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ABSTRACT

Environmental experiences early in life have strong and enduring consequences for cognitive, emotional, and
neurobiological development and related physical and mental health trajectories. The powerful influence of early
caregiver nurturance and stimulation on promoting positive neurodevelopmental outcomes has been demonstrated
across species. These findings elucidate the environmental conditions known to facilitate healthy neurodevelopment
and underscore the potential for modifiable psychosocial factors in the environment to be harnessed to inform early
preventive interventions to promote health and adaptive development. A framework for early preventive interventions
to enhance nurturing and responsive caregiving for implementation during early sensitive periods of brain develop-
ment delivered within existing health or educational infrastructures is proposed. Emotional development during
sensitive periods is an important, under-recognized, and abundantly modifiable predictor of mental and physical
health outcomes that warrants investment of resources and integration of interventions into public health infra-
structure for children worldwide. Future studies are needed to further clarify whether and when sensitive periods are
present for key developmental domains to inform the optimal timing and targets of these interventions. Numerous
available empirically supported early interventions may be modified and applied in briefer and more feasible mo-
dalities of delivery to broader populations of developing children. As well established in growth and development
across species, essential environmental inputs that are particularly important at specified developmental periods
facilitate optimal growth trajectories. Such principles hold great potential in application to early child neuro-

development to facilitate a thriving and resilient human population.

https://doi.org/10.1016/j.bpsgos.2021.10.003

Environmental experiences early in life exert a profound influ-
ence on health and development across the life course (1). The
pervasive and enduring consequences of environmental
adversity for physical and mental health problems and related
alterations in cognitive, emotional, and neurobiological devel-
opment have been empirically demonstrated in both animals
and humans (2,3). Conversely, the influence of early caregiver
nurturance and stimulation on promoting positive neuro-
developmental outcomes has been demonstrated across
species (4). This work has helped to shed light on the envi-
ronmental conditions known to facilitate healthy development,
enhance resilience, and prevent the emergence of psychopa-
thology and physical health problems. Importantly, this body of
work underscores the potential for modifiable psychosocial
factors in the environment to be harnessed to inform early
preventive interventions to promote health and adaptive
development.

Evidence linking key dimensions of the early environment to
neurocognitive development has been leveraged to inform the
design of early childhood development programs. In particular,
these findings have been increasingly translated and applied in
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early childhood education, where the importance of cognitive
stimulation in the first years of life has gained broad accep-
tance, shaping the curriculum of numerous early child educa-
tional programs (5,6). While there has been increased attention
to environmental influences on emotional development with
the advent of trauma-informed approaches in some settings,
the critical role of emotional support and security has not
achieved widespread prominence or priority in early childhood
education frameworks or in public health interventions and
policies (7).

In addition to the increasingly well-recognized need for
cognitive stimulation in early life, sensitive and responsive
caregiving is also critical to support adaptive behavioral,
emotional, and cognitive outcomes. Although early in-
terventions have been consistently shown to be effective at
increasing sensitive caregiving and, in turn, improving child
outcomes such as attachment security (8), such programs
have yet to be taken up broadly as a public health priority. In
this paper, we propose a framework for early preventive in-
terventions that focuses on enhancing sensitive and respon-
sive caregiving and the quality of the caregiver-child
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relationship for implementation during early sensitive periods
of brain development to achieve maximal effect. We also
propose that these interventions be delivered within existing
health or educational infrastructures to provide maximal ac-
cess and remove barriers to care. We review existing empiri-
cally supported interventions for young children that target this
domain, as well as a novel, brief internet-based intervention.
We briefly review the proposed mechanism of action and cost-
effectiveness of empirically proven interventions.

