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Summary
Children’s early social experiences shape their developing neurological and biological systems for good or for ill, writes Ross Thompson, and the kinds of stressful experiences that are
endemic to families living in poverty can alter children’s neurobiology in ways that undermine
their health, their social competence, and their ability to succeed in school and in life. For
example, when children are born into a world where resources are scarce and violence is a constant possibility, neurobiological changes may make them wary and vigilant, and they are likely
to have a hard time controlling their emotions, focusing on tasks, and forming healthy relationships. Unfortunately, these adaptive responses to chronic stress serve them poorly in situations,
such as school and work, where they must concentrate and cooperate to do well.
But thanks to the plasticity of the developing brain and other biological systems, the neurobiological response to chronic stress can be buffered and even reversed, Thompson writes, especially when we intervene early in children’s lives. In particular, warm and nurturing relationships
between children and adults can serve as a powerful bulwark against the neurobiological
changes that accompany stress, and interventions that help build such relationships have shown
particular promise. These programs have targeted biological parents, of course, but also foster
parents, teachers and other caregivers, and more distant relatives, such as grandparents. For
this reason, Thompson suggests that the concept of two-generation programs may need to be
expanded, and that we should consider a “multigenerational” approach to helping children living
in poverty cope and thrive in the face of chronic stress.
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hildren depend on the care
of adults in the environment
of relationships in which they
live. This provides a compelling justification for twogeneration efforts to support healthy growth.
In this issue, other scholars draw attention
to the ways that family resources—such as
assets (including income), parents’ education
and health, and family assistance programs—
can have both direct and indirect benefits
for children.
This contribution is different from the others in several ways. First, I focus not only on
resources but also on how family stress, and
especially sources of stress that are common
to at-risk children, can threaten healthy
development. The children in the studies
I discuss live in poverty, witness domestic
violence or persistent marital conflict, live
in foster care, are abused or neglected, have
a depressed mother, or experience other
kinds of significant chronic stress. Second,
I focus on developing biological systems,
although the studies I review also have considerable implications for behavioral development, socioemotional adjustment, and
cognitive growth. Third, I try to understand
how parenting quality and parent-child
relationships affect children’s biological
functioning in ways that can have enduring
behavioral consequences. My argument is
that children are biologically designed to
rely on early social experiences to guide the
organization of their developing biological
systems in ways that can be healthy or maladaptive. Those social experiences, especially in the family, can assist or undermine
positive coping and adjustment, or in some
cases alleviate the effects of prior stressful
experiences. This is where the research I
discuss has implications for early, multigenerational interventions.
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The next section outlines a general portrayal
of a child’s developing biology, drawing on
research into fetal programming, the neurobiology of stress and development, and
how immunological systems function.1 The
picture is incomplete because these research
fields are rapidly advancing, but we know
enough already to draw conclusions about
how early experience affects the developing
organization of these biological systems. In
the third section, I expand on the concept of
“stress,” drawing on research into the interaction of genes and the environment, to provide
a more refined analysis of the kinds of experiences and conditions that pose immediate
and longer-term risks to young children. The
fourth section introduces the concept of
developmental plasticity as a way to understand why early intervention is important,
and what characteristics distinguish promising interventions to ameliorate children’s
stress. This section also profiles several
examples of interventions that improve the
stress neurobiology of children who live in
difficult circumstances. The final section
offers several provisional conclusions and
implications of this work for thinking about
multigenerational approaches to strengthening healthy development.

Developing Brain, Biology, and
the Environment
Children are born into a world of unknowns.
Newborns have no idea whether the environment into which they are born is rich or
deficient in food, dangerous or secure, or
populated by nurturing or abusive adults. Yet
the ability to quickly adapt to environmental
conditions is crucial to the newborn’s immediate survival and to long-term development,
especially if these conditions are likely to
persist. Depending on which environmental
conditions are detected, for example, the
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infant’s developing metabolism might slow
down to prepare for a world of deficient or
inconsistent food resources, and its perceptual processes might become more or less vigilant for threats to its safety. Obviously, these
adaptations are not made consciously. Rather,
they reflect how young, developing biological
systems organize themselves in response to
environmental signals. The most important
source of these signals is the quality of care
that young children receive.
An illustration of how this occurs is early
language learning.2 Newborns cannot know
whether they’ve been born in Paris, London,
New York, Tokyo, or Kiev. Consequently,
the young brain must develop the potential
to learn any language, and studies show that
six-month-olds can discriminate among a
wide variety of human speech phonemes,
many more than their parents can discern.
Young infants are figuratively “citizens of the
world.”3 But this universal perceptual ability
is lost by age one as the child overhears the
language (or languages) spoken in the home.
This signals the brain to reorient speech
perception to language-specific phonemes,
making the child a more efficient language
learner, and soon afterward an explosion in
language learning occurs. Early experience
instructs the brain about the language environment into which the child has been born.
There is every reason to believe that this
biological sensitivity to environmental signals
is not unique to language learning, nor does
it begin at birth. In the uterus, the fetus
is exposed to a variety of signals from the
mother’s diet, her emotions, and extrauterine influences that can have potent
effects on development. This was dramatically illustrated by longitudinal research (that
is, research that follows people over time)
on the Dutch famine of 1944. During World

