the Development of Young Children 13



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)

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)

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 PROGRAM EVALUATION

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



NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

Persistent Fear and Anxiety
Can Affect Young Children’s
Learning and Development

WORKING PAPER 9

Center on the Developing Child @& HARVARD UNIVERSITY




NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

MEMBERS

Jack P. Shonkoff, M.D., Chair

Julius B. Richmond FAMRI Professor of Child Health and
Development, Harvard School of Public Health and Harvard
Graduate School of Education; Professor of Pediatrics,
Harvard Medical School and Children’s Hospital Boston;
Director, Center on the Developing Child, Harvard University

Pat Levitt, Ph.D., Science Director

Director, Zilkha Neurogenetic Institute; Provost Professor of
Neuroscience, Psychiatry & Pharmacy; Chair, Department of
Cell and Neurobiology, Keck School of Medicine, University of
Southern California

W. Thomas Boyce, M.D.

Sunny Hill Health Centre/BC Leadership Chair in Child
Development; Professor, Graduate Studies and Medicine,
University of British Columbia, Vancouver

Judy Cameron, Ph.D.
Professor of Psychiatry, University of Pittsburgh

Greg ). Duncan, Ph.D.
Distinguished Professor, Department of Education,
University of California, Irvine

Nathan A. Fox, Ph.D.
Distinguished University Professor; Director, Child
Development Laboratory, University of Maryland College Park

Megan Gunnar, Ph.D.

Regents Professor and Distinguished McKnight University
Professor, Institute of Child Development, University

of Minnesota

Linda C. Mayes, M.D.

Arnold Gesell Professor of Child Psychiatry, Pediatrics, and
Psychology, Yale Child Study Center;

Special Advisor to the Dean, Yale School of Medicine

Bruce S. McEwen, Ph.D.

Alfred E. Mirsky Professor; Head, Harold and Margaret
Milliken Hatch Laboratory of Neuroendocrinology,
The Rockefeller University

Charles A. Nelson Ill, Ph.D.

Richard David Scott Chair in Pediatric Developmental
Medicine Research, Children’s Hospital Boston; Professor of
Pediatrics and Neuroscience, Harvard Medical School

Ross Thompson, Ph.D.
Professor of Psychology, University of California, Davis

About the Authors

CONTRIBUTING MEMBERS

Susan Nall Bales
President, FrameWorks Institute

Philip A. Fisher, Ph.D.

Professor of Psychology, University of Oregon
Senior Research Scientist, Oregon Social Learning
Center & Center for Research to Practice

William Greenough, Ph.D.

Swanlund Professor of Psychology, Psychiatry, and Cell and
Developmental Biology; Director, Center for Advanced Study
at University of lllinois, Urbana-Champaign

Eric Knudsen, Ph.D.
Edward C. and Amy H. Sewall Professor of Neurobiology,
Stanford University School of Medicine

Deborah Phillips, Ph.D.
Professor of Psychology and Associated Faculty, Public Policy
Institute; Co-Director, Research Center on Children in the U.S.,
Georgetown University

Arthur . Rolnick, Ph.D.
Senior Vice President and Director of Research, Federal
Reserve Bank of Minneapolis

PARTNERS

The FrameWorks Institute

The National Governors Association Center for Best Practices
The National Conference of State Legislatures

SPONSORS

The Birth to Five Policy Alliance
The Buffett Early Childhood Fund
The Norlien Foundation

The National Scientific Council on the Developing Child, housed at the Center on the Developing Child at Harvard University, is a
multi-disciplinary collaboration designed to bring the science of early childhood and early brain development to bear on public
decision-making. Established in 2003, the Council is committed to an evidence-based approach to building broad-based public will that
transcends political partisanship and recognizes the complementary responsibilities of family, community, workplace, and government to
promote the well-being of all young children. For more information, go to www.developingchild.net.

Please note: The content of this paper is the sole responsibility of the Council and does not necessarily represent the opinions of

the funders or partners.

Suggested citation: 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

© February 2010, National Scientific Council on the Developing Child, Center on the Developing Child at Harvard University



The Issue

ENSURING THAT YOUNG CHILDREN HAVE SAFE, SECURE ENVIRONMENTS IN WHICH TO GROW, LEARN,

and develop healthy brains and bodies is not only good for the children themselves but also builds

a strong foundation for a thriving, prosperous society. Science shows that early exposure to cir-

cumstances that produce persistent fear and chronic anxiety can have lifelong consequences by

disrupting the developing architecture of the brain. Unfortunately, many young children are ex-

posed to such circumstances. While some of these experiences are one-time events and others may

reoccur or persist over time, all of them have the potential to affect how children learn, solve prob-

lems, and relate to others.

All children experience fears during childhood, in-
cluding fear of the dark, monsters, and strangers.
These fears are normal aspects of development and
are temporary in nature. In contrast, threatening
circumstances that persistently elicit fear and anxi-
ety predict significant risk for adverse long-term
outcomes from which children do not recover eas-
ily. Physical, sexual, or emotional abuse; significant
maltreatment of one parent by the other; and the
persistent threat of violence in the community are
examples of such threatening circumstances in a
child’s environment.

Studies show that experiences like abuse and
exposure to violence can cause fear and chronic
anxiety in children and that these states trig-
ger extreme, prolonged activation of the body’s
stress response system. In studies with animals,
this type of chronic activation of the stress
system has been shown to disrupt the efficiency
of brain circuitry and lead to both immediate
and long-term physical and psychological prob-
lems. This is especially true when stress-system
overload occurs during sensitive periods of brain
development. While much of the evidence for
the effects of stress on the development of brain
architecture comes from animal studies, strong
similarities in the processes of brain develop-
ment across species indicate that experiences
of persistent fear and chronic anxiety likely ex-
ert similarly adverse impacts on the developing
brain in humans. Thus, stress-system overload
can significantly diminish a child’s ability to
learn and engage in typical social interactions
across the lifespan.

Many policymakers, educators, and even
medical professionals are unaware of the poten-
tially significant, long-term risks of exposure to
fear-provoking circumstances in children and
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lack information about the prevalence of these
situations in their communities. Critically, 1 in
every 7 children, and nearly 1 out of every 40
infants, in the United States experience some
form of maltreatment, including chronic ne-
glect or physical, emotional, or sexual abuse."?
Child maltreatment has been shown to occur
most often in families that face excessive levels
of stress, such as that associated with commu-
nity violence, parental drug abuse, or signifi-
cant social isolation.’ Research also tells us that
nearly half of children living in poverty witness
violence, or are indirectly victims of violence.'
Clearly, for children in these circumstances, the
frequent and repetitive threats around them

Science shows that exposure to circumstances
that produce persistent fear and chronic anxiety
can have lifelong consequences by disrupting the

developing architecture of the brain.

create the potential for heightened fear and
chronic anxiety.

Behavioral neuroscience research in ani-
mals tells us that serious, fear-triggering expe-
riences elicit physiological responses that affect
the architecture of the brain as it is developing.
These experiences cause changes in brain activ-
ity and have been shown to have long-term, ad-
verse consequences for learning, behavior, and
health. Studies show that solutions for children
are available through programs that effectively
prevent specific types of fear-eliciting events,
such as physical or sexual abuse. The timely
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implementation of such interventions can pre-
vent and treat the harmful effects of exposure
to extreme, fear-eliciting circumstances. In ad-
dition to these preventive measures, there also
are effective treatments for children experienc-
ing high levels of anxiety or chronic fear that

What Science Tells Us

result from serious emotional trauma. Despite
this rapidly increasing knowledge base, how-
ever, significant gaps continue to exist in how
society responds to the developmental needs of
children who regularly experience serious, fear-
inducing events.

SOME TYPES OF FEAR ARE NORMAL ASPECTS OF
development. Infants begin to experience feel-
ings of fear and differentiate them from other
emotions between 6 and 12 months of age.*’
Over the course of the early childhood period,
toddlers and preschoolers typically express fear
of a wide variety of events or individuals. For ex-
ample, it is not unusual for a young child to re-
act with wariness or distress when greeted by an
unfamiliar adult. Such responses are often called
“stranger anxiety” and typically first emerge at
around 9 or 10 months of age. This hesitancy
toward unfamiliar people generally continues
throughout childhood, but diminishes over
time, as children’s social worlds expand and they
interact with increasing numbers of caregivers,
relatives, neighbors, and other familiar adults.
Later in early childhood, it is common for
children to express fear of both imagined and
real circumstances. The emergence and develop-
ment of imagination, for example, may lead to
fear of monsters or the dark. These reactions are

The emergence and course of typical
childhood fears are different from the fears and
anxiety elicited by traumatic situations such as

physical or sexual abuse or exposure to violence.

typical and usually peak between 4 and 5 years of
age. Generally speaking, normal preschool fears
do not disrupt a child’s life, and they dissipate
by age 7 or 8. That is, while children may express
these fears at certain times (e.g., bedtime) or in
response to certain events (e.g., being surprised
by a clown at a birthday party), their overall be-
havior does not otherwise suggest that they are
generally fearful or distressed.

Scientific research provides an explanation

2 Persistent Fear and Anxiety Can Affect Young Children’s Learning and Development

for why children outgrow these normative fears.
Many fears are a result of the difficulty young
children have in distinguishing between the real
and the imaginary. As they get older, children get
better at understanding what is real and what it
means for something to be “make believe.” At
the same time, they develop a growing sense of
control and predictability over their immediate
environment, so that even very young children
are less frightened by events if they have some
control over them. For example, a toy that scares
12-month-olds because it is loud and unpredict-
able will elicit less fear if the children are shown
how to turn it on and off and are allowed to do
50.° As they get older, children develop the cog-
nitive and social skills needed to better under-
stand predictability in their environment and,
therefore, gain a greater sense of control. As these
developmental capacities are mastered, many of
the normal fears of childhood begin to disap-
pear. Thus, the emergence and course of typical
childhood fears are different from the fears and
anxiety elicited by traumatic situations such as
physical or sexual abuse or exposure to violence:
While typical fears disappear with age, the fear
and anxiety elicited by maltreatment and other
threatening circumstances do not.

Early exposure to extremely fearful events affects
the developing brain, particularly in those areas in-
volved in emotions and learning. A large and grow-
ing body of research, including animal studies as
well as recent neuroimaging studies of human
adults, has revealed groundbreaking insights into
the brain circuitry that underlies how we learn to
be afraid 7* and how we come to associate a specif-
ic event or experience with negative outcomes.>'?
Two extensively studied structures located deep in
the brain—the amygdala and the hippocampus—
are involved in fear conditioning.”'® The amygdala
detects whether a stimulus, person, or event is
threatening *'° and the hippocampus links the fear
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response to the context in which the aversive stim-
ulus or threatening event occurred.! Studies also
show that both the amygdala and the hippocam-
pus play an important role in how the body then
responds to this threat. Elevated stress hormones
such as cortisol have been shown to affect the
growth and performance of the hippocampus and
the activity of the amygdala in rodents and non-
human primates, and early and persistent activa-
tion of the stress response system adversely affects
brain architecture in these critical regions.

Beyond its impact on these two brain struc-
tures, heightened stress has also been shown
in animals to impair the development of the
prefrontal cortex, the brain region that, in hu-
mans, is critical for the emergence of executive
functions—a cluster of abilities such as mak-
ing, following, and altering plans; controlling
and focusing attention; inhibiting impulsive
behaviors; and developing the ability to hold
and incorporate new information in decision-
making. These skills become increasingly im-
portant throughout the school years and into
adulthood. Behavioral neuroscience research
in animals tells us that the prefrontal cortex is
highly sensitive to the detrimental effects of ex-
cessive stress exposure and that its developing
architecture is vulnerable to the negative effects
of chronic fear."?

When young children experience serious fear-
triggering events, they learn to associate that
fear with the context and conditions that accom-
panied it. Very young children can actually learn
to be fearful through a process called “fear con-
ditioning,” which is strongly connected to the
development of later anxiety disorders.'*!*!>!¢
In the typical circumstances of early childhood,
fear responses are activated quickly and then
dissipate. However, when young children are
chronically exposed to perceived or real threat,
fear-system activation can be prolonged. In re-
search studies, fear conditioning involves the
pairing of a neutral stimulus (e.g., a tone or a
light) that normally does not elicit a negative
emotional response with an aversive stimulus
(e.g., pain) that produces fear. As this condi-
tioning evolves, it solidifies the relation be-
tween the two stimuli and then generalizes the
fear response to other neutral stimuli that may
share similar characteristics with the aversive
stimulus. Conditioned fear is apparent when
individuals come to experience and express fear
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within the context in which the learning occurred.
For example, a child who is physically abused
by an adult may become anxious in response
to both the person and the place where the fear

For young children who perceive the world as a
threatening place, a wide range of conditions can
trigger anxious behaviors that then impair their

ability to learn and to interact socially with others.

learning occurred. Over time, the fear elicited
and the consequent anxiety can become general-
ized, and subsequent fear responses may be elic-
ited by other people and places that bear some-
times only small resemblances to the original
conditions of trauma. Consequently, for young
children who perceive the world as a threaten-
ing place, a wide range of conditions can trigger
anxious behaviors that then impair their ability
to learn and to interact socially with others. The
extent to which these problems affect physical
and mental health is influenced by the frequency
of the stressful exposure and/or the emotional
intensity of the fear-eliciting event.

Science tells us that unlearning fear is a funda-
mentally different process from fear learning.
The process of unlearning conditioned fear is
called “extinction” and actually involves physi-
cally separate and distinct areas of the brain’s ar-
chitecture from those into which fear responses
are first incorporated. Generally speaking, the
unlearning process involves activity in the pre-
frontal cortex, which decreases the fear response
by regulating the activity of the amygdala.!”!81%2
Research tells us that fears are not just passively
forgotten over time, but they must be actively
unlearned. Studies show that fear learning can
occur relatively early in life,”*** whereas fear
unlearning is only achieved later, when certain
structures in the brain have matured.*** Conse-
quently, early fear learning can have a significant
impact on the physical and mental health of a
young child that can take years to remediate.
This understanding of how fear unlearning
occurs can be helpful in designing interventions
for anxious and fearful children. For example,
research has shown that unlearning nega-
tive fear responses to specific stimuli such as

Persistent Fear and Anxiety Can Affect Young Children’s Learning and Development 3

WHAT SCIENCE TELLS US



NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

animals, insects, heights, or social situations can
be accomplished successfully by presenting the
aversive stimulus or circumstance at a low level
of intensity while the fearful individual is in a
safe context. This therapeutic approach is called
cognitive behavioral therapy. Providing addi-
tional explanations for anxious behavior during
these controlled exposures has proven to be par-
ticularly successful for reducing anxiety in older
children with excessive fears, as their ability to
understand these explanations develops. Such
interventions work well with specific phobias,
as well as social or generalized anxiety, but are
not effective in remediating the effects of abuse
or neglect.

Chronic and intense fear early in life affects the
development of the stress response system and
influences the processing of emotional memo-
ries.”*?” When an individual is confronted with

a threat, stress systems are activated and elevate
the levels of several different stress chemicals
that are circulating throughout the body.?**
An increase in one of those chemicals, cortisol,
can have a dramatic impact on how memories
are processed and stored.”** The production of
cortisol and adrenalin (as well as noradrenaline
in the brain) in a normal stress response leads
to memory formation for events and places
that generate danger. More specifically, elevated
cortisol levels can strengthen the formation of
memories of emotional events,’*? block the
ability to unlearn fear memories,” and enhance
the formation of memories of the surrounding
context in which the fearful event occurred.* In-
terestingly, too much cortisol can also have the
opposite effect and actually impair memory and
learning in non-threatening contexts.”” Thus,
the biological response to stress is intimately in-
volved in both fear learning and unlearning.

PREFRONTAL CORTEX

Fear and Anxiety Affect the Brain Architecture of Learning and Memory

Center of executive functions;
regulates thought, emotions, and
actions. Especially vulnerable to
elevation of brain chemicals
caused by stress. Matures later
in childhood.

AMYGDALA
Triggers emotional responses;
detects whether a stimulus is
threatening. Elevated cortisol levels
caused by stress can affect activity.
Matures in early years of life.

HIPPOCAMPUS
Center of short-term memory; connects emotion
of fear to the context in which the threatening
event occurs. Elevated cortisol levels caused

by stress can affect growth and performance.
Matures in early years of life.
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Fear learning can form emotional memo-
ries that are extremely powerful and long last-
ing. These memories are relived by individuals
who experienced a traumatic event when cues
in the environment activate those memories.
This repeated recall or retrieval of the memory
makes emotional memories both more easily
activated and more resistant to being forgot-
ten.”?* The repeated recall of a traumatic event
can lead to additional release of cortisol, even in
the absence of the actual event. Behavioral neu-
roscience research with animals has shown that
chronic elevation of cortisol can have a number
of detrimental effects, including increased dam-
age to brain cells in areas that support learning,
thereby leading to increased impairment in sub-
sequent memory formation.**’!

Persistent fear can distort how a child perceives and
responds to threat. Fear learning typically takes
place in specific contexts and results in those fears
becoming associated with the places where the
learning occurred. Children may also express fear
in response to situations that are similar (not iden-
tical) to those initially learned or to situations that
are similar to the contexts in which the original
learning occurred. These are called “generalized”
fear responses, and they are thought to underlie
the expression of later anxiety disorders, including
post-traumatic stress disorder (PTSD).!**%” Thus,
although all individuals display a heightened fear
response when faced with threatening contexts,**
individuals with anxiety disorders show this same
increased fear response when faced with similar
contexts that are known to be safe.’**®* Indeed,
children who have had chronic and intense fearful
experiences often lose the capacity to differentiate
between threat and safety. This impairs their ability
to learn and interact with others, because they fre-
quently perceive threat in familiar social circum-
stances, such as on the playground or in school.
These responses inhibit their ability to learn and
often lead to serious anxiety disorders.***!

Young children who have been exposed to
traumatic circumstances also have difficulty
identifying and responding to different expres-
sions of emotions, and, therefore, have trouble
forming healthy relationships.**##+4>4 These
deficits lead to general problems with social
interaction, such as understanding others’ facial
expressions and emotions. For example, chil-
dren raised in physically abusive households
show heightened sensitivity (compared with
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non-abused children) to angry faces, which
negatively affects their brain function and be-
havior.*##40 Tearning to identify anger—
quickly and successfully—in order to avoid be-
ing harmed is a highly adaptive and appropriate
response to an abusive environment. However,
an increased tendency to assume someone is
angry when his or her facial expression is am-
biguous can be inappropriate and maladaptive

WHAT SCIENCE TELLS US

Children who have had chronic and intense

fearful experiences often lose the capacity to

differentiate between threat and safety.

in a typical, non-threatening social setting and
even dangerous in unfamiliar social settings.”
This “attention bias” to threat is associated with
interpreting ambiguous information in a nega-
tive fashion, and it is linked to greater vulner-
ability to stress and anxious behaviors as well as
to a greater likelihood to respond aggressively as
a form of self-defense in neutral circumstances
thatare erroneously viewed as threatening. Thus,
the extent to which children with a heightened
attention bias to threat view the world as a hos-
tile and threatening place can be viewed as both
a logical adaptation to an abusive environment
and a potent risk factor for behavior problems
in later childhood, adolescence, and adult life.

Early exposure to intense or persistent fear-
triggering events affects children’s ability to
learn. There is extensive and growing scientific
evidence that prolonged and/or excessive ex-
posure to fear and states of anxiety can cause
levels of stress that can impair early learning and
adversely affect later performance in school, the
workplace, and the community. Multiple studies
in humans have documented problems in cog-
nitive control and learning as a result of toxic
stress.”»> These findings have been strengthened
by research evidence from non-human primates
and rodents that is expanding our understand-
ing of the brain mechanisms underlying these
difficulties.

The brain region in animals that appears
highly vulnerable to adversity in this regard
is the prefrontal cortex, which is the criti-
cal area for regulating thought, emotions, and
actions as well as for keeping information readily

Persistent Fear and Anxiety Can Affect Young Children’s Learning and Development 5
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accessible during the process of active learn-
ing. For example, researchers have found that
elevations in brain chemicals like noradrenline,
an important neurotransmitter, can impair
functions that are controlled by the prefrontal
region by altering the activity of neurons in that
area of the brain. In a related fashion, humans

experiencing chronic stress have been shown to
perform poorly on tasks related to prefrontal
cortex functioning (such as working memory or
shifting attention), and their ability to control
their emotions is typically impaired.'

Correcting Popular Misrepresentations of Science

THERE ARE A NUMBER OF WIDESPREAD MISCON-
ceptions about how children experience, re-
spond to, and learn fear. Many of these assump-
tions derive from overgeneralizations of what
fears are typical at specific developmental stages
as well as misunderstandings about what chil-
dren can simply “outgrow” as they mature. Being
afraid of strangers and monsters are common
examples of typical fears. In contrast, research
has demonstrated convincingly that excessive
fear and anxiety caused by experiences such
as abuse and neglect can affect the developing
child in very different ways from the fear experi-
ences that characterize a typical childhood.

Contrary to popular belief, serious fear-triggering
events can have significant and long-lasting im-
pacts on the developing child, beginning in infan-
cy. Science tells us that young children can perceive
threat in their environment but, unlike adults, they
do not have the cognitive or physical capacities to
regulate their psychological response, reduce the
threat, or remove themselves from the threaten-
ing situation. Research also shows that very young
infants can learn to fear certain places, events, or
people. These learned fear responses may disrupt
the physiology of the stress response system, mak-
ing it more difficult for the body to respond appro-
priately to typical, mild stress in everyday contexts
later in life. Furthermore, when fear is learned,
normal situations and circumstances can elicit re-
sponses that are harmful to a child’s development.

Children do not naturally outgrow early learned
fear responses over time. Fear learning early in
life can often be adaptive—think about how
a young child learns to stay away from hot
surfaces. Thus, fear learning and associated

6 Persistent Fear and Anxiety Can Affect Young Children’s Learning and Development

memories that occur early in life get built into
our brain architecture and do not dissipate with
age. During typical development, children learn
to regulate their responses to mild threats and
stresses. However, if young children are exposed
to persistent fear and excessive threat during
particularly sensitive periods in the develop-
mental process, they may not develop healthy
patterns of threat/stress regulation. When
they occur, these disruptions do not naturally
disappear.

Simply removing a child from a dangerous envi-
ronment will not by itself undo the serious conse-
quences or reverse the negative impacts of early
fear learning. There is no doubt that children in
harm’s way should be removed from a dangerous
situation. However, simply moving a child out
of immediate danger does not in itself reverse
or eliminate the way that he or she has learned
to be fearful. The child’s memory retains those
learned links, and such thoughts and memories
are sufficient to elicit ongoing fear and make a
child anxious. Science clearly shows that reduc-
ing fear responses requires active work and evi-
dence-based treatment. Children who have been
traumatized need to be in responsive and secure
environments that restore their sense of safety,
control, and predictability—and supportive in-
terventions are needed to assure the provision
of these environments. Thus, it is critical that
communities be equipped to address the sources
of fear in children’s lives. Where indicated, chil-
dren with anxiety can benefit from scientifically
proven treatments, such as cognitive behav-
ioral therapy, which have been shown to reduce
anxiety and fear.

WWW.DEVELOPINGCHILD.NET



The Science-Policy Gap

THE SCIENCE-POLICY GAP

Advances in the science of child development
tell us that significant fear-eliciting experiences
early in life can disrupt the typical development
of stress regulation as well as learning, memory,
and social behavior, yet there is still widespread
resistance in the policy arena to fully addressing
the needs of young children who have been trau-
matized. Building on decades of evidence from
behavioral research, it is now abundantly clear
that young children who are exposed to cir-
cumstances that produce persistent fear are at
heightened risk for anxiety disorders and other
mental health problems that persist into adult-
hood. Concurrently, a variety of prevention and
early intervention programs have been devel-
oped to address the needs of young children who
have been exposed to such fearful situations as
physical abuse or family violence. The limited
availability of these kinds of programs for very
young children represents a striking failure to
relieve immediate distress as well as prevent se-
rious and costly long-term disability.

Policy Implications

The lack of availability of adequate health insur-
ance to cover the cost of therapeutic treatment
for young children who are experiencing persis-
tent fear and chronic anxiety represents a signifi-
cant lost opportunity to ameliorate preventable
impairments in physical and mental health that
can have lifelong implications. The science of
child development points the way toward ef-
fective approaches to the treatment of children
with excessive anxiety and fear. These methods,
if administered early, can reduce the incidence
of anxiety disorders in children and prevent the
kinds of elevated stress responses that lead to
physical and mental health impairments later
in life. Addressing the current gaps among what
science knows about effective treatments, what
is available in health care and early childhood
settings, what is covered by health insurance,
and the availability of coverage for all children
needs to be an important policy priority.

Programs and policies that are designed to ad-
dress domestic violence, substance abuse, and
mental health problems in adults who have (or
are expecting) children would have considerably
stronger impacts if their focus also included the
children’s developmental needs, beginning in
the prenatal period. Extensive scientific evidence
shows that significant mental health problems in
parents can be a source of fear and stress in chil-
dren and have negative effects on a child’s de-
velopment. Through reduced caregiving capaci-
ties, the co-occurrence of child neglect or abuse,
and exposure to other sources of fear and stress,
parental mental health conditions have direct
consequences for the health and well-being of
their children. The fear that abuse and neglect
elicits in children can lead to serious dysregu-
lation of their emotions and behavior control.
That said, there are promising interventions that
have been shown to be effective in preventing
abuse and neglect. Prenatal home visiting for
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first-time mothers provided by trained nurses is
one example of a program whose effectiveness
has been documented by randomized controlled
trials in multiple locations.**> Other promis-
ing approaches include specific training for

Extensive scientific evidence shows that

significant mental health problems in parents can

be a source of fear and stress in children and have

negative effects on a child’s development.

professionals who work with families experienc-
ing trauma and the incorporation of develop-
mental interventions for young children in pro-
grams that address domestic violence.” When
hard evidence of program effectiveness is avail-
able, the imperative of providing appropriate
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preventive or intervention services is clear.
When program evaluation data on successful
prevention or interventions for specific threats
to child well-being are limited or nonexistent,
the compelling evidence of potential harm to
children’s development calls for serious invest-
ment in the design and testing of new strategies
for prevention and treatment that are grounded
in sound scientific principles, subjected to rig-
orous evaluation, and improved continuously
over time.

Child welfare policies and programs that are
mandated to assess and intervene in cases of
suspected and/or confirmed abuse or neglect
must address the full range of children’s devel-
opmental needs, not just focus on their physical
safety. All states have established systems that
require the reporting of suspected child mal-
treatment and the provision of protective ser-
vices for children whose health or well-being

is threatened. These services focus largely on
issues related to physical safety, reduction of
repeated injury, and child custody. Advances in
neuroscience now indicate that evaluations of
maltreated children that rely solely on physical
examination and screening for broken bones are
insufficient and must be augmented by com-
prehensive developmental assessments and ap-
propriate intervention by skilled professionals
as needed. To this end, it is important to note
that early intervention programs for children
with developmental delays or disabilities have
the expertise to provide many of the services
needed by maltreated children, and these pro-
grams are already available in all states under a
federal entitlement specified in the Individuals
With Disabilities Education Act (IDEA). More-
over, the most recent reauthorizations of the rel-
evant federal legislation for both the child wel-
fare and early intervention systems (the Keep-
ing Children and Families Safe Act and IDEA,

% of children
ages 2-17 who...

experience sexual
victimization

experience
maltreatment

witness violence

Annual Family Income

Fear-Inducing Events Disproportionately Affect Children in Low-Income Environments

I I I
0% 10% 20%

$50,000+

Source: Finkelhor, et al. (2005)*

$20-$50,000 . $20,000 or less

| |
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respectively) include requirements for regular-
ized referrals of newly established child protec-
tive cases from the child welfare agency to the
early intervention system for developmental
screening. Notwithstanding its strong, science-
based rationale, the implementation of this link-
age has been limited to date and requires im-
mediate attention. The evidence that significant
“fear learning” with long-term consequences can
occur as early as the first year of life—and that
the capabilities for effective “fear unlearning” do
not fully emerge until later—underscores the
extent to which the limited child development
expertise available within the nation’s child wel-
fare system can no longer be justified.

Early identification and treatment for anxiety and
post-traumatic stress disorders in young children
should be routinely available through existing
services for families, as they can significantly af-
fect the future mental and physical health of chil-
dren. Advances in neuroscience, behavioral and
developmental studies, and clinical research have
all converged to contribute to a shared under-
standing of both the reality of early childhood
mental health impairment and the parameters
of successful preventive intervention and effec-
tive treatments. Early in infancy and childhood,
intervention and treatment should focus on
programs that provide families with necessary
services, supports, and expertise, while later in
development, supports should be focused more
on children themselves.

The critical importance of intervening
early in the lives of young children who ex-
perience excessive fear and anxiety is evident
in two domains: the need to relieve current
suffering and the opportunity to prevent en-
during impairment that can lead to a lifetime
of poor mental and physical health, diminished
economic productivity, and antisocial behavior.
With these high stakes in mind, all of society

WWW.DEVELOPINGCHILD.NET

would benefit from a greater capacity to ad-
dress the problem of excessive fear and anxiety
in young children across a broad array of service
systems, including health care, child welfare pro-
grams, school- and child care-based health ser-
vices, and the foster care system, among others.

Policies with a broad mandate to reduce poverty
and neighborhood violence would likely have
greater long-term impacts if they also included
explicit and focused attention on the preven-
tion of fear and anxiety overload in young chil-
dren. Children who live in violent communities
have been shown to have more behavior prob-
lems, greater evidence of post-traumatic stress

POLICY IMPLICATIONS

All of society would benefit from a greater

capacity to address the problem of excessive fear

and anxiety in young children across a broad array

of service systems.

disorder, and increased physical symptoms
such as headaches and stomachaches, as well as
lower capacity for empathy and diminished self-
esteem.” Programs focused on the reduction
of poverty, domestic violence, substance abuse,
and neighborhood violence are examples of
the kinds of community-based services whose
impacts could be enhanced by incorporating
targeted interventions to explicitly address the
emotional needs of young children living un-
der these conditions. When delivered effectively,
such interventions could have a multiplier effect
into the next generation by reducing both the
individual and societal costs of the negative de-
velopmental effects of persistent fear, including
mental health impairments, antisocial behavior,
physical disease, and violent crime.

Persistent Fear and Anxiety Can Affect Young Children’s Learning and Development 9
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The Issue

NEW SCIENTIFIC RESEARCH SHOWS THAT ENVIRONMENTAL INFLUENCES CAN ACTUALLY AFFECT

whether and how genes are expressed. Thus, the old ideas that genes are “set in stone” or that they

alone determine development have been disproven. In fact, scientists have discovered that early ex-

periences can determine how genes are turned on and off and even whether some are expressed at

all.»*? Therefore, the experiences children have early in life—and the environments in which they

have them—shape their developing brain architecture and strongly affect whether they grow up to

be healthy, productive members of society. This growing scientific evidence supports the need for

society to re-examine the way it thinks about the circumstances and experiences to which young

children are exposed.

The approximately 23,000 genes that children
inherit from their parents form what is called the
“structural genome.” Scientists liken the struc-
tural genome to the hardware of a computer—
both determine the boundaries of what’s possi-
ble, but neither works without an operating sys-
tem to tell it what to do. In the genome, that op-
erating system is called the epigenome.* Like the
software in an operating system, the epigenome
determines which functions the genetic “hard-
ware” does and does not perform.> This system
is built over time as positive experiences, such as
exposure to rich learning opportunities, or neg-
ative influences, such as environmental toxins
or stressful life circumstances, leave a chemical
“signature” on the genes. These signatures can
be temporary or permanent, and both types af-
fect how easily the genes are switched on or off.
For example, even though identical twins have
the same structural genomes, their different ex-
periences result in different epigenomes.® These
differing experiences leave signatures on the
epigenome that cause some genes to be expressed
differently. This explains why genetically identi-
caltwins, though similar in many ways, can exhib-
it different behaviors, skills, health, and achieve-
ment in both school and, later, in the workplace.

The field of epigenetics is relatively new
and at the cutting-edge of the biological sci-
ences. To date, scientists have found that
temporary epigenetic chemical modifications
control when and where most of our genes are
turned on and off. This, however, is not the en-
tire story. Certain experiences can also cause
enduring epigenetic modifications in hun-
dreds of genes that have already been
identified, and the list is growing.”® Increasing

WWW.DEVELOPINGCHILD.NET

evidence shows that experience-driven, chemi-
cal modifications of these latter genes appear
to play particularly key roles in brain and be-
havioral development. This new knowledge
has motivated scientists to look more closely
at the factors that shape the epigenome and to
study whether interventions can reverse these
modifications when negative changes occur.

Nutritional status, exposure to toxins and
drugs, and the experiences of interacting with
varied environments can all modify an in-
dividual’s epigenome.” Epigenetic instruc-
tions that change how and when certain genes
are turned on or off can cause temporary or

Like the software in a computer’s operating system,
the epigenome determines which functions the

genetic “hardware” does and does not perform.

enduring health problems. Moreover, research
in both animals and humans shows that some
epigenetic changes that occur in the fetus dur-
ing pregnancy can be passed on to later genera-
tions, affecting the health and welfare of chil-
dren, grandchildren, and their descendents.'®!"!2
For example, turning on genes that increase cell
growth, while at the same time switching off
genes that suppress cell growth, has been shown
to cause cancer.'*'* Repetitive, highly stress-
ful experiences can cause epigenetic changes
that damage the systems that manage one’s re-
sponse to adversity later in life.>*!* On the other
hand, supportive environments and rich learn-
ing experiences generate positive epigenetic

Early Experiences Can Alter Gene Expression and Affect Long-Term Development

1



NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

signatures that activate genetic potential.’® In
this second case, the stimulation that occurs
in the brain through active use of learning and
memory circuits can result in epigenetic chang-
es that establish a foundation for more effective
learning capacities in the future.!”**

As we get older, new experiences can contin-
ue to change our epigenome. However, science
tells us that the chemical signatures imprinted
on our genes during fetal and infant develop-
ment can have significant influences on brain
architecture that last a lifetime. Stated sim-
ply, the discovery of the epigenome provides
an explanation, at the molecular level, for why
and how early positive and negative experiences
can have lifelong impacts.>»*%

What Science Tells Us

Policymakers can use this knowledge to
inform decisions about the allocation of re-
sources for interventions that affect the life
circumstances of young children—knowing
that effective interventions can literally al-
ter how children’s genes work and, thereby,
have long-lasting effects on their mental and
physical health, learning, and behavior. In
this respect, the epigenome is the crucial link
between the external environments that shape
our experiences and the genes that guide our
development.

OVER THE PAST 50 YEARS, EXTENSIVE RESEARCH
has demonstrated that the healthy develop-
ment of all organs, including the brain, depends
on how much and when certain genes are ex-
pressed. When scientists say that genes are “ex-
pressed,” they are referring to whether they are
turned on or off—essentially whether and when
genes are activated to do certain tasks. Research
has shown that there are many non-inherited
environmental factors and experiences that
have the power to chemically mark genes and
control their functions. These influences create
a new genetic landscape, which scientists call
the epigenome. Some of these experiences lead
to chemical modifications that change the ex-
pression of genes temporarily, while increasing
numbers have been discovered that leave chemi-
cal signatures that result in an enduring change
in gene expression.

Early prenatal or postnatal experiences and ex-
posures influence long-term outcomes by chemi-
cally altering the structure of genes. Known as
epigenetic modification (from the Greek root
epi, meaning upon or over), these chemical sig-
natures are written on top of the gene without
actually altering the genetic code itself.” Instead,
the signatures attract or repel other chemicals
that help the genes produce the proteins that
are the building blocks our brains and bod-
ies need to develop. Research tells us that some
genes can only be modified epigenetically dur-
ing certain periods of development, defined as

2 Early Experiences Can Alter Gene Expression and Affect Long-Term Development

critical periods of modification, while other genes
are open to alterations throughout life.?>#2242

Epigenetic modification typically occurs in
cells that comprise organ systems, thereby influ-
encing how these structures develop and func-
tion. Experiences that change the epigenome
early in life, when the specialized cells of organs
such as the brain, heart, or kidneys are first de-
veloping, can have a powerful impact on physi-
cal and mental health for a lifetime.” We are
also learning from new scientific discoveries in
both animals and humans that environmental
factors, such as certain drugs or the nutritional
status of the mother, have the potential to cause
epigenetic changes to genes in egg or sperm cells
in the fetus. When such changes occur, this new
chemical signature of the DNA is enduring and
can be inherited by future generations.?”>***

The brain is particularly responsive to experi-
ences and environments during early develop-
ment, which influences how well or poorly its
architecture matures and functions. We know
from extensive research that the physiological
activity created by experience is powerful in
shaping brain architecture and actually changes
the chemistry that encodes the genes in brain
cells.”® Put simply, the brain adapts to the expe-
riences it has. Certain types of adaptations re-
sult in healthy systems, such as effective learning
and memory, and other adaptations lead to the
development of unhealthy systems, such as set-
ting a stress response activation level too high
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or too low. The physiological activity caused by
positive mastery experiences can lead to epi-
genetic changes that control the expression of
genes in brain cells that are essential for success-
ful learning.'”'®*! In a parallel fashion, exposure
to damaging levels of stress early in life can lead
to long-lasting epigenetic changes in brain cells
that direct how our bodies respond to adversity
throughout the lifespan.* In short, early experi-
ences cause epigenetic adaptations in the brain
that influence whether, when, and how genes
build the capacity for future skills to develop.