THE FOUNDATIONAL IMPORTANCE OF SUPPORTIVE
CAREGIVING IN EARLY CHILDHOOD

Decades of basic developmental research have established
the importance of a sensitive, emotionally available, nurturing,
and consistent caregiver in the first 5 years of life. Substantial
evidence demonstrates that caregiving characterized by sen-
sitive and contingent responses to the child, particularly to
child distress, is necessary for the formation of a secure
attachment relationship between the child and caregiver (9-12)
and promotes adaptive emotional and cognitive development
(13-15). Children who do not receive this type of caregiving are
more likely to experience maladaptive developmental out-
comes and are at elevated risk for psychopathology across the
life course (16-20). Of central importance is the consistent
availability of at least one primary caregiver. A primary care-
giver is defined as an adult who is committed to the care and
well-being of the child and available to meet their physical and
emotional needs during the first years of life and ideally
beyond. Infants and toddlers who are shifted from one
household to another, as is frequently the case in foster care,
are at high risk for the development of attachment distur-
bances, psychopathology, and developmental delays (21).
Simply put, a supportive and consistent primary caregiving
relationship is the foundation of healthy development. Support
may manifest in many different ways, but a requirement is that
an adult caregiver is present, emotionally available, and
responsive to the child more often than not. The presence of
this supportive caregiver is necessary not only to meet the
basic needs of the child but also to buffer the negative effects
of inevitable environmental challenges, stressors, and
adversities.

Validation of children’s self-worth by caregivers is another
fundamental component of sensitive and responsive care-
giving that has increasingly been linked to adaptive develop-
mental and academic outcomes (22). Validation does not mean
providing blind praise or reinforcement for whatever the child is
doing. Instead, the expression of interest in the child and his/
her daily activities, characteristics, and self-generated prefer-
ences is a primary way in which validation of self-worth is
communicated and fostered. Beyond this, varying kinds of
expressions of approval, affection, and warmth in daily in-
teractions also provide the developing child with a sense of
security and self-esteem (23). While there are multiple ways in
which this might be expressed, this type of validation most
often occurs naturally and spontaneously in daily parent-child
interactions. However, in cases where a caregiver is experi-
encing high levels of stress, a child is very difficult to soothe or
manage, or a caregiver has very low self-worth, this may not
arise naturally. Acknowledgment, tolerance, and validation of
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the child’s expression of emotions—both positive and
negative—is also critical for fostering adaptive emotional
development (24,25). Even fleeting recognition and accep-
tance of negative emotional expression may be important for
children. Caregiver acceptance and acknowledgment of the
child’s expression of a wide array of emotions—including
negative emotions —affords the child the opportunity to begin
to understand and manage the broad range of feelings that are
an inevitable part of the human experience (15,26). Therefore,
caregiver validation of the child’s appropriate expression of
emotions is an important component of sensitive and
responsive caregiving and a key target in prevention of nega-
tive developmental outcomes later in life. Indeed, several
empirically proven early interventions, described below,
explicitly target these aspects of sensitive and responsive
caregiving.

EARLY EXPERIENCES SCAFFOLD BRAIN AND
BEHAVIORAL DEVELOPMENT

These principles provide a framework for the necessary envi-
ronmental conditions for children to thrive. Unfortunately, a
substantial proportion of children worldwide are raised in en-
vironments that do not provide these necessary supports or
are characterized by meaningful adversity. Experiences of
adversity involve stressors that are either severe or chronic, are
likely to require meaningful adaptation by a child, and reflect
either the presence of harmful input or the absence of envi-
ronmental inputs that are necessary to support adaptive brain
development (27). Common forms of adversity include expe-
riences involving threat of harm to the child—including phys-
ical and sexual abuse, exposure to domestic violence, and
other forms of trauma—and experiences involving deprivation,
or the absence of expected inputs from the environment in
terms of cognitive and social stimulation and emotional
support—including physical and emotional neglect, institu-
tional rearing, and material deprivation (28). Population-based
studies suggest that approximately half of all children in the
United States will encounter at least one such form of adversity
by the time they reach adulthood (29-31). From a public health
perspective, this raises alarm, as children who experience high
levels of adversity are at an elevated risk of developing virtually
all commonly occurring forms of psychopathology as well as a
wide range of physical health problems across the life course
relative to those who have not encountered adversity
(29,30,32-34). A focus on harnessing the caregiver-child rela-
tionship during early sensitive periods to prevent these nega-
tive outcomes is proposed below (see Figure 1).