War II, the German military occupying the
Netherlands blockaded food transports in
reprisal for a strike by Dutch railway workers
in support of the Allied invasion. As a result,
official rations for the adult population fell
abruptly to between 400 and 800 calories
daily from December 1944 until April 1945,
when the Allied liberation of the Netherlands
began to succeed and adequate nutrition
was quickly restored. The children born to
the women who were pregnant during the
Dutch famine have been followed into late
adulthood. Although some of the immediate
effects of maternal malnutrition (such as birth
weight) did not significantly predict later outcomes, latent effects of malnutrition followed
by food plenty had long-term consequences.
In adulthood, these children were at significantly greater risk for a range of health and
mental health problems, including obesity,
heart disease, and schizophrenic disorders,
compared with children, including same-sex
siblings, whose gestation was not affected by
the famine.4 Investigators have concluded
that these adult health problems may have
resulted from fetal “programming” for
nutritional deprivation followed by a lifetime
of plentiful food for which these individuals
were biologically unprepared.
Another illustration of how developing biology adapts to environmental signals concerns
the neurobiology of stress. At birth, newborns
have no idea whether they are living in the
West Bank or the East Side, but adapting quickly to environmental conditions of
threat or security is crucial to their survival.
Considerable evidence suggests that the fetus
is sensitive to hormonal and other physiological indicators of maternal stress, and that
heightened exposure to stress in the womb
is associated with greater reactivity to stress
after birth, as well as longer-term problems
with emotional and cognitive functioning.5 In
VOL. 24 / NO. 1 / SPRING 2014
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one longitudinal study, for example, mothers’
depression during pregnancy was associated
with heightened cortisol levels when infants
were observed three months after birth
as they underwent a moderately stressful
procedure (cortisol is an important stressrelated hormone).6 In another longitudinal
study, early exposure to maternal cortisol
in the womb was associated with emotional
difficulties and larger volume in the right
amygdala (a brain structure that helps detect
and respond to threat) in girls at age seven.7
These findings are consistent with substantial
research on animals that documents similar
effects in the offspring of pregnant females
that were subjected to stress.8 In general,
then, prenatal stress exposure makes children
more reactive to challenge and threat.
After birth, a child’s direct exposure to
chronic stress alters developing stress neurobiology in comparable ways. A wealth of
research with animals and humans has
focused on the hypothalamic-pituitaryadrenocortical (HPA) axis, an important part
of the neuroendocrine system (the body’s
regulatory system that integrates the nervous
system with the endocrine system). The HPA
axis matures significantly during the prenatal
period and the early postnatal years.9 When
the brain detects threatening events and
activates the HPA system, the consequences
include production of cortisol that mobilizes
energy, suppression of immune functioning,
enhanced cardiovascular tone, and other critical components of the stress response. These
responses have important psychological consequences, including greater focus on threat
vigilance, heightened motivation for selfdefense, and emotional arousal. In addition,
basal levels of HPA functioning, which follow
a circadian clock, are important to cortisol
output, which helps to maintain our capacity
to regulate our emotions and cope with stress.
44
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Chronic stress, however, changes HPA functioning over time by altering the neurological
circuitry that underlies the body’s regulation
of responses to stress. This occurs as repeated
exposure to stressful events alters the sensitivity of the HPA system, in part through its
effects on the limbic and cortical processes
that regulate HPA activity.10 The limbic
system is central to motivation and memory;
cortical processes influence thinking, reasoning, and emotional regulation. Owing to their
effect on these systems that regulate HPA
activity, stressful events can have far-reaching
consequences for behavior and cognition.

The biological effects of stress
undermine [children’s] ability
to concentrate, remember
things, and control and focus
their own thinking.
As the HPA system matures early in life, it is
especially susceptible to the effects of chronic
or severe stress. In a longitudinal study of
children living in poverty, for example, environmental characteristics like poor housing
quality, economic strain, and poor parenting
were associated with disrupted HPA activity from seven months to age four.11 Another
study of poor children found that toddlers
living in families characterized by violence
between parents and mothers’ “emotional
unavailability” to the child also exhibited
disruptions in normal HPA activity.12 In older
children, higher cortisol levels were associated with lower family socioeconomic status,
and mothers of older children with higher
cortisol levels were more likely to have symptoms of depression.13
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The behaviors correlated with disrupted
HPA activity are complex and depend in
part on the nature of the stress that children experience. They include heightened
vigilance and self-regulatory problems that
may be manifested in poorer coping, cognitive and attention problems, poor emotional
regulation, and difficulty in social functioning.14 This constellation of behavioral problems, which arise from chronic activation
of the HPA axis and the influence of stress
hormones like cortisol on other biological
systems (described below), have important
implications for children’s academic functioning as well as their capacity to develop
constructive relationships with peers and
adults. Stated differently, one of the reasons
that children in stressful circumstances fall
behind academically is that, in addition to
the other disadvantages they experience, the
biological effects of stress undermine their
ability to concentrate, remember things, and
control and focus their own thinking. And
one of the reasons they experience social difficulties—with peers, for example—is that,
in addition to the other disadvantages they
experience, the biological effects of stress
heighten emotional reactivity and undermine
emotional self-regulation.