Modification of the epigenome caused by stress
during fetal and child development affects how
well or poorly we respond to stress as adults
and can result in increased risk of adult disease.
Some of our genes provide instructions for how
our bodies respond to stress, and research has
shown that these genes are clearly subject to
epigenetic modification. For example, research
in animals has shown that stressful experiences
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to which the pregnant mother is exposed, or to
which the offspring is exposed soon after birth,
can produce epigenetic changes that chemically
modify the receptor in the brain that controls
the stress hormone cortisol and, therefore, de-
termines the body’s response to threat (the
fight-or-flight response).'”?*** Healthy stress
responses are characterized by an elevation in
blood cortisol followed by a return to baseline
to avoid a highly activated state for a prolonged
period of time. If young children or pregnant
mothers experience toxic stress—as a result
of serious adversity (such as chronic neglect,
abuse, or exposure to violence) in the absence
of protective relationships—persistent epige-
netic changes can result.”> These modifications
have been shown to cause prolonged stress re-
sponses, which can be likened to revving a car
engine for long periods of time. Excessive stress
has been correlated with changes in brain ar-
chitecture and chemistry as well as animal be-
haviors that resemble anxiety and depression in

WHAT SCIENCE TELLS US
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humans.?>?***73%3% Human studies have found
connections between highly stressful experi-
ences in children and increased risk for later
mental illnesses, including generalized anxiety
disorder and major depressive disorder.*"**
Atypical stress responses over a lifetime can also
result in increased risk for physical ailments,

such as asthma, hypertension, heart disease and
diabetes 29,32,41,42,43,44,45,46,47,48

In addition to adverse experiences, a wide vari-
ety of chemicals, nutrients, and drugs are also
capable of modifying the epigenome for long-
lasting effects on gene expression. Epigenetic
modification caused by exposure to toxic sub-
stances can either turn genes off or on, and both
conditions have been linked to increased risk for
mental and physical illnesses. Certain dietary
supplements (such as excessive amounts of fo-
lic acid, choline, or vitamin B ,) and chemicals
(such as bisphenol A, or BPA, which is found
in some plasticware) can turn genes off."%4%
Some genes that can be turned on by heavy met-
als, such as cadmium, nickel, and lead, have been
linked to the cellular over-activity that results
in an increased risk for certain kinds of can-
cer.®12 Many organs, including the brain, are
most vulnerable to the influence of these sub-
stances on gene expression during the period of
fetal and infant development, when basic organ
systems are being built. These resulting differ-
ences in gene expression, in turn, can lead to
fundamental changes in brain architecture and
the biological systems that govern how well we
function later in life.

Recent research demonstrates that even after the
epigenome has been modified, there may be ways
to alter it again that actually can reverse negative
changes and restore functioning. Experiments
in animals have shown that certain types of epi-
genetic modifications that were thought to be
permanent can be reversed under certain condi-
tions.”> Most recently, researchers found that
stressful experiences during early postnatal de-
velopment resulted in epigenetic modification
that caused exaggerated stress responses in adult
animals, and that subsequent drug treatment of
the adults could eliminate these adverse DNA
changes. In this case, reversing the chemical
modification resulted in increased expression of
genes that control the stress response, and when
exposed to subsequent stress, the treated adult
animals had a normal response (that is, the ad-
verse effect of the early postnatal experience
had, indeed, been reversed). We now know that
the same types of epigenetic chemical modifica-
tions can occur in adult humans who endured
extreme stress as children, such as from physi-
cal abuse.” This possibility of reversibility is
generating a flurry of research activity, because
it has direct implications for developing new
interventions for physical and mental illnesses
that we now know are due in part to epigenetic
modification. As promising as this work appears
to be, further research is needed to determine if
and how the reversal of epigenetic modifications
can be achieved in humans.

Correcting Popular Misrepresentations of Science

UNTIL RECENTLY, THE INFLUENCES OF GENES
were thought to be set, and the effects of chil-
dren’s experiences and environments on brain
architecture and long-term physical and mental
health outcomes remained a mystery. That lack
of understanding led to several misleading con-
clusions about the degree to which negative and
positive environmental factors and experiences
can affect the developing fetus and young child.
The following misconceptions are particularly
important to set straight.

4 Early Experiences Can Alter Gene Expression and Affect Long-Term Development

Contrary to popular belief, the genes inherited
from one’s parents do not set a child’s future
development in stone. Variations in DNA se-
quences between individuals certainly influence
the way in which genes are expressed and how
the proteins encoded by those genes will func-
tion. But that is only part of the story—the en-
vironment in which one develops, before and
soon after birth, provides powerful experiences
that chemically modify certain genes which,
in turn, define how much and when they are
expressed. Thus, while genetic factors exert
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potent influences, environmental factors have
the ability to alter family inheritance.

Although frequently misunderstood, adverse
fetal and early childhood experiences can—and
do—lead to physical and chemical changes in
the brain that can last a lifetime. Injurious ex-
periences, such as malnutrition, exposure to
chemical toxins or drugs, and toxic stress before
birth or in early childhood are not “forgotten,”
but rather are built into the architecture of the
developing brain through the epigenome. The
“biological memories” associated with these
epigenetic changes can affect multiple organ
systems and increase the risk not only for poor
physical and mental health outcomes but also
for impairments in future learning capacity and
behavior.

Despite some marketing claims to the contrary,
the ability of so-called enrichment programs to
enhance otherwise healthy brain development
is not known. While parents and policymak-
ers might hope that playing Mozart recordings
to newborns will produce epigenetic changes
that enhance cognitive development, there
is absolutely no scientific evidence that such

The Science-Policy Gap

CORRECTING POPULAR MISREPRESENTATIONS OF SCIENCE

exposure will shape the epigenome or enhance
brain function. What research has shown is
that specific epigenetic modifications do oc-
cur in brain cells as cognitive skills like learn-
ing and memory develop and that repeated
activation of brain circuits dedicated to learn-
ing and memory through interaction with the
environment, such as reciprocal “serve and re-
turn” interaction with adults,** facilitates these
positive epigenetic modifications. We also know

Adverse fetal and early childhood experiences
can—and do—lead to physical and chemical

changes in the brain that can last a lifetime.

that sound maternal and fetal nutrition, com-
bined with positive social-emotional support
of children through their family and commu-
nity environments, will reduce the likelihood of
negative epigenetic modifications that increase
the risk of later physical and mental health
impairments.

THE FACT THAT THE GENOME IS VULNERABLE TO
modification by toxic stress, nutritional prob-
lems, and other negative influences underscores
the importance of providing supportive and
nurturing experiences for young children in
the earliest years, when brain development is
most rapid. From a policy perspective, it is in
society’s interest to strengthen the foundations
of healthy brain architecture in all young chil-
dren to maximize the return on future invest-
ments in education, health, and workforce de-
velopment. In this context, the epigenome is the
chemical signature that explains how early life
experiences become embedded in the circuitry
of the developing brain and are associated with
lifelong consequences. Research now shows that
interaction between adverse environments and
the genes we inherit—through the epigenome—
can increase the risk for long-term negative
mental and physical health outcomes. Never-
theless, many policy decisions do not yet reflect
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this growing knowledge, which logically calls for
reducing the exposure of pregnant women and
young children to environments and experienc-
es that can have significant negative effects on
the epigenome (and therefore powerful, indirect
influences on genes). This gap between what we
know and what we do is illustrated by the fol-
lowing four examples:

Child welfare. Because threatening or harmful
environments can produce epigenetic modi-
fications that affect a child adversely for a life-
time, the management of child abuse or neglect
cases by child protective services is extremely
time-sensitive. This sense of urgency is particu-
larly important with respect to decisions about
custody arrangements that involve non-family
placements. The biology of adversity also tells
us that assessment and planning for the men-
tal health and broad developmental needs of
vulnerable children—with the assurance of

Early Experiences Can Alter Gene Expression and Affect Long-Term Development
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nurturing, protective, and stable relationships
as the highest priority—require attention in the
child welfare system comparable to the conven-
tional focus placed primarily on physical safety.

Mandated maternal employment and public as-
sistance. Whether low-income mothers with
very young children should be required to work
in order to be eligible for public assistance is a
political decision. Policies informed by scien-
tific knowledge about early brain development
and epigenetics, however, would link mandated
maternal employment to a parallel investment
in high-quality early care and education pro-
grams for affected children. When policies view
child care simply as a custodial service whose
primary purpose is to facilitate maternal work
outside the home, they reflect a lack of under-
standing of extensive scientific evidence about
how the developing architecture of the brain is
shaped by epigenetic influences associated with
the quality of adult-child interactions in the
early childhood years. In contrast, policies that
view high-quality child care and early education
programs as strategic interventions to improve
the life prospects of children whose parents have
limited education and low income are more
likely to increase the prosperity of communities
across generations.

Implications for Policy and Programs

Prenatal and newborn health care. The fetal
period is a highly active time for organ devel-
opment and epigenetic modification, yet in-
vestment in prenatal services remains uneven.
Policies that assure the availability, accessibility,
and affordability of individualized support and
monitoring of all pregnancies create a safety net
that prevents harm and detects problems at a
point when appropriate interventions can re-
duce the negative consequences of toxic stress
and other adverse environmental exposures.

Support for new parents. The United States is
one of very few developed nations that does not
provide some amount of paid family leave for
all parents after the birth or adoption of a baby.
For parents of newborns who do not have the
economic resources to make ends meet in the
absence of paid employment, the supportive
relationships that promote positive epigenetic
changes and help very young children to man-
age stress can be compromised by a premature
return to work and the inability to secure high-
quality care for a young infant. Family leave is
one way of helping parents build these critical
relationships, but other policies that support
parents during this important transition time
can also have important, short-term effects on
the quality of family life as well as long-term im-
pacts that bring high returns to all of society.

BECAUSE EARLY EXPERIENCES CAN ALTER THE
epigenome and influence developing brain ar-
chitecture, policies affecting the life circum-
stances of pregnant women and young children
can have enormous implications for all of soci-
ety. The varied effects of environments on the
epigenome are evident from the time of early
embryonic development and extend into the
early childhood years. Science tells us that chil-
dren can be helped to reach their full potential
through both appropriate experiences in the
earliest years and the reduction of sources of
toxic stress that can alter the epigenome and in-
crease the risk of long-term problems in physi-
cal and mental health. Thus, public policies that
harness the basic principles of neuroscience
and epigenetics to address the needs of young
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children are likely to also generate long-term
benefits, such as healthier communities and a
more prosperous society.

The documented effects of toxic stress on nega-
tive epigenetic adaptations demonstrate the
urgent need to alleviate sources of significant
adversity as early as possible in the lives of chil-
dren who live in threatening environments. In
order to be maximally effective, programs and
services targeting the precipitants of excessive
stress—such as child abuse and neglect, violent
neighborhoods and families, and caregiver men-
tal illness—must have prompt access to specific
expertise in the target areas in order to move
quickly to protect young children from epige-
netic changes that can lead to lifelong problems
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in learning, behavior, and health. Because the
clock is always ticking when the basic archi-
tecture of the brain is developing, informed
policymakers understand that a delayed re-
sponse to the needs of young children who are
experiencing significant adversity jeopardizes
their individual well-being as well as the broader
human capital needs of society.

Epigenetic changes caused by the exposure of
pregnant women, infants, and toddlers to envi-
ronmental toxins, prescription drugs, alcohol,
and illicit substances require an urgent look at
what safeguards can be implemented to prevent
such exposures. Lead paint laws are a good ex-
ample of public policy that has been successful
in reducing the harmful consequences of envi-
ronmental toxins. Less aggressive policies with
respect to mercury and organophosphate insec-
ticides, on the other hand, are just two examples
of many missed opportunities to mitigate the
well-documented, adverse effects of environ-
mental hazards on pregnant women and young
children. The serious and continuing impact of
prenatal exposure to alcohol and a wide variety
of chemical substances (including prescription
drugs) on child health and development calls
for a more vigorous approach to environmen-
tal policies and public education. In view of the
well-established scientific fact that embryonic,
fetal, and early childhood brain development is
considerably more susceptible to damage from
neurotoxins than the mature brain of an adult,
the establishment of safe levels of exposure to
toxic substances should be based on scientific
data that recognize the critical link between vul-
nerability and age, and that focus primarily on
the best information available for the youngest
children.”

Because prenatal and early postnatal experi-
ences can affect long-term outcomes through
epigenetic influences, the provision of high-
quality health services and nutritional support
for all pregnant women, infants, and toddlers
would be likely to reduce preventable diseases
across the lifespan—as well as the costly treat-
ments for them. A range of currently available
programs and systems has been established to
meet these needs. Assuring access to appropri-
ate, affordable, high-quality services that are
well implemented, however, remains an elu-
sive goal, particularly for many of the most
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IMPLICATIONS FOR POLICY AND PROGRAMS

disadvantaged families and those whose prima-
ry language is not English. Policies that succeed
in connecting all pregnant women and young
children to medical and nutrition services that
match their individualized needs will produce
measurable benefits in population health.

Certain epigenetic changes in humans can be
transferred across generations, thereby under-
scoring important, long-term implications for
policies that affect the circumstances in which
young children are raised. Effective policies and
programs that address conditions associated
with economic hardship with or without other
sources of adversity—especially those targeted
to help families during pregnancy—can not
only improve birth outcomes and short-term
conditions for young children but should also
be viewed as investments in building a stronger
foundation for healthy communities and future
prosperity across generations. When policy-
makers support positive environments for preg-
nant women and very young children, they re-
duce the risk of intergenerational transfer of
negative epigenetic changes that can lead to im-
paired health, diminished learning capacity, and
poor parenting of the next generation.

Because discoveries about the epigenome and
its lifelong effects are so recent, a multi-faceted
education campaign could bring important new
information to a wide range of important audi-
ences, including health professionals, judges
and lawyers, educators, caregivers, families, and
the general public. A broad-based understand-
ing of cutting-edge, developmental science by
people who influence the experiences and en-
vironments of young children could provide a
framework for greater alignment and integration
of the current patchwork of services and sup-
ports provided to families. In this vein, greater
understanding of how toxic stress, poor nutri-
tion, and toxic chemical and drug exposures can
increase lifelong risks for physical and mental
health impairments by changing the chemistry
of our children’s DNA would provide a power-
ful foundation for more effective public action
to address the needs of young children—and all
of society—for generations to come.

Early Experiences Can Alter Gene Expression and Affect Long-Term Development

7



NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Meaney, M. (2010). Epigenetics and the biological defini-
tion of gene x environment interactions. Child Develop-
ment, 81(1), 41-79.

Szyf, M. (2009a). Early life, the epigenome and human
health. Acta Paediatrica, 98(7), 1082-1084.

Szyf, M. (2009b). The early life environment and the
epigenome. Biochimica Biophysica Acta (BBA), 1790(9),
878-885.

Waddington, C. H. (1942). Canalization of development
and the inheritance of acquired characters. Nature, 150,
563-565.

Dolinoy, D. C., Weidman, J. R., & Jirtle, R. L. (2007). Epi-
genetic gene regulation: Linking early developmental en-
vironment to adult disease. Reproductive Toxicology, 23(3):
297-307.

Kaminsky, Z. A., Tang, T., Wang, S., Ptak, C., Oh, G. H. T,,
Wong, A. H. ... & Petronis, A.. (2009). DNA methylation
profiles in monozygotic and dizygotic twins. Nature Ge-
netics, 42, 240-245.

Crews, D. (2008). Epigenetics and its implications for be-
havioral neuroendocrinology. Frontiers in Neuroendocri-
nology, 29(3), 344-357.

Dolinoy, D. C. & Jirtle, R. L. (2008). Environmental epig-
enomics in human health and disease. Environmental and
Molecular Mutagenesis, 49(1), 4-8.

Bernstein, B. E., Meissner, A., & Lander, E. S. (2007). The
mammalian epigenome. Cell, 128(4), 669-81.

Anway, M. D., Cupp, A. S., Uzumcu, M., & Skinner, M. K.
(2005). Epigenetic transgenerational actions of endocrine
disruptors and male fertility. Science 308, 1466-1469.
Champagne, F. A. (2010). Epigenetic influences of social
experiences across the lifespan. Developmental Psychobiol-
ogy, 1-13.

Newbold, R. R., Padilla-Banks, E., & Jefferson, W. N.
(2006) Adverse effects of the model environmental estro-
gen diethylstilbestrol are transmitted to subsequent gen-
erations. Endocrinology, 146, S11-S17.

Smith, L. T., Otterson, G. A., & Plass, C. (2007). Unravel-
ing the epigenetic code of cancer for therapy. Trends in
Genetics, 23(9), 449-456.

Giacinti, L., Vici, P.,, & Lopez, M. (2008). Epigenome: A
new target in cancer therapy. Clinica Terapeutica, 159(5),
347-360.

Bagot, R. C.,, van Hasselt, E. N. , Champagne, D. L.,
Meaney, M. ., Krugers, H. J., & Joels, M. (2009). Mater-
nal care determines rapid effects of stress mediators on
synaptic plasticity in adult rat hippocampal dentate gyrus.
Neurobiology of Learning and Memory, 92(3), 292-300.
Curley, J. P. (2009). Social enrichment during postnatal
development induces transgenerational effects on emo-
tional and reproductive behavior in mice. Frontiers in Be-
havioral Neuroscience, 3, 1-14.

Sweatt, J. D. (2007). An atomic switch for memory. Cell,
129(1), 23-4.

Sweatt, J. D. (2009). Experience-dependent epigenetic
modifications in the central nervous system. Biological
Psychiatry, 65(3), 191-7.

McGowan, P. O., Sasaki, A., D’Alessio, A. C., Dymoyv,
S., Labonte, B., Szyf, M. ... & Meaney, M. J. (2009).

8 Early Experiences Can Alter Gene Expression and Affect Long-Term Development

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Epigenetic regulation of the glucocorticoid receptor in
human brain associates with childhood abuse. Nature
Neuroscience, 12(3), 342-348.

Roth, T. L., Lubin, F. D., Funk A., & Sweatt, J. (2009).
Lasting epigenetic influence of early-life adversity on the
BDNF gene. Biological Psychiatry, 65(9), 760-769.

Mellor, J., Dudek, P., & Clynes, D. (2008). A glimpse into
the epigenetic landscape of gene regulation. Current
Opinion in Genetics & Development, 18(2), 116-122.

Isles, A. R. & Wilkinson, L. S. (2008). Epigenetics: What is
it and why is it important to mental disease? British Medi-
cal Bulletin, 85(1), 35-45.

Jirtle, R. L. (2008). Randy L. Jirtle, PhD: Epigenetics a win-
dow on gene dysregulation, disease. Interview by Bridget
M. Kuehn. Journal of the American Medical Association
(JAMA), 299(11): 1249-1250.

Nafee, T. M., Farrell, W. E., Carroll, W. D,, Fryer, A. A., &
Ismail, K. M. (2008). Epigenetic control of fetal gene ex-
pression. BJOG: An International Journal of Obstetrics &
Gynaecology, 115(2), 158-168.

Sinclair, D. A. & Oberdoerffer, P. (2009). The ageing epige-
nome: Damaged beyond repair? Ageing Research Reviews,
8(3), 189-198.

Das, R., Hampton, D. D., & Jirtle, R. L. (2009). Imprint-
ing evolution and human health. Mammalian Genome,
20(9-10), 563.

Bocock, P. N. & Aagaard-Tillery, K. M. (2009). Animal
models of epigenetic inheritance. Seminars in Reproduc-
tive Medicine, 27(5), 369-79.

Suter, M. A. & Aagaard-Tillery, K. M. (2009). Environ-
mental influences on epigenetic profiles. Seminars in Re-
productive Medicine, 27(5), 380-390.

Swanson, J. M., Entringer, S. , Buss, C., & Wadhwa, P. D.
(2009). Developmental origins of health and disease: En-
vironmental exposures. Seminars in Reproductive Medi-
cine, 27(5), 391-402.

Levitt, P. (2003). Structural and functional maturation of
the developing primate brain. Journal of Pediatrics, 143(4),
35-45.

Miller, C. A., Campbell, S. L., & Sweatt, J. D. (2008). DNA
methylation and histone acetylation work in concert to
regulate memory formation and synaptic plasticity. Neu-
robiology of Learning and Memory, 89(4), 599-603.
Shonkoff, J. P, Boyce, W. T., & McEwen, B S. (2009). Neu-
roscience, molecular biology, and the childhood roots of
health disparities: Building a new framework for health
promotion and disease prevention. JAMA, 301(21),
2252-2259.

Meaney, M. J., Szyf, M., & Seckl, J. R. (2007). Epigenetic
mechanisms of perinatal programming of hypothalamic-
pituitary-adrenal function and health. Trends in Molecular
Medicine, 13(7), 269-277.

Weaver, I. C. G., Cervoni, N., Champagne, F. A., D’Alessio,
A. C,, Sharma, S., Seckl, J. R., & Meaney, M. J. (2004). Epi-
genetic programming by maternal behavior. Nature Neu-
roscience, 7(8), 847-854.

WWW.DEVELOPINGCHILD.NET



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Champagne, FE A. & Curley, J. P. (2009). Epigenetic
mechanisms mediating the long-term effects of mater-
nal care on development. Neuroscience and Biobehavioral
Reviews, 33(4), 593-600.

Champagne, F. A., Weaver, I. C., Diorio, J., Dymov, S., Szyf,
M., & Meaney, M. J. (2006). Maternal care associated with
methylation of the estrogen receptor-alphalb promoter
and estrogen receptor-alpha expression in the medial
preoptic area of female offspring. Endocrinology, 147(6),
2909-2915.

Chen, Y., Dube, C. M., Rice, C. J., & Baram, T. Z. (2008).
Rapid loss of dendritic spines after stress involves derange-
ment of spine dynamics by corticotropin-releasing hor-
mone. The Journal of Neuroscience, 28(11), 2903-2911.
Moriceau, S. & Sullivan, R. M. (2006). Maternal presence
serves as a switch between learning fear and attraction in
infancy. Nature Neuroscience, 9, 1004-1006.

Rice, C. J., Sandman, C. A., Lenjavi, M. R., & Baram, T. Z.
(2008). A novel mouse model for acute and long-lasting
consequences of early life stress. Endocrinology, 149(10),
4892-4900.

Thompson, J. V., Sullivan, R. M., & Wilson, D. A. (2008).
Developmental emergence of fear learning corresponds
with changes in amygdala synaptic plasticity. Brain Re-
search, 1200, 58-65.

Bradley, R. G., Binder, E. B., Epstein, M. P., Tang, Y., Nair,
H. P, Liu, W. ... & Ressler, K. J. (2008). Influence of child
abuse on adult depression: Moderation by the corticotro-
pin-releasing hormone receptor gene. Archives of General
Psychiatry, 65(2), 190-200.

Gillespie, C. E., Bradley, B., Mercer, K., Smith, A., Con-
neely, K., Gapen, M. ... & Ressler, K. (2009). Trauma ex-
posure and stress-related disorders in inner city primary
care patients. General Hospital Psychiatry, 31(6), 505-514.
Hovens, J. G., Wiersma, J. E., Giltay, E. J., van Oppen, P,,
Spinhoven, P., Penninx, B. W. & Zitman, F. G. (2009).
Childhood life events and childhood trauma in adult pa-
tients with depressive, anxiety and comorbid disorders vs.
controls. Acta Psychiatrica Scandinavica. Oct 30 [epub]
Jovanovic, T., Blanding, N. Q., Norrholm, S. D., Duncan,
E., Bradley, B., & Ressler, K. J. (2009). Childhood abuse is
associated with increased startle reactivity in adulthood.
Depression and Anxiety, 26(11), 1018-1026.

Krupanidhi, S., Sedimbi, S. K., Vaishnav, G., Madhukar,
S. S., & Sanjeevi, C. B. (2009). Diabetes-role of epigenet-
ics, genetics, and physiological factors. Zhong Nan Da Xue
Xue Bao Yi Xue Ban, 34(9), 837-845.

Quas, J. A., Carrick, N., Alkon, A., Goldstein, L., & Boyce,
W. T. (2006). Children’s memory for a mild stressor: The
role of sympathetic activation and parasympathetic with-
drawal. Developmental Psychobiology, 48(8), 686-702.
Weidman, J. R., Dolinoy, D. C., Murphy, S. K., & Jirtle, R.
L. (2007). Cancer susceptibility: Epigenetic manifestation
of environmental exposures. Cancer Journal, 13,(1), 9-16.
Wilson, A. G. (2008). Epigenetic regulation of gene ex-
pression in the inflammatory response and relevance
to common diseases. Journal of Periodontology, 79(8):
1514-1519.

Dolinoy, D. C., Huang, D., & Jirtle, R. L. (2007). Mater-
nal nutrient supplementation counteracts bisphenol

WWW.DEVELOPINGCHILD.NET

50.

51.

52.

53.

54.

55.

A-induced DNA hypomethylation in early development.
Proceedings of the National Academy of Sciences of the
United States of America, 104(32), 13056-13061.
Waterland, R. A. & Jirtle, R. L. (2004). Early nutrition, epi-
genetic changes at transposons and imprinted genes, and
enhanced susceptibility to adult chronic diseases. Nutri-
tion, 20(1), 63-68.

Waisberg, M., Joseph, P., Hale, B., & Beyersmann, D.
(2003). Molecular and cellular mechanisms of cadmium
carcinogenesis. Toxicology, 192(2-3), 95-117.

Salnikow, K. & Zhitkovich, A. (2008). Genetic and epige-
netic mechanisms in metal carcinogenesis and cocarcino-
genesis: nickel, arsenic and chromium. Chem. Res. Toxicol,
21,28-44.

Szyf, M. (2009¢). Epigenetics, DNA methylation, and
chromatin modifying drugs. Annual Review of Pharma-
cology & Toxicology, 49, 243-263.

National Scientific Council on the Developing Child
(2007). The timing and quality of early experiences com-
bine to shape brain architecture: Working paper no. 5.
http://www.developingchild.net

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

REFERENCES

Early Experiences Can Alter Gene Expression and Affect Long-Term Development 9



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)

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)

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

NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

e oo

Center on the Developing Child € HARVARD UNIVERSITY

50 Church Street, 4th Floor, Cambridge, MA 02138
617.496.0578

www.developingchild.harvard.edu
www.developingchild.net



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

Building the Brain’s
“Air Traffic Control” System:

How Early Experiences Shape the
Development of Executive Function

WORKING PAPER 11

Center on the Developing Child @& HARVARD UNIVERSITY




FUNDING
SUPPORT FOR
THE FORUM
AND COUNCIL

Birth to Five Policy Alliance

Buffett Early Childhood Fund

Casey Family Programs

Norlien Foundation

An Anonymous Donor

PARTNERS

FrameWorks Institute

National Governors
Association Center for Best

Practices

National Conference of State
Legislatures

Please note: The content

of this paper is the sole
responsibility of the authors
and does not necessarily
represent the opinions of
the funders or partners.

The authors gratefully
acknowledge the comments
on the manuscript provided
by Karen Bierman, Ph.D.,
Pennsylvania State
University; Adele Diamond,
Ph.D., University of British
Columbia; and Philip Zelazo,
Ph.D., University of
Minnesota.

Suggested citation: 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. http://www.developing
child.harvard.edu

© February 2011, Center
on the Developing Child at
Harvard University

NATIONAL FORUM ON EARLY CHILDHOOD POLICY AND PROGRAMS

Jack P. Shonkoff, M.D., Co-Chair

Julius B. Richmond FAMRI Professor of Child Health and
Development, Harvard School of Public Health and Harvard
Graduate School of Education; Professor of Pediatrics, Harvard
Medical School and Children’s Hospital Boston; Director, Center
on the Developing Child at Harvard University

Greg ). Duncan, Ph.D., Co-Chair
Distinguished Professor, Department of Education, University of
California, Irvine

Philip A. Fisher, Ph.D., Science Director

Professor of Psychology and Director, Stress Neurobiology and
Prevention Research Laboratory, University of Oregon; Senior
Scientist, Oregon Social Learning Center

Katherine Magnuson, Ph.D.
Associate Professor, School of Social Work, University of
Wisconsin, Madison

C. Cybele Raver, Ph.D.

Director, Institute of Human Development and Social Change;
Professor, Department of Applied Psychology, Steinhardt School
of Culture, Education and Human Development, New York
University

Hirokazu Yoshikawa, Ph.D.
Professor of Education, Harvard Graduate School of Education

CONTRIBUTING MEMBERS

Susan Nall Bales
President, FrameWorks Institute

Jeanne Brooks-Gunn, Ph.D.

Virginia and Leonard Marx Professor of Child Development and
Education,Teachers College and the College of Physicians and
Surgeons; Co-Director, National Center for Children and Families;
Co-Director, Institute for Child and Family Policy, Columbia
University

Bernard Guyer, M.D., M.P.H.
Zanvyl Kreiger Professor of Children’s Health, Emeritus, Johns
Hopkins Bloomberg School of Public Health

Deborah Phillips, Ph.D.
Professor of Psychology and Associated Faculty, Public Policy
Institute; Co-Director, Research Center on Children in the U.S.,
Georgetown University

NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

Jack P. Shonkoff, M.D., Chair

Julius B. Richmond FAMRI Professor of Child Health and
Development; Director, Center on the Developing Child at
Harvard University

Pat Levitt, Ph.D., Science Director

Director, Zilkha Neurogenetic Institute; Provost Professor of
Neuroscience, Psychiatry & Pharmacy; Chair, Department of
Cell and Neurobiology, Keck School of Medicine, University of
Southern California

W. Thomas Boyce, M.D.

Sunny Hill Health Centre/BC Leadership Chair in Child
Development; Professor, College for Interdisciplinary Studies and
Faculty of Medicine, University of British Columbia

Nathan A. Fox, Ph.D.
Distinguished University Professor; Director, Child Development
Laboratory, University of Maryland College Park

Megan Gunnar, Ph.D.
Regents Professor and Distinguished McKnight University
Professor, Institute of Child Development, University of Minnesota

Linda C. Mayes, M.D.

Arnold Gesell Professor of Child Psychiatry, Pediatrics, and
Psychology, Yale Child Study Center; Special Advisor to the
Dean, Yale School of Medicine

Bruce S. McEwen, Ph.D.

Alfred E. Mirsky Professor; Head, Harold and Margaret

Milliken Hatch Laboratory of Neuroendocrinology, The Rockefeller
University

Charles A. Nelson Ill, Ph.D.

Richard David Scott Chair in Pediatric Developmental Medicine
Research, Children’s Hospital Boston; Professor of Pediatrics and
Neuroscience, Harvard Medical School

Ross Thompson, Ph.D.
Professor of Psychology, University of California, Davis

CONTRIBUTING MEMBERS

Susan Nall Bales
President, FrameWorks Institute

Judy Cameron, Ph.D.
Professor of Psychiatry, University of Pittsburgh

Greg Duncan, Ph.D.
Distinguished Professor, Department of Education, University of
California, Irvine

Philip A. Fisher, Ph.D.

Professor of Psychology and Director, Stress Neurobiology and
Prevention Research Laboratory, University of Oregon;

Senior Scientist, Oregon Social Learning Center

William Greenough, Ph.D.

Swanlund Professor of Psychology, Psychiatry, and Cell and
Developmental Biology; Director, Center for Advanced Study at
University of Illinois, Urbana-Champaign

Eric Knudsen, Ph.D.
Edward C. and Amy H. Sewall Professor of Neurobiology, Stanford
University School of Medicine

Deborah Phillips, Ph.D.
Professor of Psychology and Associated Faculty, Public Policy
Institute; Co-Director, Research Center on Children in the U.S.,
Georgetown University

Arthur ). Rolnick, Ph.D.

Senior Fellow and Co-Director, Human Capital Research
Collaborative, Humphrey School of Public Affairs,
University of Minnesota


http://www.developing

The Issue

WE PREPARE DINNER WHILE SIMULTANEOUSLY HELPING OUR CHILDREN WITH THEIR HOMEWORK
and making notes about appointments we need to schedule for the week. We focus on our jobs
when we need to and our families when they need us. We remember the phone number that our
neighbor just gave us so we can write it down as soon as we find a pen. We take a deep breath,
rather than honk, if the car in front of us fails to move immediately when the light turns green. As
adults, our capacities to multitask, to display self-control, to follow multiple-step directions even
when interrupted, and to stay focused on what we are doing despite ever-present distractions are
what undergird the deliberate, intentional, goal-directed behavior that is required for daily life and
success at work. And while there are cognitive limits to anyone’s ability to multi-task effectively,
we need and rely on these basic skills in all areas of our lives. Without them, we could not solve
complicated problems and make decisions, persist at tedious but important tasks, make plans and
adjust them when necessary, recognize and correct mistakes, control our impulsive behavior, or set
goals and monitor our progress toward meeting them. Children need to develop these skills, too,

in order to meet the many challenges they will face on the road to becoming productive, contribut-

ing members of their communities.

As essential as they are, we aren’t born with
the skills that enable us to control impulses,
make plans, and stay focused. We are born with
the potential to develop these capacities—or
not—depending on our experiences during in-
fancy, throughout childhood, and into adoles-
cence. Our genes provide the blueprint, but the
early environments in which children live leave
a lasting signature on those genes. This signa-
ture influences how or whether that genetic po-
tential is expressed in the brain circuits that un-
derlie the executive function capacities children
will rely on throughout their lives. (See Working
Paper 10, “Early Experiences Can Alter Gene Ex-
pression and Affect Long-Term Development.”)
These skills develop through practice and are
strengthened by the experiences through which
they are applied and honed. Providing the sup-
port that children need to build these skills at
home, in child care and preschool programs,
and in other settings they experience regularly is
one of society’s most important responsibilities.

Being able to focus, hold, and work with
information in mind, filter distractions, and
switch gears is like having an air traffic control
system at a busy airport to manage the arrivals
and departures of dozens of planes on multiple
runways. In the brain, this air traffic control
mechanism is called executive function. This
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refers to a group of skills that helps us to focus
on multiple streams of information at the same
time, monitor errors, make decisions in light of
available information, revise plans as necessary,
and resist the urge to let frustration lead to hasty
actions. Acquiring the early building blocks of
these skills is one of the most important and
challenging tasks of the early childhood years,
and the opportunity to build further on these
rudimentary capacities is critical to healthy

Having executive function in the brain is like having
an air traffic control system at a busy airport to

manage the arrivals and departures of dozens of

planes on multiple runways.

development through middle childhood and
adolescence. Just as we rely on our well-de-
veloped personal “air traffic control system”
to make it through our complex days without
stumbling, young children depend on their
emerging executive function skills to help them
as they learn to read and write, remember the
steps in performing an arithmetic problem, take
part in class discussions or group projects, and
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Completing most tasks requires the successful orchestration of several types of executive
function skills. Among scientists who study these functions, three dimensions are
frequently highlighted: Working Memory, Inhibitory Control, and Cognitive or Mental
Flexibility.»>3 In most real-life situations, these three functions are not entirely distinct,
but, rather, they work together to produce competent executive functioning.

WORKING MEMORY is the capacity to hold and manipulate information in our heads over short periods
of time. It provides a mental surface on which we can place important information so that it is ready to use
in the course of our everyday lives. It enables us to remember a phone number long enough to dial it, to
return to our place in a magazine article before a friend interrupted us, and to recall whether we had added
the salt to what we were cooking before we had to help our child find a missing shoe. It enables children to
remember and connect information from one paragraph to the next, to perform an arithmetic problem with
several steps, to keep track of the moves and make a logical next step in a game of checkers, and to follow
multiple-step instructions without reminders (“go to your cubbies, put away your storybooks, bring back
your arithmetic books, and open them to page 30”). It also helps children with social interactions, such
as planning and acting out a skit, taking turns in group activities, or easily rejoining a game after stepping
away to get a drink of water.

INHIBITORY CONTROL is the skill we use to master and filter our thoughts and impulses so we can
resist temptations, distractions, and habits and to pause and think before we act. It makes possible
selective, focused, and sustained attention, prioritization, and action. This capacity keeps us from acting
as completely impulsive creatures who do whatever comes into our minds. It is the skill we call on to push
aside daydreams about what we would rather be doing so we can focus on important tasks. It is the skill
we rely on to help us “bite our tongue” and say something nice, and to control our emotions at the same
time, even when we are angry, rushed, or frustrated. Children rely on this skill to wait until they are called
on when they know the answer, to be good at games like “Simon Says” and “Red Light/Green Light,” to
stop themselves from yelling at or hitting a child who has inadvertently bumped into them, and to ignore
distractions and stay on task in school.

COGNITIVE OR MENTAL FLEXIBILITY is the capacity to nimbly switch gears and adjust to changed
demands, priorities, or perspectives. It is what enables us to apply different rules in different settings. We
might say one thing to a co-worker privately, but something quite different in the public context of a staff
meeting. If a friend asks if we like her new haircut and we don’t, we are able to flexibly shift to the social
convention that governs not hurting people’s feelings. Likewise, we teach our children about “outside
voices” and “inside voices” and the different situations in which they should use each. As the author of The
Executive Brain, Elkhonon Goldberg, notes, “The ability to stay on track is an asset, but being ‘dead in the
track’ is not.”4 Stated differently, self-control and persistence are assets, rigidity is not. Cognitive flexibility
enables us to catch mistakes and fix them, to revise ways of doing things in light of new information, to
consider something from a fresh perspective, and to “think outside the box.” If the “church in two blocks”
where we were told to turn right is actually a school, we adjust and turn anyway. If we are missing a recipe
ingredient, we call a neighbor or make a substitution. Children deploy this skill to learn exceptions to rules
of grammar, to approach a science experiment in different ways until they get it to work, or to try different
strategies when they are working out a conflict with another child.

2 Building the Brain’s “Air Traffic Control” System WWW.DEVELOPINGCHILD.HARVARD.EDU



enter into and sustain play with other children.
The increasingly competent executive function-
ing of childhood and adolescence enable chil-
dren to plan and act in a way that makes them
good students, classroom citizens, and friends.
Children who do not have opportunities to use
and strengthen these skills, and, therefore, fail to
become proficient—or children who lack the ca-
pacity for proficiency because of disabilities or,
for that matter, adults who lose it due to brain
injury or old age—have a very hard time man-
aging the routine tasks of daily life. Studying,
sustaining friendships, holding down a job, or
managing a crisis pose even bigger challenges.