EARLY EXPERIENCES AND BRAIN PLASTICITY

Experiences of adversity may have a disproportionate impact
when they occur early in life as a result of the heightened brain
plasticity that characterizes childhood (35). Plasticity refers to
the capacity of the brain to be changed by environmental ex-
periences. This plasticity occurs as a result of specific neural
mechanisms that promote learning and structural and func-
tional brain changes in response to experience (36,37). Some
of these mechanisms are experience expectant and reflect
neural preparation to biologically encode particular types of
expected environmental experiences that occur during specific
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Figure 1. Early prevention to enhance neurodevelopment.

windows of development referred to as sensitive periods (38).
These sensitive periods are characterized by dramatic in-
creases in plasticity that allow expected environmental expe-
riences to produce rapid and substantial changes in neural
circuits and behavior (39). Because plasticity declines
dramatically once the sensitive window closes, the experience-
expectant learning that occurs during these periods produces
relatively enduring changes in both the brain and behavior.
Expected environmental experiences encompass sensory in-
puts, exposure to language, experiences of caregiving, and
many others (40,41). When these inputs are absent or dimin-
ished in frequency or intensity, substantial changes in brain
and behavioral development occur. In contrast, other forms of
plasticity are experience dependent, which are learning
mechanisms that are available throughout life (38). These
mechanisms also produce changes in learning and neural
circuits in response to experience but in a less dramatic
fashion than experience-expectant learning. Although
experience-dependent learning is not constrained to a specific
period of development, this type of plasticity is highest during
childhood and adolescence (42).

Heightened brain plasticity in early life confers many ad-
vantages, allowing children to rapidly learn from experience
and adapt to the environment. For example, language devel-
opment involves a series of cascading sensitive periods in
childhood (41). The plasticity that accompanies these sensitive
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periods allows children to rapidly learn the sounds and struc-
tures of their native language, a task that is more difficult and
requires greater effort when undertaken later in life after these
sensitive windows have closed (43). Germane to our focus on
preventive interventions targeting social and emotional do-
mains, the formation of a secure attachment to a primary
caregiver occurs in response to nurturing and responsive
caregiving that occurs during a sensitive period in the first 2
years of life (44). However, this elevated plasticity in early life
can come at a cost when the early environment is character-
ized by stress and adversity; specifically, these experiences
may be more likely to contribute to meaningful negative
changes in brain and behavioral health outcomes when they
occur during these windows of heightened plasticity. Below,
we briefly summarize a rapidly growing literature linking ex-
periences of early-life adversity to alterations in brain and
behavioral development.

WHY PREVENTION IS NECESSARY:
NEURODEVELOPMENTAL CONSEQUENCES OF
EARLY-LIFE ADVERSITY

Adverse experiences characterized by deprivation—or an
absence of expected social and cognitive inputs from the
environment—have been linked to widespread changes in the
structure of the cortex, as well as specific changes in networks
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that subserve higher-order cognitive functions, including ex-
ecutive functions and language (45). Reduced cortical thick-
ness and gray matter volume have been observed in numerous
studies of children exposed to early-life deprivation, with the
most pronounced changes occurring in the prefrontal cortex
(46-49). Studies that measure cognitive stimulation and lin-
guistic input directly have demonstrated that reductions in
these social and cognitive inputs early in life are associated
with altered structure and function of the frontoparietal network
that support executive functions (50,51) and the fronto-
temporal language network (52,53). These findings parallel
extensive evidence demonstrating difficulties with executive
functions and language skills in children raised in environments
characterized by early deprivation (54-59). Ciritically, re-
ductions in social cognitive stimulation and the associated
changes in neural structure and function play a meaningful role
in explaining socioeconomic disparities in cognitive develop-
ment and academic outcomes in children (52,59).