of memories from current experience).15
Chronic stress also suppresses the functioning of the immune system. Stress undermines the immune system’s sensitivity to
infectious challenges, increasing its response
to cytokines (that is, inflammatory agents)
and generally embedding “proinflammatory
tendencies” into biological functioning.16 In
short, chronic and severe stress influences
multiple biological systems, with diverse
behavioral consequences; when this occurs
early in life, the organization and functioning
of these systems may be permanently altered.

Early, chronic stress is associated with other
biological challenges that also contribute to
these behavioral consequences. Stress is associated with sharp increases in the autonomic
nervous system’s activity, including elevated
blood pressure. As we’ve seen, stress hormones influence the functioning of cortical
systems (such as the prefrontal cortex, which
regulates many other neurobiological and
cognitive processes) and limbic structures,
including the amygdala, the hypothalamus
(which is involved in motivational processes, including emotion), and the hippocampus (which contributes to the creation

But there are several trade-offs. First, mental
resources devoted to vigilance cannot as readily be devoted to learning, problem-solving,
and other constructive pursuits. Second,
although this behavioral pattern is adapted
to conditions of adversity associated with
family experience, it may be poorly suited to
other social settings, such as at school and
with peers, that require a different and more
constructive set of behavioral skills. A social
orientation toward detecting threats makes
it hard to develop constructive relationships.
Furthermore, the trouble these children
have controlling their impulses and emotions

Viewed from the perspective of biological
adaptation, these developments are consistent with the young child’s preparation for a
life of adversity. If early experiences of family
conflict, limited resources, and poor parenting are biological signals of the environmental conditions into which the child has been
born, then it makes sense that the child
develops biological systems that allocate
mental resources to threat vigilance, foster
quick and strong reactions to perceptions of
danger, enable rapid mobilization of energy,
and alter immunological functioning, yielding a behavioral pattern well suited to this
kind of environment.
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limits their capacity to quickly adjust to the
different requirements of other social settings. Because they respond to most situations
in the way they have learned to respond at
home, these children get into trouble.
A third trade-off of these biological adaptations to stress is that they are taxing.
Chronic activation of the neuroendocrine,
cardiovascular, and immunological systems
extracts a cost. These systems are designed
for short-term activation, and chronic arousal
makes it more difficult to mobilize them and
recover from their activation in the future.
This principle is captured by the concept of
“allostatic load,” which refers to the progressive “wear and tear” on biological systems
from the long-term effects of chronic stress.
Considerable research documents that people
with high allostatic load—or overload—are
more susceptible to physical and mental
health problems.17
Here is another way to consider the effects
of chronic stress on developing biological systems. Human young have evolved to depend
on their caregivers for protection, nurturance, and emotionally responsive care. When
they receive these things, their developing
neurological, neuroendocrine, immunological, and other biological systems organize
to function appropriately, which also helps
their developing cortical systems facilitate
the growth of learning, problem-solving, and
self-regulation. Stated simply, healthy biological and behavioral development depends on a
supportive, responsive human environment.
When children instead experience poverty,
parental depression, family violence, or other
circumstances, these biological systems and
their interactions are disrupted. Such disruption may help children adapt to these conditions, but it also has immediate and long-term
costs for healthy development.18
46
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Defining Stress
Throughout this discussion, I have used the
term stress, with qualifiers such as chronic or
severe. But what exactly is stress?
Stress is a complex psychobiological process with biological, emotional, mental,
and behavioral consequences, all of which
influence one another.19 It begins, of course,
with the perception of threat or danger in the
environment. Some threats are experienced
in common by everyone (for example, the
approach of a menacing stranger), and others
are based more on individual experience (for
example, the approach of a familiar person
whom one fears). As I’ve noted, the biological
processes associated with reactions to stress
have psychological consequences for both
children and adults.20 Thus stress responses
are accompanied by a mental orientation
toward threat, mobilization of energy for
self-defense, and emotional arousal. Stressful
experiences vary significantly, however, in
their severity, duration, and predictability.
When children experience manageable
stress, their developing biological systems are
not disrupted. Indeed, children need such
experiences to help these systems become
adaptively self-regulating.21 “Good” stress
yields positive developmental and behavioral
outcomes throughout life by helping individuals acquire coping skills.
What are the characteristics of good stress?
Generally speaking, stressful experiences
that are mild or moderate, predictable, and of
short duration can be characterized as manageable and are likely to enhance biological
functioning and promote mastery and competence. When stressful experiences are severe,
chronic, compounding, and unpredictable,
they are generally more likely to exceed an
individual’s self-regulatory capacities. For
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children, of course, another important factor
in making stress manageable is the supportive presence of a caregiver. Considerable
research with human and animal young
shows that a parent’s support buffers stressful
events and helps children cope.22 Although
adults also rely on social support, for children
the assistance of a caregiver is more fundamental in making stressful experiences manageable. When they experience a frightening
injury or a routine immunization, the loss of
a pet or a peer’s rejection, children who have
the support of caregivers manage more successfully than children who must rely on their
own resources alone.
But this straightforward portrayal is complicated by individual differences in stress
reactivity and coping. More resilient people
may be able to manage amounts of stress
that would undermine the coping of less
resilient individuals. Research on how genes
interact with the environment underscores
how significantly individual characteristics
moderate the effects of environmental events.
In one widely publicized study, for example, a
research team identified indicators of harsh or
abusive parenting in the childhood histories
of a large sample of men from Dunedin, New
Zealand, who had been studied from birth
through adulthood.23 They also obtained
information about the men’s genetic characteristics—in particular, whether they were
genetically prone to aggression and antisocial
behavior. When the researchers sought to
identify which adults would be most likely to
exhibit antisocial behavior, they found that
the combination of early harsh parenting
and genetic vulnerability best foreshadowed
behaviors like adolescent conduct disorder,
criminal convictions for violent behavior,
and antisocial personality disorder. Although
genetic vulnerability and parenting history
were each important, adults who had genetic