The process of development is sometimes
portrayed as one in which children gradually
manage more and more aspects of their en-
vironments and lives on their own. We would
not trust two-year-olds to stop going after a ball
just because it rolled into the street, get ready
in the morning (brush their teeth, pick out
their clothes, and get dressed) by themselves,
or even clean up their toys without reminders.
Adults set up the framework (i.e., establishing
routines, providing cues, breaking big tasks into
smaller chunks) that helps children use the ex-
ecutive function skills they are developing to the
best of their abilities. We call these techniques
“scaffolding.” Just as a scaffold supports work-
ers while a building is being erected, adults can
use these activities to support the emergence
of children’s executive function skills until they
can practice and perform them on their own.
And, just as construction workers remove the
scaffolding when the building itself can sup-
port them, over time we can reduce scaffolding
activities and allow children to organize them-
selves and get their tasks done without constant
reminders and direction.

Elementary school teachers are keenly aware
of executive function skills. It is often within
the group setting of a classroom and the de-
mands of schoolwork that delays or deficits
in the development of age-expected executive
function skills are first noted. Teachers iden-
tify problems with paying attention, managing
emotions, completing tasks, and communicat-
ing wants and needs verbally as major deter-
minants of whether a child is ready to succeed
in the school setting. In many ways, coming to
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school with a solid base of these foundational
executive function skills is more important
than whether children know their letters and
numbers.>® Imagine a classroom of first grad-
ers in which some children are unable to con-
trol their impulses, wait their turn, stay focused
on their work, or remember instructions. Even
when only a couple of the children have under-
developed executive function abilities, an en-
tire classroom can become disorganized, and
precious time will be diverted from productive
learning activities. This can have a profound
impact on the overall climate of the classroom

THE ISSUE

Executive function skills are crucial building blocks

for the early development of both cognitive

and social capacities.

and is often reported by teachers as a source of
exasperation and burnout.”

The scientific evidence on the development
and consequences of executive functioning in
the earliest years of life conveys three important
messages. First, executive function skills are cru-
cial building blocks for the early development
of both cognitive and social capacities. Second,
both normative differences in the nature and
pace of individual developmental trajectories
and the impacts of significant adversity will af-
fect how the development of executive function-
ing will unfold for any given child. Third, several
interventions focused on supporting the devel-
opment of specific executive function skills have
demonstrated at least short-term effectiveness,
with evidence also emerging that they may have
impacts on other aspects of learning as well.

Executive functions underlie a broad range
of large and small (as well as complicated and
straightforward) life skills, competencies, and
behaviors. The lifelong importance of these
skills and their effect on learning makes it clear
that parents, practitioners, and policymak-
ers alike need to be aware of what we now un-
derstand about the development of executive
function skills, the experiences that foster the
healthy emergence of these skills, and the con-
ditions that appear to undermine them.

Building the Brain’s “Air Traffic Control” System 3
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What Neuroscience and Developmental Research Tell Us

The building blocks of children’s capacities to
retain and use new information, focus attention,
control impulses, and make plans are acquired
during early childhood, but the full range of ex-
ecutive function skills continues to develop into
the adolescent years. The rudimentary signs
of these capacities emerge toward the end of
the first year of life.#*1*!12 By age three, most
children can organize themselves to complete
tasks that involve following two rules (e.g., “If
it’s red, put it here, but if it’s blue, put it there”),
thus showing that they can direct and re-di-
rect their attention to make deliberate choices
(mental flexibility), maintain focus in the face
of distractions (inhibitory control), and hold
rules “on line” mentally as they figure things
out (working memory). While we can see clear
evidence that these capacities are developing
in the three-year-old, they remain relatively
limited. The five-year-old mind, by contrast,
is remarkably complex. Older preschoolers
are capable of conscious problem-solving that
involves the ability to shift their attention from
one rule to another that is incompatible with
the first, and then back again (e.g., “If it’s the
color game, put the red square here, but if its
the shape game, put the red square there””). They
also have the capacity to inhibit responses that
are inappropriate even if they are highly desir-
able (e.g., “I want to eat the candy right now, but
I'll wait, because I will get more candy later if I
do”) or habitual (e.g., “I've been sorting by color
for five minutes, but now I need to shift to the
shape rule”), and to execute multi-step, deliber-
ate plans (e.g., “To stack these balls in the right
order with just three moves, I need to start here,
do this next, and then do that”). A more famil-
iar demonstration of this remarkable develop-
ment can be seen in the growing proficiency
with which young children play “Simon Says”
and “Red Light/Green Light” At age 5, these
skills are just emerging and still require consid-
erable practice. They are also heavily dependent
on the situation and a child’s experience with it,
and there are large individual differences in chil-
dren’s capacity to deploy these evolving skills. By
age 7, some of the capabilities and brain circuits
underlying executive function skills are remark-
ably similar to those found in adults.’ Once these

4 Building the Brain’s “Air Traffic Control” System

foundational capacities for directing attention,
keeping rules in mind, controlling impulses,
and enacting plans are in place, the subsequent
developmental tasks of refining them and learn-
ing to deploy them more efficiently can proceed
into the adolescent and early adult years as tasks
grow increasingly complicated and challenging.

Scientists are making major strides in identify-
ing the key brain regions on whose development
the healthy emergence of these executive func-
tion skills depends. These include circuits and
systems that primarily involve the prefrontal
cortex, but also include the anterior cingulate,
parietal cortex, and hippocampus. The gradual
acquisition of executive function skills corre-
sponds closely to the extended development
of these prefrontal brain regions from infancy
through late adolescence.®*!*!> The formative
development of these regions occurs during
early childhood, as the relevant circuits emerge,
mature, and forge critical interconnections.
These circuits are then refined and made more
efficient during adolescence and into the early
adult years. It is also important to note that the
brain regions and circuits associated with ex-
ecutive functioning have extensive interconnec-
tions with deeper brain structures that control
the developing child’s responses to threat and
stress.'®!”!8 This implies that the developing ex-
ecutive functioning system both influences and
is affected by the young child’s experience and
management of threat, stress,'® and strong
emotions. Thus, extended exposure to threaten-
ing situations can compromise the development
and deployment of executive function skills, yet
well-developed capabilities in these areas can
also help children (and adults) manage stress
effectively.

Executive functioning is distinct from (yet foun-
dational to) school readiness and academic suc-
cess. Scientists who study executive function
skills refer to them as the biological foundation
for school readiness.”*?! They argue that strong
working memory, cognitive self-control, and
attentional skills provide the basis upon which
children’s abilities to learn to read, write, and
do math can be built. In practice, these skills
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support the process (i.e., the how) of learning—
focusing, remembering, planning—that enables
children to effectively and efficiently master
the content (i.e., the what) of learning—read-
ing, writing, computation. They enable children
to acquire knowledge and to participate in the
school experience as actively engaged and com-
petent learners. Children with stronger working
memory, inhibition, and attentional skills also
have been found to make larger gains on tests of
early math, language, and literacy development
during the preschool years than their peers with
weaker executive function skills.?223242>26.27,2829
Moreover, the working memory and attention
control of economically disadvantaged children
at the beginning of preschool predicted kinder-
garten math and reading achievement over and
above the contribution of earlier math and read-
ing ability.*” Similarly, children whose behavior
was well-regulated and who demonstrated aca-
demic engagement at the beginning of the Head
Start year scored higher on tests of early reading

WHAT NEUROSCIENCE AND DEVELOPMENTAL RESEARCH TELL US

and language skills in first grade, compared with
children who demonstrated less well-developed
executive functioning.’!

Children’s executive function skills provide
the link between early school achievement and
social, emotional, and moral development.
Executive function skills are considered to be
a common denominator for both learning and
social interaction. Young children who have
problems staying focused and resisting urges to
respond impulsively—two core executive func-
tion skills—not only have trouble in school but
also have trouble following directions generally
and are at elevated risk of displaying aggressive
and confrontational behavior with adults and
other children.’>*** Executive functions like
completing tasks, solving problems, organizing
information, and making (and revising, if neces-
sary) deliberate plans, are important facilitators
of interpersonal interactions and behavior. In-
deed, some researchers have hypothesized that

Executive Function Skills Build Throughout Childhood and Adolescence

Executive Function Skill Proficiency

Age © » 2 4 % 9 b D O H & 9 H O O P A P oh
LA M AR L N § & L

A range of tests measuring different forms of executive function skills indicates
that they begin to develop shortly after birth, with ages 3 to 5 providing a window
of opportunity for dramatic growth in these skills. Growth continues throughout
adolescence and early adulthood; proficiency begins to decline in later life.

Source: Weintraub et al. (In Press).?®
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the complexity of human social relationships,
rather than the need to do higher math, is why
the human prefrontal cortex is so large and our
executive function abilities are so advanced.?**

Childrens social play is believed to be an
important practice ground for the development
of executive function skills. Partly, this is be-
cause children need to test for themselves the
skills that adults have been scaffolding for them.
For example, they have to come up with the plan
for playing house, communicate with each other
about role assignments and then remember that
Susie will be the bossy older sister, Ralph will
play the dog, and Jackie will be the baby. In this
scenario, keeping track of what each actor has
done and inserting a new piece of the story that
makes sense to everyone requires the effective
exercise of emerging executive function skills.
The child who cannot demonstrate sufficient
executive competence either is told what to do
by others, gets pushed out, or causes the play to
fall apart. As toddlers, children can barely man-
age to coordinate play with one other child; by
the time they enter first grade, they typically can
play cooperatively with several children simul-
taneously and can work on projects that span
hours or even days. Children who lag behind
in their emerging executive function capaci-
ties relative to their age mates find themselves
at a disadvantage, because they cannot keep up
with the complexity of the play and, therefore,
get frustrated, act out, and may cause other chil-
dren to not want to play with them.* Thus, the
skills that help children master many academic
tasks are the same as those that help them get
along with their peers and be viewed as good
classroom citizens.

Large individual differences in executive func-
tioning at kindergarten entry can have impor-
tant implications for children’s adjustment and
success in and out of school as well as in their
relationships with others. Children enter school
with distinct profiles of strengths and weak-
nesses in executive function skills.?*7*% As
both teachers and parents know, young chil-
dren differ widely in how well they are able to
adjust their attention, control impulses, follow
rules and directions, and adapt to other de-
mands of their environments. Some children
have less well-developed executive functioning
and are less able to orchestrate their capaci-
ties. Children with special needs, such as those
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associated with autism, for example, or read-
ing disabilities,” may have particular difficulty
with executive functioning demands. A child’s
temperament can also make this orchestration
more challenging, as illustrated by individuals
who typically react more rapidly and intensely
(with either anger and frustration or exuber-
ance) to their experiences.”*® Another example
of the marked variability in developing skills is
the observation that some children can be high-
ly capable in focusing their attention and man-
aging distractions, but have less well-developed
working memory capacity. Understanding these
individual differences can help adults figure out
how much support and structure to provide as
children develop and learn. A new generation
of educational interventions is available to ad-
dress this challenge by working with classrooms
of children who span the broad spectrum
of executive function capacities. (See “What
Evaluation Research Tells Us,” below.)

A young child’s environment of relationships
plays an important role in the development of
executive capacities. Environments that fos-
ter executive functioning are characterized by
adult-child relationships (both within and out-
side the home) that guide children from com-
plete dependence on adult support to gradual
assumption of the “executive” role for them-
selves. Such environments neither expect chil-
dren to have more advanced skills than are rea-
sonable for their age, nor do they treat them as if
they had no executive capabilities. Growth-pro-
moting environments provide substantial “scaf-
folding” to help young children practice emerg-
ing skills before they are expected to perform
them on their own. Enhancing the development
of executive functioning involves sensitive, re-
sponsive caregiving and individualized teaching
in the context of situations that require making
choices, opportunities for children to direct their
own activities with decreasing adult supervision
over time, effective support of early emotion
regulation, promotion of sustained joint atten-
tion, and the availability of adults who are not
under such pressure that they cannot make time
for children to practice their skills. 34442434445
Children who routinely experience social
interactions that provide these kinds of oppor-
tunities are more capable of resisting distrac-
tions, controlling their behavior and emotions
towards others, complying with adult requests
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and rules, and engaging in goal-directed behav-
ior by the time they get to school. Experts also
hypothesize that more ordered and predictable
environments foster the development of execu-
tive function skills by offering children ample
experiences that involve give-and-take interac-
tions with others. 20464748

Adverse environments resulting from neglect,
abuse, and/or exposure to violence can impair
the development of executive function skills as
a result of the disruptive effects of toxic stress
on the developing architecture of the brain.
Chaotic (and thus, from the child’s standpoint,
unpredictable) environments can also lead to
poor self-regulatory behaviors and impulse
control.'™ A number of studies have shown that
exposure to highly stressful early environments
is associated with deficits in the development of
children’s working memory, attention, and in-
hibitory control skills.***** Damaging fear and
toxic stress®*>****are likely mechanisms that ex-
plain these effects, in part, because they affect
the chemistry of brain circuits involved in the
development of these capacities, and they im-
pair the specific neuronal architecture that is en-
gaged when we try to keep information in work-
ing memory, inhibit a habitual action, or address
problems in a flexible manner. All adults have
had the experience of encountering a threat,
being gripped by fear or anxiety, and having
trouble thinking. Under such circumstances,
the brain goes into high “fight-or-flight” mode,
and we have to calm ourselves down before we
can mobilize our executive function skills to
plan and execute a well-considered response.
In adults and children, acute stress can even
cause less-efficient prefrontal cortex activity,
leading to a temporary “blip” in executive func-
tioning.'” Thus, chronic fear and anxiety associ-
ated with living in highly threatening, chaotic,
or stressful environments can make it very diffi-
cult for young children to engage their executive
abilities—even in situations (like school) where
they may, in fact, be safe.’>*

Mounting evidence is revealing the roles played
by community, school, and family contexts, as
well as socioeconomic status, in the develop-
ment of executive function skills. Children from
lower (versus higher) socioeconomic back-
grounds show poorer performance on tests
of working memory, cognitive flexibility, and

WWW.DEVELOPINGCHILD.HARVARD.EDU

WHAT NEUROSCIENCE AND DEVELOPMENTAL RESEARCH TELL US

inhibition,”*#***¢! as well as electrophysiologi-
cal evidence of altered prefrontal functioning
between ages 7 to 12.”” One reason that social
class may be related to the development of ex-
ecutive function skills is that young children
with greater access to resources experience
environments that are more likely to contain
features that protect and foster the develop-
ment of these skills (e.g., scaffolding, responsive
caregiving, order and predictability, and

Children who experience adversity at an early age are
more likely to exhibit deficits in executive functioning,
suggesting that these capacities are vulnerable to

disruption early in the developmental process.

freedom from sustained threats.) This under-
scores the importance of efforts to improve chil-
dren’s early environments and experiences as a
strategy for increasing the likelihood of positive
developmental outcomes later.

Children who experience adversity at an early
age are more likely to exhibit deficits in executive
functioning, suggesting that these capacities are
vulnerable to disruption early in the develop-
mental process. Among the conditions that have
been studied and found to affect the develop-
ment of executive function skills are early abuse
and neglect,*> orphanage rearing,**%** prema-
turity and/or perinatal complications,**¢"* and
prenatal alcohol exposure.”” For example, chil-
dren with a history of exposure to alcohol before
birth have been found to display high levels of
impulsivity and disorganization, along with evi-
dence of impaired development of the prefron-
tal cortex.” Evidence is also accumulating that
childhood maltreatment disrupts the attention
systems that affect how children notice, inter-
pret, and respond to social interactions.”>”* De-
spite subsequent adoption, maltreated children
who experienced unstable foster care place-
ments have been found to perform poorly on
tests of executive functioning,” as well as to dis-
play oppositional behavior towards their adop-
tive parents. Furthermore, larger numbers of
unique foster care placements have been found
to predict lower scores on a wide range of neu-
ropsychological executive functioning tests,’*”
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suggesting that frequent changes in a child’s pri-
mary caregiver may disrupt the development of
these important skills. In light of this evidence,
it is not surprising that children with a history
of early social deprivation from being raised
in an orphanage have also been found to per-
form significantly more poorly than their non-
institutionalized peers on neuropsychological

What Evaluation Research Tells Us

tests of executive function skills.****’¢ While
all young children benefit from experiences
that scaffold executive functioning, those who
exhibit problems in self-regulation need par-
ticularly sensitive adult support. When chil-
dren have experienced serious trauma or
abuse, special concern is always warranted.

The healthy development of executive function
skills can be supported with specialized prac-
tice and training. The same neuroplasticity that
leaves executive functioning skills vulnerable
to genetic and environmental disruption also
presents the possibility of actively promoting
the successful development of these skills. Thus,
scientists and clinicians have begun to design
and assess specific training programs aimed
at helping young children who face difficulties
with several aspects of executive functioning,
particularly with attention and working mem-
ory. One laboratory-based approach that relies
on computerized programs strengthens the
neural circuits that control specific executive
function skills through “staircase” training that
adjusts task difficulty as a child’s performance
improves.'%777879808L82 T addition to improv-
ing targeted skills (such as inhibitory control
and attention set shifting), emerging evidence
indicates that the benefits of these programs
also extend to enhanced performance on tests of
general intelligence. Selected measures of brain
activity further suggest that these interventions
have direct, beneficial effects on the ways in
which the prefrontal cortex is developing; how-
ever, these effects have not yet been tested on
preschool children.

Focused preschool interventions can also protect
and enhance executive functioning. Recent eval-
uations of a range of preschool interventions de-
signed to strengthen children’s capacities to use
these executive function skills in the classroom
(in contrast to programs focused primarily on
cognitive training) are also demonstrating that
these skills are open to improvement during the
early childhood years. These interventions tend
to adopt one of three strategies: (1) programs
aimed explicitly at fostering emerging executive
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function skills (e.g., the capacities to retain and
use information, focus and resist distractions,
and plan actions and revise plans as needed);**%
(2) programs that train and support teachers
in effective classroom management strategies
(e.g., rewarding positive student behavior, redi-
recting negative behavior), supplemented with
the assistance of a mental health consultant who
helps with both overall classroom challenges
and the needs of particular children;**#%” and
(3) programs that train teachers to model and
coach children as their social-emotional skills
are developing, with the focus on children’s pro-
social behavior, social problem-solving skills,
ability to understand and express emotions
constructively, and ability to control impulsive
behavior and organize themselves to accomplish
goals.*#8 What these approaches all have in
common is a focus on supporting self-control
and effective, goal-oriented approaches to learn-
ing and social encounters.

The clearest example of the first strategy,
known as Tools of the Mind, has been shown to
improve the inhibitory skills of children from
low-income families above and beyond what has
been accomplished from standard classroom
practices.*****! Evidence from randomized trials
of the second and third approaches have docu-
mented significant effects on young children’s
engagement in academic tasks, attention skills,
and control of impulsive behavior.***% These
interventions also had significant impacts on
the quality of the teaching experienced by the
children, including improved literacy environ-
ments, use of preventive behavior management,
and overall more positive emotional climate.®>*

A review of existing evaluation data on in-
terventions focused on executive functioning
reveals no evidence that one approach is superi-
or to the others. Moreover, little is known about
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WORKING

MEMORY

INHIBITORY
CONTROL

Building the Foundations
of an “Air Traffic Control”
System in the Brain

Executive function skills do not just appear in
adulthood. They are built over time, starting as early as
the first year of life, with more complex skills building
on the simpler skills that came before. Executive
function skills are also highly interrelated. Just as an

air traffic control system requires the interaction of
multiple people—pilots, navigators, controllers, weather
forecasters—our human executive functioning system
requires that each type of skill utilize elements of the
others. For example, it takes working memory to hold
two rules in mind and inhibitory control to ignore one

of the rules in order to flexibly switch between rules as
they change. This table presents examples of how these
interrelated executive function skills develop when
children have the proper scaffolding by adult caregivers.

COGNITIVE
FLEXIBILITY

ADULT Can remember multiple
tasks, rules, and strategies that
may vary by situation

5-16 YEARS Develops ability
to search varying locations,
remember where something
was found, then explore
other locations (e.g., a game
of Concentration or hiding

a penny under one of

three cups)

4-5 YEARS Comprehends that
appearance does not always equal
reality (e.g., when given a sponge
that looks like a rock)

3 YEARS Can hold in mind two rules
(e.g., red goes here, blue goes there)
and act on the basis of the rules

9-10 MONTHS Can execute simple
means-to-ends tasks and two-step
plans; also able to integrate looking
one place and acting (e.g., reaching)
at another place

7-9 MONTHS Develops ability to
remember that unseen objects are
still there (toy hidden under a cloth);

learns to put two actions togetherin a

sequence (remove cloth, grasp toy)
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ADULT Consistent self-control; situationally appropriate
responses (e.g., resists saying something socially
inappropriate, resists “tit for tat” response)

10-18 YEARS Continues to develop self-control, such

as flexibly switching between a central focus (such as
riding a bike or driving) and peripheral stimuli that may
or may not need attention (road signs and pedestrians
vs. billboards and passing houses)

7 YEARS Children perform at adult levels on learning

to ignore irrelevant, peripheral stimuli (such as a dot
on the side of a screen) and focus on the central
stimulus (such as a picture in the middle of the screen)

4-5 YEARS Reductions in perseveration (persisting

with following a rule even when knowing that the rule
has changed). Can delay eating a treat; also can begin
to hold an arbitrary rule in mind and follow it to produce
a response that differs from their natural instinct (sort
colored cards by shape rather than color)

9-11 MONTHS Able to inhibit reaching straight for a
visible but inaccessible reward, such as a toy on the
other side of a window, and instead delay a moment
to recognize the barrier and detour around it

8-10 MONTHS Begins to maintain focus despite
distractions during brief delays in a task

6 MONTHS Rudimentary response inhibition (able to
not touch something instructed not to touch)

ADULT Able to revise actions
and plans in response to
changing circumstances

13-18 YEARS Continued
improvement in accuracy
when switching focus and
adapting to changing rules

10-12 YEARS Successfully
adapts to changing rules, even
along multiple dimensions
(okay to shout on playground,
not okay in school, okay
sometimes in theater rehearsal)

2-5 YEARS Succeeds at
shifting actions according
to changing rules

(e.g., takes shoes off at
home, leaves on at school,
puts on boots for rain)

9-11 MONTHS Develops ability
to seek alternate methods to
retrieve objects beyond directly
reaching for what’s in view

Sources: Best & Miller (2010)°;
Diamond (1991a, 1991b, 2002,
2006).101‘102‘8'“’3
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how these programs produce the benefits that
they do. Interventions that include an explicit fo-
cus on executive function skills do not need to be
implemented separately from those focused on
instruction in early literacy and math abilities.
Indeed, the complex interactions that occur
among executive functioning, social competence,
and academic skills in preschool classrooms
underscore the likely value of blending interven-
tions designed to strengthen working memory,
inhibition, and attention control with curri-
cula focused on early literacy and math skills.*

Improvements in executive functioning extend
to young children’s performance on measures
of social skills and academic performance.
In three randomized trials, children in class-
rooms that emphasized the improvement of
executive function skills through a range of
strategies showed improved performance on
other developmental outcomes as well. In the
first instance, children assigned to Tools of the
Mind classrooms showed significant reductions
in teacher-rated problem behavior® compared

with preschool children in classrooms that
focused on literacy instruction without explicit
attention to executive functioning. In the second
instance, preschoolers who received instruc-
tion that included a focus on executive function
skills (i.e., attention and impulsivity) showed
significant improvements in these capacities
compared with their peers who were enrolled
in “usual practice” classrooms, which research-
ers attribute to the concurrent effects on their
early literacy and math skills.”* Children who
experienced a curriculum that combined sup-
port for executive function skills and an inter-
active reading program also performed bet-
ter than their “usual practice” peers on tests
of early literacy abilities,”” as well as on mea-
sures of emotional understanding and social
problem-solving.*® While we cannot be cer-
tain that demonstrated improvements in chil-
dren’s abilities to direct their attention, control
impulsive behavior, and stay focused on their
schoolwork contributed to their academic
gains, evidence is increasingly supporting this
interpretation. 2230489295

Correcting Popular Misconceptions of Science

THE FACT THAT YOUNG CHILDREN HAVE A
difficult time with self-control, planning, ignor-
ing distractions, and adjusting to new demands
is hardly news to the adults who care for them. It
is not widely recognized, however, that these ca-
pacities do not automatically develop with ma-
turity over time. Furthermore, it is even less well
known that the developing brain circuitry re-
lated to these kinds of skills follows an extended
timetable that begins in early childhood and
continues past adolescence and that it provides
the common foundation on which early learn-
ing and social skills are built. Based on this
new understanding, the following common
misconceptions about the development of
executive function skills can be laid to rest.

Contrary to popular belief, learning to control
impulses, pay attention, and retain information
actively in one’s memory does not happen auto-
matically as children mature, and young children
who have problems with these skills will not
necessarily outgrow them. The evidence is clear

10 Building the Brain’s “Air Traffic Control” System

that, by 12 months of age, a child’s experiences
are helping to lay the foundation for the ongoing
development of executive function skills. These
early abilities to focus attention, control impuls-
es, and hold information “on-line” in working
memory appear to be easily disrupted by highly
adverse early experiences or biological disrup-
tions. Evidence also shows that early interven-
tions aimed at improving these capacities before
a child enters school can have beneficial impacts
across a broad array of important outcomes.

Contrary to popular belief, young children who do
not stay on task, lose control of their emotions,
or are easily distracted are not “bad kids” who
are being intentionally uncooperative and belli-
gerent. Young children with compromised or
delayed executive function skills can display
very challenging behaviors for which they are
often blamed. In most circumstances, however,
itis the protracted development of the prefrontal
cortex that is to “blame.” Efforts to help affected
children develop better executive function skills
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and adjustments of the demands placed upon
them to avoid overtaxing their capabilities are
much more helpful than punishment for difficult
behavior. Particularly when adverse experiences
or environments elicit a toxic stress response,”
it can be very difficult for even the most compe-
tent children to enlist whatever executive func-
tion skills they have. In these circumstances, the
provision of a safe and predictable environment
offers the sense of security needed for successful
behavior change to occur.

Contrary to the theory that guides some early
education programs that focus solely on teach-
ing letters and numbers, explicit efforts to fos-
ter executive functioning have positive influ-
ences on instilling early literacy and numeracy
skills. Early evidence from randomized trials of
interventions designed to foster the cluster of
executive function skills (working memory,
attention, inhibitory control, etc.) indicates
benefits in early literacy and math skills com-
pared with children who experience “regular”
classroom activities.***? Indeed, there is also
evidence that emerging executive function skills
contribute to early reading and math achieve-
ment during the pre-kindergarten years and
into kindergarten.?®* This is not surprising in-
sofar as the acquisition of traditional academic
skills depends on a child’s capacity to follow and
remember classroom rules, control emotions,

The Science-Policy Gap

CORRECTING POPULAR MISCONCEPTIONS OF SCIENCE

focus attention, sit still, and learn on demand
through listening and watching. Neuroscientists
are also beginning to relate specific aspects of
executive functioning, notably attentional skills,
to specific steps involved in learning to read and
to work with numbers.’

It is important to emphasize that this research

Early education policies that emphasize literacy
instruction alone are missing an important opportunity
to increase their effectiveness by including attention to

the development of executive functioning skills.

isin its infancy, and much remains to be learned.
Not only do we need to understand the effec-
tiveness factors that account for the emerging
impacts on school readiness from interven-
tions designed to focus on executive function
skills, but we also need to examine whether
effective early education programs that focus
directly on social, numeracy, and language
skills also have positive impacts on executive
functioning. Thus, the highly interrelated na-
ture of these capacities makes it difficult to la-
bel any single intervention as focused explicitly
(or not) on the critical domains of executive
functioning.

AS ADULTS, MOST OF US DEPLOY EXECUTIVE
functioning automatically (and virtually un-
consciously) in our everyday lives, as we strive
to accomplish both short-term tasks and
longer-term goals. Yet, a growing body of evi-
dence shows that acquiring this bundle of skills
and putting those skills to work in a variety of
roles, such as friend, family member, and stu-
dent, is highly challenging for many young
children—and may explain many disparities in
later school achievement. Despite this mount-
ing evidence, little attention has been paid to the
development and implementation of strategies
to identify children who are at risk for poor
executive functioning and to provide supports
for them, their families, and the other adults
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who care for them. This gap between what
we know and what we do is illustrated by the
following three examples.

Early education policies that emphasize litera-
cy instruction alone are missing an important
opportunity to increase their effectiveness by
including attention to the development of ex-
ecutive function skills. Emerging evidence from
early intervention programs explicitly aimed at
fostering these skills indicates that beneficial
effects on components of executive function
(e.g., attention, working memory) also have
positive secondary impacts, such as improving
the quality of teaching that children receive (in-
cluding improved literacy environments) and
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the promotion of other facets of early learning,
including task engagement and reading skills.
Indeed, the most effective early education pro-
grams of the future are likely to teach preschool
curriculum content (e.g., early literacy, math,
social skills) in a way that optimizes the scaf-
folding and practice of executive function skills.

The expulsion of young children from prekinder-
garten programss»*® because of unmanageable
behavior illustrates the need for greater avail-
ability of expertise and resources to improve
the executive function skills of vulnerable young
children. Research shows that young children
who have problems staying focused and con-
trolling impulsive, reactive behavior—two core
executive function skills—are at elevated risk of
experiencing behavior problems. Evidence from
kindergarten teachers who rank self-control
and sustained attention as more critical for
school readiness than content knowledge® fur-
ther highlights the importance of supporting
the early development of executive function
skills as a critical prerequisite to a successful
transition into school. The extent to which the
combination of serious self-regulation problems
in young children and excessive stress expe-
rienced by early childhood teachers leads to a
greater likelihood of expulsion from preschool

Implications for Policy and Programs

programs underscores the need for greater at-
tention to innovative interventions that pro-
mote more adaptive behavior.

The lack of services that directly address sources
of toxic stress during the earliest years of life in-
dicates a disconnect between policies and the
known vulnerability of many aspects of brain de-
velopment (including executive function skills)
to the effects of early adversity and the need for
preventive policies to reduce such lost opportu-
nities. It is widely understood that biologically
based sources of vulnerability, (e.g., prematurity
and other medical complications at birth) and
disruptions in brain architecture related to dif-
ficulties in early rearing conditions (e.g., child
abuse and neglect) place children at tremendous
risk for developmental problems ranging from
attachment disorders to learning disabilities.
Emerging evidence also shows that these adverse
conditions, as well as low socioeconomic status,
place children at a disadvantage with regard to
the development of working memory, cognitive
flexibility, and behavioral inhibition. This con-
nection between toxic stress and executive func-
tioning suggests new and important opportuni-
ties for interventions focused on these skills to
improve the likelihood of success in school and
later life for children facing adversity.

THE STATE OF SCIENTIFIC KNOWLEDGE ABOUT
the development of executive function skills is
sufficiently mature to support a number of evi-
dence-based implications for those who develop
and implement policies and programs that affect
the health and well-being of young children.
The following observations warrant particularly
careful consideration by policymakers.

Given the importance of young children’s ex-
ecutive function skills and emerging evidence
that these capacities can be improved through
focused early intervention programs, efforts to
support the development of these skills deserve
much greater attention in the design of early
care and education programs. In recent years, a
growing body of sophisticated intervention and
evaluation research has documented positive
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short-term impacts for programs aimed explic-
itly at strengthening young children’s executive
function skills, including working memory and
attentional capacities. Concurrently, evidence
from neuroscience is beginning to demonstrate
specific changes in the brain that accompany
improvements in these skills. Successful inter-
ventions have been implemented in a variety
of programs that serve low-income children,
including Head Start. Although additional
replications and evaluations will add impor-
tant information, the current evidence base is
strong enough to warrant systematic, scaled-up
initiatives to teach executive function skills in
early care and education programs that focus
on vulnerable populations in conjunction with
evidence-based curricula that promote early
literacy and numeracy skills.
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Early care and education professionals—as well
as kindergarten and early elementary teachers—
would be better equipped to understand and ad-
dress behavioral and learning challenges in their
classrooms if they had professional training in
(and easy-to-use tools for) the development of
executive function skills. Teacher training pro-
grams, including degree programs in schools of
education, currently devote little or no time to
instruction about the development of executive
function skills. Yet, teachers of young children
are often the first to recognize serious problems
with controlling impulses, focusing attention,
staying organized, and following instructions
that require well-developed working memory.
The consequences of mislabeling these prob-
lems as “bad behavior” can be severe, leading,
in some instances, to expulsion or inappropri-
ate use of medication and, in others, to a highly
disrupted classroom. In simple terms, many
young children who need assistance are not get-
ting it. Teachers equipped with knowledge and
curriculum tools to support the development
of executive function skills would be in a bet-
ter position to calibrate their expectations to
the developing capabilities of young children
and better prepared to address these classroom
challenges appropriately. They would also be in
a better position to call upon specialized mental
health consultation, when needed.”?

Parents would benefit from greater access
to tools and approaches that provide use-
ful knowledge and ways of supporting the
early development of executive function skills.
Lessons learned from interventions that
have proven successful in fostering executive
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The Issue

THE BUILDING BLOCKS OF THRIVING COMMUNITIES AND WELL-FUNCTIONING SOCIETIES REST ON

the health and development of their people. Beginning immediately after birth, a strong foun-

dation for human well-being requires responsive environments and supportive relationships to

build sturdy brain circuits, facilitate emerging capabilities, and strengthen the roots of physical

and mental health."** Through mutually rewarding, “serve and return” interactions with the adults

who care for them (see sidebar below), young children are both initiators and respondents in this

ongoing process. These reciprocal and dynamic interactions are essential for healthy development

and literally shape the architecture of the developing brain.**

Because responsive relationships are develop-
mentally expected and biologically essential,
their absence signals a serious threat to child well-
being, particularly during the earliest years, and
this absence activates the body’s stress response
systems. When decreased responsiveness per-
sists, the lost opportunities associated with di-
minished interaction can be compounded by the
adverse impacts of excessive stress activation, the
physiological effects of which can have lifelong

consequences. This multidimensional assault
on the developing brain underscores why sig-
nificant deprivation is so harmful in the earliest
years of life and why effective interventions are
likely to pay significant dividends in better long-
term outcomes in learning, health, and parent-
ing of the next generation.®

Extensive biological and developmen-
tal research over the last 30 years has gener-
ated substantial evidence that young children

Serve and Return Interaction Between Children and Caregivers

The architecture of the brain is
composed of highly integrated
sets of neural circuits (i.e., con-
nections among brain cells) that
are “wired” under the continuous
and mutual influences of both
genetics and the environment
of experiences, relationships,

\wf\ﬂ
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and physical conditions in which children live. Experiences
“authorize” genetic instructions to be carried out and shape
the formation of the circuits as they are being constructed. This
developmental progression depends on appropriate sensory
input and stable, responsive relationships to build healthy
brain architecture.

Abundant scientific evidence demonstrates that a major in-
gredient in this process is the “serve and return” relationship
between children and their parents or other caregivers in the
family or community. Young children naturally reach out for in-
teraction through babbling, facial expressions, gestures, and
words, and adults respond with the same kind of vocalizing
and gesturing back at them. This “serve and return” behavior
continues back and forth like a game of tennis or volleyball. If
the responses are unreliable, inappropriate, or simply absent,

the developing architecture of the brain may be disrupted, and
later learning, behavior, and health may be impaired.

A breakdown in these reciprocal, serve and return inter-
actions between adult caregivers and young children can be
the result of a multitude of predisposing factors. These may
include significant stresses associated with high levels of
economic hardship, social isolation, and/or chronic disease,
as well as a wide range of adult mental health impairments,
including depression, anxiety, post-traumatic stress disorder,
serious personality disorders, or substance abuse involving
alcohol or illicit drugs. Caregivers who are at highest risk for
providing inadequate care often experience several of these
problems simultaneously. Neglectful acts or patterns occur in
every culture, at all income levels, and within all racial, ethnic,
and religious groups.

ILLUSTRATION BY BETSY HAYES
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who experience severe deprivation or signifi-
cant neglect—defined broadly as the ongo-
ing disruption or significant absence of care-
giver responsiveness—bear the burdens of a
range of adverse consequences. Indeed, depri-
vation or neglect can cause more harm to a
young child’s development than overt physical
abuse, including subsequent cognitive delays,
impairments in executive functioning, and

Defining Neglect

Understanding the biological effects of inadequate responsiveness
to the needs of young children has important implications for policy de-
cisions—but it is important to also acknowledge that the term “neglect”
carries special significance because of its association with the child wel-
fare system and its implications for case documentation and adjudica-
tion. The federal Child Abuse Prevention and Treatment Act (CAPTA), as
amended by the Keeping Children and Families Safe Act, defines child
abuse and neglect as “at a minimum, any recent act or failure to act on
the part of a parent or caretaker, which results in death, serious physical
or emotional harm, sexual abuse or exploitation, or an act or failure to
act which presents an imminent risk of serious harm.”7#

This latter dimension—“failure to act which presents an imminent
risk of serious harm”—lies at the core of most legal definitions of ne-
glect, but fails to sufficiently acknowledge the less immediately visible
but highly threatening, long-term consequences of excessive depriva-
tion that can lead to lifelong problems in learning, behavior, and health.
Indeed, science tells us that many young children who are identified by
the child welfare system as meeting the criteria for reportable neglect
may not exhibit evidence of physical harm, yet they may have already
sustained disruptions of their developing brain circuitry (or other devel-
oping organs and metabolic systems) that could have serious lifelong
consequences.

To researchers, neglect—also sometimes referred to as depriva-
tion—refers to the absence of sufficient attention, responsiveness, and
protection that are appropriate to the age and needs of a child. The po-
tential seriousness of such a circumstance is acknowledged broadly, yet
its specific parameters can vary widely by type, duration, and cultural
differences in child-rearing beliefs and practices. This paper is intended
to help policymakers and practitioners distinguish among various forms
of neglect—and potential responses to them—by focusing not on state
or federal definitions but on biological responses to the diverse charac-
teristics of unresponsive care that can undermine healthy development.
While understanding that the terms “neglect” and “serious neglect” in-
dicate important distinctions to policymakers through definitions that
have been codified in various legislative or administrative decisions, in
this paper they are employed to reflect the descriptive terminology used
by neuroscientists and developmental scholars.
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disruptions of the body’s stress response.”'®!!
When chronic deprivation leads to persistent
activation of stress response systems in a young
child, it can actually disrupt and weaken devel-
oping brain architecture. Over time, the wear
and tear of this excessive stress response and
the chemicals it releases can lead to academic
struggles, difficulties in social adjustment, men-
tal health problems, and even chronic physical
disease.