In contrast, early-life adversity experiences characterized
by threat are associated most consistently with alterations in
neural circuits that underlie emotion processing and emotion
regulation (45). Heightened response in the amygdala and
other regions of the salience network—such as the anterior
insula—to negative emotional stimuli that could signal the
presence of a threat in the environment has been observed in
children exposed to trauma (60-64). In addition to these
functional patterns, children exposed to trauma also exhibit
reductions in the volume of the hippocampus and medial
prefrontal cortex (47,65-69), regions that play a key role in
modulating amygdala responses to threat as well as many
forms of learning and memory (70,71). These changes in
neural circuits involved in emotion processing parallel an
extensive literature documenting elevated perceptual sensi-
tivity and attention biases to threat-related stimuli, heightened
emotional reactivity, and difficulties in emotion regulation
among children who have experienced trauma (72-78). Al-
terations in frontoamygdala and hippocampal networks likely
explain these patterns of emotion processing, reactivity, and
regulation and have recently been shown to mediate the link
between early-life trauma and multiple forms of psychopa-
thology (62,79).

CAREGIVING BUFFERING AND DEVELOPMENTAL
OUTCOMES AFTER ADVERSITY

Sensitive and responsive caregiving has been linked to
adaptive social, emotional, and cognitive development, as
described earlier, and more recently has been linked with
patterns of structural neurodevelopment in regions involved in
emotion processing (80-82). In addition, supportive caregiving
has also been shown to promote resilience and buffer against
the emergence of negative developmental outcomes in chil-
dren who have experienced adversity. Children who receive
sensitive and responsive caregiving are less likely to develop
psychopathology and physical health problems, to experience
difficulties in school, and to exhibit changes in social,
emotional, and cognitive development after experiences of
adversity (83-87). Furthermore, changes in brain function have
been observed in several early interventions as a result of
improvements in the caregiver-child relationship, suggesting
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that these neural alterations may be modifiable when targeted
early in development (88,89).

INFORMING EARLY PREVENTIVE INTERVENTIONS

As reviewed above, early experiences have a powerful impact
on brain and behavioral development with implications for
lifelong health and well-being. The experience of a nurturing
caregiver is foundational to healthy brain development and
appears to be particularly powerful during early childhood,
given the numerous sensitive periods that occur during this
window of development (see Figure 1). Although sensitive
periods for attachment formation in the first 2 years of life are
established, more work is needed to determine whether and
when sensitive periods exist for other aspects of emotional
development. Interventions designed to increase supportive
caregiving may not only prevent children from being exposed
to certain forms of adversity (e.g., maltreatment) but may also
prevent the emergence of psychopathology and other devel-
opmental problems in children who have experienced adver-
sity. Based on this, we emphasize interventions designed to
enhance caregiver sensitivity, responsiveness, and nurturance
in early childhood (90) in the context of brief dyadic in-
terventions delivered as part of primary care or school-based
programs to promote greater access. Future work is needed
to inform whether and when there might be optimal timing of
these interventions within specific sensitive periods during
early childhood.

INCREASING FINANCIAL AND MATERIAL SUPPORTS
FOR CAREGIVERS

One approach to fortifying supportive caregiving has focused
on tax and other public policies designed to provide greater
financial support to caregivers of young children. Caregivers
experiencing the financial strain that accompanies poverty are
often burdened by long and unpredictable work hours and
experience numerous stressors that can—through no fault of
their own—make them less physically and emotionally avail-
able to their children. Reducing financial strain as a means of
improving supportive caregiving has resulted in tangible pos-
itive impacts on child outcomes, including better nutrition,
growth and development, and decreased morbidity (91). This
approach is currently being empirically tested in a large-scale
randomized controlled trial in the United States entitled
Baby’s First Steps, which is providing income in the form of
monthly cash transfers to new parents (92). This randomized
controlled trial will test whether cash payments (provided
without restriction on spending) designed to reduce financial
strain on parents will impact developmental outcomes,
including brain development, and the role that changes in
supportive parenting play in explaining these effects. Similar
approaches have been applied in other contexts but have not
been readily available in the United States. Through the
recently implemented 2021 American Rescue Plan that
expanded child tax credits in the United States, eligible families
will receive $300 per child younger than 6 years, as well as
$250 per child ages 6 and older each month (93). The
administration estimated that almost 90% of children in the
United States would receive funding, with the potential to lift
millions of children out of poverty if the program continues (94).
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If this policy change becomes permanent, the impact on chil-
dren could be enormous by reducing material deprivation and
financial strain for caregivers, which would, in turn, allow for
enhanced supportive and responsive parenting that is asso-
ciated with improved developmental outcomes for children.