vulnerability together with a history of harsh
parenting were most likely to exhibit antisocial behavior.
Other studies have shown similar results.
In one study, researchers observed mothers’
sensitivity to their children when their infants
were 10 months old, and measured externalizing behaviors (that is, acting-out behaviors
such as conduct difficulties and aggression)
when the children were 39 months old.
Maternal insensitivity was significantly associated with later externalizing problems, but
only for children with a genetic vulnerability
to novelty-seeking and conduct problems. For
children without this genetic factor, earlier
maternal insensitivity did not predict later
problems.24 Taken together, therefore, the
effects of stressful experiences depend significantly on a person’s individual characteristics.
But here is a complication. Stressful experiences may actually alter the expression of
genetic characteristics. The discovery that
environmental experiences can alter how
genes function is one of the signal achievements of the field of epigenetics. Epigenetics
is concerned with influences on gene expression—that is, the activation, or “turning on
and turning off,” of genetic activity—that
occur without changes in the DNA itself.
These influences occur through changes in
the biochemical regulatory systems surrounding the gene, which can be altered through
the effects of environmental experiences.25 As
a result, a gene can remain the same but no
longer be active. Epigenetic changes in gene
expression can be short-term or enduring,
and some can be transmitted across generations. Epigenetics has long been studied in
plants and animals, but until recently we did
not have the technology to study epigenetic
influences in human behavior.
VOL. 24 / NO. 1 / SPRING 2014
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Epigenetic research on humans is still in
its early stages, but it is already yielding
important insights into how the environment
influences gene expression. For example, early
stress appears to produce changes in gene
expression in children. One study examined
children and adolescents born to mothers who
said that they had experienced violence from
their intimate partners while pregnant. The
children exhibited epigenetic changes in the
activation of the glucocorticoid receptor gene,
which affects how the body reacts to stress.
There was no evidence of epigenetic change
in children whose mothers reported partner
violence either before pregnancy or after the
child’s birth.26 Looking at a more extreme
situation, researchers found greater evidence
for epigenetic changes in a group of children
raised in orphanages than in a group raised by
their biological parents, with changes evident
in genes associated with brain development
and functioning, stress reactivity, and immune
function.27 Indeed, there is some evidence
that epigenetic changes in gene activation
may help to account for some of the research
findings discussed earlier in this article
concerning the effects of early experience
on developing stress reactivity. For example,
the association between mothers’ depression during pregnancy and greater cortisol
reactivity in their children three months after
birth was related to epigenetic changes in
the activation of the glucocorticoid receptor
gene.28 Similarly, some of the adult health
problems of people whose mothers were
pregnant during the Dutch famine of 1944
may be related to a change in activation of the
gene for insulin-like growth factor II (IGF2).29
Thus epigenetics may be one reason that
stress reactivity and other behaviors change in
response to early adversity.

behavioral development. It is clear, however,
that gene activity is part of a surprisingly
dynamic constellation of biological influences
on behavioral development. Equally consequential, early experience is an important
influence on gene activity, and an important
feature of early experience is stress.