The early roots of this science are reflected
in pioneering behavioral studies of children
living in institutions,' as well as in family set-
tings with compromised caregiving capaci-
ties.'*> More recently, this knowledge base has
been deepened by extensive developmental and
neurobiological evidence from studies of young
children who experienced extreme deprivation
in state-run institutions in Romania, China, and
other contexts outside North America.!#!>161718
Regardless of the differences in settings (i.e.,
home versus institution) or causes of neglect,
however, understanding the fundamental con-
nection between early deprivation and subse-
quent impairment lies in the realization that
healthy development can be threatened not only
by bad things that may happen to children (e.g.,
as a result of physical or sexual abuse), but also
by the absence of sufficient amounts of essential
experiences that are required for their positive
well-being.

Despite these compelling findings, child
neglect receives far less public attention than
physical abuse and sexual exploitation'***' and
a lower proportion of mental health services is
dedicated to children who have been neglected
in comparison to the availability of treatment
programs for victims of physical trauma.? Yet
neglect is by far the most prevalent form of child
maltreatment. In 2010, more than half a million
documented cases that met state or federal defi-
nitions of neglect were reported in the United
States, which accounted for 78% of all maltreat-
ment cases nationwide. This rate far exceeded
all other forms of child maltreatment (some of
which included both overt abuse and neglect),
including physical abuse (17.6%), sexual abuse
(9.2%), and psychological abuse (8.1%).

Explicit criteria for determining the threshold
for government intervention in cases of sus-
pected neglect are within the purview of each
state’s child welfare system, and the definitions
vary considerably across jurisdictions. Within
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this context, most circumstances that are
selected for investigation fall within one of the
following categories: (1) physical or supervisory
neglect (i.e., failure to provide adequate food,
shelter, hygiene, and/or appropriate oversight
to ensure a child’s safety); (2) psychological
neglect (i.e., failure to attend to a child’s emo-
tional and/or social needs); (3) medical neglect
(i.e., failure to secure adequate treatment for an
identified health problem); and (4) education-
al neglect (i.e., failure to meet a child’s formal
learning needs). Notwithstanding their distinc-
tive characteristics, these four forms of neglect
have often been found to co-occur.*** And
while these distinctions are time-tested and
valid, they do not help with the challenge of
judging relative severity or determining when to
intervene. Here the science of development and
neurobiology of stress can help.

The aim of this working paper is to synthe-
size a wealth of evidence from neuroscience,
molecular biology, epigenetics, and a range
of behavioral and social sciences to promote
greater public understanding of this wide-
spread threat to child well-being. Using sci-
ence as our guide, we have delineated four
types of diminished responsiveness and their
consequences in order to provide a useful

framework for developing more effective strat-
egies to protect vulnerable children from this
complex challenge.

Occasional Inattention. There is considerable
variation in the circumstances and contexts in
which parents and other caregivers do or do not
respond in a timely fashion to the everyday needs
and overtures of young children. If diminished
attention occurs on an intermittent basis in an
otherwise loving and responsive environment,
there is no need for concern. Indeed, some de-
velopmental scientists suggest that variations in
adult responsiveness present growth-promoting
challenges that may help young children recog-
nize the distinction between “self” and “other,”
which is a necessary prerequisite for moving to-
ward greater independence and increasing capac-
ity for self-care and problem-solving.”

Chronic Understimulation. If caregivers exhibit
an ongoing, diminished level of child-focused
attention that fails to support a young child’s
need for cognitive, language, social, and emo-
tional engagement, intervention can be helpful.
Common examples of such under-stimulation
include few daily interactions that provide op-
portunities for young children to engage in

THE ISSUE

Science Helps to Differentiate Four Types of Unresponsive Care

OCCASIONAL CHRONIC

INATTENTION UNDER-STIMULATION A FAMILY CONTEXT

Intermittent,

in an otherwise and developmental
responsive enrichment
environment

Features

Ongoing, diminished level of

SEVERE NEGLECTIN PROFOUND DEPRIVATION

Significant, ongoing

with failure to provide for
basic needs responsive

IN AN INSTITUTION

“Warehouse-like” conditions with
diminished attention | child-focused responsiveness absence of serve and return many children, few caregivers,
interaction, often associated and no individualized adult-child
relationships that are reliably

Can be growth-
promoting under

caring conditions a variety of factors

Effects

Often leads to developmental | Wide range of adverse
delays and may be caused by impacts, from significant

Basic survival needs may be met,
but lack of individualized adult
developmental impairments responsiveness can lead to severe
to immediate threat to health | impairments in cognitive, physical,
or survival and psychosocial development

No intervention
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Interventions that address the | Intervention to assure
needed needs of caregivers combined | caregiver responsiveness and | caring, and socially responsive
with access to high-quality
early care and education for
children can be effective

address the developmental

soon as possible

Intervention and removal to a stable,

environment required
needs of the child required as | as soon as possible
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active conversation with adult caregivers or
frequent periods in which infants or toddlers are
left in front of a television for hours at a time.
In some cases, this lack of serve and return en-
gagement is the result of limited understanding
of the developmental needs of young children.
In other circumstances, it may be caused by a
range of risk factors such as caregiver depres-
sion, social or geographic isolation, the stresses
of poverty or discrimination, or a distracting
family illness. Understanding the precipitating
factors and employing appropriate strategies to

The significant absence of basic, serve and return
interaction can produce serious physiological

disruptions that lead to lifelong problems in

learning, behavior, and health.

address identified needs (e.g., from simple par-
enting education to the provision of enriched
learning experiences through high-quality child
care or early education programs) can produce
strong returns on relatively simple, voluntary
interventions.

Severe Neglect in a Family Context. The ongo-
ing disruption or significant absence of the kind
of basic, serve and return interaction necessary
for healthy child development can produce seri-
ous physiological disruptions that lead to life-
long problems in learning, behavior, and health.
This magnitude of neglect may also be associ-
ated with the failure to provide for a child’s ba-
sic nutritional, medical, and educational needs.
Children who experience this level of depriva-
tion typically have no stable, adult source of
reliable care and protection, and therefore meet
the criteria for public intervention under the
jurisdiction of the child welfare system. In the
most severe cases (e.g., a baby or toddler who is
typically left alone and ignored for many hours
at a time), a child’s very survival is threatened
and immediate intervention is mandatory.

Profound Deprivation in an Institution.

Of equal concern, yet presenting a very different
context, institutions that “warehouse” large
numbers of infants and young children serve as
extraordinary examples of extreme deprivation.

4 The Science of Neglect: The Persistent Absence of Responsive Care Disrupts the Developing Brain

Such conditions typically include staff with little
or no training in the care of children, highly
regimented “assembly-line” caregiving with
minimal one-on-one interaction, youngsters
who are ignored and unstimulated for virtually
all of their awake hours, and no adult-child
relationships that are reliably responsive to a
child’s individual needs. Young children who
live in such settings experience little more than
transient serve and return interactions. Frequent
staff rotations mean that infants are cared for
by many different people, making it extremely
difficult to develop meaningful relationships
with any single caregiver. In such circumstances,
although basic needs for food, warmth, shelter,
and medical care may be met (thereby avoiding
most legal definitions of neglect), the setting itself
may still be a precipitant of severe psychosocial
deprivation for the youngest inhabitants. While
most of the research relating to profound neglect
in such settings has been focused on extreme
situations, such as those in Eastern Europe and
other locations around the world, a wide range
of quality of care in institutional settings exists
within the United States as well. Indeed, there
is growing evidence that some residential care
facilities for infants and toddlers in the United
States are harmful to development and therefore
not an acceptable alternative to high-quality
foster care or adoptive parents.*

IN SOME CONTEXTS, THE DETERMINATION OF
whether a child is being neglected falls within
the relatively low-stakes realm of individual
judgment. In other contexts, it falls within the
exceedingly high-stakes jurisdiction of child
welfare agencies and courts of law, where highly
consequential decisions are made about cus-
todial responsibility, parental rights, criminal
culpability, and the best interests of the child.
The four types of deprivation described above
are intended to provide an organizing frame-
work for assessing current policy and program
options for young children who are deemed to
be experiencing a level of inadequate caregiv-
ing that warrants public attention and identify-
ing those whose situations do not. In the final
analysis, the magnitude of the decision-making
challenge requires a balanced blend of scien-
tific knowledge, cultural values, and shared
public responsibility.
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What Science Tells Us About the Impact of
Deprivation on the Development of Young Children

THE CLEAREST FINDINGS ON THE EFFECTS OF
deprivation on development come from studies
of children who have experienced profound ne-
glect while being raised in institutions. Research
on these children has provided an opportunity
for investigators to examine the distinctive con-
sequences of extreme psychosocial deprivation
apart from the impacts of other forms of mal-
treatment. Additional knowledge comes from
studies involving institutionalized children
whose life circumstances have been transformed
through foster care placements or permanent
adoption. Although neurobiological informa-
tion on children who experience significant
neglect in home settings is less available, re-
search currently in progress is likely to generate
new insights in the near future.

There is extensive evidence that profound depri-
vation in institutional settings is associated with
abnormalities in the structure and functioning
of the developing brain. Children who experi-
ence extreme levels of social neglect early in
life show diminished electrical activity in the
brain, as measured through electroencepha-
lography (EEG)."'"® These EEG disturbances
are similar to those observed in non-neglected
children who have difficulties with attention
and learning.” Institutionally reared children
also show differences in the neural reactions
that occur as an individual is processing in-
formation, such as looking at faces to identify
different emotions.'®!” These findings indicate
impairments in the way the brain interprets
such input and are consistent with behavioral
observations that neglected children struggle
to correctly recognize different emotions in
others."”® Children who experience profound
deprivation in institutional settings also ex-
hibit decreased brain metabolism and poorer
connections among different areas of the brain
that are important for integrating complex
information, including cognitive, social, and
emotional competencies.'**!

Significant neglect or deprivation in the early
childhood years influences the development
of a variety of brain regions that are impor-
tant for thinking, learning, focusing attention,

WWW.DEVELOPINGCHILD.HARVARD.EDU

controlling emotions, and managing stress. One
particularly sensitive area is the prefrontal cor-
tex (PFC), which serves as the brain’s “air traffic
control system” by supporting the development
of a wide range of executive functions, such as
planning, monitoring, working memory, prob-
lem-solving, and behavioral self-regulation.’? In
neuroimaging studies, adults and adolescents
who report histories of severe neglect during
childhood show smaller PFC volumes when
compared with non-neglected individuals.***
Serious deprivation is also associated with ab-
normal activity in areas of the brain involved in
emotion and stress regulation (i.e., the amygda-
la and hippocampus)**?*?>?¢373 a5 well as atten-
tion and self-control (e.g., the anterior cingulate
cortex).” Collectively, these findings indicate
that significant deprivation disrupts the way
in which children’s brains develop and process
information, thereby increasing the risk for
attentional, emotional, cognitive, and behavior-
al disorders later in life.

Chronic deprivation or neglect can alter the de-
velopment of biological stress response systems
in a way that compromises children’s ability to
cope with adversity. Extensive research indicates
that the two primary stress response systems
in humans—the sympathetic-adrenal-medul-
lary (SAM) system, which produces adrenaline
and affects heart and respiration rates, and the
hypothalamic-pituitary-adrenal (HPA) axis,
which elevates cortisol, a key stress hormone—
are both disrupted by significant deprivation.
For example, years after adoption, children who
experienced extreme neglect in institutional set-
tings show abnormal patterns of adrenaline ac-
tivity in their heart rhythms, which can indicate
increased biological “wear and tear” that leads
to greater risk for anxiety, depression, and car-
diovascular problems later in life.*’

Cortisol regulation, an important marker
of stress response activation in the HPA axis, is
altered in children who experience both severe
neglect in families and profound deprivation
in institutional settings. The normal rhythms
of cortisol secretion observed among typically
developing children begin with a sharp increase
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in the morning to get the body going for the
day, followed by a steady decline in levels that
bottom out in late afternoon or evening as the
body prepares for sleep. In contrast, children
who experience significant neglect, whether
in institutional or family settings, show lower
levels of cortisol in the morning and an atypi-
cally flat pattern of secretion across the day.”*"*
Although these abnormal cortisol responses
appear to normalize when children are placed
in nurturing home environments, there is evi-
dence that the brain architecture that developed
at the time of these atypical patterns may be
structurally weakened, which could have endur-
ing, adverse effects throughout life.*

Children who have experienced serious de-
privation are at risk for abnormal physical
development and impairment of the immune
system. Severe neglect is associated with sig-
nificantly delayed growth in head circumfer-
ence (which is directly related to brain growth)
during infancy and into the toddler years.**

More extreme conditions of deprivation, such
as those experienced in institutional settings
that “warehouse” young children, are associ-
ated with even more pervasive growth prob-
lems, including smaller body size, as well as
impairments in gross motor skills and coor-
dination.”***” Profound deprivation has also
been found to compromise physical health, as
children who are raised in institutional settings
have more infections and are at greater risk of
premature death than children who live in sup-
portive homes."” One possible explanation for
these findings is that chronically disrupted cor-
tisol levels suppress immunologic reactivity and
physical growth, thereby leading to a greater
risk for infection and chronic, stress-related dis-
ease throughout life.*

Significant neglect in family settings and se-
vere institutional deprivation are both associ-
ated with greater risk for emotional, behavioral,
and interpersonal relationship difficulties later
in life. Children reared in families who

Neglect is the Most Prevalent Form of Child Maltreatment

Neglect

Physical Abuse

Other

Sexual Abuse

Psychological
Maltreatment

Medical Neglect

harm, and drug addiction.

0% 20%

40%

Each state defines the types of child abuse and neglect in its own statute and policy, guided by federal standards, and
establishes the level of evidence needed to substantiate a report of maltreatment. The data above, from the National Child
Abuse and Neglect Data System (NCANDS), reflects the total number of victims (defined as a child for whom the state
determined at least one report of maltreatment was found to be substantiated or indicated) as reported by all 50 states, the
District of Columbia, and Puerto Rico, between Oct. 1, 2009, and Sept. 30, 2010. “Other” includes abandonment, threats of

Source: U.S. Department of Health and Human Services (2010b)*

60% 80%
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WHAT SCIENCE TELLS US ABOUT THE IMPACT OF DEPRIVATION ON THE DEVELOPMENT OF YOUNG CHILDREN

experience chronic neglect show higher rates
of insecure or disorganized attachment behav-
iors with their primary caregivers, and these
relationship difficulties extend to interac-
tions with others as they grow older.**30°1,3253:3
Preschoolers with histories of severe neglect in a
family setting are more likely to become overly
dependent on their teachers for support and
nurturance, when compared with non-neglect-
ed children." Youngsters who have experienced
chronic under-stimulation or serious neglect in
family settings engage in fewer social interac-
tions with their peers during preschool when
compared with children who experienced other
forms of maltreatment.>>*** This deficiency in
social skills and peer relationships often persists
throughout the school-age years'**%*% and
can extend into adolescence.®!

Children who have been severely neglected
also have higher rates of emotional and behav-
ioral problems in comparison to non-neglected
children, even when compared to those who
have been physically or sexually abused.”
Infants and toddlers exposed to severe neglect
within a family context, or to the profound
deprivation of an institutional setting, show
increased negative emotions, poorer impulse
control, and reduced enthusiasm, confidence,
and assertiveness when completing problem-
solving tasks.!®*628  Serious deprivation in
institutional settings also has been linked to
difficulties in children’s emerging ability to dis-
criminate emotions.'**** As they grow older,
children reared in neglectful conditions in fam-
ily settings are at increased risk for a variety of
emotional difficulties, such as low self-esteem,
poor self-confidence, and diminished assertive-
ness.'? Significant neglect is also associated with
an increased risk for personality disorders, anxi-
ety, and depression when compared with other
forms of maltreatment.5>66768

Beyond the short-term consequences of
neglect, there is also evidence that these emo-
tional difficulties can persist. Adults who re-
port childhood neglect and emotional abuse
experience greater anxiety, depression, and
post-traumatic stress symptoms when com-
pared to adults without such histories.*®”
Although the majority of adults who experi-
enced neglect as children do not engage in delin-
quent, criminal, or violent behavior,”’ the odds
are significantly greater that they will be ar-
rested for violent crimes and have diagnoses of

WWW.DEVELOPINGCHILD.HARVARD.EDU

antisocial personality disorder compared with
adults who were not maltreated as children.”>”

Children who have experienced deprivation or
neglect are more likely to have cognitive prob-
lems, academic delays, deficits in executive
function skills, and difficulties with attention
regulation. Extreme deprivation in institutional
settings has been associated with particularly
severe cognitive impairments’”>’¢ and aca-
demic delays,” with documented effects per-
sisting into adolescence.” Infants who experi-
ence significant neglect in family environments
demonstrate poorer performance on later mea-
sures of cognition and language development
than young children who have experienced oth-
er forms of maltreatment.’>”*%# Throughout
the elementary school years, children who were
previously neglected in family settings show

Chronic deprivation or neglect can alter the
development of biological stress response

systems in a way that compromises children’s

ability to cope with adversity.

more academic problems and special education
referrals than non-neglected children.'?>¢828384
While research on the long-term effects of de-
privation into adulthood is more limited, adults
with histories of childhood neglect (and/or
abuse) exhibit lower IQ scores, are less likely
to graduate from high school, and have poorer
reading skills when compared with adults who
were not neglected as children.®

Significant deprivation or neglect can have
particularly devastating effects on the devel-
opment of executive function skills, which are
critical to the ability to operate effectively and
independently throughout life. Consistent with
observed alterations in patterns of brain activ-
ity, children who have experienced serious levels
of deprivation—whether in homes, foster care,
or institutions—tend to struggle with the de-
mands of regulating attention.* They are more
frequently rated as inattentive and hyperactive
by both their parents and teachers,*” as well as
described as unfocused and inattentive during
the school years,"” with longer or more severe
deprivation associated with higher levels of
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dysfunction.¥” Children who experienced se-
rious deprivation in the first few years of life
display greater problems in executive function
skills during middle childhood, with particu-
lar difficulties in visual memory;® continuing
problems in attention and learning;* and atypi-
cal neural activity related to attention and ex-
ecutive functioning that persists throughout the
school years.?*7>%

The impact of deprivation or neglect can be mani-
fested in different ways across different periods of
development. At younger ages, maltreated chil-
dren show impairments in their ability to dis-
criminate different emotions, yet these difficulties
are not observed at older ages."*>' Conversely,
antisocial behavior may be more salient among
adults or older adolescents with early childhood
histories of neglect.”>”* Given the fact that inter-
personal relationships and life challenges (e.g.,
dealing with peers, becoming involved in roman-
tic relationships, entering parenthood, achieving
financial stability) change across the lifespan,

it is essential that the adverse consequences of
significant deprivation are addressed in a devel-
opmentally appropriate manner.

The negative consequences of deprivation and
neglect can be reduced or reversed through ap-
propriate and timely interventions. The capacity
for recovery in children who are removed from
neglectful conditions and placed in nurturing
environments in a timely fashion has been well-
documented.’**>%+>% However, improvement
often requires more than simply the cessation of
neglectful caregiving. Rather, systematic, empir-
ically supported, and often long-term (six to nine
months or longer) interventions are needed to
promote effective healing. Successful treatments
of this nature have been shown to reduce behav-
ioral difficulties and attachment problems in
previously neglected young children who have
been placed in foster homes™**% as well as to
promote secure attachments in young children
who continue to live with their families while be-
ing monitored by child welfare agencies because

Neglect Can Be a Greater Threat to Development than Abuse

challenges they faced.

Creativity Confidence and Assertiveness
2.5 4.0 - 1
2.0 I 3.0 g
1.5 / 1 /‘
/_ 2.0 -
1.0 ?
1.0 -
0.5 / /‘
0.0 0.0
Verbal Physmal No Verbal Physu:al
Maltreatment Abuse Abuse Neglect Maltreatment Abuse Abuse Neglect

At age 3 Y4, children who had experienced different types of maltreatment in the first year of life and a group that
had not experienced any maltreatment were compared in a “barrier box” situation designed to evaluate children’s
responses to frustrating situations. In the scenario, toys were placed inside a box that could not be opened by a young
child. Researchers observed the children’s efforts to solve the challenge and rated them on a 3- or 7-point scale and
then adjusted scores for time spent on task (median scores for each group are shown above). Results showed that
neglected children had the greatest difficulty and lacked the creativity, confidence, and assertiveness to cope with the

Source: Egeland, et al. (1983)*
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of previous allegations of neglect.”” On a biolog-
ical level, systematic interventions targeting the
social-emotional needs of young children liv-
ing in foster care settings (the majority of whom
were victims of neglect rather than physi-
cal abuse) have shown evidence of improved
stress-regulatory capabilities with patterns of
cortisol production that are indistinguishable
from those of non-neglected, healthy chil-
dren 26939496989 ‘With appropriate intervention,
previously institutionalized children have also
demonstrated improvements in brain activity as
measured by EEG.'%1!

Children’s recovery rates are influenced by the
severity, duration, and timing of the depriva-
tion as well as by the timing and type of the in-
tervention that is provided. Children who ex-
perience more severe deprivation or neglect,
especially during the early childhood vyears,
are more likely to withdraw when stressed and
show more anxiety and difficulties regulating
their mood than children whose experiences
of deprivation are less severe.”” Longer peri-
ods of deprivation have also been associated
with greater deficits in attention and cognitive
control,'> academic achievement,’®'*® brain ac-
tivity,'™ and dysregulation of the HPA axis.'®
Previously institutionalized children who expe-
rienced the most extreme levels of deprivation
often continue to struggle with problems in

ADDRESSING COMMON MISCONCEPTIONS

attention and behavioral regulation even after
intervention has been provided. 0107108109110
The timing of intervention is a critically
important predictor of outcomes. If appropri-
ate intervention occurs very early—in vari-
ous studies the benchmark age for removal
from extreme deprivation has been identi-
fied as 6, 12, or 24 months—substantially im-
proved functioning in cognition, attention,
memory, and executive functioning can be
achieved.”##10011 For example, young chil-
dren who were removed from Romanian in-
stitutions and placed in high-quality foster

If appropriate intervention occurs very early,
substantially improved functioning in cognition,

attention, and memory can be achieved.

care homes prior to 24 months of age (in
comparison to those who were removed after
age two years), showed remarkable gains (af-
ter an initial period of adjustment) in a range
of cognitive abilities™ and neuropsychologi-
cal functioning, especially in the area of visual
memory.*® Generally speaking, it appears that
the more profound and pervasive the depriva-
tion, the earlier the child needs to be removed
in order to facilitate the greatest recovery.

Addressing Common Misconceptions

Contrary to popular belief, significant deprivation
or neglect appears to be at least as great a threat
to health and development as physical abuse—
possibly even greater. When compared with
children who have been victimized by overt
physical maltreatment, young children who ex-
perienced prolonged periods of neglect exhibit
more severe cognitive impairments, language
deficits, academic problems, withdrawn behav-
ior, and problems with peer interaction.’*® This
suggests that sustained disruption of serve and
return interactions in early relationships may be
more damaging to the developing architecture
of the brain than physical trauma.>>%

WWW.DEVELOPINGCHILD.HARVARD.EDU

Contrary to popular belief, the mere removal of
a young child from an environment of significant
neglect or deprivation is not a guarantee of posi-
tive outcomes. Children who experience severe
deprivation typically need therapeutic, sup-
portive care to facilitate their recovery. In the
absence of appropriate intervention services,
neglected children remain at increased risk for a
host of problems (as described above) that have
been found to continue through adolescence
and into the adult years.”>">7%% Evidence-based
intervention programs designed to help caregiv-
ers respond to the distinctive needs of neglected
children are currently available (see sidebar on
page 12).°*”” The imperative of appropriate and
timely referrals cannot be ignored.
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NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

The Science-Policy Gap

Implications

Public concern about the problem of child mal-
treatment is focused disproportionately on the
dangers of physical and sexual abuse, while sig-
nificant neglect receives less attention. Given
the fact that child neglect is the most common
reason for engaging protective services, it is
particularly striking that there is still no broad-
based agreement on clear and objective criteria
for defining this form of maltreatment and for
authorizing state intervention. Moreover, de-
spite important scientific advances in elucidat-
ing the wide range of adverse developmental
and neurobiological impacts of early depriva-
tion, there has been relatively little change in the
way in which services are provided for this pro-
portionally large and highly vulnerable popula-
tion within the child welfare system.

Despite considerable advances in scientific knowl-
edge about the short- and long-term consequences

for Policy and Programs

of significant deprivation and the importance of
prompt intervention, most child welfare agencies
have relatively limited capacity to address the
developmental needs of young children who have
experienced reportable neglect. The disruptions
in neural pathways and stress response systems
brought on by significant neglect can be lessened
by the provision of skilled, supportive caregiv-
ing S$100104 LI Growing evidence for this asser-
tion underscores the imperative for increased
investment in the development and implemen-
tation of effective, scalable, evidence-informed
programs in community-based settings for chil-
dren who are experiencing significant depriva-
tion. Recognizing the potentially greater returns
on prevention compared with rehabilitation,
there is a particularly compelling need for more
effective outreach to families facing considerable
adversity that puts their young children at risk
for significant neglect and its consequences.

10 The Science of Neglect: The Persistent Absence of Responsive Care Disrupts the Developing Brain

SCIENCE TELLS US THAT REPEATED AND PER-
sistent periods of prolonged unresponsiveness
from primary caregivers will lead to excessive
activation of a young child’s psychological and
physiological stress response systems. This,
in turn, can lead to toxic stress and its conse-
quences—a lifetime of impairments in learning,
behavior, and both physical and mental health.
Conversely, extensive research also points to-
ward the healing power of nurturing, respon-
sive, and reliable relationships for young chil-
dren who have experienced significant neglect,
with or without associated trauma.
Notwithstanding the dangers of significant
deprivation, common sense tells us that young
children do not need constant attention every
minute of every day—and most are able to tol-
erate reasonable delays in responsiveness from
the adults who care for them without any evi-
dence of harm. Indeed, extensive research dem-
onstrates that manageable levels of normative
stress provide opportunities for young children
to develop their own capacities to cope with
adversity, particularly when adults provide the
supportive “scaffolding” necessary to help build

those adaptive skills over time. It is also impor-
tant to recognize that normative child-rearing
beliefs and practices vary considerably across
and within cultures with respect to what might
be considered a desirable or ideal amount of
“serve and return” interaction between young
children and adults.

Given the dangers of both over- and under-
identification of “inadequate” caregiving, the
time has come to leverage advances in science
to inform a fundamental re-examination of our
approaches to the identification, prevention, re-
duction, and mitigation of neglect and its con-
sequences, particularly in the early years of life.
The principal question facing policymakers and
practitioners is clear: How can the decisions we
make ensure that all young children receive the
benefits of the caring and responsive relation-
ships they need to develop in a healthy way?

There is a compelling need to re-assess the allo-
cation of resources to and within the child welfare
system, and to invest more in the development
and implementation of evidence-based programs
specifically designed to address the distinctive
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needs of children who are experiencing signifi-
cant neglect. Given the limited public attention
focused on problems that result from depriva-
tion, it is not surprising that so few financial and
programmatic resources are directed toward ad-
dressing this costly societal problem. That said,
the immediate circumstances and long-term
prospects of neglected children could be en-
hanced significantly by several critical actions.
These include (1) dissemination of new scien-
tific findings to child welfare professionals; (2)
collaboration between child development re-
searchers and service providers to develop more
effective prevention and intervention strategies;
(3) coordination across policy and service sec-
tors to identify vulnerable children and families
as early as possible; and (4) cooperation among
policymakers, family court judges, and practi-
tioners to improve access to non-stigmatizing,
community-based services. Greater societal ben-
efits would also be realized if we moved beyond

IMPLICATIONS FOR POLICY AND PROGRAMS

a narrow focus on children whose parents are
struggling with significant social and economic
hardship and directed more attention to the
threat of neglect in families across the socio-
economic spectrum, such as in circumstances
where parents are overwhelmed by chronic
psychological or medical conditions. To this
end, the types of deprivation described in this
paper help to identify potentially neglecting en-
vironments that are less likely to be brought to
the attention of child welfare professionals.

The long-term, neurobiological and developmen-
tal consequences of the most serious conditions
of deprivation underscore the need for preven-
tion programs as early as possible. Powerful
and robust findings from developmental sci-
ence suggest that the sooner neglected children
receive appropriate intervention, the less likely
they are to demonstrate long-term, adverse
effects. It is therefore critical that key personnel

Supportive Relationships Restore Disrupted Stress Response

Therapeutic Foster Care
Typical Range (Parents trained in providing
responsive relationships)
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Children in the child welfare system, many suffering from serious neglect, can see dramatic improvements in stress
response with the provision of supportive relationships. Without such relationships, children in this study who received
standard foster care showed suppressed levels of the stress hormone cortisol, which worsened the longer they were in
foster care. Foster parents trained to provide responsive relationships through the Multidimensional Treatment Foster
Care for Preschoolers intervention (see sidebar on page 12) were able to restore foster children’s stress hormones to
typical levels, as measured in a control group of children from the same community who were not in foster care.

Source: Fisher, et al. (2007)2®
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Promising Intervention Models

Three promising intervention models (among others) for children who have experienced significant neglect and other
forms of maltreatment have demonstrated effectiveness on a variety of measures.

Attachment and
Biobehavioral Catch-Up
(ABC) Intervention

This short-term intervention,
developed by Mary Dozier at the
Infant Caregiver Lab at the University
of Delaware, is designed to improve
attachment regulation and bio-
behavioral regulation in children who
have experienced abuse and neglect.

TARGET POPULATION
Infants and toddlers placed in foster care, relative care, or living with their birth parents.

PROGRAM GOALS AND INTERVENTION STRATEGIES

Strengthen parents’ or caregivers’ sensitivity and responsiveness to an infant’s cues
and help them provide an environment in which they are able to foster a young child’s
regulatory abilities.

EVIDENCE FOR EFFECTIVENESS

Young children who received the ABC intervention developed more secure attachments
to their caregivers more frequently,®> showed more normative patterns of cortisol
production (indicative of improved stress regulation),’>?® and demonstrated better
behavioral regulation?s than children who received a control intervention.

Child-Parent
Psychotherapy (CPP)

This treatment model, developed by
Alicia Lieberman and Patricia Van
Horn at the University of California
San Francisco (UCSF) Child Trauma
Research Program, is designed

to improve social-emotional,
behavioral, and cognitive functioning
in children exposed to interpersonal
violence and other traumatic events.

TARGET POPULATION
Children aged o-5 who experience mental health, attachment, and/or behavioral
problems as a result of traumatic events.

PROGRAM GOALS AND INTERVENTION STRATEGIES

Repair the rupture of trust in the parent-child relationship following trauma by enhancing
the parent’s capacity to protect the child and helping the child to regain a sense of
safety in the relationship with the parent. Treatment also focuses on contextual factors
that may affect the parent-child relationship, such as cultural norms and socioeconomic
and immigration-related stressors.

EVIDENCE FOR EFFECTIVENESS

CPP s listed as an evidence-based treatment in the SAMHSA National Register of Evidence-
Based Practices and Programs, with five randomized studies documenting CPP efficacy. After
CPP treatment, relative to control groups, anxiously attached toddlers of recent immigrant
Latina mothers showed improvements in attachment and their mothers showed increased
responsiveness; children who witnessed domestic violence showed greater reductions

in behavior problems and traumatic stress symptoms;>1617 the rate of secure attachment

in maltreated infants improved significantly;*® maltreated preschoolers showed better
self-esteem and attitude towards the mother;* and toddlers of depressed mothers showed
more secure attachment and improved cognitive functioning.:20121122

Multidimensional
Treatment Foster Care
for Preschoolers

This early intervention service
model, developed by Phil Fisher at
the Oregon Social Learning Center,
is designed to promote healthy self-
regulation, positive relationships
with caregivers and peers, and
enhanced school readiness in
vulnerable young children.

TARGET POPULATION
Three- to six-year-old children in foster care, many of whom have histories of neglect.

PROGRAM GOALS AND INTERVENTION STRATEGIES

Help caregivers provide and maintain a positive, responsive, and consistent
environment for young children through the use of concrete encouragement to reinforce
positive behaviors and effective limit-setting to reduce problematic behaviors. Children
also receive additional support through behavioral therapy in a preschool setting and
participate in a weekly playgroup that promotes positive socialization.

EVIDENCE FOR EFFECTIVENESS

Preschoolers in the MTFC-P program showed improvements in attachment-related
behaviors,’ fewer behavior problems, and improved cortisol rhythms,?9° when
compared with children who received a control intervention.
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in the medical, child welfare, mental health, and
legal systems are educated about this new science
and organized to work collaboratively to assure
the earliest possible identification of families
that require preventive assistance as well as chil-
dren who need therapeutic intervention. State
responses to the federal Title IV-E waiver guide-
lines issued in 2012, focusing on child well-being
and trauma-informed practice, offer a promis-
ing opportunity to address this need. Moreover,
because child neglect often co-occurs with other
family problems (particularly parental mental
health disorders, such as depression and addic-
tions to alcohol and drugs), effective interven-
tion will require specialized services to address
a variety of adult medical, economic, and social
needs. Programs that serve adults facing serious
challenges such as these—even those that don’t
specifically focus on children—can have a sig-
nificant impact on child outcomes by building
caregiver capacities and family resources that
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The Issue

THE FUTURE PROSPERITY OF ANY SOCIETY DEPENDS ON A CONTINUING INVESTMENT IN THE HEALTHY

development of the next generation. The well-documented connection between adverse early ex-

periences and a wide range of costly problems, such as lower school achievement and higher rates

of criminal behavior and chronic disease, underscores the extent to which reducing the burdens

of significant adversity on families with young children must be a critical part of that investment.

That said, not all children exposed to stressful circumstances experience detrimental consequenc-

es. A better understanding of why some do well despite serious hardship could inform more effec-

tive policies and programs to provide support for families and help more disadvantaged children

reach their full potential.

Decades of research in the behavioral and
social sciences have produced a rich knowledge
base that explains why some people develop the
adaptive capacities to overcome significant ad-
versity and others do not. Whether the burdens
come from the hardships of poverty, the chal-
lenges of parental substance abuse or serious
mental illness, the stresses of war, the threats of
recurrent violence or chronic neglect, or a com-
bination of factors, the single most common
finding is that children who end up doing well
have had at least one stable and committed rela-
tionship with a supportive parent, caregiver, or

other adult. These relationships provide the per-
sonalized responsiveness, scaffolding, and pro-
tection that buffer children from developmental
disruption. They also build key capacities—such
as the ability to plan, monitor and regulate be-
havior, and adapt to changing circumstances—
that enable children to respond to adversity and
to thrive. This combination of supportive rela-
tionships, adaptive skill-building, and positive
experiences constitutes the foundations of what
is commonly called resilience.

Recent discoveries in molecular biology,
genomics, and epigenetics provide remarkable

What Is Resilience?

In the social, behavioral, and biological sciences, the term
resilience is used in a variety of ways and contexts—some-
times as an individual characteristic, sometimes as a process,
and sometimes as an outcome. Despite these differences,
there is a set of common, defining features of resilience that
illustrates how the concept has been used in research and
intervention sciences. These features include the following:

1. The capacity of a dynamic system to adapt success-
fully to disturbances that threaten its function,
viability, or development.®

2. The ability to avoid deleterious behavioral and phys-
iological changes in response to chronic stress.'®

3. A process to harness resources to sustain
well-being.”®

4. The capacity to resume positive functioning follow-
ing adversity.””

5. A measure of the degree of vulnerability to shock or
disturbance.”

WWW.DEVELOPINGCHILD.HARVARD.EDU

6. A person’s ability to adapt successfully to acute
stress, trauma, or more chronic forms of adversity.“
7. The process of adapting well in the face of adversity,
trauma, tragedy, threats, or significant sources
of stress.”

Whether it is considered an outcome, a process, or a
capacity, the essence of resilience is a positive, adaptive
response in the face of significant adversity. It is neither an
immutable trait nor a resource that can be used up. On a
biological level, resilience results in healthy development be-
cause it protects the developing brain and other organs from
the disruptions produced by excessive activation of stress re-
sponse systems. Stated simply, resilience transforms poten-
tially toxic stress into tolerable stress. In the final analysis,
resilience is rooted in both the physiology of adaptation and
the experiences we provide for children that either promote
or limit its development.

Strengthening the Foundations of Resilience 1
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new insights into the underlying causal mecha-
nisms that explain how supportive relationships
build the capacities to deal with adversity. This
rapidly advancing research frontier demon-
strates that resilience is the result of multiple
interactions among protective factors in the
social environment and highly responsive bio-
logical systems. These findings provide an op-
portunity to examine how current policies and
programs could be enhanced to produce more
favorable life outcomes for disadvantaged
children, both by reducing their exposure to
sources of adversity and by designing better
ways of building their coping skills and adap-
tive capacities.

The answer to this challenge begins with
extensive scientific evidence that the develop-
ment of healthy brain architecture is influenced
by consistent, “serve and return” interactions
between young children and their primary
caregivers.! When these experiences are un-
available or repeatedly disrupted, the body
perceives their absence as a serious threat, and
activates its stress response systems. Although
the immediate effects of the stress response are
protective, its excessive or prolonged activation
produces physiological changes that can have
a wear and tear effect on the developing brain,

What Science Tells Us

cardiovascular system, immune function, and
metabolic regulatory systems—in short, it be-
comes toxic stress.>” In contrast, when respon-
sive interactions with caring adults are provid-
ed or restored, stress response systems return
to their normal baselines, the developing brain
and other maturing organ systems are pro-
tected from disruption, and children are helped
to develop the coping skills needed to deal with
adversity. The net result of these protective ef-
fects is that what could have been a toxic stress
experience for a child becomes what we call
“tolerable stress”

One way to understand the development of
resilience is to visualize how protective experi-
ences and adaptive skills both counterbalance
significant adversity and produce positive out-
comes. This can be illustrated through the con-
cept of a balance scale or perhaps a seesaw or
teeter-totter (see box). In this model, resilience
is evident when a child’s health and develop-
ment are tipped in the positive direction, even
when a heavy load of negative factors is stacked
on the other side. Understanding all of the in-
fluences that might tip the scale in the positive
direction is critical to devising more effective
strategies for promoting healthy development in
the face of significant disadvantage.