Beyond direct financial assistance, social policies that
provide support to caregivers such as paid parental leave of
sufficient length, flexible work schedules, and access to
affordable and conveniently located childcare have also
proven to be effective strategies to reduce caregiver stress
(66). Programs that focus on enhancing caregiver mental
health—with a particular focus on depression—to enhance
supportive and responsive parenting have also proven useful
in mitigating poor developmental outcomes for children (95).
These types of structural interventions have the potential to
reduce parental stress, enhance responsive caregiving, and
positive influence numerous aspects of emotional and cogni-
tive development in children, making them a particularly
promising approach.

CAREGIVER SUPPORT AND EDUCATION/TRAINING

Beyond policies and approaches that provide material support
to caregivers, another common approach in prevention studies
is to target parenting behavior and practices directly through
education, training, or coaching. Parenting is among the most
difficult tasks that adults undertake. Despite a large evidence
base that validates best practices, little instruction or coaching
in these techniques is routinely provided to new parents as a
part of standard care (96). This is a substantial missed op-
portunity to enhance developmental outcomes, particularly for
children experiencing adversity, given the potential for
parenting interventions to reduce exposure to adversity and
mitigate the impact of adversity on children’s development and
mental health. In the following sections, we describe empiri-
cally supported approaches to improving supportive and
responsive parenting among parents of children who have
experienced adversity or are at high risk for such exposures
(e.g., as a result of poverty or parental substance abuse).

PERSONALIZED AND TIERED PREVENTION
APPROACHES

For families experiencing adversity, prevention programs that
require individual therapeutic sessions may be needed.
Numerous parenting interventions designed to increase care-
giver sensitivity and responsiveness to the child’s develop-
mental needs have demonstrated positive impacts on child
emotional and behavioral outcomes as well as mental health.
Here, we briefly review existing evidence-based approaches.
Several very brief home-based interventions have demon-
strated positive effects on positive parenting and child
emotional and behavioral outcomes, including the Nurse
Family Partnership, which provides in-person support and
education to new mothers (69), and the Family Check-Up, a
three-session well-validated early intervention that targets
parenting in early childhood (97).

Many evidence-based programs use a teach-and-coach
approach that provides caregivers with feedback during in-
teractions with their children. A relatively brief dyadic approach
that targets sensitive parenting and attachment security
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entitled Attachment and Bio-behavioral Catch-Up has been
applied in foster care and high-risk birth family settings. This
10-session in-home intervention has proven effective at
improving attachment security and numerous aspects of child
emotional development and is feasible (98). Perhaps the most
widely used coaching intervention for young children is Parent
Child Interaction Therapy (PCIT), which focuses on enhancing
the caregiver-child relationship and establishing consistent
and predictable discipline strategies. Standard PCIT is
lengthy, taking 18-20 sessions, focuses mostly on establish-
ing effective discipline, and is effective at reducing disruptive
behavior and preventing child maltreatment, with large effect
sizes (99-101). Numerous adaptations of PCIT have been
developed, including one that targets emotion development
(PCIT-ED) (102), and several have been implemented through
school or primary care settings (103). A recent PCIT-ED
adaptation was developed as a preventive intervention rather
than treatment for children experiencing adversity (THRIVE).
This six-session intervention targets the caregiver-child rela-
tionship through internet-based coaching to enhance sensitive
and responsive care and promote adaptive emotional devel-
opment. It has been evaluated in children ages 3-7 at high risk
for experiencing adversity and demonstrated promising effects
on behavioral outcomes, impairment, and parenting stress
(104). THRIVE requires minimal therapist training and can be
implemented by school counselors, nurses, or social workers,
which makes it feasible and cost-effective for delivery in
schools and primary care settings. Other effective in-
terventions also use video coaching during caregiver-child
interactions to promote positive parenting and allow the
caregiver to gain perspective on their own parenting behaviors
(105-107).