We don’t know where the science of behavioral epigenetics will lead in understanding

Accumulation and overload is indeed one way
that stressful events have their detrimental
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These considerations are relevant to the
concept of toxic stress, which was recently
adopted by the American Academy of
Pediatrics (AAP).30 In a policy statement,
the AAP alerted the pediatric community
to sources of toxic stress that may affect
children and urged them to work to reduce
these harmful influences. The value of
reducing chronic, severe stress in children
is self-evident, and the AAP’s effort to enlist
the pediatric community is admirable. To
the extent that we understand toxic stress
solely as a characteristic of the experiences
that befall children, however, we overlook
the child’s own characteristics as factors that
exacerbate or buffer the impact of stressful
events. Harm from stress, in other words, is
not only in the nature of the experience but
also in the nature of the child. In addition,
the concept of toxic stress misses one of the
most important factors that can make these
experiences toxic: their epigenetic effects,
which can render some children less capable
of adapting to cope with stress over time.
There is another way that the concept of toxic
stress may simplify the effects of stress on
children. It contributes to the expectation
that the effects of stressful experiences can
accumulate to eventually overwhelm children’s coping capacities and thus contribute
to the breakdown of their health, consistent
with the concept of allostatic load.
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impact. As we’ve seen, for example, infants
and children in poverty, young children of
chronically depressed mothers, and children
who are abused show greater cortisol reactivity.31 In this manner, heightened cortisol
activity—combined with its neurobiological,
cardiovascular, and immunological correlates—contributes to long-term health and
mental health problems.
But there is a second way that stress can
harm children. Rather than fostering hyperreactivity to stressful events, stress can
make the body hyporesponsive; that is, it
underrreacts to stress. One way this occurs
is in children’s responses to acute stress:
rather than reacting to stressful events with
heightened cortisol activity, they instead show
a lower cortisol response than other children do. Another way this occurs is in basal
levels of cortisol throughout the day: rather
than exhibiting the normal diurnal pattern
of elevated morning cortisol followed by a
gradual decline, they instead show a flat cortisol response from morning through night.
Hyporesponsiveness has been found among
children who live in homes characterized by
domestic violence and mothers’ emotional
unavailability, and among preschoolers who
live in foster care.32 This response pattern
seems to reflect a stress system that shows
signs of shutting down.
Hyperreactive and hyporesponsive stress
responses are both disrupted patterns that
arise from experiences of chronic stress with
distinct risks to healthy development. Just
as chronically high cortisol levels have many
harmful consequences, including impaired
immune function, chronically low cortisol
levels can impair the body’s ability to maintain appropriately high blood pressure and
respond to stress with an increase in cardiovascular activity.33 We don’t know for certain

why some children manifest one disrupted
pattern rather than the other. But one
hypothesis is that the hyperreactive pattern is
associated with recurrent threat and danger,
and hyporesponsiveness is associated with the
deprivation or withdrawal of caregiver support.34 We also don’t know the distinct behavioral characteristics that are associated with
each pattern of stress response. Much more
remains to be understood about how chronic
stress affects children’s development.
From what we do know, however, it is clear
that the effects of chronic, severe stress on
children’s development are more complicated than simple concepts like toxic stress
suggest. We must consider the nature of the
event, children’s individual vulnerability or
resiliency, the availability of support from
caregivers, and the effects of prior experiences on children’s coping capacities. As the
AAP policy statement recognizes, this web
of interrelated factors makes it important to
view at-risk children in the context of their
experiential history and their social ecology.
Children who experience chronic, severe
stress may be biologically and psychologically
less able to adapt and cope with new stresses
when they occur, contrary to the idea that
regular stress toughens people and increases
their resiliency. The social ecology is also
important because children’s coping capacities are significantly affected by the availability of social support from adults who can act
as caregivers. Research on the Louisiana child
victims of Hurricane Katrina indicates, for
example, that children who showed the best
long-term recovery from this tragedy were in
the care of adults who could provide support,
while children fared much worse either when
they lost contact with their parents or when
their parents were so traumatized that they
could no longer function as caregivers.35
VOL. 24 / NO. 1 / SPRING 2014

49

Ross A. Thompson

Studies like these, of course, are directly
relevant to understanding multigenerational
influences on child development. They
illustrate how significantly children’s ability
to cope with stress relies on the support of
caregivers. Unfortunately, they also illustrate
how the stresses that affect children also have
multigenerational impact, sometimes rendering the adults who could potentially provide
support incapable of doing so. This is likely
to be true not only when communities are
beset by natural disasters, but also when they
are economically impoverished, enmeshed in
gang violence, or undermined in other ways.
Indeed, when stressful events occur at the
same time and compound one another—for
example, when a family must cope with loss of
income, parental depression, marital conflict,
and moving to a different and more dangerous neighborhood in a short period of time—
their impact is greater. These events affect not
only children, but also the parents on whom
children ordinarily rely for assistance, making
the mobilization of two-generation efforts to
support children much more challenging.