OVER THE PAST FEW DECADES, THERE HAVE BEEN
numerous longitudinal studies of children’s de-
velopment under conditions of adversity that
typically lead to toxic stress responses. The
power of this research lies in the compilation
of rich datasets from the same individuals over
an extended period of time, often beginning at
birth or even prenatally and, in some instances,
continuing well into adulthood.

Many of these studies have identified a subset
of children whose life outcomes were remark-
ably positive despite their exposure to a variety
of adverse experiences that typically produce
increased risks for impairments in learning,
behavior, and both mental and physical health.
Gaining a greater understanding of how and
why these unexpected outcomes happen is help-
ing to build a more robust science of resilience.
This science can stimulate fresh thinking about
how to enhance the life prospects of all chil-

2 Strengthening the Foundations of Resilience

dren—especially those living in environments
that can prompt toxic stress responses. The ob-
servations and evidence described in the follow-
ing sections provide a strong first step toward
achieving that goal.

Resilience results from a dynamic interaction
between internal predispositions and external
experiences. Children who do well in the face
of significant disadvantage typically exhibit both
an intrinsic resistance to adversity and strong
relationships with the important adults in their
family and community. Indeed, it is the inter-
action between biology and environment that
builds the capacities to cope with adversity and
overcome threats to healthy development.*"’
Resilience, therefore, is the result of a combina-
tion of protective factors—and neither individu-
al characteristics nor social environments alone
are likely to generate sufficiently positive out-
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Tipping the Scale Toward Positive Outcomes

Child development is like a balance scale with two
sides. Experiences that can result in toxic stress, such as
repeated or chronic exposure to violence, poverty, or mal-
treatment, pile on the negative side of the scale. Positive
influences that can help make significant stress tolerable,
such as supportive relationships, skill-building opportuni-
ties, and practice dealing with manageable challenges, tip L
the scale the other way. Part of the reason for the variability Negative Outcomes
in how individual children develop is that their scales can

be loaded and tipped in different ways. Even under highly i
adverse conditions, development can proceed in a positive When positive experiences outweigh negative
direction if parents and other caregivers provide consistent experiences, a child’s “scale” tips toward

responsiveness, and if communities provide resources and positive outcomes.
supports that strengthen families’ capacities and make a
broader environment of protective relationships accessible
to all children.

There is another part of the scale that affects how it
tips, called the fulcrum. As with any scale or seesaw, if a I\
child’s fulcrum is placed closer to one end than the other, it
becomes harder to tip the scale in that direction. In this rep-
resentation, the initial placement of the fulcrum represents
individual predispositions, which vary from one child to an-

Positive Outcomes

other. These variations in temperament and innate abilities, Negaiive U

which reflect underlying genetic differences, mean that in- Fulerum

dividual children start with their fulcrums in different places The initial placement of the fulcrum affects how
along the scale. This placement affects how they respond to easily the scale tips toward positive or negative

the weight of experiences they have —whether minor adver- outcomes.

sity will tip the child’s scale toward poor outcomes, for ex-
ample, or whether major therapeutic intervention is needed
to tip the scale toward positive outcomes.

Although the initial placement of the fulcrum has an
early impact on a child’s developmental trajectory, ad-
vances in science are now showing us that the position
of the fulcrum is not fixed. To the contrary, the cumula- : 7
tive impacts of life experiences that tip the scale in either Negatlve Outcomes i\ E
direction can also shift the fulcrum’s location over time.

Stated differently, the continuing accumulation of positive Fuerum Posifive Outeomes
and negative experiences over time actually influences the Over time, the cumulative impact of positive
child’s mental and physical constitution—and thus has the life experiences and coping skills can shift the
power to slide the fulcrum. fulcrum’s position, making it easier to achieve

One way to actively move the fulcrum to a position that positive outcomes.

makes the scale better able to bear the weight of negative

experiences is to build the capabilities needed to manage

stress. These include the ability to focus attention, solve  with adversity, and the mastery of these skills can positively re-
problems, plan ahead, adjust to new circumstances, regu-  position the fulcrum. It is important to note that the fulcrum’s
late behavior, and control impulses. These skills, many of  position is never completely locked. However, the brain’s ability
which fall within what is called executive function and self-  to change decreases with age, making it more difficult to shift
regulation, constitute important building blocks for dealing  the fulcrum’s location as children get older.
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comes for children who experience prolonged
periods of toxic stress.

Resilience is seen in how the brain, the immune
system, and genes respond to experiences dur-
ing development. A deeper understanding of
why and how some children have unexpectedly
positive outcomes despite adversity is beginning
to emerge as new scientific discoveries are illu-
minating the complex interplay among genetic
differences, developing brain circuitry, and im-
mune responsiveness, all of which interact with
the caregiving environment and social context."

® Gene expression: Given the extensive evi-
dence that virtually all aspects of development
and health are affected by the interaction be-
tween genes and experience,12 scientists have
begun to identify specific biological factors
(including variations in gene sequence, gene
expression, and neural mechanisms) that
work together with aspects of the social en-
vironment to generate positive outcomes."” '
For example, certain genetic variants result in
the production of proteins in the brain that
control the chronic stress response, either
exaggerating or blunting the negative effects
of exposure to adversity.”* Biological differ-
ences also control the sensitivity of genes to
environmental influences,”® which leads to

Biological differences control the sensitivity of
genes to environmental influences, affecting how

individuals respond to stressful experiences.

different ways in which individuals respond to
stressful experiences.”’ Certain genetic varia-
tions have also been shown to enhance the
beneficial effects of a protective intervention,
making some individuals more likely to thrive
in response to supportive environments.”’

® Brain function: Variation in the activation of
brain chemicals, such as oxytocin and va-
sopressin, is related to the ability to initiate
and sustain social behavior, form attach-
ments with others, and manage social anxiety
throughout life.”*” Functional differences in
the brain’s fear and reward circuits may also
be responsible for capacity-building traits

4 Strengthening the Foundations of Resilience

such as optimism or emotion regulation.”

Many of these differences have roots in the
way that early experiences affect brain de-
velopment. For example, threatening situa-
tions cause a number of stress hormones to
be released. Certain combinations of these
hormones enhance brain function after mild
to moderate stress, but suppress it after severe,
acute stress. Sustained stress can even alter
the size and number of neural connections in
certain parts of the brain. When the danger
passes, a healthy, resilient brain can recover
from these changes, but early life adversity
can alter that capacity for recovery. Moreover,
chronic stress triggered by early adversity can
cause long-term changes in brain regions that
manage behavioral control and emotional
wellness. These changes limit the brain’s abil-
ity to respond appropriately to challenging or
threatening situations, predisposing individu-
als toward the development of depression,
anxiety disorders, substance abuse, and car-
diovascular disease in adulthood.”**

Immune-related responses: Chemicals activat-
ed by the immune system, which are produced
and expressed in the brain and other parts of
the body, are also regulated by both genetic
and environmental factors.'”® Inflammation,
which is a physiological mechanism of self-
protection over the short term, is a serious
threat if activated chronically. Indeed, chronic
inflammation can lead to a variety of illnesses,
including diabetes, cardiovascular disease,
arthritis, cancer, dementia, and depression.
Given the centrality of inflammation to mul-
tiple diseases, the fact that early life adversity
is associated with elevated inflammatory re-
sponses suggests that toxic stress increases the
probability of lifelong health impairments.
For example, the experience of abuse and ne-
glect increases the production of pro-inflam-
matory cytokines, which are an early marker
of greater risk for heart disease.” The body’s
ability to restore balance between pro- and
anti-inflammatory cytokines in the aftermath
of a stress-inducing experience can therefore
be considered one biological indicator of re-
silience.”® Scientific evidence is also building
that differences in the types and amounts of
microbes (bacteria and viruses) to which in-
fants and young children are exposed may
affect the responsiveness and adaptability of
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the immune system to later environmental
challenges.™

Multiple lines of research have identified a com-
mon set of factors that predispose children to
positive outcomes in the face of significant ad-
versity. These factors encompass strengths that
derive from the child, the family, peer and adult
relationships, and the broader social environ-
ments that build and support sturdy brain ar-
chitecture. When these positive influences
are operating effectively, they “stack the scale”
with positive weight and optimize resilience.*”
When these positive factors are absent, disrupt-
ed, or undermined, there is little to counterbal-
ance the negative effects of significant adversity,
thus creating the conditions for poor outcomes
and diminished life prospects. These counter-
balancing factors include the following:

e The availability of at least one stable, caring,
and supportive relationship between a child
and the important adults in his or her life.
These relationships begin in the family, but
they can also include neighbors, providers
of early care and education, teachers, social
workers, or coaches, among many others.

e Helping children build a sense of mastery over
their life circumstances. Those who believe in
their own capacity to overcome hardships and
guide their own destiny are far more likely to
adapt positively to adversity.

e Children who develop strong executive func-
tion and self-regulation skills. These skills en-
able individuals to manage their own behav-
ior and emotions,” and develop and execute
adaptive strategies to cope effectively with dif-
ficult circumstances.

e The supportive context of affirming faith or
cultural traditions. Children who are solidly
grounded within such traditions are more
likely to respond effectively when challenged
by a major stressor or a severely disruptive
experience.” ™!

Learning to cope with manageable threats to our
physical and social well-being is critical for the
development of resilience. Not all stress is harm-
ful; all children experience varying degrees of
stress in the course of their day-to-day lives.
From the impacts of minor infections or abra-
sions, which trigger immune reactions that ac-
tivate the body’s stress response, to the threat of
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WHAT SCIENCE TELLS US

Experiences and Coping Skills

Build Resilience to Adversity

Physiologic Response

R I I L L L I L L I N L L IR LN L R I N B B L LN LN N B L
Time

=== Lack of adaptation ==C== Normal adaptation

When we experience something stressful, our body’s stress response
systems are activated. A healthy physiological stress response is
characterized by a sharp increase followed by a rapid decrease in
activation. When the system is resilient, it adapts over time (depicted
above in blue), leading to less activation each time a similar stressor is
experienced. But when the stress response does not activate the way it
should, fails to turn off when the stressful experience is over, or fails to
recognize and adapt to the same type of stressor over time, we know that
it is not working properly. In the latter case (depicted above in red), the
same physiological response is triggered over and over with no signs of
adaptation. When this happens, it can upset the body’s chemical balance
and change the architecture of specific regions of the developing brain.
A resilient brain adapts to similar types of non-life-threatening stressors
by adopting coping skills based on experience. As a result, the stress
response system “learns” to activate more moderately.

Source: McEwen (1998). *

social exclusion, failing a test, or flubbing one’s
lines in a play, there are numerous opportuni-
ties in every child’s life to experience manage-
able stress—and with the help of supportive
adults, this “positive stress” can be growth-
promoting. Over time, both our bodies and our
brains begin to perceive these kinds of threats as
increasingly manageable and we become better
able to cope with life’s obstacles and hardships,
both physically and mentally.**

One promising approach to strengthening
adaptability is through the development of ex-
plicit skills and capabilities that support cogni-
tive flexibility, goal-setting, problem-solving,
and the ability to resist impulsive behavior.
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Many of these skills fall within the domains of
executive function and self-regulation,” and
have a lengthy developmental trajectory that be-
gins in infancy and does not fully mature until
age 25 to 30 years." Just as these skills serve as
protective factors for children (see above), they
are critically important capabilities for the adults
who care for them—and can be strengthened
through coaching and practice.”

Some children demonstrate greater sensitivity
to both negative and positive experiences. A
growing body of evidence illustrates that some
children experience more extreme biological
responses to social contexts of all kinds than
other children. These highly sensitive indi-
viduals show increased vulnerability in stress-

Some Children Are Affected More by

Both Positive and Negative Experiences

Problem Behaviors

More

Typical

Fewer

wwwwu Low physiological reactivity

Low conflict
environment

High conflict
environment

=== High physiological reactivity

Each child has a different level of physiological reactivity—the degree
to which one’s biological systems trigger a response to an external
event. In this study, children who have higher reactivity (dark blue line)
showed more problem behaviors when they lived in an environment with
significant conflict than their less reactive peers (light blue line). However,
in a low-conflict environment, highly reactive children responded with far
fewer problem behaviors than their counterparts. Behaviors included
oppositional defiant behaviors (anger, resentment, arguing), conduct
problem behaviors (cheating, vandalizing, threatening), and overt
hostility behaviors (fighting, kicking, taunting).

Source: Obradovic, et al (2011).>

Strengthening the Foundations of Resilience

ful circumstances but respond in exceptionally
positive ways under supportive conditions.*
Biologically sensitive children are more respon-
sive to positive environments that provide par-
ental warmth and supportive interventions,”
“7and easily overloaded in stressful caregiving
contexts that are burdened by marital conflict,
overall family adversity, and parental psychiat-
ric disorders such as depression.*** This height-
ened susceptibility to the consequences of ad-
versity has also been connected to higher rates
of respiratory illnesses,”"” as well as to depres-
sion and behavior problems.*

Resilience can be situation-specific. Research
shows that differences that protect some chil-
dren in the face of one form of adversity may
have little or no effect in other conditions.”*
For example, some children may demonstrate
resilience in response to being bullied at school
but not to witnessing parental conflict. Others
may demonstrate resilience in achieving some
kinds of positive outcomes (e.g., academic per-
formance) but not others (e.g., risk of stress-
related disease).”®’ In short, resilience is often
situation-specific, rather than a general trait
that applies in all contexts.

How individuals respond to stressful experi-
ences varies dramatically, but extreme adversity
nearly always generates serious problems that
require treatment. Most children do not experi-
ence the unpredictable, uncontrollable, chronic
stressors that can lead to lifelong negative con-
sequences. However, children who experience
circumstances of threat or catastrophe of his-
toric magnitude—such as genocide, famine,
or environmental devastation—almost always
exhibit short-term and/or long-term impair-
ments in their health and development.*** For
example, studies of children who survived the
Holocaust during World War II, many of whom
showed remarkable resilience in the face of hor-
rific atrocities, reported residual vulnerabilities
to psychiatric symptoms well into the adult
years.”" Irrespective of constitutional strengths
or the availability of supportive relationships
that help build capacities to deal with a wide
range of challenges or threats, extreme adversity
can rarely be weathered without harm. Under
such conditions, intensive therapeutic interven-
tions tailored to individuals and contexts are of-
ten needed.
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Facts About Resilience That Are Often Misunderstood

SCIENTISTS HAVE STUDIED THE PHENOMENON
of resilience in a wide range of perilous circum-
stances, including poverty,10 severe parental
psychopathology,” conditions of racially moti-
vated threat,” institutional care,” exposures to
violence and war,”* and the Holocaust dur-
ing World War I1.*" Consistent findings from
this extensive knowledge base provide an op-
portunity to set the record straight about sev-
eral widely believed but incorrect assumptions
about individuals who beat the odds in the face
of severe hardship.

Resilience requires relationships, not rugged
individualism. There is no “resilience gene” that
determines the life course of an individual ir-
respective of the experiences that shape genetic
expression. The capacity to adapt and thrive de-
spite adversity develops through the interaction
of supportive relationships, gene expression,
and adaptive biological systems.*'** Despite the
widespread belief that individual grit, extraor-
dinary self-reliance, or some in-born, heroic
strength of character can triumph over calamity,
science now tells us that it is the reliable pres-
ence of at least one supportive relationship and
multiple opportunities for developing effective
coping skills that are essential building blocks
for the capacity to do well in the face of signifi-
cant adversity.

The capabilities that underlie resilience can be
strengthened at any age. A growing body of
evidence shows that the coping skills that sup-
port effective adaptation in the face of adversity
are built through a developmental process that
occurs over an extended period of time, from
infancy through adolescence and into the adult

The Science-Policy Gap

years. Age-appropriate activities that confer
widespread health benefits (for the brain as well
as for the rest of the body) hold considerable
promise for improving the odds that an individ-
ual will recover from stress-inducing experien-
ces. For example, increasing evidence suggests
that regular physical exercise and stress-reduc-
tion practices (such as mindfulness meditation)
at all ages can alter brain structure and func-
tion, while also reducing the expression of pro-
inflammatory genes.”® Programs that actively
build skills for planning, organization, impulse
control, cognitive flexibility, and other executive
functions can also improve the abilities of adults
with limited education and low income to cope
with, adapt to, and even prevent adversity in
their lives and in the lives of their children.”

Individuals who demonstrate resilience in re-
sponse to one form of adversity may not neces-
sarily do so in response to another. Resilience
is shaped by the accumulation of experienc-
es—both good and bad—and the continuing
development of adaptive coping skills that are
attuned to those experiences. The brain and
other biological systems are most adaptable
early in life, and the development that occurs
in the earliest years lays the foundation for a
wide range of resilient behaviors. As individuals
develop over time, they never completely lose
their ability to hone these capabilities, but they
often must learn how to adapt to new challeng-
es. Nevertheless, when adverse experiences are
extreme or cataclysmic, even the hardiest indi-
vidual is likely to require therapeutic support at
some point. Stated simply, resilience in the face
of some hardships does not guarantee resilience
in the face of all threatening circumstances.

WHEN OVERCOMING THE ODDS IS ERRONEOUSLY
viewed as simply a matter of individual motiva-
tion or grit, the failure to succeed is perceived
as the fault of the individual, and “blaming the
victim” becomes the most frequent response.*”’
Many economic, education, health, and social
policies that address the effects of adversity in

WWW.DEVELOPINGCHILD.HARVARD.EDU

individuals do little to create the conditions that
are known to build greater resilience. The fol-
lowing examples illustrate the extent to which
many public policies do not yet reflect the sci-
entific understanding of how the capacities that
support resilience develop.
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When child welfare policies focus solely on re-
moval of a child from an environment that is
physically unsafe, they miss the opportunity
to restore the relationships and build the ca-
pacities that underlie resilience. Removal from
harm’s way without also strengthening support-
ive relationships and providing therapeutic ser-
vices does not provide the healing experiences
necessary to counterbalance the negative effects
of maltreatment and move toward positive out-
comes. The science of resilience demands a criti-
cal shift from focusing exclusively on protection
from imminent danger to adopting a strength-
building approach that promotes the adaptive
capacities that facilitate healthy development.

When poverty-reduction policies require parents
to work without assuring access to affordable,
high-quality child care, they miss the opportuni-
ty to promote both adult economic self-sufficien-
cy and developmentally supportive experiences
for their children. The failure to invest in state-
of-the-art early care and education programs for
the children of low-income, working parents re-
flects a fundamental misunderstanding of how
the foundations of resilience are built early in
life. Decades of research on child development
suggest that programs that facilitate positive
and stable adult-child relationships, both in the
home and in the non-parental settings in which
young children spend significant amounts of

time, are likely to reduce the intergenerational
transmission of economic dependence and so-
cial disadvantage. Conversely, policies that ne-
glect the basic needs of vulnerable young chil-
dren miss critical opportunities that can “tip
the scale” in a more positive direction and pay
a lifetime of dividends for the individual and for
society for generations to come.

When programs use “character education”
models in contexts for which they were not de-
signed, they miss the power of creating support-
ive, growth-promoting environments that build
skills that generalize across contexts. Socially
desirable character traits require a foundation
of underlying skills and capabilities that include
self-regulation and executive functions, such as
inhibitory control, planning, and cognitive flex-
ibility. Thus, programs that have been designed
to “build character” in a context where chil-
dren already have those underlying skills, such
as high-achieving schools, are not necessarily
going to transfer successfully to the different
context of most low-achieving schools. In these
latter circumstances, where children have not
had the experiences needed to develop the same
foundational capabilities, program staff must
work on building supportive relationships and
adaptive capacities that can be applied in mul-
tiple contexts before introducing conventional
“character education” curricula.

Future Directions for Policy and Programs

ADVANCES IN THE SCIENCE OF HUMAN DEVELOP-
ment and its underlying biology can be mobi-
lized to inform a new wave of innovative strate-
gies for building the capabilities that help both
children and adults thrive in the face of eco-
nomic and social disadvantage. Promising new
approaches include both public and private sec-
tor actions that can strengthen the foundations
of resilience, beginning in the earliest years and
continuing well into adulthood.

Use scientific knowledge to help identify and
support children whose needs are not being
addressed adequately by existing services.
Individual differences in resilience and vulner-
ability among children facing significant adver-
sity present important unmet challenges for in-

8 Strengthening the Foundations of Resilience

tervention programs that have been developed
as a “one size fits all” model for service delivery.
Drawing on new insights from 21st-century
medicine, molecular biology, and genetics, as
well as advances in the social sciences, research-
ers are beginning to identify interesting patterns
of differential impact and new ways of mea-
suring the variable effects of adversity that can
strengthen our ability to match specific inter-
ventions to the distinctive resources and needs
of different subgroups of children and families.
These rapidly moving frontiers of scientific in-
vestigation could be mobilized to develop, test,
and scale new ways of individualizing services
for children who are more likely to exhibit re-
silience in severely challenging situations and
those who will need greater assistance.
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Enhance “serve and return” interactions between
babies living in disadvantaged environments
and the adults who care for them in order to
strengthen the building blocks of resilience. The
ability to respond to life’s challenges in a posi-
tive, adaptive manner is rooted in the quality of
the relationships that children have with their
primary caregivers and other important indi-
viduals in their lives. The importance of this in-
fluence emerges directly from an understanding
of how much serve and return responsiveness
facilitates cognitive, social, and emotional de-
velopment. These growing capabilities are then
available to help a child cope with hardship and
adapt to challenging situations. The knowledge
and skills of parents, teachers, and caregivers
greatly influence the responsiveness of their in-
teractions with children. Recognizing the criti-
cal role of these interactive capabilities provides
a strong incentive for developing new interven-
tion strategies that explicitly target adult skill-
building to improve the quality of adult-child
relationships in order to improve life outcomes
for vulnerable children.

Target the development of specific skills that
are needed for adaptive coping, sound decision-
making, and effective self-regulation in children
and adults. Interventions to help individuals
master stressful experiences are likely to be
more effective if they target skills that can be
used in a variety of circumstances and roles,
whether as students, parents, job seekers, or
community members. Many of these essential
capabilities fall within the domains of executive
function and self-regulation, which can be built
through programs that focus explicitly on their
development, beginning in early childhood,™”"
and strengthened in adulthood through servi-
ces that provide appropriate coaching, scaffold-
ing, and practice.”” A wide range of early care
and education, parent training, and employ-
ment preparation programs could all benefit
from a greater scientific understanding of how
these skills develop from early infancy into the
adult years.

Develop new frameworks for integrating policies
and programs across sectors that collectively re-
duce adversity and build capacity. Some sources
of significant adversity are out of one’s control,
such as natural disasters, the death of a loved one,
and serious illnesses, yet most severe hardship
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FUTURE DIRECTIONS FOR POLICY AND PROGRAMS

encountered by young children and their parents
is preventable. Common triggers of toxic stress in
families and communities include severe neglect,
recurrent abuse, malnutrition, chaotic environ-
ments, and poor health management. Strategies
that build child and adult capacities work best
when they are integrated within complementa-
ry policies across sectors that collectively lower
the burden of stress on families due to the of-
ten interrelated threats of poverty, crime, men-
tal illness, substance abuse, discrimination, and

Promising new approaches can strengthen
the foundations of resilience, beginning in the

earliest years and continuing into adulthood.

community violence. A fresh approach using a
unified, science-based framework could identify
the best strategies for coordinated public-private
partnerships to implement together. These could
include subsidized parental leave policies, access
to affordable and high-quality early care and ed-
ucation services, community recreation and sup-
port activities, and home-visiting programs that
coach new parents on how to interact positively
with their children.

The following are some of many examples of
how current policies and programs could build
the foundations of resilience in children more
effectively.
® Work requirements for receiving cash as-

sistance through Temporary Assistance for
Needy Families (TANF) could be linked di-
rectly to the availability of high-quality child
care.

e Child welfare policies could work with fami-
lies to reduce sources of chronic stress in
their lives and provide therapeutic services to
strengthen vulnerable relationships before the
removal of children becomes necessary.

e Formal school settings can provide a range of
opportunities for meaningful participation
and belonging, as well as for the development
of knowledge, cognitive skills, and self-regu-
lation abilities, all of which augment adaptive
systems that underlie the capacity to deal with
adversity.**”

Productive innovation is likely to have its
greatest impact when family-based programs
are designed to complement teacher-student
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The Issue

A HEALTHY, ENGAGED COMMUNITY DEPENDS ON PEOPLE ACHIEVING TO THE BEST OF THEIR

potential, contributing actively to the economy and public well-being, and helping the next

generation to thrive. A complex set of intertwined social and biological factors influences peo-

ple’s motivation to participate actively and productively in schools, jobs, and communities—

and to persevere in the face of setbacks. To unlock this puzzle and ensure that all people have

the opportunity to develop motivation to learn, improve skills, and make healthy choices, it

would be helpful to understand the underlying mechanisms in the brain that develop in child-

hood and build the foundation for later complex behavior (see page 7 for more information).

The brain circuits underlying motivation
are critical for attention, learning, and
decision-making. When these circuits have
either not developed in a balanced and
healthy way or have been chemically hijacked
by addictions, challenging life circumstances
can overpower the best of intentions. Programs
intended to support parents and children
facing adversity often find that participation
is one of their greatest challenges. Dropping
out of school and not participating in
family support, job training, or addiction
programs—all of these are reflections of
motivation systems that have been disrupted
by threat or hardship. Substantial scientific
knowledge can inform the search for solutions

by helping us understand what leads to these
behaviors.

The brain systems that govern motivation
are built over time, starting in the earliest
years of development. These intricate neural
circuits and structures are shaped by interac-
tions between the experiences we have and
the genes we are born with, which together
influence both how our motivation systems
develop and how they function later in life.
Providing children with the kinds of early
life experiences that support the develop-
ment of healthy, balanced motivation systems
is key to ensuring positive outcomes later—
for school, work, health, and raising the next
generation.

The Science of Motivation

IN THE BRAIN, MOTIVATION IS THE RESULT
of neurons (brain cells) in specific regions
sending chemical signals via high-speed
neural networks to other regions, creating
pathways for future signals to follow.
Experiences trigger the release of these
chemicals to regions that connect emotions,
memory, and the sensation of pleasure or
reward. This links the feeling of reward to the
emotions we felt and the experience that led to
it—and that influences both our expectations
of reward and the actions we are motivated
to take in order to get it. Given the appeal of
anticipating an immediate reward, it takes
strong self-regulation to resist these powerful
memories and cues in favor of a long-term
reward.

WWW.DEVELOPINGCHILD.HARVARD.EDU

The chemicals, which include dopamine,
serotonin, norepinephrine, glutamate,'? and
naturally occurring opioids that are produced
in the brain, each serve different purposes.
For example, when dopamine
is released, it signals to the
rest of the brain that some-
thing important is about
to happen—something
that we should enjoy
or avoid at all costs.
(See page 7 for more
information on the
brain chemicals and
regions involved in motivation.)

Memories

NN
/

Experiences

Emotions
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There are two types of motivation: one di-
rected toward expected rewards (known
as approach motivation) and another di-
rected away from threat (known as avoid-
ance motivation). In other words, we can
be motivated either to seek pleasure or to
avoid danger. Both kinds of motivation are
necessary for survival, and supportive devel-
opmental processes create a healthy balance
between the two. When they are out of
balance,  excessive  reward-seeking  or
danger-avoidance can lead to a range of
disorders, including attention-deficit/hyperac-
tivity, depression, substance abuse,

anxiety, and post-traumatic
stress.”® Both types of
motivation  develop

in childhood and

are strongly influ-

enced by whats hap-

. 4P Pty
pening in a child’s N

. ; Intrinsic
environment.”  For Drivers
example, the con- e
sistent presence of
a supportive adult
. . . AS
in a childs life can e
calm an overactivat- Stressful

Conditic
ed amygdala, an areaof """
the brain that is critical for Substance
Dependence

learning fear and responding

to threat. The result is a bal-
anced system that assesses and re-

sponds to real threats appropriately. On the
other hand, children who are raised in abu-
sive, chaotic, or scary environments with-
out supportive adults tend to be more likely
to perceive experiences as threatening—and
respond to them as threats—but less likely
to expect rewards when they do something
positive.® Here, the systems become overly
attuned to impulsive self-protection and less
to long-term goal achievement.

e Approach motivation is key to most
forms of learning. Anticipating a re-
ward—which can be any experience
that causes pleasure, from the taste
of a delicious food to the satisfac-
tion of achieving a goal or the glow
of an act of kindness—triggers a do-
pamine surge. That surge is a signal
to expect new experiences that are

2 Understanding Motivation

Motivation

Life Circumstances

worth seeking out and learning from.
The surge also increases communi-
cation between the brain region re-
sponsible for dopamine release and
the regions responsible for emotion
and memory. As a result, our memo-
ries of the learning experience become
linked with the reward received and
the emotions we felt.”!" Strong emo-
tional connections to memories help us
retrieve them more readily. The decisions
made in order to receive a short-term re-
ward may not always achieve a long-term
benefit, as anyone tempted by a
delicious  dessert under-
stands, but the brain is

attuned to experi-

ences that have

previously led to

o a reward, and it

- learns to pre-
Extrinsic . .
Feedback dict which ex-

periences  are

- oy likely to trig-
ger the reward
again.

Responsive
Adults ° Avoidance
- motivation

Sy directs us away from
threatening or unpleas-

ant experiences. Avoidance
motivation—which we associate with
the emotions of fear or disgust—often
involves activation of the amygdala.'
When the amygdala is activated in re-
sponse to threat, norepinephrine and
other stress hormones are released,
triggering what is often called the “fight
or flight” response: increases in heart
rate, blood glucose levels, and oxygen
intake to the brain, and a temporary
shutdown of less mission-critical func-
tions, such as the digestive or metabol-
ic systems. This response may be trig-
gered by an instinctual detection and
response to threat or by the conscious
awareness of a potential threat (physi-
cal or emotional). Disgust protects us
from ingesting or touching repulsive
and often unhealthy substances. Fear
and disgust—both the result of avoid-
ance motivation—develop in the brain
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even before language: Babies feel afraid
well before they can say that the feel-
ing is fear, and are able to express dis-
gust as early as the first day of life.”
Avoidance motivation can also be
learned through experience—when the
brain correctly or incorrectly predicts
how serious a particular threat may
be, it learns whether (and how much)
to avoid it in the future. But while im-
portant for survival, the avoidance re-
sponse can actually inhibit higher-level
learning by focusing the brain’s activ-
ity on immediate response rather than
planning to attain a long-range goal or
resisting an impulsive behavior.

Both approach and avoidance motivation
are influenced by intrinsic (internal)
drivers and extrinsic (external) feedback.
While all organisms have the intrinsic drive
to survive, approach reward, and avoid
threat, we may also be motivated by the
inherent pleasure and satisfaction derived
from an activity. Although neuroscientific
understanding of intrinsic motivation is still
quite recent, it is believed that intrinsically
motivating experiences trigger a dopamine
surge, signaling the anticipation of pleasure.'*
Once their basic needs are met, young
children are motivated intrinsically by
exploration, active involvement in play,
and achieving mastery or success in a task,
whether banging a spoon to make a noise or
solving a problem. This kind of motivation
is important for learning and development
because it leads to intense engagement in a
task and mastery is associated with pride and
satisfaction."

Intrinsic drivers are considered to be
the strongest and most lasting motivators,
especially in early childhood, but positive
feedback can support and reinforce the
inherent feelings of satisfaction or pleasure.
For example, satisfaction from mastery is
supported by positive feedback from an
authority figure. But while positive feedback
is important in boosting a child’s self-
confidence, in some cases, external rewards
have been shown to undermine intrinsic
drivers. That is, children are less likely to
engage spontaneously in activities after they
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have received a tangible reward for having
performed them.’* When traditional school
systems rely heavily on extrinsic feedback,
such as grades and awards, this can lead to
a shift from the intrinsic drive to learn to a
desire for external recognition and accolades
or avoidance of failure or punishment. While
extrinsic motivation may be effective for
some in the short term, it is unlikely to last.

Once their basic needs are met,

THE SCIENCE OF MOTIVATION

young children

are motivated intrinsically by exploration, active

involvement in play, and achieving mastery or

success in a task.

The combination of intrinsic drivers supported
by positive extrinsic feedback is best for
building a healthy motivation system, but
extrinsic feedback by itself is not an effective
driver of behavior over the long term."”

In approach motivation, there is a
“wanting” system and a “liking” system,
which can separate the desire to have
an experience from the reward that is
actually experienced. Most people are not
directly aware of the underlying processes
of wanting or liking—that is, it is possible to
want something at a deep, physiological level
without being conscious of the pleasure it
elicits.

The intense desire for experiencing pleasure,
or “wanting” is generated in the brain by
the dopamine network, which connects the
regions of the brain that trigger automatic,
“non-thinking” responses to those that
manage memories, emotions, and behaviors.®
The circuits that connect the reward, the
action that led to it, and the emotions felt
at the time are so strong that even when the
reward is withheld or diminished, the brain
will still prompt us to repeat the action that
initially led to the reward. That can produce
“wanting” (the desire for the experience)
without “liking” (the actual pleasure or
reward that is felt). This separation explains
why some people engage in once-rewarding
behaviors past the point where they are
enjoyable, like eating too much dessert or
drinking too much alcohol.
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The “liking” system, on the other hand,
is highly localized within a small region
of the brain. When naturally occurring
opioids, endocannabinoids, and serotonin
are transmitted, they must be received by
this region to activate the actual feeling of
pleasure rather than the craving for it. The
liking system, therefore, consists of narrower,
more fragile circuits than the wanting
system, and thus is less easily activated.” The
fragililty of these circuits may be one reason
why intense pleasure is harder to experience
than intense desire.” For example, the smell of
a candy store may trigger “wanting” based on
past memories linking sweets to pleasure. But
the actual experience of eating the candy—

Wanting System

or of eating too much—may not be nearly as
pleasurable as the memory.

Typically, the pleasure received during
liking triggers wanting, but people dealing
with addiction often want substances or
experiences intensely even when pleasure is
no longer obtained from them. That’s because
repeated exposure to many addictive drugs
causes the wanting systems to activate more
easily and strongly. At the same time, over-
stimulation of the liking system (through, for
example, artificial opioids and opiates) can
lead to the need for increasing amounts of the
drug to achieve the same effect. Therefore,
wanting the drug increases even while the
liking for a given dose may fade.”*!(See page
7 for more information.)

Liking System

Widespread, robust network across multiple
regions of the brain

Highly localized within a small region of the brain

Activated through connections involving the
reward, the action that led to it, and the emotions
felt at the time

Activated when dopamine, serotonin, and naturally
occurring opioids are received in this specific brain
region

Even when a reward is diminished or absent, the
brain will still prompt “wanting”

The dopamine system triggers less neural activity
over time, leading to reduced pleasure from the

same experiences

How Motivation Systems Develop

THE BRAIN'S MOTIVATION SYSTEMS ARE
particularly sensitive during certain periods
of early childhood development, when infants
and young children are learning approach,
avoidance, and attachment behaviors.
While genes provide the basic blueprint
for the motivation circuits, disruptions in
developmentally appropriate experiences
during these sensitive periods can affect
how the circuits develop and the behaviors
they shape. For example, a child can become
more highly attuned to avoidance than
approach, which would reduce motivation
to try new activities. Because the timing of
the development of motivation systems is
so important, different kinds of experiences
may have different impacts at different
stages—the influence of peers, for example,

4 Understanding Motivation

is much stronger in adolescence than in early
childhood.

Especially in the early years of life, adults
caring for a child strongly influence the
development of the brain and motivation
system. Infants learn best through interac-
tions with parents and other important adult
caregivers who establish responsive, sup-
portive relationships with them. The brain is
biologically prepared to form strong, lasting
emotional connections to these caregivers, a
bond known as attachment.

Research shows that there are different
sensitive periods in which attachment figures
affect motivation early in life. In the earliest
period, babies learn simple preferences
among pleasant and unpleasant experiences.
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Then they begin to distinguish between
threats that truly need to be avoided and
those that are less dangerous—here, the
supportive presence of a trusted adult can
have a buffering effect.?> For example, a loud
noise may startle a child, but if children
are in the presence of someone they are
attached to and feel secure with, and who
responds supportively, they will be less likely
to experience high levels of stress. Without
these relationships—or in situations where
these primary relationships are themselves a
frequent source of fear—an imbalance may
develop between approach and avoidance
responses.

During adolescence, the motivation sys-
tem is increasingly influenced by peers,
exploration, and performance feedback.
Adolescence represents a period of adjust-
ment to increased independence; it is also a
time of social reorientation from the influ-
ence of parents to peers. During this time,
relationships with peers become more com-
plex and intimate. They require greater social
understanding and become more rewarding.
Adolescence is also a time of neural and be-
havioral flexibility and change. Because dif-
ferent regions of the brain mature at different
rates, during adolescence, the neural circuits
involved in cognitive, emotional, and social
information processing are at different stag-
es of development and reorganization, and
have not yet achieved their adult balance.
Typically, adolescents show stronger neu-
ral responses to social acceptance and rejec-
tion than adults. This may explain why youth
seem especially sensitive to negative social
feedback, and why positive social feedback
and acceptance are so rewarding.

Social interaction induces an increase in
natural opioids and activates the region of
the brain responsible for releasing dopamine
and serotonin.?*?* The pleasure of social ac-
ceptance is present early in life and remains
important in adulthood, but is especially
powerful in adolescence when the brain is
particularly tuned into these rewards. The
anterior cingulate cortex (ACC), a portion of
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the brain that monitors and appraises social
acceptance and exclusion, plays a key role in
reward-based decision-making and learning.

Because the timing of the development of

motivation systems is so important, different

kinds of experiences may have different

impacts at different stages.

Researchers have found that children who
were chronically rejected, or had been emo-
tionally abused or neglected, had a more ac-
tive ACC and showed heightened sensitivity
to the neurotransmitters released as a result
of social exclusion.?® So, while all adoles-
cents are strongly motivated by social feed-
back, those who have experienced emotional
abuse or rejection are even more motivated
by it.*¢

The cognitive and emotional development
and increased cognitive flexibility that occurs
during adolescence creates both opportuni-
ties and challenges. The increased sensitivity
to social rewards can lead to an inclination
toward risk-taking and self-oriented acts,
but also powers exploratory learning and
the ability to adapt to different social con-
texts and cultures. Adolescents learn both by
personal exploration and external feedback
on their performance. For example, positive
feedback can increase motivation by signal-
ing to an adolescent that a goal is of high val-
ue and attainable. If the youth has low com-
mitment to the goal, positive feedback can
reinforce the feeling that he or she is on the
right track. When someone is strongly com-
mitted to the goal already, critical feedback
may be effective because it points out the dis-
crepancy between where the youth currently
is and where he or she wants to be.”” For ex-
ample, an athlete who is intrinsically driven
to participate in a particular sport may be
motivated to improve on weaknesses by a
coach’s constructive criticism, but a student
who is less drawn to the sport may be moti-
vated more by encouragement—and might
disengage as a result of criticism.

Understanding Motivation
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How Motivation and Reward Systems Can Be Disrupted

Excessive stress and a lack of positive
relationships can derail the development
of well-balanced motivation systems.
Children who experience a safe, supportive,
predictable develop
healthy motivation systems that are driven
by a balance of approach and avoidance,
and of wanting and liking. Children whose
environment is chaotic and stressful, however,
may develop motivation systems that are
driven by avoidance and focused on fear.
Environmental factors can actually change
the mapping of the nucleus accumbens, a key
region of the brain that receives dopamine.
In animal studies, stressful environments
resulted in this region expanding its fear-
generating zone, while shrinking the zone
that generates desire. Conversely, calm, quiet
environments expanded desire-generation
and reduced fear-generation.”

and environment

Childrenwhose environmentis chaotic and stressful

may develop motivation systems that are driven by

avoidance and focused on fear.

Research has also shown that, when the
stress response is activated repeatedly, the
brain adapts by identifying threats more
frequently and reacting to them more
strongly—even if the sources of stress do
not increase in severity. Over time, that
increasingly stronger stress reaction may
reshape circuits in the hippocampus, which
controls memory, or the amygdala, which is
involved in emotional reactions.

While a responsive, consistent relationship
with an adult can suppress the release of
stress hormones in an infant’s brain, the
reverse is also true. Studies find that children
can over-learn fear from the adults around
them, which affects the amygdala and may
have long-term consequences for a child’s
health, learning, and social relationships.”
Expressing fear is not always a bad thing: for
example, an urgent warning from a mother
when her child is moving a finger toward an

6 Understanding Motivation

electrical socket will help the child learn to
avoid the socket. But excessive or misdirected
fear by a primary caregiver can lead a child to
lose interest in healthy exploration when the
motivation to avoid threat overpowers the
motivation to approach new experiences.

Feeling helpless and believing that
abilities are fixed and unchangeable can
disrupt the brain’s motivational systems.
The motivation to act also requires some
expectation of success.” Indeed, successfully
making things happen is rewarding in
and of itself. We can observe this even in
very young infants. If a ribbon is tied to an
infant’s leg and the other end attached to a
mobile, when the baby notices that when she
kicks the mobile moves, she will kick more
vigorously.*® She may also smile and gurgle
until the ribbon is untied from the mobile,
and then kick vigorously and cry angrily.*!
When a child does not see any effects from
her actions, it produces what is termed
“learned helplessness” People who learn
that they are helpless often give up even in
situations in which they can be successful.*

Researchers are also finding that how
children and adults think about skills and
talents makes a big difference in whether they
are motivated to keep trying. If skills and
talents are thought of as fixed—something
people either have or don’t have—an initial
failure is likely to be attributed to a lack of
natural ability and, in turn, it may decrease
motivation. This is called a fixed mindset.
On the other hand, if skills and talents are
seen as capacities that can be developed
through practice—a growth mindset—then
a failure signals the need to develop the
skill or talent through continued effort
and practice. Evidence shows that mindset
interventions with adolescents can improve
academic performance, particularly among
low-achieving teens.?**

Notably, adults sometimes inadvertently
lead children to develop a fixed mindset when
we praise them for being smart, or for their
talent in a particular domain, as if the ability
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HOW MOTIVATION AND REWARD SYSTEMS CAN BE DISRUPTED

Key Brain Regions and Chemicals for Motivation and Reward

Regions

Amygdala

“Emotion Trigger”—rapidly assesses
incoming information from the environment
and activates either approach or avoidance
behaviors. This structure is critical for
threat detection and learned fear.

Hippocampus
“Memory Center”—lays down
detailed memories of events and

Anterior
—— Cingulate
Cortex
Nucleus Substantia
Accumbens (yp J Nigra
—!

A

. . . Prefrontal
triggers retrieval of these memories Cortex
when presented with a relevant
cue. This structure also is involved Dopamine
Pathways

in regulating the duration of stress

responses to environmental stimuli.

Anterior Cingulate Cortex (ACC)
“Behavior Tracker”—monitors the
environment as well as one’s own
behavior and others’ (such as

social exclusion). This region sounds
the alarm when behavior needs to
be modified, mobilizing regions in
the prefrontal cortex involved in self-
regulation and decision-making.

Prefrontal Cortex

“Air Traffic Control”—manages executive functions, self-

regulation, behavioral control, planning, and complex
decision-making.

Nucleus Accumbens
“Reward Anticipator”’—evaluates stimuli that produce

wanting or liking responses. This structure also plays an

important role in learning from feedback and in reward-

based decision-making.

Substantia Nigra/Ventral Tegmental Area (VTA)

“Dopamine Distributors”—produce the brain chemical

dopamine and deliver it to other regions of the brain that are

involved in motor function and in motivating and rewarding

behaviors.

Raphe Nuclei

“Serotonin Distributors”—produce the neurotransmitter

serotonin and deliver it to a wide network of circuits across

the brain, including structures related to motivation, reward,

and threat detection.
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Chemicals

Dopamine

A key factor in “wanting,” dopamine
modulates neural activity when

a rewarding event has occurred.
Increases in dopamine reinforce the
behaviors that elicited the reward
and lead individuals to seek out
and learn from new experiences in

Serotonin anticipation of a positive outcome.

Pathways
Serotonin
A key factor in “liking,” serotonin
combines with other neurochemicals
to convey euphoria and has the widest
distribution in the brain. Serotonin
modulates a wide array of behaviors,
including a major influence on emotional
states, sleep cycles, eating, and other
rewarding behaviors.

Glutamate
The primary, fast chemical neurotransmitter in
the brain that excites and communicates with

neurons across synapses.

Norepinephrine

Triggers “fight or flight” response, which increases
heart rate, glucose, and oxygen intake to the
brain, and temporarily shuts down less mission-
critical functions. Norepinephrine works in part by
activating attention systems to the most important

stimuli in the environment at that moment.

Endocannabinoids

Regulate neuronal activity caused by dopamine
and related behaviors and work with opioids and
serotonin to produce euphoria.

Opioids

A class of naturally occurring chemicals, such as
endorphins, that reduce pain and can produce
euphoria. Opioids are released by the body

during exercise and pleasurable activities. Use of
artificial opioids, such as heroin and a number of
prescription painkillers, can desensitize the reward
circuitry of the brain and result in addiction that
increases drug-seeking.

Illustration by Betsy Hayes
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is something that they possess naturally,
and not something they can develop over
time. Modeling is also important and can
influence a sense of self-efficacy. A study in
which infants witnessed one adult working
hard to achieve a specific goal and another
succeeding at a goal effortlessly found that
infants persisted at a novel task more after
observing the high-effort example.?*¢

Instrinsic motivation can either be

encouraged or suppressed by the

experiences adults provide for children.

Thus, even babies are sensitive to what they
witness regarding the relationship between
effort and outcome.

Addictive drugs and behaviors can
hijack the brain’s motivation and reward
systems. The overwhelming compulsion
to seek and take drugs or alcohol, or engage
in a range of pleasure-stimulating activities
such as gambling or casual sex, involves
both positive and negative reinforcement.
By flooding the nucleus accumbens with
dopamine, these activities provide a short-
cut to pleasure, bypassing the time and effort
required to trigger similiar positive feelings
of reward that are generated by achieving
a goal or mastering a skill. Other parts of
the brain create memories of this rapid

experience of pleasure and connect them to
the wanting and liking systems. By contrast,
these activities may also temporarily suppress
the intensity of negative emotions, leading to
their use as self-medication. Stated simply,
these experiences can quickly ramp up good
feelings and tamp down bad feelings—but
only temporarily. This can create a spiral
of dysregulation, in which the addictive
experience triggers initial pleasure, followed
by negative emotions and physical craving,
which can only be suppressed by the
addictive behavior.?”

Addictive drugs can often release more
dopamine than natural rewards. This over-
stimulation of cells that receive dopamine
can, over time, change the neural pathways
and chemistry in the motivation systems.
As a result, the brain becomes less and less
affected by dopamine, at least as long as the
drug continues to be taken.’® However, the
wanting systems can become permanently
hyper-reactive to drug cues, even after ending
drug use. In other words, the repeated use of
a short-cut to pleasure creates circuitry that
is so strongly associated with memories of
pleasure that the wanting system produces
powerful urges to follow it, even when the
pleasure itself fades. Ultimately, the mere
memory of the behavior—and even the
associations of people or places with the
behavior—can lead to the impulsive actions
that characterize addiction.”

Implications for Parents, Caregivers, and Teachers

8 Understanding Motivation

THE INTRINSIC MOTIVATION TO LEARN ABOUT
the world around us begins in infancy. This
type of motivation can either be encouraged
or suppressed by the experiences adults
provide for children. Psychological research
points to a set of promising approaches that
parents and practitioners can use to promote
positive motivation and learning during
development.

« Follow babies’ lead. Babies naturally
orient objects
events. They look away from objects
that are overly familiar, but also from
new ones that are too complex. This

toward novel and

is sometimes called the “Goldilocks
effect:” things are interesting when
they are novel, but not too novel.*
When interacting with infants, notice
what they pay attention to, and engage
with them around their interests.

o Elicit curiosity. Infants seek to
explore objects—especially those that
behave in surprising ways. When
they drop something on the floor or
throw it, they’re trying to see what
will happen next.*! Provide infants
with opportunities to interact with
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new objects—and let them lead and
learn!

Encourage children’s playful explo-
ration. When given the opportunity,
children of all ages spontaneously en-
gage in play. The ingredients of play
are precisely the ones that fuel learn-
ing: play is intrinsically motivating,
it presents an opportunity for novel
experiences and for learning from
others, it requires active engagement,
and it can strengthen social bonds
and reduce stress. When life is busy
or chaotic, it can be hard to find the
time and space to encourage children’s
play, but this is an important aspect of

IMPLICATIONS FOR PARENTS, CAREGIVERS, AND TEACHERS

Prioritize social interaction during
learning. In the digital age, there are
many educational, computer-based
applications designed for children,
even as young as 6 months.*#*
However, even the best-designed and
most effective apps cannot replace
real-life social interactions with adults
and peers. In one study, babies learned
elements of language more effectively
when face-to-face with a teacher or
caregiver than when watching her
on video.* Recent research shows
that young children can learn from
digital media, such as touch-screen
tablets, but social interaction during
this learning experience appears to be

development.* essential.*®

Five Facts About Motivation That Are Often Misunderstood

Motivation comes from a set of neurochemical networks that develop over time, as a result of the
experiences we have. Despite the common misperception that some people just naturally have
or lack motivation, science shows that the nature of caregiving relationships and opportunities
for safe exploration that we provide young children affect the development of these systems—for
better or for worse.

The best way to sustain motivation is to support internal drivers with the right kind of external
feedback. Carrots (rewards) and sticks (punishments) are not the only ways to motivate people.
Systems focused solely on external rewards and punishments are unlikely to achieve sustained,
productive motivation; those that balance intrinsically motivating activities—such as creative
problem-solving and playful learning—with positive feedback are more likely to support healthy
motivation over the long run.

Addictions divert motivation systems and require more than willpower to overcome. Addictions
chemically hijack the basic biological systems that have evolved for optimal survival. Addiction
does not reflect a simple lack of conscious effort or a “failure of character;” managing addictions
requires blocking these chemical diversions below the conscious level.

Motivation is complicated and has many influences. Behavior is affected by the experiences and
conditions that shape a mindset that goal achievement is possible—and, critically, by having the
resources, time, skills, and supports that make successful action feasible. It is incorrect to say that
if anyone wants something badly enough, he or she will find a way to do it.

Providing a predictable reward is not enough to sustain motivation over time. Experiences that are
exactly as expected every time lose their novelty, and eventually elicit less neural activity in the
dopamine system. When we experience a reward that is better than predicted, the brain will prefer
that experience in the future; if the reward is less than expected, the brain will ultimately exhibit
less motivation toward that experience. So “keeping things fresh,” whether through new activities,

Gl = W N =

different locations, or a different reward, is good advice for sustaining motivation.
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Challenge children just enough.
Kids are motivated to work toward
achievable goals. From infancy
onward, effort is required to sustain
motivation, but success must be
possible. They lose motivation when
a task is too easy, but also when it is
so difficult as to be insurmountable.
Video games harness this basic
principle of learning effectively,
constantly increasing the level of
challenge based on an individual
child’s performance. Try to adapt a
challenge according to a child’s current
capabilities, and provide prompt
feedback on his or her performance.

Give children agency. Children are
more motivated when they have some
degree of self-determination, and can
elect to pursue tasks that are person-
ally meaningful. When they have a
choice of projects, or at least a little
wiggle room as to how a task gets
done, children are more likely to stay
engaged.’®

Provide incentives only when nec-
essary. When children are suddenly
rewarded for something they enjoy
and do freely, they may begin to do
it only when they know they will be
compensated afterwards.”’” Wherever
possible, harness children’s natural cu-
riosity and inclination to work toward
an achievable goal, rather than promis-
ing a reward.

Praise the process rather than the
outcome.” When we praise children
for their intellect or skill level—or the
grade or gold medal they received—it
can lead to a performance orientation.
They may be motivated to achieve

more rewards, but they may also learn
to shy away from challenging activities
that they might not excel at, for fear
of negative evaluation. Performance
pressure increases as children move
up in school, and it is associated with
depression and anxiety in addition
to diminished joy of learning. When
we praise children for their effort
and help them see falling short as an
opportunity to learn and improve
(rather than simply focus on the
outcome), they will be more motivated
to work hard and more likely to believe
that they can achieve what they put
their mind to.

Maintain a close connection with
adolescents. Adolescence is a period
when many young people take risks
and push boundaries. This trend re-
flects, in large part, a natural inclina-
tion toward novel and exciting experi-
ences that maximize learning opportu-
nities and are important in making the
transition to independence. As teens
become more motivated by the ap-
proval of their peers, it can be socially
rewarding to follow risk-taking leaders
or stand out by breaking boundaries.
However, teens with close family re-
lationships are less prone to risk-tak-
ing.*® High parental support and open
dialogue are associated with fewer
problem behaviors, including less
substance abuse and delinquency. Be
empathetic and supportive, knowing
that youth are going through changes
in their brains, bodies, and social re-
lations that can make risky behavior
appealing to them. Keep the lines of
communication open—and keep close
tabs on teens.
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IMPLICATIONS FOR POLICY AND PUBLIC SYSTEMS

Implications for Policy and Public Systems

Support the development of motiva-
tion in early childhood programs.
Knowing that the brain systems under-
lying motivation begin to develop in
infancy, we can help children develop
the balanced systems they will need
later in life by starting in the earliest
years. High teacher-to-child ratios,
training in effective strategies to facili-
tate playful exploration and build self-
efficacy, reducing stress in families’
lives, and skill-building for parents and
providers of early care and education
are all contributors to ensuring that
the foundations of healthy motivation
systems are built in early childhood.

Shift schools toward a balance of
positive feedback that supports in-
trinsic drivers. To improve student
motivation, school systems should re-
duce emphasis on extrinsic rewards
(like grades, tests, and performance-
based recognition programs) and
increase emphasis on constructive
feedback and coaching to improve
performance. Support and reward
exploration, praise effort, and use
successes in one area to inspire effort
in another, while avoiding punishment-
based approaches.

Focus response to addiction on
treatment rather than punishment.
Policies and programs relating to ad-
dictions can be improved by under-
standing that addictive drugs rewire
and redirect motivation and reward
systems. Knowing that craving or
wanting addictive substances hap-
pens below the conscious level means
that solutions must also occur on the
physiological or biological level, rather
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than expecting awareness of potential
punishments to change behavior.

Include motivation-building sup-
ports in programs for adults who
care for young children. Foster a
growth mindset by praising effort,
looking at mistakes as learning op-
portunities, and monitoring progress
toward goals. Incorporate and test
promising methods for goal-setting
and keeping people on track to achieve
self-defined goals. These approaches
can not only improve retention in pro-
grams, but can also enable parents and
caregivers to model and support these
skills and mindsets in children.

Replace punitive approaches to
program retention with methods
that reduce stress, provide positive
feedback and social/peer support,
and demonstrate quick successes.
Many programs designed to help fami-
lies with young children struggle to en-
gage parents to participate actively and
stay with the program long enough to
truly benefit. Many factors contribute
to program engagement and retention,
ranging from inconvenience of timing,
location, and transportation, to cost,
child care needs, and competition with
other activities or the needs of other
family members and friends. Along
with addressing those factors, pro-
grams can increase motivation to par-
ticipate by making it easier to rejoin
after a lapse (reducing stress), helping
participants achieve small successes
quickly (building self-efficacy), and
making participation more reward-
ing by praising effort (strengthening a
growth mindset).

Understanding Motivation 11



NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

References

10.

11.

12.

13.

14.

16.

17.

12 Understanding Motivation

Powledge, T.M. (1999). Addiction and the brain: The
dopamine pathway is helping researchers find their way
through the addiction maze. BioScience, 49(7), 513-19.
Tzschentke, TM. & Schmidt, W.J. (2003). Glutamatergic
mechanisms in addiction. Molecular Psychiatry, 8(4),
73-82.

Meyer, B., Johnson, S.L., & Carver, C.S. (1999). Exploring
behavioral ~ activation and inhibition  sensitivities
among college students at risk for bipolar spectrum
symptomatology. Journal of Psychopathology and Behavioral
Assessment, 21(4), 275-92.

Muris, P., Merckelbach, H., Schmidt, H., & et al. (2001).
Anxiety and depression as correlates of self-reported
behavioural inhibition in normal adolescents. Behaviour
Research Therapy, 39(9), 1051-61.

Kasch, K.L., Rottenberg, J., Arnow, B.A.,, & et al. (2002).
Behavioral activation and inhibition systems and the
severity and course of depression. Journal of Abnormal
Psychology, 111(4), 589-97.

Nelson-Gray, R.O., Keane, S.P., Hurst, R.M., & et al. (2006).
A modified DBT skills training program for oppositional
defiant adolescents: Promising preliminary findings.
Behaviour Research and Therapy, 44(12), 1811-20.

Berridge, K.C. & Kringelbach, M.L. (2013). Neuroscience
of affect: Brain mechanisms of pleasure and displeasure.
Current Opinion in Neurobiology, 23(3), 294-303.

Berridge, K.C. & O’Doherty, J.P. (2014). From experienced
utility to decision utility. In Glimcher PW., & Fehr, E. (Eds.)
Neuroeconomics: Decision making and the brain. (San Diego:
Academic Press), 335-51.

Adcock, R.A., Thangavel, A., Whitfield-Gabrieli, S., & et al.
(2006). Reward-motivated learning: Mesolimbic activation
precedes memory formation. Neuron, 50(3), 507-17.

Murty, V.P, Ballard I.C., Macduffie KEE., & et al. (2013).
Hippocampal networks habituate as novelty accumulates.
Learning & Memory, 20(4), 229-35.

Murty, V.P, Labar, K.S., & Adcock, R.A. (2012). Threat of
punishment motivates memory encoding via amygdala,
not midbrain, interactions with the medial temporal lobe.
Journal of Neuroscience, 32(26), 8969-76.

Shabel, S.J., Schairer, W., Donahue R.J., & et al. (2011).
Similar neural activity during fear and disgust in the rat
basolateral amygdala. PLoS One, 6(2), 317-25.

Graillon, A., Barr, R.G.,, Young, S.N., & et al. (1997).
Differential response to intraoral sucrose, quinine and
corn oil in crying human newborns. Physiol Behav., 62(2),
317-25.

Di Domenico, S.I. & Ryan, R.M. (2017). The emerging
neuroscience of intrinsic motivation: A new frontier in self-
determination research. Frontiers in Human Neuroscience,
11, 145.

Stipek, D. (2011). Classroom practices and children’s
motivation to learn. In Ziegler, E., Gilliam, W.S., & Barnett,
W.S. (Eds.) The pre-K debates: Current controversies and
issues. (Baltimore, MD: Brookes Publishing), 98-103.

Deci, E.L., Koestner, R., & Ryan, R.M. (1999). A meta-
analytic review of experiments examining the effects of
extrinsic rewards on intrinsic motivation. Psychological
Bulletin, 125(6), 627-68.

Stipek, D. (2011). Education is not a race. Science,
332(6037), 1481.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Berridge, K.C., Robinson, T.E., & Aldridge, J.W. (2009).
Dissecting components of reward: ‘Liking, ‘wanting, and
learning. Current Opinion in Pharmacology, 9(1), 65-73.
Peciia, S. (2008). Opioid reward ‘liking’ and ‘wanting’ in the
nucleus accumbens. Physiology & Behavior, 94(5), 675-80.

Berridge, K.C. & Robinson T.E. (1995). The mind of an
addicted brain: Neural sensitization of wanting verus liking.
Current Directions in Psychological Science, 4(3), 71-5.
Galanter, M., Kleber, H.D., & Brady, K.T. (Eds.). (2015).
Neurobiology of Opiates and Opioids. In The American
Psychiatric Publishing Textbook of Substance Abuse Treat-
ment, Fifth Edition. (Arlington, VA: American Psychiatric
Publishing), 277-95.

Moriceau, S. & Sullivan, R.M. (2006). Maternal presence
serves as a switch between learning fear and attraction in
infancy. Nature Neuroscience, 9(8), 1004-6.

Lahvis, G.P. (2016). Social reward and empathy as proximal
contributions to altruism: The camaraderie effect. In

Wohr M., Krach S. (Eds.) Social Behavior from Rodents to
Humans. Neural Foundations and Clinical Implications.
(Cham, Switzerland: Springer International Publishing
Group), 127-57.

Krach, S., Paulus, EM., Bodden, M., & et al. (2010). The
rewarding nature of social interactions. Frontiers in Behav-
ioral Neuroscience, 4, 22.

van Harmelen, A.L., Hauber, K., Gunther Moor, B., & et al.
(2014). Childhood emotional maltreatment severity is as-
sociated with dorsal medial prefrontal cortex responsitivity
to social exclusion in young adults. PLoS One, 9(1), €85107.
Crone, E.A. & Dahl, R.E. (2012). Understanding adoles-
cence as a period of social-affective engagement and goal
flexibility. Nature Reviews Neuroscience, 13(9), 636-50.
Fishbach, A., Eyal, T., & Finkelstein S.R. (2010). How posi-
tive and negative feedback motivate goal pursuit. Social and
Personality Psychology Compass, 4(8), 517-30.

Braver, T.S., Krug, M.K., Chiew K.S., & et al. (2014). Mecha-
nisms of motivation-cognition interaction: Challenges and
opportunities. Cognitive, Affective, & Behavioral Neurosci-
ence, 14(2), 443-72.

Duckworth, A. & Gross, J.J. (2014). Self-control and grit:
Related but separable determinants of success. Current
Directions in Psychological Science, 23(5), 319-25.
Rovee-Collier, C.K. & Gekoski, M.J. (1979). The economics
of infancy: A review of conjugate reinforcement. Advances
in Child Development and Behavior, 13, 195-255.

Lewis, M. & Ramsay, D. (2005). Infant emotional and
cortisol responses to goal blockage. Child Development,
76(2), 518-30.

Seligman, M.E. (1972). Learned helplessness. Annual
Review of Medicine, 23, 407-12.

Gunderson, E.A., Gripshover, S.J., Romero, C., & et al.
(2013). Parent praise to 1- to 3-year-olds predicts children’s
motivational frameworks 5 years later. Child Development,
84(5), 1526-41.

Mueller, C.M. & Dweck, C.S. (1998) Praise for intelligence
can undermind children’s motivation and performance.
Journal of Personality and Social Psychology, 75(1), 33-52.
Leonard, J.A., Lee, Y., & Schulz, L.E. (2017). Infants make
more attempts to achieve a goal when they see adults per-
sist. Science, 357(6357), 1290-4.

Cook, D.A. & Artino, A.R. (2016). Motivation to learn: An

WWW.DEVELOPINGCHILD.HARVARD.EDU



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

overview of contemporary theroies. Medical Education,
50(10), 997-1014.

Edwards, S. & Koob, G.E (2010). Neurobiology of dys-
regulated motivational systems in drug addiction. Future
Neurobiology, 5(3), 393-401.

Harvard Health Publishing (2011). How addiction hijacks
the brain. Harvard Mental Health Letter. Retrieved from:
https://www.health.harvard.edu/newsletter_article/how-
addiction-hijacks-the-brain.

Volkow, N.D., Wang, G.J., Fowler, ].S., & et al. (2010).
Addiction: Decreased reward sensitivity and increased
expectation sensitivity conspire to overwhelm the brain’s
control circuit. BioEssays, 32(9), 748-55.

Kidd, C. & Hayden, B.Y. (2015). The psychology and neuro-
science of curiosity. Neuron, 88(3), 449-60.

Stahl, A.E. & Feigenson, L. (2015). Observing the unex-
pected enhances infants’ learning and exploration. Science,
348(6230), 91-4.

Milteer, R.M., Ginsburg, K.R., & et al. (2012). The impor-
tance of play in promoting healthy child development and
maintaining strong parent-child bond: Focus on children in
poverty. Pediatrics, 129(1), €204-13.

Sifferlin, A. (2015). 6-month-old babies are now using
tablets and smartphones. Time. Retrieved from: http://time.
com/3834978/babies-use-devices/.

Russo-Johnson, C., Troseth G., Duncan, C., & et al. (2017).
All tapped out: Touchscreen interactivity and young chil-
dren’s word learning. Frontiers in Psychology, 8, 578.

Kuhl, PK. (2004). Early language acquisition: Cracking the
speech code. Nature Reviews Neuroscience, 5(11), 831-43.
Lovato, S.B. & Waxman, S.R. (2016). Young children learn-
ing from touch screens: Taking a wider view. Frontiers in
Psychology, 7, 1078.

Grant H. & Dweck, C.S. (2003). Clarifying achievement
goals and their impact. Journal of Personality and Social
Psychology, 85(3), 541-53.

Qu, Y., Fuligni, A.J., Galvén, A., & et al. (2015) Buffering
effect of positive parent-child relationships on adolescent
risk taking: A longitudinal neuroimaging investigation.
Developmental Cognitive Neuroscience, 15, 26-34.

WWW.DEVELOPINGCHILD.HARVARD.EDU

REFERENCES

Understanding Motivation 13



WORKING PAPER SERIES

Working Paper 1

Working Paper 2

Working Paper 3

Working Paper 4

Working Paper 5

Working Paper 6

Working Paper 7

Working Paper 8

Working Paper 9

Working Paper 10

Working Paper 11

Working Paper 12

Working Paper 13

REPORTS

Young Children Develop in an Environment of Relationships (2004)

Children’s Emotional Development is Built into the Architecture of their Brain (2004)

Excessive Stress Disrupts the Architecture of the Developing Brain (2005, updated 2014)

Early Exposure to Toxic Substances Damages Brain Architecture (2006)

The Timing and Quality of Early Experiences Combine to Shape Brain Architecture (2007)

Establishing a Level Foundation for Life: Mental Health Begins in Early Childhood (2008, updated 2012)

Workforce Development, Welfare Reform, and Child Well-Being (2008)

Maternal Depression Can Undermine the Development of Young Children (2009)

Persistent Fear and Anxiety Can Affect Young Children’s Learning and Development (2010)

Early Experiences Can Alter Gene Expression and Affect Long-Term Development (2010)

Building the Brain’s “Air Traffic Control” System: How Early Experiences Shape the Development of Executive Function (2011)

The Science of Neglect: The Persistent Absence of Responsive Care Disrupts the Developing Brain (2012)

Supportive Relationships and Active Skill-Building Strengthen the Foundations of Resilience (2015)

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

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

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

The Foundations of Lifelong Health Are Built in Early Childhood (2010)

Building Core Capabilities for Life: The Science Behind the Skills Adults Need to Succeed in Parenting and in the Workplace (2016)

From Best Practices to Breakthrough Impacts: A Science-Based Approach to Building a More Promising Future for Young Children and Families (2016)

Applying the Science of Child Development in Child Welfare Systems (2016)

Three Principles to Improve Outcomes for Children and Families (2017)

NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

Center on the Developing Child @ HARVARD UNIVERSITY

50 Church Street, 4th Floor, Cambridge, MA 02138

617.496.0578

www.developingchild.harvard.edu

www.developingchild.net



NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

Connecting the Brain to the

Rest of the Body: Early Childhood
Development and Lifelong Health
Are Deeply Intertwined

WORKING PAPER 15

Center on the Developing Child & HARVARD UNIVERSITY




NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

This paper is
dedicated to

Bruce S. McEwen, Ph.D.

(1938-2020)

SPONSORS

The Alliance for Early
Success

Buffett Early Childhood
Fund

Chan Zuckerberg Initia-
tive

Genentech
Imaginable Futures
The JPB Foundation
The LEGO Foundation

Overdeck Family Founda-
tion

The David and Lucile
Packard Foundation

Pritzker Children’s Initia-
tive

The Simms/Mann Family
Foundation

Tikun Olam Foundation

MEMBERS

Jack P. Shonkoff, M.D., Chair

Julius B. Richmond FAMRI Professor of Child Health and
Development, Harvard T.H. Chan School of Public Health
and Harvard Graduate School of Education; Professor
of Pediatrics, Harvard Medical School and Boston Chil-
dren’s Hospital; Research Staff, Massachusetts General
Hospital; Director, Center on the Developing Child,
Harvard University

Pat Levitt, Ph.D, Science Co-Chair

Simms/Mann Chair in Developmental Neurogenetics,
Institute for the Developing Mind, Children’s Hospital
Los Angeles; W.M. Keck Provost Professor in Neuroge-
netics, Keck School of Medicine, University of Southern
California

Nathan A. Fox, Ph.D., Science Co-Chair
Distinguished University Professor; Director, Child Devel-
opment Laboratory, University of Maryland College Park

Judy Cameron, Ph.D.

Professor of Psychiatry, Neuroscience, Obstetrics-
Gynecology Reproductive Sciences, and Clinical and
Translational Science, University of Pittsburgh; Director
of Outreach, School of Medicine, University of Pittsburgh

Greg ). Duncan, Ph.D.
Distinguished Professor, Department of Education,
University of California, Irvine

Damien Fair, PA-C, Ph.D.

Professor, Institute of Child Development, Department of
Pediatrics; Director, Masonic Institute for the Developing
Brain, University of Minnesota

Philip A. Fisher, Ph.D.

Philip H. Knight Chair; Professor of Psychology, Univer-
sity of Oregon; Senior Fellow, Center on the Developing
Child at Harvard University

Megan R. Gunnar, Ph.D.

Regents Professor and Distinguished McKnight Univer-
sity Professor, Institute of Child Development, University
of Minnesota

Takao Hensch, Ph.D.

Professor of Molecular and Cellular Biology, Harvard
Faculty of Arts and Sciences; Professor of Neurology,
Harvard Medical School at Children’s Hospital

Fernando D. Martinez, M.D.

Regents Professor; Director of the Arizona Respiratory
Center; Director of BIOs Institute; Director of the Clinical
and Translational Science Institute; Swift-McNear Profes-
sor of Pediatrics, University of Arizona

About the Authors

Bruce S. McEwen, Ph.D.*

Alfred E. Mirsky Professor; Head, Harold and Margaret
Miliken Hatch Laboratory of Neuroendocrinology; The
Rockefeller University

Charles A. Nelson, Ph.D.

Professor of Pediatrics and Neuroscience, Harvard
Medical School; Professor of Education, Harvard Gradu-
ate School of Education; Richard David Scott Chair in
Pediatric Developmental Medicine Research, Boston
Children’s Hospital

Patricia Pelufo Silveira, M.D., Ph.D.

Assistant Professor, Department of Psychiatry, McGill
University; Primary Investigator, Ludmer Centre for Neu-
roinformatics and Mental Health

* Dr. Bruce McEwen contributed in many ways to the
drafting of this paper before his untimely death in
January 2020. We greatly miss him as a person and as
a world-leading expert whose wide-ranging knowledge
and gentle humor were so appreciated by the members
of the National Scientific Council and all of his many
admirers and students.

ACKNOWLEDGMENTS

We gratefully acknowledge the significant contributions
to this paper made by:

Reggie Bicha, M.S.W., Shine Early Learning

W. Thomas Boyce, M.D., University of California, San
Francisco

Gloria Corral, M.P.P., Parent Institute for Quality Educa-
tion

Iheoma U. Iruka, Ph.D., HighScope Educational Research
Foundation

Nat Kendall-Taylor, Ph.D., FrameWorks Institute
Joan Lombardi, Ph.D., Early Opportunities

Michael ). Meaney, Ph.D., McGill University; Singapore
Institute for Clinical Sciences, Agency for Science, Tech-
nology & Research; Yong Loo Lin School of Medicine,
National University of Singapore

Aaliyah Samuel, Ed.D., NWEA

Mandy Sorge, M.A.Ed. and Beth Caron, Ph.D., National
Governors Association

Donna Wilson, Ph.D., National Conference of State
Legislatures

The National Scientific Council on the Developing Child, housed at the Center on the Developing Child at Harvard University, is a multi-
disciplinary collaboration designed to bring the science of early childhood and early brain development to bear on public decision-making.
Established in 2003, the Council is committed to an evidence-based approach to building broad-based public will that transcends political
partisanship and recognizes the complementary responsibilities of family, community, workplace, and government to promote the well-
being of all young children. For more information, go to www.developingchild.net.

Please note: The content of this paper is the sole responsibility of the authors and does not necessarily represent the opinions of the spon-
sors.

Suggested citation: National Scientific Council on the Developing Child. (2020). Connecting the Brain to the Rest of the Body: Early Child-
hood Development and Lifelong Health Are Deeply Intertwined: Working Paper No. 15. Retrieved from www.developingchild.harvard.edu

© JUNE 2020, NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD, CENTER ON THE DEVELOPING CHILD AT HARVARD UNIVERSITY



The Issue: Health and Learning Are Interrelated
in the Body but Separated in Policy

A GROWING UNDERSTANDING OF HOW RESPONSIVE RELATIONSHIPS AND LANGUAGE-RICH
experiences for young children help build a strong foundation for later success in school
has driven increased investment and sparked innovation in early learning around the world.
The rapidly advancing frontiers of 21st-century biological sciences now provide compelling
evidence that the foundations of lifelong health are also built early, with increasing evidence
of the importance of the prenatal period and first few years after birth.! The science is clear on
two points:

1. What happens during this period can have substantial effects on both short- and long-

term outcomes in learning, behavior, and both physical and mental health.
2. All of these domains are remarkably interdependent and the potential for learning is

inexorably linked to the quality of physical and mental health.

A child who is living in an environment lung function, digestion, energy production,
with supportive relationships and consistent fighting infection, and physical growth
routines is more likely to develop well- are all interconnected and influence each
functioning biological systems, including other’s development and function. Each
brain circuits, that promote positive system “reads” the environment, prepares to
development and lifelong health. Children respond, and shares that information with
who feel threatened or unsafe may develop the others. Each system then “signals back”
physiological responses and coping behaviors to the others through feedback loops that are
that are attuned to the harsh conditions already functioning at birth.® As an example,
they are experiencing at the time,” at the
long-term expense of physical and mental The environments we create and the experiences
well-being, self-regulation, and effective . . . .
learning.? Policymakers, leaders of human we provide for young children and their families

services systems, intervention developers, and
practitioners can all use this knowledge to
create innovative solutions to reduce disparities
in preventable diseases and premature deaths
and lower the high costs of health care for
chronic illnesses that have their origins in early ~ higher rates of infection in early childhood

affect not just the developing brain, but also many

other physiological systems.

childhood adversity.** Moreover, these costs can increase the level of anxiety at later

are likely to grow unless society’s investment ages’, which can then compromise school

in promoting health and preventing disease performance. Children living in conditions

moves “upstream” to address the sources of of threat and deprivation may emerge as

these problems in early childhood. adults with a greater risk for multiple forms
Nearly all aspects of early development of cardiometabolic disease. In short, the

and later health are affected by interactions environments we create and the experiences

among experiences, genes, age, and the we provide for young children and their

environments in which young children live. families affect not just the developing brain,

These interactions influence every biological but also many other physiological systems,

system in the body, with especially powerful from cardiovascular function and immune

effects in the earliest years.®” Systems responsiveness to metabolic regulation. All of

relating to brain development, heart and these systems are responsible for our lifelong
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health and well-being.

The brain and all other organs and systems
in the body are like a team of highly skilled
athletes, each with a specialized capability that
complements the others and all of whom are
dedicated to a common goal. The members
of a well-functioning team read each other’s
actions, adjust their own actions according to
what happens around them, and continuously
learn from each other. Over time, biological
systems in the body mature into a finely tuned
unit and respond as one to a multitude of
challenges. As their shared experiences or
environments change, these systems must
adjust, just as players in each position must
respond. Each performance builds on what
came before and, while adjustments are always
possible, it is more difficult—and more costly—
to change strategies, patterns, and habits later
than to build a well-functioning and efficient
team from the beginning. And just as every
team is different in how the players respond
and adjust to their environment, so is every
child. The core concepts of development

apply to every individual, but how these
systems adapt and interact can vary, and these
differences are essential for developing effective
prevention and intervention strategies based
on 21st-century science.