Plasticity
One reason that young organisms are more
vulnerable to severe stress and other kinds
of harm is the plasticity, or pliability, of their
biological systems. Plasticity is the capacity
of organisms to change with experience.36
Biological and behavioral plasticity is greatest
early in life, when the organism is developing most rapidly. It declines progressively
with increasing age, as neural networks and
behavioral patterns consolidate, although
mature individuals retain some adaptive plasticity even at advanced ages. Early biological plasticity helps to explain why harmful
experiences can have a more profound impact
on the youngest children, whose immature
systems are in their formative stages, than on
50
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older children and adults, whose biological
and behavioral systems have become consolidated. On the other hand, early plasticity
also helps explain the remarkable pace of
early-developing capacities, as the brain and
other biological systems rapidly mature. Early
biological plasticity, therefore, is a doubleedged sword; it helps to explain why young
children are affected so significantly by their
experiences, for good or ill.
The early plasticity of the brain and other
biological systems offers hope to those who
aspire to help at-risk children. It suggests that
even though early harm can undermine the
organization of brain and behavioral systems,
this disruption does not necessarily become
immediately hard-wired to create dysfunction that cannot be changed. Because most
of these systems remain relatively plastic
(contrary to portrayals in the popular media
of a fixed “brain architecture”), we may be
able to intervene early in children’s lives with
experiences that help reorganize biological
systems constructively. However, to capitalize
on these opportunities, we must detect harm
early. To be sure, we can intervene successfully at later ages. But later interventions are
likely to require greater intensity (and cost) to
overcome well-established neural networks
or routinized behavior patterns that have
consolidated over time. The fact that the
plasticity of brain and behavioral functioning declines over time is one justification to
focus on early experience, early screening,
and early intervention when developmental
problems are detected.
What kinds of rehabilitative interventions
can have such effects? We can find clues in
studies of interventions that have focused on
at-risk children whose experiences of chronic
adversity disrupted their biological stress
systems. One such program, designed by
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psychologist Philip Fisher of the University of
Oregon and his colleagues, aimed to reduce
the stress associated with foster care by easing young children’s transitions to new foster
homes and enhancing continuity of care.37
After their earlier foster-care placements,
these children showed the profile of cortisol
hyporesponsiveness described earlier. The
intervention was designed to promote warm,
responsive, and consistent relationships
between children and their new foster parents
in which positive behavior was encouraged,
problem behavior was reduced, and caregiver
stress was lowered. The program included
individualized sessions with child therapists,
weekly playgroup sessions, and other childfocused services. Foster parents completed
intensive training before the children’s placement, and they continued to receive support
and supervision in daily phone contacts and
weekly group meetings, and through on-call
assistance. The children’s biological or adoptive parents also received special assistance to
establish consistency with the care provided
by foster parents and to ease transitional
adjustments. The program was thus a twogeneration intervention involving multiple
adults who functioned as caregivers for the
child. Over six to 12 months of treatment,
children in the intervention group progressively showed patterns of HPA reactivity that
resembled the normal patterns of a community comparison group of children who
had not experienced abuse; a control group
of children assigned to regular foster-care
placements did not show such improvement.38
The recovery of the children in the treatment
group was directly linked to reductions in the
foster parents’ stress levels.39
With a group of colleagues, Mary Dozier, a
psychologist at the University of Delaware,
designed another intervention to improve
very young foster children’s relationships

and behavioral competence by helping foster
parents better interpret and respond to
infants’ signals, enhance affectionate behavior, and provide more reliable support for
infants’ self-regulation. After 10 weeks of the
home-based program, infants and toddlers in
foster care showed more typical daily patterns of HPA activity and more moderated
cortisol reactivity to a stressor compared with
a group of foster-care infants in a different
treatment program.40