The policy and practice implications
of this knowledge are striking: Strategic
investments in young children and the adults
who care for them affect long-term physical
and mental health as much as they affect early
learning. When access to essential resources
and supportive relationships is secure, the
building blocks of both resilience (e.g., self-
regulation and adaptive skills) and wellness
(e.g., well-regulated stress response systems)
are strengthened.'* When hardships or threats
are extreme or persistent, particularly in the
context of intergenerational poverty and/or
systemic racism'!, multiple biological systems
can be disrupted. The “downstream” results
of these disruptions are poor educational
achievement, lower economic productivity,
higher rates of crime, and increased heath care
Costs'12,13,l4,15

What 21st-Century Science Is Teaching Us

All biological systems in the body interact
with each other and adapt to the contexts
in which a child is developing—for better or
for worse—and adaptations in one system
can influence adaptations in others. Think
about how all the systems in a young child’s
body must function in a highly coordinated
way to respond to challenging conditions. The
initial biological response is the same whether
the experience is a short-lived, normative
experience, like the first day in a child care
center, or the ongoing trauma of recurrent
physical abuse—it’s the duration, severity,

and timing of the experience (along with the
availability of supportive relationships) that
determine whether the response is ultimately
harmful or growth-promoting.'® In both
situations, the body’s stress systems respond by
coordinating multiple interactive components:
(1) the autonomic nervous system increases
heart rate and breathing so the cardiovascular

2 Connecting the Brain to the Rest of the Body

system can pump more oxygen-rich blood

to the brain and muscles to drive the “fight

or flight” response; (2) the immune system is
activated to fight against the possibility of open
wounds and infection; (3) metabolic systems
are tuned up to generate more energy to fuel
the body’s cells, tissues, and organs; (4) the
neuroendocrine system maintains the delicate
balance of hormones that regulate many
dimensions of the body’s adaptation to what it
senses in the environment.

This integrated response to threat is a vivid
example of team players working toward a
common purpose: All of these systems are
robustly interconnected and together help the
body adapt to the environment around it. The
brain receives signals from each system, which
influence how it works (and can even alter its
chemistry and architecture), and then sends
signals back to other organs. For example,
multiple studies show that physical exercise

WWW.DEVELOPINGCHILD.HARVARD.EDU



WHAT 21ST-CENTURY SCIENCE IS TEACHING US

Biological Systems Interact With
Each Other and the Environment

When external threats trigger the body’s stress response, multiple systems spring into
to action like a team of highly skilled athletes, each with a specialized capability that
complements the others. Systems relating to brain activity, heart and lung function,
digestion, energy production, and fighting infection are all interconnected and influence

each other’s development.

Environmental
Stressors

Brain & Autonomic

Environmental
Stressors

Nervous System
MANAGE & RESPOND

|\
!

Neuroendocrine System -
MAINTAIN HORMONAL BALANCE ‘e

Immune System
DEFEND AGAINST  “*«,
INFECTION & HEAL INJURY

promotes cardiovascular health and also
stimulates the processes that lead to new neural
connections and increased blood flow in the
brain that improve memory and mood.'”!81%20:2!
Diabetes is associated with problems in sugar
metabolism that can affect tiny blood vessels in
the eyes and kidneys that may lead to impaired
vision and kidney malfunction. These same
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Stress
Response
. FIGHT OR FLIGHT.."

() :

Heart &
. Cardiovascular System
PUMP BLOOD, DISTRIBUTE OXYGEN

||i \ & GLUCOSE
Gut & Metabolic
. .-*" System
‘\ ” .". TURN FOOD INTO ENERGY

metabolic disruptions can also produce changes
in brain architecture that may lead to impaired
mood and memory, as well as increased risk
for later dementia.”>* These are just a few of
many examples that illustrate the connections
between the brain and the rest of the body.

Our bodies are designed to maintain a
healthy physiological balance and to restore
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it when it’s disrupted. The continuous
interactions and responsive feedback
among multiple systems are designed to
seek and sustain that balance within a
relatively narrow range of operation, a
process that scientists call homeostasis.
Normal body temperature, for example,
is programmed to remain at around

98 degrees Fahrenheit, and too much
variation on either side triggers multiple
physiological responses to restore a normal
range (e.g., sweating decreases body
temperature and shivering increases it).

Excessive and persistent adversity
early in life can overload biological
systems and lead to long-term
consequences. Mobilizing the body’s
responses to threat diverts energy away
from growth and healthy development.
For a child experiencing “time out” for a
temper tantrum, the challenge will pass,
balance is restored, and biology can return
to the business of building a healthy brain
and body. Not so for a child experiencing
the persistent threat of maltreatment, as
continuing activation of the stress response
will compromise the body’s investment in
growth.

The process of the body adapting to
manage threats, such as increased blood
pressure as a response to stress, is what
scientists call allostasis. If a threat or
hardship is too intense or prolonged, it
results in allostatic load or overload.** As
with any overloaded system, allostatic load
can lead to breakdowns (i.e., physiological
and behavioral changes that can undermine
both physical and mental health). Elevated
blood pressure, for example, is initially
part of the stress response that gets needed
blood, nutrients, and oxygen to all cells in
the body, but if it is too high for too long it
damages arteries, which can lead to a heart
attack or stroke.

If the body receives indications that the
environment is generally predictable and
presents manageable challenges, a child can
develop a well-regulated stress response
system more readily. If, however, the brain
perceives excessive, frequent, or persistent

4 Connecting the Brain to the Rest of the Body

Homeostasis and Allostasis

Homeostasis
Seeking balance

Allostasis

Long-term adaptations
to maintain balance

Environmental
stressors

Allostatic Load/Overload

Long-term adaptations
become problems

Environmental
stressors

g

threat, it learns to expect adversity and
develops a “shorter fuse” for activating
physiological responses throughout the body.®
These adaptations can lead to costs as well as
benefits—they are health-protecting in acute,
short-term situations but can become health-
damaging if activated at too high a level for
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too long.?**”* Such tradeoffs often occur when
the body adapts to one environment (e.g., a
threatening one) but later needs to adjust to
different conditions (e.g., a neutral situation).

Consider, for example, children developing
under conditions of poverty, where dedicated
parents and other caregivers are burdened by
the challenges of making ends meet. These
challenges are often embedded in structural
inequities such as residential segregation, food
deserts, and limited employment opportunities.
Nutritious food may not be readily available,
stable housing may not be assured, and
constant economic worries and unpredictability
may impose continuous distractions on
daily adult/child interactions, which activate
multiple components of the stress response.
Some children may develop behaviors that help
them adapt to and cope with these conditions
of scarcity or fear (e.g., binge eating whenever
possible), yet these short-term adaptations can
become problematic later in life.

For children who are not living under
conditions of chronic hardship, activation
of stress response systems that are brief and
intermittent, followed by a return to balance,
leads to healthy adaptations that build
resilience—just as a fire drill prepares children
for an emergency but then restores order after
a short time. In contrast, if stress responses
remain activated at high levels for long periods,
this can have a significant wear-and-tear effect
on the brain and other biological systems.
In other words, if children were disrupted
by urgent fire drills nonstop for days, weeks,
or months, they would be worn down over
time and less likely to respond effectively to a

HOW EARLY ADVERSITY AFFECTS DEVELOPING BIOLOGICAL SYSTEMS

true emergency. In the body, this cumulative
burden can lead to both short- and long-term
consequences that may include maladaptive
behaviors (e.g., difficulties with impulse
control, addictions), a “weathering” effect that
accelerates the aging process, chronic illness in
adulthood, and a shortened lifespan.”

A growing body of evidence from both the
biological and social sciences builds on this
concept of chronic wear and tear. Beyond
the cumulative effects of chronic adversity
more generally, this research provides a
compelling framework for exploring how
well-documented racial disparities in health,
independent of socioeconomic status, may
be rooted in the effects of both individual
and systemic racism on early childhood
development.* At an individual level, multiple
studies have documented how the stresses of
everyday discrimination on parents or other
caregivers can affect caregiving behaviors and
adult mental health, and by extension child
development.*"*>% At an institutional level,
researchers are investigating how structural
inequities and discriminatory laws affect
the context in which families of color raise
children. Unequal access to high quality
education and health services, economic
opportunities, and wealth accumulation,
compounded by racial disparities in the child
welfare and criminal justice systems, provide
multiple examples of how the legacy of racism
in policies and systems has created conditions
that disproportionately undermine the health
and development of children and families of
color.*

How Early Adversity Affects Developing Biological Systems

WHEN STRESS RESPONSES ARE ACTIVATED
frequently, intensively, and persistently during
early childhood, the systems involved can
become permanently calibrated to activate
more easily and may not turn off as readily

as they should.*****” From a biological
perspective, this is essential for survival. If the
world is a dangerous place, the internal systems
designed to protect us need to develop in a
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way that anticipates frequent threats. Yet over
time, these repeated activations lead to greater
risk for stress-associated diseases well into the
adult years—conditions such as cardiovascular
disease, obesity, type 2 diabetes, respiratory
and immunological disorders, and a range of
mental health problems.*®* That’s the trade-oft
of adapting to significant early adversity.

What might be happening in a young
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child’s environment that could transform

an adaptation that is advantageous in the

short term into an unhealthy, chronic stress

activation with long-term consequences?

Among the possible answers:

* the socioeconomic hardships of poverty;

* the material and psychosocial burdens of
intergenerational racism or other forms of
institutionalized discrimination;

e the psychological threats of maltreatment
and community violence;

e the interpersonal challenges of maternal
depression and parental addictions;

* the physiological disruptions of air pollu-
tion and environmental toxicants;

e the metabolic consequences of inadequate
or excessive nutrition;

e the developmental burdens of chronic dis-
ease or disability.

Any of these stressors—particularly when

perpetuated by recurrent triggers and/or

systemic barriers to effective prevention,
reduction, or mitigation—can contribute to

an environment that may persistently and

intensely activate a developing child’s stress

response systems.*’

Poor health outcomes are not inevitable, but
they are more likely if we do not adequately
support children and families experiencing

persistent hardships or challenges.

Physiological systems typically work most
effectively when they operate within a well-
regulated range—and significant deviations
beyond either end of that range can lead to
problems in physical and mental health. For
example, an immune system that doesn’t
react at a sufficiently high level will be unable
to fight off serious infection, but one that
is hyperreactive could flood the body with
disease-causing inflammation. When highly
stressful experiences persist, biological
dysregulations can result in either direction.
The brain, for example, might become overly
primed to trigger fight-or-flight responses
when threats are relatively low, while the
neuroendocrine system that elevates cortisol
levels might become blunted and respond less

6 Connecting the Brain to the Rest of the Body

vigorously after it has been activated repeatedly
for a long time. These paradoxically lower
cortisol levels are often seen as a result of
chronic abuse and neglect.* Although the exact
causal mechanisms have not been identified,
this diminished cortisol activation has been
associated with an increase in body fat*,

social and behavioral problems in maltreated
children®, and high levels of depressive
symptoms in women with low income.** When
effective treatment is provided, these systems
can regain their responsivity.*>*

Finally, it is essential to remember that there
are many opportunities to build resilience in
the face of significant adversity—beginning in
early childhood and continuing throughout
life—by providing supportive relationships in
predictable environments, reducing sources
of significant stress, and building a toolkit of
adaptive skills. Poor health outcomes are not
inevitable, but they are more likely if we do
not adequately support children and families
experiencing persistent hardships or challenges.

Below are descriptions of how significant
adversity affects three biological systems—three
members of the stress-response team that also
includes the lungs, the endocrine system, and
the gut microbiome (i.e., bacteria that live in
the intestines), among others—which illustrate
how they are all interrelated with each other as
well as with other systems.

Effects of excessive early adversity on the
developing brain: The foundations of brain
architecture are built during the prenatal,
infant, and toddler periods and shaped by
experiences, interacting with genes, in an
environment of relationships over time.*>*
During these periods of rapid development,
the brain is as adaptable and flexible as it

will ever be. This means that the brain’s
developing circuits are also highly sensitive

to the disruptive effects of elevated stress
activation, which releases a flood of hormones,
immune responses, and neurotransmitters
(the chemicals that send signals from one
brain cell to another). Three brain systems are
particularly susceptible: (1) emotion regulation
systems, which include the amygdala, where
circuitry for processing fear and threat
develops early in life; (2) memory systems,
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which include the hippocampus, where
circuitry for memory and simple learning (e.g.,
remembering the location of an object) begins
early and continues into later childhood;*

and (3) executive function systems, which
include the prefrontal cortex and other

brain regions, where circuitry for focused
attention, impulse control, and higher level
cognitive skills develops well into the adult

20315253,5433 These executive systems also

years.
help moderate stress responses (by regulating
other brain regions) as well as the immune
response to threat (by influencing the amount
of inflammation that is mobilized to protect
the body). Inflammation is one of the core
features of the fight or flight response, as it
prepares the body for potential wound healing
and protection from infection, and the brain
influences when and how much it is needed.>**”
Brief stress-system activation is protective
in a dangerous environment, as it prepares
the body and brain to respond to an acute
threat. But these systems need to recover and
return to balance after the source of the stress
is eliminated or reduced. If they do not—if
the stressors are severe, long-lasting, or there
is a lack of supportive relationships to help
children calm these responses—they can
result in a brain that is “stuck” in a state of
high alert. Over time, this can have harmful
wear-and-tear effects. The earlier in life this
kind of frequent, unmoderated response to
adversity occurs, the greater the risk for stress-
related health problems that will be more
resistant to treatment well into the adult years.
Recent research also has found that significant
adversity before birth or in early infancy
can build a brain that is more susceptible to
harm from repeated stressors later in life.?>*
Remediation may be possible at any age, but
outcomes are better and easier to achieve
when interventions are provided earlier—
and promoting the healthy development of
biological systems from the beginning is better,
and more cost-effective, than trying to fix them
later.®

Effects of excessive early adversity on the
developing immune system: The immune
system defends the body against infection and
a variety of toxic substances. One of the most
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important components of the immune system’s
response is inflammation, a physiological
function that attacks invading bacteria or
viruses, clears out the tissue destruction they
cause, and begins the repair process. Acute
stress (triggered by experiencing or witnessing
a brief but traumatic event) activates an
inflammatory response by causing immune
cells to “go to their battle stations.” Our

bodies need this physiological mobilization
for survival. Chronic stress (experienced

Remediation may be possible at any age, but

outcomes are better and easier to achieve when

interventions are provided earlier—and promoting

the healthy development of biological systems
from the beginning is better, and more cost-

effective, than trying to fix them later.

over a prolonged period of time in a
threatening environment) can cause persistent
inflammation. This prolonged state of alert
puts powerful inflammatory substances used
to kill microbes in constant contact with body
organs, which can eventually damage them.
At the same time, a constant state of activation
also weakens the immune system, making it
less efficient in its fight against microbes.®' This
double hit makes children living in adverse
environments more susceptible to recurrent
infection and more prone to develop chronic
inflammatory conditions that may last for a
lifetime®?, including heart disease, diabetes,
depression, arthritis, gastrointestinal disorders,
autoimmune disorders, multiple types of
cancer, and dementia, among many others.
Asthma provides an illustrative example of
the consequences of too much inflammation
in childhood. Household stress, exposure to
auto exhaust and other forms of pollution,
tobacco smoke, allergens, and a wide variety
of viruses can all contribute to an increased
inflammatory response in the lungs—especially
in children who carry genes that make them
more susceptible to developing asthma.®%
This recurrent inflammation, in turn, can
stimulate reactions that make the bronchial
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Acute to Chronic Inflammation

Acute/Temporary
Inflammation

Chronic
Inflammation

® Stress Response
Fight or Flight

® Immune Response
Battle stations:
Infection Fighting &
Wound Healing

Increased risk for:

asthma

heart disease

diabetes

insulin resistance

depression

obesity

arthritis

gastrointestinal

disorders

e autoimmune
diseases

o types of cancer

o dementia

muscles twitchy and overreactive to usually
innocuous triggers. As a consequence, the
airways become too narrow, making it more
difficult to breathe, and the child has asthma
attacks that require medical intervention. Over
time, chronic inflammation and overreaction in
the small airways can cause structural changes
in the lungs that increase the risk of developing
chronic lung disease in the adult years.®®
Bottom line: If challenging experiences (e.g.,
exposure to stress, pollutants, or allergens)
prompt a significant immune response (i.e.,
inflammation) early in life, and that response
stays activated for too long, it can lead to
greater risk for lifelong illness.

As one of the most common chronic
illnesses in children, asthma illustrates the
powerful influence of gene-environment
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interaction on physical health. Research shows
that this condition is more frequent and more
severe in children living in families with low
income, children exposed to poor housing
conditions, and children of color, regardless of
income, whose families report experiencing
discrimination.® These findings illustrate
the extent to which structural inequities that
affect the environments in which families raise
children can undermine the foundations of
health and well-being in the early years of life.*”
Another example of how a child’s immune
system becomes finely tuned by experiences
or environmental exposures comes from
recent studies on the bacteria and viruses that
normally live in our intestines (what scientists
refer to as the “gut microbiome”). Beginning in
the late phases of pregnancy, the fetus prepares
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to adapt to an outside environment that is
packed with a wide variety of microorganisms
(or microbes). After birth, the many different
ways in which newborns are held, fed, and
cared for affect which bacteria and viruses
become inhabitants in their bodies. The nature
of these microbes is influenced by differences
between vaginal and Caesarian deliveries,
breast- and bottle-feeding, the type and
quality of ingested nutrients, and the physical
environment in which caregiving is provided.
For example, children who live on farms
beginning in early infancy are exposed to a
diversity of bacteria and viruses that stimulate
adaptive immune responses that result in much
lower rates of allergies and asthma as they get
older, compared with young children living in
rural areas with non-farming families.®*%
Living in a wide variety of socially nurturing
environments, with multiple interactions
among caregivers, siblings, pets, and other
human beings, allows an infant to acquire a
robust and diverse microbiome. In contrast,
lack of physical interaction with a variety
of other people or obsessive cleanliness can
lead to a microbiome that is not sufficiently
varied. This results in an immune system that
encounters fewer opportunities to distinguish
biological “friend” from “foe” and to regulate
immune responses in organs even far away
from the gut itself, and may therefore respond
excessively to usually innocuous viruses and
allergens in early life.

Effects of excessive early adversity on
developing cardiometabolic systems:

This network produces, distributes, and/or
regulates the physiological fuel (e.g., oxygen
and glucose) cells need throughout the body
via the circulating blood stream. When the
stress response is activated, this system springs
into action (e.g., elevated heart rate, blood
pressure, and blood glucose level) to provide
increased energy to respond to threat while it
ramps down other systems (e.g., digestion) that
are relatively less essential in an acute situation.
The impact of poor nutrition on cardiovascular
health is well-documented.” Obesity and
elevated blood pressure are also more prevalent
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in children experiencing the stresses of
poverty, racism, unsupportive caregiving,
overstimulation from excessive noise and
overcrowding, and sedentary behavior from
living in a violent neighborhood with no safe
space for playing outdoors.”7>7>7* There is

also growing evidence that inflammation is

an important contributor to that increased
risk, and the combination of stress and
inflammation is especially threatening to
health and well-being over time. For example,
excessive amounts of stress hormones such as
cortisol, combined with chronic inflammation,
can result in insulin resistance—a physiological
disruption that can lead to metabolic
syndrome, obesity, diabetes, and cardiovascular
disease, as well as brain changes and cognitive
impairment.”>”%””

Addressing the early childhood stressors that
lead to chronic, lifelong inflammation might

dramatically reduce the need for costly treatments
for a wide range of multiple health conditions,

including cardiovascular disease.

In 2018, the American Heart Association
issued a Scientific Statement that cited
substantial evidence documenting an
association between childhood and adolescent
adversity and adult cardiometabolic disorders
(e.g., obesity, hypertension, type 2 diabetes,
and cardiovascular disease). Based on that
growing knowledge base, the Statement
asserted the following: “Given that childhood
adversities affect cardiometabolic health and
multiple health domains across the life course,
interventions that ameliorate these initial
upstream exposures may be more appropriate
than interventions remediating downstream
cardiovascular disease risk factor effects later
in life””#”° In other words, addressing the
early childhood stressors that lead to chronic,
lifelong inflammation might dramatically
reduce the need for costly treatments for a wide
range of multiple health conditions, including
cardiovascular disease.
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Common Illnesses in Adults Have Roots in Early Childhood

Adversity

THREE CHRONIC HEALTH IMPAIRMENTS IN

the United States—cardiovascular disease,
diabetes, and depression—together account
for nearly $600 billion in direct health care
expenditures annually (above and beyond their
indirect costs, such as lost productivity).5#8
According to the Centers for Disease Control
and Prevention, heart disease and stroke alone
kill more than 859,000 people in the United
States every year (accounting for one-third of
all deaths and an even higher percentage in
communities of color) and are also estimated

to account for $131 billion annually in lost
economic productivity. More than 30 million
people have diabetes (a disproportionate
number of whom are people of color) and
another 84 million adults have a condition
called prediabetes, up to 70% of whom will
eventually develop diabetes.®*** All mental
health and substance abuse disorders together
constitute the most expensive category of
chronic conditions, with depression alone
incurring $99 billion in health care costs
annually.®* Beyond their financial cost, these

Adult Diseases Associated with Childhood
Adversity Dominate U.S. Health Care Costs

Four of the top eight most
costly diagnoses total
$622 billion per year

$99 billion
$40 billion
Asthma Depression

#8 MOST COSTLY #5 MOST COSTLY

$294 billion
$189 billion —
Diabetes Cardiovascular
#2 MOST COSTLY Conditions

#1 MOST COSTLY

SOURCES: WATERS, GRAF (MILKEN INSTITUTE, 2018); GREENBERG ET AL. (2015)
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conditions also have enormous impacts on
the quality of life of individuals, families, and
communities.

The prevalence of cardiovascular disease,
diabetes, and depression in adults is associated
with higher rates of adverse experiences
in childhood—and advances in biology
are beginning to explain how and why
that happens. Although they may appear
to be unrelated on the surface, all three
share a common association with elevated
inflammation, which, as described above, can
be influenced by recurrent hardships or threats
in early childhood. These conditions are far
from the only ones that could be listed, but
they are among the most common and most
costly of many possible examples that all point
in the same direction: Efforts to prevent many
chronic illnesses in adults need to begin in the
early childhood years.

Cardiovascular disease: This diverse category
of disorders includes medical conditions that
involve narrowed or blocked blood vessels

that can lead to sudden death or compromised
life due to hypertension, chest pains (angina),

a heart attack, or a stroke. The process that
causes this narrowing or blockage is called
atherosclerosis, which can begin early in life.
This process involves a buildup of fatty deposits
(called plaques) that thicken and stiffen artery
walls, which can then lead to decreased blood
flow to the heart muscle and brain, as well as to
other body tissues.

As with any medical condition, understand-
ing the underlying causes of cardiovascular
disease can lead to effective prevention and
treatments. Chronic inflammation, which as
we've seen has its roots in early childhood,
accelerates atherosclerosis by disrupting the
walls of arteries and making them more likely
to be sites for plaque formation and build-up.
Although still an area of extensive scientific
research, a biomarker of inflammation called
C-reactive protein is measured by some physi-
cians as another way to screen for cardiac risk.
These findings make a strong case that detect-
ing and reducing chronic inflammation, start-
ing in early childhood, may be as important
as lowering cholesterol for preventing a heart
attack.
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Nutritional factors during pregnancy and early

infancy have been associated with heart disease

later in adulthood.

Other underlying causal factors also point
toward early childhood origins. Most of the
public is aware that the risk of a heart attack or
stroke is increased by an unhealthy diet (i.e.,
high in fats, salt, and sugar), lack of exercise,
excess weight, and smoking. Many people also
understand that high levels of “bad” choles-
terol in the blood can increase the formation
of plaques and thus accelerate atherosclero-
sis—and that poorly controlled high blood
pressure can result in hardening and thicken-
ing of the arteries, which can then obstruct
blood flow.* Less well known is the extent to
which nutritional factors during pregnancy and
early infancy have been associated with heart
disease later in adulthood.'”” Although more
research is needed to fully explain the causal
mechanisms underlying this association, one
compelling hypothesis® points to conditions
of food scarcity during pregnancy leading to

WHY EARLY MATTERS:
CARDIOVASCULAR DISORDERS

Heart disease is the leading cause of
death for men, women, and most racial
and ethnic groups in the United States.?
Toxic stress in childhood is frequently
associated with elevated inflammation3
and atherosclerosis (which decreases

blood flow to the heart in adults). Although
scientists are still learning how the immune

system’s response to adversity in the
early childhood period influences the
development of cardiovascular disease in

adults, there is enough evidence now to test
the hypothesis that reducing early adversity

could lead to breakthrough reductions in
adult cardiovascular disease.

> The U.S. spent $294 billion on
direct health care costs and at least
$137 billion in lost productivity for
cardiovascular conditions in 2018.%4
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altered fetal growth (e.g., low birth weight) and
a metabolic system “programmed” for relatively
excessive food intake in early childhood, lead-
ing to greater risk for type 2 diabetes and heart
disease later in life.

Diabetes: This diagnosis includes several
subtypes of chronic disease, all of which result
in high levels of blood glucose (sugar) that
persist over time. Glucose provides the main
source of energy for cells in most body tissues.
Insulin, a hormone made by the pancreas,
controls the process by which glucose gets into
most of those cells. Insulin, in a sense, “opens
the doors” to allow glucose to enter into cells.
If the pancreas doesn't produce enough insulin,
or if the insulin is not opening those cell doors
effectively, glucose stays in the blood and its
level rises. When high levels of blood sugar are
detected, it means that cells throughout the
body are not getting enough of the glucose they
need to function well.

WHY EARLY MATTERS: DIABETES

Extensive evidence indicates that disturbances
in a pregnant woman’s metabolic systems

can “program” greater risk in the fetus for

later development of type 2 diabetes and
excess body fat.B> These prenatal influences
include insufficient protein and calories in the
mother’s diet—or too many calories—as well

as hormones that affect developing systems
that will regulate body weight and energy in
the baby after birth. Studies of children born

to mothers who were pregnant during times of
famine found higher rates of obesity, insulin
resistance, and diabetes than in children born
in the same area a year or two earlier,»3137138
Substantial research findings also demonstrate
sensitive periods in early infancy for long

term effects of overnutrition (having more
calories or nutrients than are needed for
healthy growth) on the risk for later obesity and
diabetes.39:140141

> The U.S. spent $237 billion in direct medical
costs and lost $9o0 billion in reduced
productivity due to diabetes in 2017.*4
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In type 1 diabetes, which has a strong genetic
component, the pancreas produces little or no
insulin. In type 2 diabetes, which accounts for
about 90% of diabetes diagnoses and is associ-
ated more strongly with environmental influ-
ences, insulin is produced but it doesn’t work as
well as it should.®®® This results in a condition
called insulin resistance, in which the insulin
is less able to “open the doors” and glucose
stays in the bloodstream. The relation between
insulin resistance and elevated inflammation is
well-documented, although the nature of the
association is not yet fully clear.”

The body’s main source of glucose comes
from what we eat and drink. Nutritious food
that is accessible and affordable is an important
protective factor against persistently elevated
blood sugar and excessive intake of “junk food”
increases the risk of disease. Activation of the
stress response increases glucose levels in the
blood in order to generate more energy to fuel
the “fight or flight” response, which prepares
our muscles and brain to deal with a sudden
threat. But when the stress response persists
over time, especially during the early develop-
mental years, prolonged glucose elevation can
trigger a cascade of events culminating in insu-
lin resistance, metabolic syndrome, obesity, and
eventually a diagnosis of type 2 diabetes.”*
Over the full life course, chronically elevated
blood sugar can lead to greater risk of cardio-
vascular disease, kidney disorders, neurological
impairments, and vision problems. Persistent
insulin resistance, which can affect the brain,
is also a risk factor for cognitive impairments,
depression, and Alzheimer’s disease.”

Depression: Clinical depression (also known
as major depressive disorder or MDD) is one
of the most common mental disorders in the
United States and around the world. In the U.S,,
more than 7% of all adults and 13% of adoles-
cents experienced at least one major depressive
episode in 2017.°* Individuals with diagnosed
depression experience a range of symptoms
that affect how they feel, think, and manage ev-
eryday tasks. Extensive evidence indicates that
MDD is caused by a combination of genetic,
biological, environmental, and psychological
factors that interact in a variety of ways.”” The
following are some of the facts about MDD that
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are well-documented by scientific evidence:

e  Adults who experienced serious trauma
in childhood are at greater risk (indicat-
ing that experiences are an important
factor).%°7%8

e It occurs with greater frequency in some
families more than others (indicating that
genes also play a role).”>1%%1!

e Itistwice as common in women as in men
(although the reason is not known, some
animal studies have found sex differences
in adult behaviors following early life
adversity, including more depressive-like
patterns in females in contrast to more ag-
gressive behaviors in males).!0210%104

e Itis more common in urban populations
than in rural areas (indicating that so-
cial and physical environments may also
contribute).!%

e Acute episodes are reported more com-
monly in whites in contrast to higher rates
of chronic depression in communities of
color.'

e Approximately one in seven pregnant and
postpartum women nationwide are affect-
ed by mood and anxiety disorders, and 40-
60 percent of low-income women report
such maternal depressive symptoms.'?’

o Studies of diverse samples of pregnant and
postpartum women have found minimal
effects of screening on ameliorating de-
pressive symptoms or increasing use of

behavioral health care.!®®

FACTS ABOUT HEALTH THAT ARE OFTEN MISUNDERSTOOD

WHY EARLY MATTERS: DEPRESSION

The prevalence of depressive disorders is
markedly increased among people who face
adversities related to poverty, homelessness,
and exposure to violence.*3*44 Although
researchers do not yet fully understand the
relative impacts of the age at which the
adversity was experienced, the duration of
the adverse conditions, or the cumulative
build-up of stress over time, recent research
has identified significant adversity in the first
three years after birth as a potential critical
period associated with greater risk for clinical

depression in adulthood.*

> The U.S. spent $99 billion on direct health
care costs and $112 billion on indirect costs

for MDD in 2010.%¢

There is extensive evidence that clinical de-
pression, like cardiovascular disease and diabe-
tes, is associated with increased inflammatory
activation and insulin resistance.'”!"* Although
many questions remain about whether this link
reflects a cause or an effect, these associations
are well-documented and underscore the im-
portance of learning more about the relations
among early life adversity, persistent inflam-
mation, insulin resistance, and impairments in
both mental and physical health throughout
the adult years.

Facts About Health That Are Often Misunderstood

The experiences we have early in life are

at least as important for the biological
foundations of physical and mental health
as the lifestyle choices we make as adults.
Critical or sensitive periods provide unmatched
opportunities for both positive and negative
influences on developing biological systems.
Above and beyond well-known impacts on
early brain development, increasing evidence

is also pointing to the importance of the
prenatal period and first few years after birth
for the development of core immune functions,
metabolic regulation, and other physiological
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systems that can affect long-term well-
being.!'*!12!13 Without dismissing the influence
of adult lifestyle (including nutrition, exercise,
and sleep) on physical health, early adversity
can increase the risk for many of the most
common chronic diseases that appear later in
life and that incur substantial costs to society.

Health-promoting environments early in life
are critically important for building a strong
foundation, but it’s never too late to reduce
risk. Although effective interventions can
produce improvements in health and behavior
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throughout life, the ability of the brain and
other biological systems to adapt and change
generally decreases as we age.'"* The brain
can compensate for early disruptions at later
stages, but full “reversals” are rare.!”* Stated
simply, life is a continuous “one-way street”—
what happens at each stage, including events
before conception and during pregnancy, has
consequences for what follows. Changing
course is possible, but the changes we make
later in life must contend with foundations that
were laid down in the early years.

Expanding access to health care and
decreasing utilization of unnecessary
services are not the same as producing
documented effects on child health.
Although access and delivery of appropriate
services are clearly important goals, direct
measures of health status are needed to assess

physical and mental well-being, identify
problems that require intervention, and
quantify the effects of services received. Since
the launch of Head Start in 1965, programs
have been mandated to promote health and
address unmet medical needs by ensuring that
all children receive pediatric examinations,
immunizations, dental care, and assessments
of nutrition, growth, vision, hearing, and
speech.'® Over more than half a century, the
most common metric used to assess health
impacts has been the delivery of health-related
services, often supplemented by data on cost
savings from decreased emergency room visits
and hospitalizations. The need for greater
attention to direct measures of child health
outcomes (e.g., rates of common diseases) as
well as indicators of health risk (e.g., biomarkers
of excessive stress activation) is clear.

Future Directions for Policy and Practice

THE EFFECTS OF SIGNIFICANT ADVERSITY ON
brain functions associated with early learning,
social and emotional development, and
kindergarten readiness are well-documented.'"”
This knowledge has influenced policy
objectives, program design, allocation of
resources, and expected returns on investment
in the early childhood period for decades.'®
The rapidly moving frontiers of the biomedical
sciences now underscore the compelling need
for an expanded mindset, informed by a deeper
understanding of how early adversity can
disrupt multiple biological systems in addition
to the brain, with serious consequences for
long-term physical and mental health. '*

This new mindset views investment in
the early years as a necessary priority for
strengthening the foundations of both health
and learning across the lifespan by addressing
the common origins of disparities in each.
The implications of this rapidly advancing
scientific knowledge for a new era in early
childhood policy and practice point to the need
for: (1) implementing practical strategies for
promoting health and preventing disease; as

14 Connecting the Brain to the Rest of the Body

well as (2) overcoming longstanding barriers to
change.

Implementing Practical Strategies

Advances in science should be informing
the design, testing, iteration, and
eventual scaling of innovative intervention
strategies to protect the developing

brain and other biological systems from

the disruptive effects of early adversity.

Above and beyond assuring enriched learning

experiences for children and information

on child development for parents and other

caregivers, the biology of adversity and

resilience points to three science-based
principles'® that should be used to inform
more effective policies and programs across
all sectors to strengthen the early childhood
foundations of lifelong health.

» Support responsive relationships.
Reliable “serve and return”'? interactions
between young children and the adults
who care for them help to reduce the
physiological disruptions of excessive
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stress activation and protect developing
biological systems, especially in the earliest
years. Examples of policies or programs
that align with this principle include:

(1) giving parents and other primary
caregivers the time needed to build the
foundations of nurturing relationships
with their children (e.g., paid family leave
after the birth or adoption of a child); (2)
minimizing disruptions of stable, adult-
child relationships in child care centers
(e.g., reducing staff turnover by providing
competitive compensation through

wages and benefits, as well as requiring
reasonable adult-to-child ratios); (3)
providing relationship-focused coaching
for primary caregivers when needed; (4)
focusing on the need to support continuing
contact between children and parents who
are separated in the child welfare system
or when a parent is incarcerated (both of
which are associated with longstanding
racial disparities); and (5) protecting
family cohesion in the design and
implementation of immigration policies,
both for newly arriving refugees where
the risk of detention and parent-child
separation is high, and for mixed-status
families where the fear of separation is
constant.

Reduce sources of stress. Policies

and programs that lessen economic and
psychosocial burdens on families with
young children pay oft in two ways. First,
they reduce chronic activation of stress
systems in both adults and children.
Second, they enhance adult capacity for
providing responsive caregiving that
facilitates healthy child development.
Examples include policies and practices
that: (1) bolster safety-net policies that
address income, nutrition, housing, and
medical insurance needs; (2) eliminate
punitive or unnecessary administrative
regulations (e.g., streamlined eligibility
processes for needed services); (3) address
community and intimate partner violence;
and (4) reduce systemic and economic
racism'# (e.g., fair hiring and lending
practices, housing and home ownership
programs, community policing initiatives,
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FUTURE DIRECTIONS FOR POLICY AND PRACTICE

and efforts to reduce implicit bias'?*).

« Strengthen core life skills. In order
to provide a well-regulated caregiving
environment in both the family and
community context, adults must be able
to set and meet goals, manage their own
behavior and emotions, establish daily
routines for eating and sleeping, and
facilitate social-emotional development
and skill-building in children. Well-
matched programs can help both children
and adults build and apply these skills
(known as executive function and self-
regulation) through modeling, coaching,
and practice (thereby providing a
strengths-based approach similar to the
way elite athletes rely on coaching and
practice to continuously improve their
already well-honed skills). Recognizing
that stress can compromise anyone’s ability
to use the skills that they have can help
programs offer supportive, scaffolding
techniques, rather than threats of
punishment, when existing efforts are not
working well.'**

This new mindset views investment in

the early years as a necessary priority for

strengthening the foundations of both health and

learning across the lifespan by addressing the

common origins of disparities in each.

Primary health care offers a science-
based delivery channel for reaching the
largest number of children at the earliest
possible ages in a non-stigmatizing
context. Team-based care provided through
culturally and linguistically responsive,
trusted relationships offers a promising model
for individualized approaches to building
resilience and preventing, reducing, or
mitigating the consequences of early adversity.
Reducing disparities in child health outcomes
at a population level, however, will require

a substantial shift in professional training,
current practice, and payment systems to
address the following challenges:'**
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Pressures on physicians that demand brief
interactions and high-volume service
delivery undermine the ability to build
supportive relationships—and more time
is needed for families facing adversity.
Credible evidence of improved child
outcomes (see below) will strengthen the
case for adequate funding, and engaging
expertise in value-based reimbursement
policies will be essential to secure the
sustainability of that funding.

Persistently low rates of routine
developmental screening during well-
child visits have been extremely difficult
to improve, despite decades of task force
recommendations, explicit mandates,
and continuing education programs.'?
The emerging availability of biological
and behavioral indicators of excessive
stress activation and resilience in young
children could present game-changing
opportunities to generate more actionable
and empowering information for both
clinicians and parents/caregivers.
Evaluations of “evidence-based”
interventions linked to pediatric practice
during the first three years after birth
have demonstrated positive impacts on
self-reported parenting behaviors but few
replicable effects on child outcomes.'”
Direct measurement of key indicators of
child health and development (including
stress effects and resilience as well as
common medical problems) will enhance
clinical management and help secure
payment for effective services.

Limited progress in strengthening
science-based content on early childhood
development (including its underlying
biology) and cultural context in pediatric
residency programs, as well as in training
of other health professions, indicates that a
“top down” strategy to transform primary
care practice will not be easy to achieve.
In contrast, science-informed innovation
in well-resourced, community-based
laboratories could provide a potentially
powerful, “bottom up” strategy to eventual
impact at scale.

Promising elements of this latter strategy
include incorporating child development
expertise within innovative team models
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(e.g., HealthySteps'®), engaging team
members who reflect the cultural and
linguistic characteristics of the community,
using rigorously validated measures

to assess child outcomes directly, and
embedding primary health care more
seamlessly within community-based
systems of services across sectors (e.g.,
Help Me Grow'®).

Overcoming Longstanding
Barriers

There is an urgent need for more effective
strategies to support the health and
development of young children by
confronting poverty, racism, violence,
housing instability, food insecurity, and
other sources of chronic adversity that
impose significant stresses on families.
Public attention to these social determinants
of health is increasing, but simply naming

the problem, identifying “high-risk” children

and families, and making referrals to services

has not resulted in substantial or replicable
impacts.

» The longstanding designation of race
as a risk factor for disparities in health
outcomes diverts critical attention
away from systemic racism and its deep
historical roots as a pernicious cause of
stress-related disease.”*® Viewed through
an equity lens, services and programs must
move beyond a sole focus on children and
families to an intentional, “upstream” focus
on changing macro-level policies that
systematically threaten the health and well-
being of families of color.

» Evidence-based interventions that build
resilience in children and caregivers facing
adversity can lead to better individual
outcomes at a program level, but achieving
greater impact at scale will require
increased efforts to confront structural
inequities—such as unequal access to
opportunities in education, health care,
and wealth creation—at a societal level.
Science alone is unable to address this
challenge. But science-informed thinking
combined with on-the-ground expertise
and the lived experiences of families
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raising young children under a wide
variety of conditions (many of whom are
typically marginalized) can be a powerful
catalyst of new strategies at both levels.

All policies and delivery systems serving
young children and families across sectors
(including but not limited to medical care
and early care and education) can and must
measure their success by improved child
outcomes in both health and learning.
Persistent attempts to increase access to
services, reduce their fragmentation, build
integrated delivery systems, and secure
sustainable funding remain important
objectives. But these efforts will not produce
greater impacts until the measurement of their
success moves beyond serving more children
and enhancing interagency collaboration and
begins to focus more explicitly on key child
outcomes.
+  Assessing child well-being and
determining service needs by focusing

FINAL REFLECTIONS IN A COVID-19 WORLD

exclusively on demographic risk factors
(e.g., income, race, ethnicity, parent
education) or number of adverse
childhood experiences (e.g., ACE scores)
can result in inappropriate labelling

and unnecessary services for children
and families who are doing well (“false
positives”) as well as missed opportunities
to provide vital services for those

who would benefit from them (“false
negatives”).

»  More informed allocation of resources
would be enhanced by supplementing
social determinants of health with
individual-level data on carefully selected
indicators of child and family well-
being—first to determine both assets and
concerns, next to match specific services to
identified needs, and then to find out who
is benefiting from those services (which
should prompt targeted scaling) and who
is not (which should catalyze a search for
alternative strategies).

Final Reflections in a COVID-19 World

DISPARITIES IN HEALTH OUTCOMES RELATED t0
socioeconomic inequalities impose substantial
human and financial costs on all societies
around the world."! Significant racial and
ethnic differences in hospitalizations and
deaths from COVID-19 in the United States
have increased attention to this persistent
inequity and much initial discussion has
focused on conditions that make it more

likely that people of color will be exposed

to the virus. These include disproportionate
employment in “essential” services without
adequate protection from infection, residing in
tight quarters, and hourly-wage jobs without
paid sick leave or the ability to work at home.
Inequalities in access to high-quality health
care and higher rates of unequal treatment

in the health care system have also been
highlighted.

A different yet critically important question
is why some people who are exposed to
COVID-19 are more likely to have serious
complications and less likely to survive. The
exceptionally high risk of pre-existing medical
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conditions—including cardiovascular disease,
diabetes, respiratory illnesses, and obesity at
the top of the list—underscores the importance
of the science reviewed in this Working
Paper. Health-threatening conditions early

in life (including poor nutrition, exposure

to pollutants, and high levels of family stress
associated with poverty, racism, and other
forms of economic or social marginalization)
can have disruptive effects on developing
immune and metabolic systems, including
excessive inflammation, that lead to a variety
of health impairments well into the adult
years. The implications for greater returns

on innovative, science-informed investments
in the early childhood period are clear and
compelling. The brain is indeed connected

to the rest of the body—and early childhood
policy in the 21st-century must focus on the
overwhelming evidence that early experiences
affect the foundations of both educational
achievement and lifelong physical and mental
health.
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THE ISSUE:

The Physical Environments Where Children Live Affect Their

Development and Health

We all experience a continuous
stream of influences from the physical
and social environments in which we live,
beginning before birth and continuing
throughout our lives. These include a
wide range of conditions in the places
where children live, grow, play, and learn
that get “under the skin” and affect the
developing brain and other biological
systems—including the immune and
metabolic systems—with potential effects
in childhood and well into the adult
years.! Beyond the critically important
impacts of caregiver-child relationships
on early childhood development, the
places where people live affect what
they are exposed to, which then affects
maturing biological systems—positively
or negatively. In short, place matters.

Scientists categorize the physical
environment in at least two ways, both
of which are shaped by human actions,
including intentional decisions around
policies that shape the environment in
which we live. One category—the natural
environment—includes the quality and
temperature of our air, the purity and
availability of our water supply, and the
ways that climate change affects the
prevalence and magnitude of natural
disasters like floods, hurricanes, and
wildfires. Another—the built environment—
includes the residences in which families
live; the density of surrounding buildings;
the types of local businesses (and whether
they offer job opportunities, access to
nutritious food, etc.); the availability of
green spaces; the upkeep of roads, bridges,
and sidewalks in the neighborhood; and the
transportation that people can access to get
to where they need to go.?

The qualities of the conditions in which
people live are not evenly or randomly
distributed. They are shaped by and deeply

DEVELOPINGCHILD.HARVARD.EDU

rooted in public policies and social history.
Extensive research demonstrates how
zoning regulations, real estate and banking
practices, and government actions—both
through historic discrimination and
current practices—have discriminated
against minoritized racial and ethnic
groups. These influences, past and
present, continue to shape the natural
and built environments where Black and
Indigenous individuals, along with other
people of color (BIPOC), live today.

The qualities of the conditions in which people
live are not evenly or randomly distributed.
They are shaped by and deeply rooted in public
policies and social history.

For example, policies described as
“redlining”—a federally backed program
that for nearly 40 years denied mortgage
loans and other financial services for
residents of areas that were marked on
maps as “hazardous” for investment based
on residents’ race or ethnicity— resulted in
neighborhoods that remain predominantly
populated by Black residents and other
people of color. This segregation has led to
unequal access to wealth (through lack of
access to high-paying jobs and favorable
mortgages), lack of access to high-quality
health care and schools, and unequal
access to reliable transportation. These
previously redlined neighborhoods often
lack resources to oppose the building of
highways, manufacturing plants, and
toxic waste disposal sites in or near their
communities. As a result, today, these
racially segregated communities are far
more likely than predominantly white
neighborhoods to experience increased
exposure to high levels of air pollution,
toxic chemicals, excessive noise, and
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higher temperatures, while also having
less access to healthy foods, high-

quality health care facilities, safe areas

to play or exercise, and green spaces.>*°
Families struggling with the hardships

of intergenerational poverty and with
limited political power in rural areas are
also more likely to live in close proximity
to contaminated groundwater and be
exposed to toxicants (i.e., artificial, human-
made toxic products such as pesticides or
industrial waste) that can have serious
consequences for pregnancy outcomes and
the subsequent health of their children.578

Understanding the powerful effects that
natural and built environments have on the early
foundations of health and development calls for
increased attention to important influences that
fall well beyond the traditional boundaries of the

early childhood field.

In 2004, the National Scientific Council
on the Developing Child described the
effects of early life experiences on the
developing brain in its first Working Paper,
Young Children Develop in an Environment
of Relationships.® Over the ensuing two
decades, this science-based concept has
helped make the case for safe, stable, and
nurturing relationships as the “active
ingredient” in how environments can
positively influence the architecture of
the developing brain. More recently, as
research on the early origins of health
and illness has advanced, so has our
understanding of how early experiences
affect multiple biological systems in

What Science Tells Us

The conditions of a place can have
positive or negative influences on
child health and development. Positive
influences, beginning in pregnancy
and continuing throughout childhood,

the body (e.g., immune, metabolic, and
respiratory) and how those systems
interact with and shape each other as well
as the brain.!®" But this is not the whole
picture. External exposures from the
natural and built environments also affect
the development of biological

systems inside the body and interact

with the more personal influences

of adult-child relationshipsin a

deeply interconnected way.

The implications of this rapidly
growing science are clear. Understanding
the powerful effects that natural and
built environments have on the early
foundations of health and development
calls for increased attention to important
influences that fall well beyond the
traditional boundaries of the early
childhood field. This demands the
incorporation of a more intentional
early childhood perspective within the
current concerns of urban planning, rural
development, environmental protection,
climate change, and anti-discrimination
policies, among others. Ensuring “fairness
of place”—that vital conditions for well-
being are available to all children, not just
some—requires that a broader range of
policy domains work together to redress
racist and other discriminatory policies to
achieve greater equity. Supporting healthy
child development is still about caregiver-
child relationships, and it’s also about
communities, businesses, and governments
working together to assure a supportive
and healthy environment for all young
children—with particular attention
to natural and built environments that fall
far short of that goal.?

include access to nutritious food, clean
air and drinking water, safe green space
in which to play, reliable transportation,
and a home environment free of lead and
other heavy metals. Negative influences
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include polluted air and water, extreme
temperatures, a lack of safe green spaces,
high rates of crime and violence, excessive
environmental noise that can disrupt
normal sleep patterns, lack of access to
affordable nutritious food, and a home
environment containing toxicants from
asbestos, lead, or secondhand smoke."

An environment that provides many
positive influences is more likely to support
healthy development, and an environment
that imposes many negative influences is
more likely to result in a higher prevalence
of disease and impairment. For example,
access to safe green spaces—such as parks,
playgrounds, and recreation areas—is
associated with better physical and mental
health, lower stress, and lower rates of
obesity and type 2 diabetes, among many
other benefits.” Access to safe green
space during pregnancy is associated
with decreased risk for low birth weight,
which is a known risk factor for a range of
health conditions across the life course.?”
More frequent exposure to green spaces
during childhood is related to lower risk
of both obesity and neurodevelopmental
problems such as inattentiveness.! Based
on available evidence, it is reasonable to
hypothesize that these benefits can be
explained by higher levels of physical
activity, calming effects of exposure to
nature, mitigation of extreme heat, and
reduction of air and noise pollution.

As our knowledge of the health
effects of green space grows, the unequal
distribution of these spaces demands
greater attention. In many cities across
the United States, neighborhoods with
higher percentages of residents of color,
as well as people with lower levels of
education and income, have less access
to green space and experience higher
average temperatures than neighborhoods
with higher percentages of white and
higher-income residents.'® Moreover,
the geography of these differences closely
mirrors the boundaries created by
legalized, discriminatory zoning and real
estate investment practices (described
above) that began almost a century ago
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and have played a major role in creating
the racially segregated neighborhoods
and subsequent unequal exposures to
adverse environmental conditions that
continue to this day.”” Current zoning
practices that place restrictions on
minimum lot sizes, building height,
and construction of multifamily homes
perpetuate unequal types and quality of
housing across neighborhoods. These
historically discriminatory practices,
as well as their modern-day policy
counterparts, result in neighborhoods
with fewer positive conditions and more
harmful environmental influences, and
thereby contribute to persistent racial
disparities in health, such as higher
rates of obesity and diabetes in Black
populations compared to white.?°

Many factors contribute to the early
foundations of health and development.
That said, abundant research evidence
shows that as the number of adverse
exposures increases, it becomes less
likely that any individual will “weather
the storm” and avoid experiencing some
negative effects.?* As the demand for deeper
understanding of neighborhood influences
on child well-being has increased,
researchers across disciplines have become
more precise about quantifying both
positive and negative environmental
conditions and their impacts. One of the
most prominent examples, the Childhood
Opportunity Index (COI), provides a
comprehensive tool for evaluating assets
and risk factors at the neighborhood
level, based on data collected from
72,000 census tracts in the 100 largest
metropolitan areas in the United States.?
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TABLE 1

Neighborhood indicators in the Child Opportunity Index 2.0

Education

Early childhood education

e Early childhood
education centers

* High-quality early childhood
education centers

e Early childhood education
enrollment

Elementary education
* Third grade reading proficiency
* Third grade math proficiency

Secondary and
postsecondary education

* High school graduation rate

¢ Advanced Placement
course enrollment

* College enroliment in
nearby institutions

Educational and social resources
* School poverty
e Teacher experience

¢ Adult educational attainment

Health and Environment

Healthy environments
* Access to healthy food
* Access to green space
* Walkability

* Housing vacancy rate

Toxic exposures
* Hazardous waste dump sites

* Industrial pollutants in
air, water or soil

* Airborne microparticles
* Ozone concentration

* Extreme heat exposure

Health resources

* Health insurance coverage

Social and Economic

Economic opportunities
* Employment rate

¢ Commute duration

Economic and social resources
* Poverty rate*
* Public assistance rate*
* Homeownership rate*
* High-skill employment*
* Median household income*

* Single-headed households

*These five indicators are combined into an economic resource index.

The COI considers the types of
resources and conditions in neighborhoods
where children live, and the corresponding
access to opportunities—or lack thereof—
that can support healthy development.

The 29 elements quantified by the COI
include proximity to assets like educational
resources (including high-quality early
care and education), green spaces,
employment opportunities, and healthy
foods, as well as exposure to risk factors
like hazardous waste, air pollution, and

DEVELOPINGCHILD.HARVARD.EDU

extreme heat.? Analyses of COI data show
significant geographical differences across
the United States, with New England and
the Great Plains states containing metro
areas with the highest scores, while the
Central Valley of California and Southern
states have metro areas with some of the
lowest opportunity scores in the country.
Within these regions, the COI lays
bare dramatic differences between
neighborhoods populated predominantly
by white residents and those that are home
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to mostly Black and Hispanic residents
(see sidebar). Black and Hispanic children
across the US are more than seven and five
times more likely, respectively, to live in
“very low opportunity” neighborhoods
compared to white children.? Analysis

of COI data shows that children are

highly segregated by race/ethnicity,

and opportunities are significantly less

available to those who identify as Black or
Hispanic compared to those who identify
as white or Asian. In the Milwaukee
metro area, for example, the typical
white child lives in a neighborhood with
a Child Opportunity Score of 85 (out of
100), while the typical Black child lives in
aneighborhood with a score of only 6.

Underinvestment Leads to Wide Racial
Disparities in Access to Opportunity

The figure above shows the distribution of Child Opportunity Scores across the 100
largest US metro areas by race/ethnicity. The green bars at the top show wide variation
in opportunity scores for white children across metro areas, but the distribution is
generally above the national median. In other words, in the vast majority of metro
areas, the typical white child enjoys neighborhood opportunity higher than the

national median. The distribution for Asian children is similar. In contrast, the typical
Hispanic or Black child lives in a neighborhood with an opportunity score that is

well below the national median. In fact, for the 100 largest metro areas combined,

the average Child Opportunity Score is 73 for white children and 72 for Asian
children, in sharp contrast to 33 for Hispanic children and 24 for Black children.?®
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Environmental exposures early
in life can cause lasting changes in
developing biological systems. The
brain and other biological systems in
the body (e.g., immune, metabolic, and
respiratory), as well as the microbiome
(i.e., bacteria that develop in the gut and
play an important role in health and
illness), each have periods when they are
most sensitive to environmental influences.
During prenatal development, billions of
cells are produced that become specialized
for different organ systems or functions—
each establishing unique properties that
allow them to function as part of the brain,
lungs, immune system, or as hormone-
producing cells, among many other types.
In the immune system, for example, these
specialized cells are deployed throughout
the body and develop molecular
“memories” that are essential elements
of the body’s defense against infection
throughout childhood and adolescence.?

Significant adversity or trauma may also
speed up the opening and closing of critical
periods in the development of specific
brain circuits.? This can have negative
consequences for both physical and mental
health by contributing to earlier onset of
puberty and the development of anxiety.?
The effects of early exposure to air
pollution on the developing brain and
respiratory system have been studied
extensively and are well understood.
Significant air pollution comes from
the burning of fossil fuels, including
emissions from cars, as well as poorly
ventilated wood-burning stoves, and
forest fires. Airborne pollutants can be
absorbed in a variety of ways and cause
problems in specific developing organs as
well as entire systems.* The nature and
severity of these effects vary according
to when they occur over the course of
development. For example, exposure to air
pollution prenatally, when the lungs and
immune system are especially sensitive to

Ensuring the environments that surround
pregnant people are safe, supportive, and free
of toxicants is a critical investment in the future
health and well-being of all children.

environmental influences,* is associated
with lower lung volume in early childhood*
and decreased lung function in the
preschool years.? Exposure to air pollution
in the prenatal period is also associated
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Ensuring the environments that
surround pregnant people are safe,
supportive, and free of toxicants is a critical
investment in the future health and well-
being of all children. Exposure to a subset
of specific infections or toxic substances,
as well as poor nutrition (e.g., scarcity or
overabundance of calories), during the
prenatal period can have lifelong impacts
on developing biological systems and even
prime these systems to be more susceptible
to similar stressors later in life. For
example, undernutrition during critical
periods of fetal development may cause
lasting changes in metabolic and endocrine
regulation that increase the likelihood of
obesity and cardiovascular disease later in
life. Some toxic substances absorbed during
pregnancy can enter the placenta and
affect its function, as well as cross into the
fetus and disrupt its development directly.

with increased rates of restricted growth in
utero, prematurity, and low birth weight
in full-term infants.**343%536 Children who
are exposed to higher rates of outdoor air
pollution during the first year after birth
may have diminished functional lung
capacity as teenagers.* Similar exposures
throughout early childhood increase the
risk of developing pediatric leukemia,
elevated blood pressure, and asthma or
chronic obstructive pulmonary disease
in adolescence or early adulthood.38%4°
Because Black children are exposed to

air pollution more often than white
children, it is not surprising that they

are twice as likely to have asthma and
four times as likely to die from it.#

There is also evidence that some
types of air pollutants can activate the
body’s stress response by stimulating the
hypothalamic-pituitary-adrenal (HPA) axis,
triggering the release of stress hormones

Place Matters: The Environment We Create Shapes the Foundations of Healthy Development 6



such as cortisol.*? Many developing
biological systems, including the brain, are
more sensitive to the effects of excessive
amounts of stress hormones than more
mature systems, particularly in the
prenatal period and early years after birth.
When the stress response is chronically
elevated, it can produce what is known as a
“toxic stress response,” creating structural
irregularities in the brain and negative
effects on cognition and mental health,*

as well as broader wear and tear effects
across multiple organ systems over time.*
Moreover, the full range of health outcomes
that are affected by early environmental
influences such as air pollution may not

be apparent until much later in life.

Racism influences multiple
dimensions of the natural and
built environments that affect the
foundations of child development and
lifelong well-being. In the first decade
of the 21t century, the Human Genome
Project (an international collaboration
that generated the first sequence of the
full set of human DNA) demonstrated
once and for all that there are no distinct
biological boundaries that indicate where
one racial category begins and another
ends. Racial distinctions, as we know them,
are inventions created by societies—and
there are no validated genetic criteria for
differentiating these categories.*> Given
this scientific consensus, when we study
racial and ethnic disparities in health
status across groups (as defined by census
data or other means of self-identification),
these comparisons reflect variation in lived
experiences within and across generations,
not underlying genetic differences. Stated
simply, although race is not an objective
biological categorization, the experience
of racism gets into the developing body,
with significant biological consequences
that can begin in the prenatal period.

Many people think of racism as
overt bigotry or personally experienced
discrimination in the context of everyday
social interactions, including implicit bias,
microaggressions, and harassment. The
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full manifestations of its effects, however,
are embedded in a much wider range of
conditions, experiences, and exposures
that are experienced by families of color
with young children.* Cultural racism,
for example, is experienced as a pervasive
ideology that is reflected in the language,
symbols, media, and assumptions of
the larger society that values whiteness
as the desirable standard. Stereotype
threat, which occurs when an individual’s
awareness of a negative stereotype
results in worry that their behavior could
reinforce that stereotype about their
culture, and the internalized racism that
it produces, are often invisible to those
who do not experience them first-hand.#
Structural (or systemic) racism,
which is reflected in both the natural
and built environments, includes
multiple manifestations of how political,
economic, and social inequities become
deeply embedded in where people live—
particularly but not exclusively in racially
segregated communities—and how
systems and institutions operate in ways
that provide an advantage to some racial/
ethnic groups and perpetuate an unfair
disadvantage to others. These biases have
been built deeply into an array of public
policies and institutional practices that
have been either prescribed explicitly
by law (e.g., Jim Crow segregation) or
perpetuated implicitly by customary
practices (e.g., racial disparities in the
criminal justice system as illustrated
by unequal sentencing patterns). Many
adverse effects of systemic racism have
deep historical roots whose impacts
continue to the present day, and many
present-day policies continue to perpetuate
these inequities and their ongoing effects.
These include the placement of hazardous
waste sites close to communities of color
(see box below) and the construction
of the US interstate highway system
beginning in the 1950s, which located
urban routes largely through communities
of color and neighborhoods that were
previously redlined.*® Current policies
that perpetuate inequities through
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ongoing discrimination in the housing
market include requirements for
minimum lot sizes and restrictions on the
construction of multi-family homes.*
The cumulative effects of systemic
racism, compounded by cultural racism
and the everyday personal indignities and
threats of individualized discrimination,
contribute to a complex mix of physical,
social, and economic conditions and
experiences that impose substantial
hardships on BIPOC families raising young
children.*® In the natural environment,
structural racism leads to segregated
communities in which minoritized
children are exposed to more excessive
heat and toxicants (e.g., air pollution,*
industrial waste,* insecticides in the
case of migrant farm workers*) and have
less access to clean drinking water4>
and violence-free green space.*% In the
built environment, structural racism
affects the type and quality of residential
housing and leads to diminished access
to nutritious foods, high-quality health
services and child care, educational
resources, and economic opportunity.

In the built environment, structural racism

parts of the brain;*® many have focused

on the common effects of excessive stress
activation inside the body, independent

of its causes.*® Although the biological
disruptions caused by racism may be

due to its effects on the stress response
system, disparities in health outcomes
associated with systemic racism can also be
explained by profoundly disproportionate
exposures to environmental toxicants
such as air pollution and contaminated
drinking water. Further research will shed
greater light on the complex interactions
among multiple sources of adversity

and resilience that affect the well-being

of children and the adults who care

for them, particularly in the prenatal

and early childhood periods, when
developing biological systems are most
susceptible to environmental influences.

The timing of environmental
experiences and exposures can
influence both short- and long-term
effects.’° As noted earlier, humans differ
in their sensitivity to influences from
the environment at various points in the
life course. The sensitivity of the brain
and other biological systems is typically
greater in the prenatal period than in

affects the type and quality of residential

young children; young children are more
susceptible to most adverse exposures
than adolescents; and adolescents are
more vulnerable to many exposures than
adults.® Immature biological systems in

housing and leads to diminished access to
nutritious foods, high-quality health services
and child care, educational resources, and

DEVELOPINGCHILD.HARVARD.EDU

economic opportunity.

The causal mechanisms that explain
how the effects of racism can be built
into the body and lead to disparities in
the development and health of young
children continue to be the focus of
extensive research. Like other types of
early life adversity that trigger excessive
activation of the stress response system,
the stresses of racism can lead to biological
disruptions that increase the risk for
negative impacts on learning, behavior,
and both physical and mental health.
Some scientists have documented how
different forms of adversity affect different

an embryo or fetus develop at an extremely
fast pace, and their development is
powerfully shaped by interactions with
the environment around them. These
systems read conditions in the womb as
predictors of what they will encounter
after birth and adapt accordingly. This
makes these developing systems more
susceptible to positive and negative
environmental influences, as compared to
when they have matured and stabilized.5?
Beginning immediately after birth,
the protective function of the placenta and
uterus is replaced by responsive caregiving,
but the external environment also affects
babies and toddlers directly through the
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air they breathe, the water they drink,
and the sound level and temperature of
the conditions in which they sleep—all of
which can either promote or disrupt the
development of their brain circuits, the
maturation of their immune system, and
the regulation of their metabolism.5

Although the first “place” that affects
development directly is the intrauterine
environment during pregnancy, the
nature and extent of these effects may
not be fully apparent until years or
decades later.®* Inadequate or excessive
nutrition, unmanageable levels of stress,
extreme heat, and chemical exposures
(e.g., lead) are particularly dangerous
during the prenatal period.% Over- or
under-nutrition is associated with greater
risk of obesity, hypertension, and heart
disease in adulthood.% These and other
environmental influences (e.g., specific
infections, tobacco smoke, pesticides)
during pregnancy are also connected
to very low or very high birth weights,
which can have implications across
the lifespan, including greater risk for
cardiovascular disease, type 2 diabetes,
and mental health conditions.®

One example of how the timing of
exposures affects their impact is the effects
of lead, an extensively studied toxicant.
This heavy metal can be absorbed at
any age by the gastrointestinal system
through ingestion, in lesser amounts
through the respiratory system by
inhalation, or in small amounts through
skin absorption—and there is no safe
level of lead in the blood. A high-profile
instance of widespread lead exposure
through contaminated water in Flint,
Michigan, was identified in 2014, when
nearly a quarter of the children in
that city showed increased blood lead
levels®® —double the previous rate®®—in
the months following Flint’s switch in
public water suppliers. Young children,
fetuses, and pregnant individuals absorb
lead through the gastrointestinal system
at substantially higher rates than the
general population. As a result, exposure
during these sensitive periods can result
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in a range of negative impacts on health
and learning (including increased risk of
preterm birth, miscarriage, decreased fetal
growth, learning and behavioral difficulties
later in childhood, and increased blood
pressure in adulthood™), while exposure to
the same level of lead in an adult is much
less likely to have significant effects.”

Although the first “place” that affects
development directly is the intrauterine
environment during pregnancy, the nature and
extent of these effects may not be fully apparent
until years or decades later.

Lead exposure provides a striking
example of the effects of discriminatory
housing and economic policies on the built
environment, which in turn affects child
outcomes. Structural racism, through
redlining and neighborhood disinvestment,
has resulted in children of color living,
on average, in older homes that are more
likely to contain lead in pipes, paint, and
the surrounding soil. Regulatory policies
that require landlords of rental properties
to abate lead are inconsistently enforced,
and when the safeguards around these
policies break down, residents are left
with limited options for lead abatement.
Moreover, these safeguards fail more often
in neighborhoods where families living in
poverty have fewer resources to put toward
lead abatement in their homes.” In Flint,
long-term impacts cannot yet be measured,
but research to date has documented a 15%
increase in babies born at low birth weight
to women who were pregnant when the
crisis began and a nearly 20% increase
in low birth weight among children
born to Black mothers in the area.™

The consequences of exposure to
environmental tobacco smoke (ETS)
during pregnancy also illustrate increased
sensitivity in the prenatal period.
Extensive studies have demonstrated that
prenatal exposure to ETS—even when
the expectant parent does not smoke—
leads to higher risk of low birth weight,
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birth defects, and stillbirth.” While there
isabundant evidence that adults also
experience negative health effects from
tobacco exposure, those effects (e.g.,
elevated blood pressure and increased
risk of lung cancer and heart disease) are
different from those observed early in
life. As noted above, air pollution during
the prenatal period can directly affect the
developing lungs and immune system,
increase the risk of low birth weight or
neurodevelopmental outcomes like autism,
and be a trigger for asthma in susceptible
children during childhood (see below).
Exposure to air pollution in adulthood
does not lead to the same outcomes.”™®

Individuals respond differently to
the physical environment, but there are
clear patterns of risk that can inform
universal action. Even within the same
home, or in the face of similar experiences
or exposures in a broader context,
individual children react differently to both
adversity and support. Some are highly
sensitive to changes in their environment
while others “go with the flow” in difficult
situations. Scientists refer to this concept
of individual differences as heterogeneity.
As a core principle of 21% century biology,
itis explained by extensive evidence that
all aspects of development and health over
the life course are determined by complex
interactions among genes, environments,
and developmental timing (“GXExT”).”

In the case of asthma, each child is
born with a unique genetic profile that
reflects differential susceptibility to the
disease—but whether and how those
genetic instructions are carried out is
affected by experiences and exposures.™
A fetus in utero or a developing child
after birth may be exposed to a range
of environmental triggers for asthma
(including air pollution—as noted above—
but also dust, chemicals, viruses/bacteria,
vermin, and stress).” How that fetus or
baby is affected by these triggers, however,
depends on the magnitude and frequency
of the exposures, how specific exposures
interact with individual genetic variation,

and whether they occur during critical
periods of development. All three factors
interacting with each other will determine
whether a child is likely to develop asthma,
how severe the symptoms might be, and
whether the condition becomes chronic.
Population-level rates of asthma,
on the other hand, paint a clear picture
of identified risk factors in the broad
environment that can be addressed to
lower its prevalence across an entire
community. For example, multiple studies
have shown that higher rates of asthma
exist in neighborhoods with more pollution
and lower-quality housing.®-82 Programs
such as the Community Asthma Initiative
in Boston, which provides expanded access
to better health care and addresses sources
of environmental triggers that are most
prevalent in neighborhoods with high rates
of this illness, have been shown to reduce
rates of asthma across the community.
Such programs do not eliminate asthma
entirely, because of the complex interaction
of factors described above, but by
reducing its environmental causes and
improving medical treatment, they have
been effective in significantly reducing
the human and economic burdens of this
costly disease at a population level.%84
Looking at how environmental
threats to health play out across a range
of contexts and diseases reveals common
underlying principles that underscore
the way toxic exposures, genetic variation
in susceptibility, and developmental
timing interact to shape outcomes. In the
case of Toms River Township (formerly
Dover Township), a predominantly
white, middle class, suburban region
in New Jersey, public health officials
investigated a significant increase in
the incidence of childhood cancers and
found a link to hazardous chemicals in
the local drinking water and soil from a
nearby manufacturing site.®> In another
example from the Appalachian region
of West Virginia known as Chemical
Valley, the release of a chemical known
as MCHM polluted the local drinking
water, groundwater, and soil, leading to
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increases in preterm births and low birth this predictable variation in population-

weights in full-term newborns, many of level risk, a broad public health approach
whom required complex medical care. combined with a tailored response to
Without minimizing the serious address differential needs is most likely
(and fully preventable) consequences of to protect the health and development
these toxic exposures, not all children of all children in a community. In the
who drank the affected water in the case of lead, this approach can include
Toms River area developed cancer, and housing policies that ensure high-quality
not all fetuses exposed to contaminated pipes and clean water for everyone,
drinking water in Chemical Valley mitigation efforts in neighborhoods
were born prematurely. Differences in most likely to have high concentrations
individual genetic makeup, levels of of lead paint and soil, and frequent
exposure, and developmental timing surveillance combined with individualized
explain most, if not all, of the reasons for monitoring and treatment as needed for
the variable health effects. Regardless of children with detectable blood levels.

Human-Made Toxicants Affect Childhood Development

While the impacts of adverse

environmental influences fall

disproportionately on individuals

living in poverty, people of

color, and other marginalized

groups as a result of historical

and current discriminatory

policies, all communities are

potentially susceptible to the

health effects of unfavorable

environmental conditions.

The Toms River Township of

Ocean County, New Jersey,

is a suburban, predominantly EPA Map of Superfund National Priorities List. Explore this interactive map and additional details here.
white, middle-class region.

Between 1979 and 1999, 102 children under the age of 19 who lived in that area were
diagnosed with cancer, an incidence rate that is one-third greater than expected. Rates

of brain cancer, leukemia, and other nervous system cancers were particularly high.®” The
state of New Jersey subsequently conducted a study that linked prenatal exposure to two
specific sources of contamination in the township’s water and air to an increased risk of
leukemia in girls.®8 The identification of these contaminants resulted in the closure of two
business sites, payment of fines for criminal penalties by the companies involved, financial
settlement with families whose children developed cancer, an expanded treatment
system for the water supply, and the development of a new water sampling and analysis
method that allows for measurement of radioactivity. Despite these efforts, cleanup of
the site and disputes about ways to restore its natural resources remain ongoing.8-°
Environmental hazards can disrupt developing biological systems in a variety of ways
beginning very early in life, leading to a range of adverse effects on physical and mental
health. News headlines from Wilmington, Massachusetts; Camp Lejeune, North Carolina;
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Flint, Michigan; and Jackson, Mississippi, have captured ways that residents have
been exposed to toxicants as dramatic examples of preventable tragedies, but they
are far from the only ones. As of fall 2022, there were more than 1,300 locations in
the US officially designated by the Environmental Protection Agency as National
Priority Superfund sites (i.e., locations that contain high levels of hazardous material
contamination that require long-term cleanup funded by federal legislation), with
another 43 awaiting this formal designation.®’ While contaminated sites can be
found in every state and in both rural and urban areas, as well as on hundreds of
former military installations,® they are not evenly distributed. In 2015, a national
analysis of hazardous waste sites found that toxic facilities are usually placed in
locations where residents lack social, economic, or political power—and these are
disproportionately areas where people of color and people living in poverty reside.®®
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The Superfund program, instituted by federal legislation in 1980, is one
example of a policy response to understanding our shared responsibility
for—and benefit from—cleaning up environmental toxicants. Yet, just like
exposure to toxicants, our response to these conditions is uneven across
groups. For example, in Flint, Michigan, where residents are predominantly
Black, it took 79 lawsuits® and two years of coommunity activism after several
major outbreaks of disease due to contaminated water to initiate a public
response that eventually brought lead levels below the toxic range.

All children, regardless of where
they grow up, should be able to live in an
environment that supports their healthy
development. And, all communities have
natural and built dimensions of their
environment that have been constructed
and designed through decisions made
over time. Just as these dimensions of
the environment have been designed
over time, they can be re-designed
to support healthy development.

All children, regardless of where they grow up,
should be able to live in an environment that
supports their healthy development.

Every environment is infused with
a combination of positive and negative
influences on health and development,
but levels of exposure to hazards and
access to opportunity are not distributed

Implications for New Directions in Policy

equally. Equalizing such environmental
opportunities so that all children can
grow up in neighborhoods free of
toxicants and rich in access to high-quality
education and health care will require
confronting the causes and consequences
of systemic racism, intergenerational
poverty, and other structural inequities
that lead to preventable disparities

in child development and lifelong
physical and mental health.

When we respond as a society to a
devastating hurricane, wildfire, flood, or
blizzard, we target greater support to the
communities that have been most severely
affected. Similarly, directing greater
attention to community conditions where
they present the greatest threats to the well-
being of young children reflects our shared
commitment to a healthy and sustainable
society. Securing the opportunity for all
children to develop in an environment that
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helps them to thrive requires attention
to universal needs and investment in
places that face the greatest hardships and
obstacles. Deeply embedded inequities
where people live disproportionately
undermine the life prospects of children
of color and children living in poverty,
beginning before they are born. There is
an urgent need to address these inequities
and provide all children with the
opportunity to reach their full potential.

The benefits of high-quality health
care, child care, and early education
are well-documented. Yet these child-
focused programs are situated in a broader
environment of risk and protection that
also requires focused attention in order to
achieve the promise of population-wide
improvements in educational achievement,
health, and well-being. All sectors of the
early childhood ecosystem, including
policymakers, service providers, advocates,
and private philanthropists, must direct
increased attention to and investment in
the prevention and reduction of adverse
environmental conditions and exposures
that get built into the developing body
early in life. Strategic investments at
the population and community levels,
beginning in the earliest periods of
development, represent a critical yet
currently under-addressed dimension
of science-informed early childhood
policy that demands fresh thinking.

To succeed in this mission, we must
broaden the list of policy domains that
are viewed as affecting the foundations of
early childhood development and lifelong
physical and mental health. Prominent
examples include environmental
protection, climate change policies and
mitigations, housing, zoning, urban
planning, economic development, criminal
legal reforms, and anti-discrimination
policies, among others. All of these areas

are interdependent. Each policy domain
must focus on its capacity to dismantle
structural factors that lead to the
disproportionate exposure of minoritized
children to adverse environmental
influences. Re-examining policies and
their associated systems through an anti-
racist, early childhood lens will advance
our ability to connect the dots among:

 strengthening community assets
that support healthy development;

* preventing, reducing, and/or
mitigating environmental conditions
that threaten human well-being,
with particular attention to the
most affected communities; and

e understanding how both assets
and threats are built into the body,
beginning prenatally and in the
early childhood period, and result in
either a strong or weak foundation
for all the learning, behavior, and
health that are necessary for a
thriving and sustainable society.

These challenges will not be addressed
by working within the current boundaries
of early childhood policy and practice. The
future of science-informed investment
in young children and their families—
and the path to greater impacts at scale—
requires a coordinated strategy that
builds on the current ecosystem of child-
and family-focused supports and moves
“upstream” to incorporate a broader
range of policy domains that influence
the natural and built environments that
affect families raising young children.
Through such a coordinated strategy, we
can create a society that supports the
health and development of all children,
one where equal access to opportunity
assures a sustainable future for us all.

For more specific policy implications, ideas, and examples,
visit developingchild.harvard.edu in 2023 and beyond.
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