Even though early harm can
undermine the organization
of brain and behavioral
systems, this disruption
does not necessarily become
immediately hard-wired to
create dysfunction that cannot
be changed.
Nonexperimental studies of at-risk children
paint a similar picture. In a study of families
living in rural poverty, for example, another
research group found that 24-month-old
toddlers who had been exposed to chronic
domestic violence were likely to have elevated
cortisol reactions when presented with a
challenging task. However, when mothers
responded sensitively to their children—as
recorded by the researchers when they
observed the mothers and children together
at seven, 15, and 24 months—this effect
was buffered: children did not show such
enhanced cortisol reactivity.41 This finding is
consistent with other research on humans and
animals that documents the social buffering
VOL. 24 / NO. 1 / SPRING 2014
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of children’s responses to stress, primarily
through support from parents.42
The experimental studies with children in
foster care show that time-delimited interventions can help to normalize the biological
disruptions that occur when children are
exposed to stress early in their lives. Of
course, we need more research to confirm
and expand on these findings. In particular, we need long-term studies that follow
children in the intervention and comparison
groups as they grow older; we need to see
whether other researchers can replicate the
findings with different groups of people; and
we need studies that measure a wider range
of biological and behavioral outcomes.
We also need to understand the limits of biological and behavioral plasticity, even early
in life. For example, one study of children
adopted from Romanian orphanages, where
they were profoundly deprived of normal
human relationships, found that after six
and a half years of supportive adoptive care,
children who had been adopted after less
than four months in the institution had basal
cortisol levels that resembled those of comparison children raised in families. However,
children who had lived at the orphanage for
eight or more months did not show such a
recovery. In fact, the longer the children had
been in the institution’s care, the more likely
they were to show evidence of enduring cortisol disruption.43
These studies of children with adoptive and
foster parents are promising, however, for
at least two reasons. First, they expand the
concept of two-generation interventions for
at-risk children by targeting caregivers who
are not biological parents. Such caregivers
may also be important for other children in
difficult circumstances whose parents are
52
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either not available or not capable of providing the stress-buffering support their children
need, even with outside assistance. Indeed,
parents may themselves be the primary
source of children’s stress. In such circumstances, it may be especially important for
two-generation programs to mobilize other
adults in children’s lives, such as grandparents, child-care providers, and teachers.
Second, these programs demonstrate that
well-designed early interventions can produce
parallel advances in behavior and biology.
Research in developmental biology underscores that the connection between biology
and behavior is complex, and biological
changes often occur without the expected
behavioral correlates, or vice versa. In both
the Dozier study and the Fisher study,
however, alongside their biological measurements, the researchers obtained measures
of behavioral change that can be viewed as
further indicators of the programs’ efficacy.
In the Dozier intervention, infants and toddlers showed greater evidence of attachment
to their foster parents. The Fisher intervention saw a similar gain in secure attachment
behavior, and foster-care placements were
more likely to succeed.44 Because insecure
attachment is associated with disturbed
biological stress responses, the increases in
secure attachment and the improved HPA
reactivity in each study together indicate that
the intervention was effective. In the end,
researchers and practitioners should measure
both behavioral and biological outcomes
when they evaluate promising interventions
to ameliorate the effects of early stress.
Even if they do not measure both behavioral
and biological outcomes, evaluation researchers can focus on behaviors that are theoretically tied to the biological consequences of
early stressful experiences. For example,
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one intervention for at-risk young children
in poverty focused not on HPA reactivity (which, as we have seen, can contribute
to self-regulatory problems for children
experiencing stress), but on the difficulty in
regulating their own behavior that at-risk
young children in poverty commonly experience. At the beginning of the school year,
the Chicago School Readiness Project gave
Head Start teachers specialized training in
classroom management strategies designed
to help lower-income preschoolers better
regulate their own behavior. When the school
year ended, children in the treatment group
showed fewer disruptive behaviors, less
impulsiveness, and better preacademic performance than did children from classrooms
where teachers underwent a different training
regimen.45 These findings are consistent with
the results of other early intervention programs designed to help low-income preschool
children with behavioral problems, especially
the self-regulatory difficulties that can undermine academic success.46 Significantly, these
benefits for young children were obtained
without parallel efforts to improve the quality
of family functioning, which is sometimes the
source of stress for at-risk young children.
Once again, then, we see that two-generation
programs can improve children’s outcomes by
targeting their relationships with adults who
are not their biological parents.
Taken together, the studies I’ve discussed
suggest ways to design two-generation
interventions to ease the consequences of
chronic stress for young children. In particular, they illustrate the value of an integrated
biological-behavioral approach that considers
children’s needs from the standpoint of both
stress neurobiology and behavioral competence. From a biological perspective, children
exposed to chronic stress need rehabilitative
experiences that minimize threat, maximize

consistency and support, and strengthen selfregulatory skills. From a behavioral perspective, these biological remediations are further
supported by an environment of relational
warmth and responsiveness in which children
can begin experiencing self-directed mastery.
Aside from their focus on early intervention,
the programs I’ve discussed are also distinguished by their emphasis on relationships
between children and adults in which these
various elements of support can be integrated.
Whether two-generation programs target
parents, preschool teachers, foster parents, or
biological parents, focusing on relationships is
likely to enhance their success.
The research on biological and behavioral
plasticity has another implication for twogeneration interventions designed to improve
developmental outcomes. Interventions that
seek to change parents’ conduct in an effort
to improve their children’s wellbeing must
confront the fact that adults’ behavioral and
biological plasticity is more limited than
children’s. In “risky families,” parents as well
as children experience chronic stress, and
parents are likely to exhibit the same neuroendocrine, immunological, and cardiovascular correlates of persistent stress that their
children do.47 The difference is that persistent stress over time has caused the adults’
biological and behavioral systems to become
more consolidated and less flexible. Parents
are also likely to have developed a network of
personal beliefs—attributions, self-referential
beliefs, and social schemas—and behavioral
routines that reinforce their biological patterns of threat vigilance, quick stress reactivity and poor self-regulation. In short, the
early plasticity of biological and behavioral
systems benefits young children, and the
decline of plasticity as we grow older can
impede interventions for their parents. Adults
who have lived with chronic stress for a long
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time are likely to have adapted to a life of
challenge and adversity in ways that are not
well-suited to sensitive, responsive parenting.
It is remarkable, therefore, that interventions
to improve parenting behavior and thereby
strengthen children’s development can
sometimes show such positive results. There
is increasing evidence that carefully designed
interventions, with goals suited to specific
family needs, can promote changes in caregiver behavior that benefit young children.48
Moreover, research is showing that preventive
interventions to support the mental and emotional health of children in poverty are also
yielding promising success.49 By integrating
our understanding of both the biological and
behavioral consequences of chronic stress, we
can carefully design interventions to better
meet the needs of young children and their
families. And we can conclude from these
studies that young adult parents of at-risk
children retain sufficient adaptive plasticity to
promote beneficial change for the benefit of
their offspring.

we must consider multigenerational interventions to address the multigenerational origins
of children’s stress. I use the term “multigenerational” deliberately. At times, threegeneration interventions may be necessary,
for example, to enlist a grandparent to help a
parent provide the kind of sensitive care that
young children need for healthy growth.

Because major sources of
stress in young children’s
lives arise from family
experience, and because the
quality of parental care is
children’s major resource
for buffering stress, we must
consider multigenerational
interventions to address the
multigenerational origins of
children’s stress.

Conclusions
One theme of the articles in this issue of
Future of Children is that adverse environments create stress that alters children’s
development. I have focused on the biological
effects of stress on children to better understand how adversity “gets under the skin” to
alter children’s biological functioning and,
partly as a consequence, their behavior. Of
course, stress gets under the skin of parents
and other caregivers, which is why twogeneration interventions that strengthen child
development are also important for adults.
Because major sources of stress in young
children’s lives arise from family experience,
and because the quality of parental care is
children’s major resource for buffering stress,
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What are the benefits of taking biology into
account when we examine how stress affects
early development? What does a biological approach contribute that an exclusive
focus on behavioral development does not?
Biological markers of disturbance from
adverse early experiences are important
because they provide a multilevel analysis of
how stress affects children in which behavioral disruption and biological disruption
mutually underlie young children’s adaptive
difficulties. Looking at biology and behavior
together, we can better understand the causes
and consequences of stress, the benefits and
costs of behavioral plasticity, and, most of all,
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the potential avenues for early intervention
and remediation.
For this reason, one important avenue for
future research is to look more deeply into
the biological consequences of promising
interventions to benefit at-risk young children. The intervention studies discussed in
this article provide encouraging leads. But we
need to expand the range of behavioral and
biological markers that could tell us whether
an intervention is achieving the desired
developmental outcomes, so that we can use
biological as well as behavioral indices in field
studies of interventions for at-risk children
and families. As one illustration, a pair of
researchers showed that after three and a
half years of participation in a conditional
cash-transfer antipoverty program in Mexico,
preschool children showed lower basal cortisol levels, and children of the most depressed
mothers showed the greatest benefit.50
In another instance, using data from the
National Health and Nutrition Examination
Survey to study mothers with two or more
children, two economists showed that, over
time, the 1993 expansion of the Earned
Income Tax Credit significantly reduced the
levels of multiple biological indicators that
reflect allostatic stress and inflammation.51 In
yet another example, a group of researchers
reported that an intervention program for atrisk four-year-olds was effective in improving
cortisol reactivity, and this led to reductions
in aggression by the follow-up assessment.52
Studies like these are important not because
biological outcomes are more important than
behavioral ones (indeed, biological markers
can be difficult to interpret without corresponding behavioral data), but because they
give us added insight into the developmental
processes that can make an intervention more
or less effective.

The research discussed in this article also
underscores that relationships are crucial to
normalizing at-risk children’s biological and
behavioral systems. The Fisher and Dozier
studies both emphasize strengthening young
children’s security in relationships by improving caregivers’ responsiveness and reducing
their stress. Nonexperimental studies also
show the importance of secure relationships early in life. We’ve seen, for example,
that sensitivity on the part of adults buffers
the effects of young children’s exposure to
domestic violence, that negative relationship influences (such as mothers’ “emotional
unavailability” or fighting between parents)
contributes to HPA hyperreactivity, and that
harsh parenting produces epigenetic changes
in gene expression that are related to conduct
problems. Taken together, young children’s
early relationships seem to be the most
important context for shaping individual differences in stress reactivity and coping. These
early relationships can affect young children
in many ways: solicitude and support may be
reliable or unreliable; they may feel protected
from or exposed to threats; adults may or
may not respond to their specific needs; and
they may or may not feel a generalized sense
of security.53 Unpacking these diverse relational influences can help us develop better
theories, and strengthening the security
and responsiveness of young children’s early
relationships seems to be a promising way to
make interventions more effective.
If young children are born into a world of
unknowns, they quickly begin to understand
the characteristics of those who care for them.
Those characteristics guide them biologically
and behaviorally to prepare for a life of security or adversity. This is the foundation of twogeneration interventions for young children.
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