A more intensive empirically validated dyadic treatment
entitled Child Parent Psychotherapy designed for caregivers
with a history of trauma builds caregiving skills and parenting
to facilitate secure attachment within this context. Child Parent
Psychotherapy focuses on enhancing attachment and nurtur-
ance and has proven highly effective but is also more time-
intensive and requires more advanced training than most
other early interventions (105,108,109). Other empirically
proven interventions targeting the parent-child dyad have been
done in group formats such as Circle of Security (110,111).

COST EFFICACY OF EARLY INTERVENTION

Numerous longitudinal studies have demonstrated the cost-
effectiveness of early interventions that target caregiving.
Perhaps the most well-known is the economic analysis of
Heckman et al. (112) on long-term outcomes of children who
participated in early preschool-based preventive interventions.
Despite the high intensity of this early intervention in a high-risk
sample, adaptive outcomes including employment and varying
metrics of financial security demonstrated the cost-
effectiveness of the early intervention, which was quantified
at 6% gain for every dollar invested (112). Similar evidence has
now emerged from long-term outcomes of several early
intervention programs in Turkey, Jamaica, and Pakistan
(113-115). These studies show that early interventions resulted
in significantly better adult outcomes from an earning and
adaptation perspective (114). This growing body of data clearly
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shows that even from a purely financial perspective, early
intervention has a great societal payoff.

SENSITIVE PERIOD-INFORMED PREVENTIVE
INTERVENTIONS: A FUTURE GOAL

As knowledge of sensitive periods in human development in-
creases, this information can be leveraged to determine
whether parenting interventions are maximally effective when
delivered during sensitive periods of development (e.g., for
attachment formation). Recent evidence suggests that the
neurodevelopmental consequences of early adversity differs
as a function of both the type and timing of the experience
(45,80). Although the promise of identifying developmental
windows of heightened plasticity for intervention has
frequently been articulated (4,116), empirical evidence remains
limited outside of studies of previously institutionalized chil-
dren (117). Experimental studies that administer these types of
early interventions across multiple developmental stages are
needed to determine whether optimal windows of opportunity
for intervention exist. Data of this kind are needed to evaluate
intervention timing and target (e.g., skil/domain) and determine
whether increasing efficacy by capitalizing on sensitive period
plasticity is possible.

EARLY PREVENTIVE INTERVENTIONS AS ROUTINE
CARE

There is no shortage of empirically supported early in-
terventions for children experiencing adversity. However, a
significant problem facing most communities is the lack of
access and availability of these services. For this reason,
creating new service delivery models that identify children in
need of intervention and deliver interventions in health and
educational settings where families are already receiving ser-
vices is critical to make these essential and cost-effective
preventions more readily available. Models in which mental
health services are either embedded in pediatric primary care
or consultation with child mental health clinicians is made
available to assist primary care physicians with the manage-
ment of emotional and behavioral problems have become
more common. However, these systems were not generally
designed to provide readily accessible preventive care for
children facing adversity. Federal legislation has been passed
to support early intervention programs, but most communities
have yet to implement this programming, many programs
target children with clear developmental delays rather than
those facing adversity, and significant gaps in access and
delivery have been noted (118). Many of the effective in-
terventions reviewed above have been delivered in the context
of mental health care or through unique privately or
community-funded programs. However, these programs are
not widespread and remain unavailable to most families who
could benefit from services. Indeed, the vast majority of chil-
dren who have experienced adversity have never received
mental health care, even those with clinically meaningful psy-
chopathology (119). Based on this, interventions that are
designed for delivery in primary care or in schools and are
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supported by sustainable funding streams represent an
important pathway forward.

CONCLUSIONS

Translating findings from developmental, cognitive, and af-
fective neuroscience, we propose future implementation of
sustainable and accessible early childhood prevention pro-
grams that target enhancing caregiver support and nurturance
within existing systems of care. Such programs would harness
key experiential factors to promote healthy brain and behav-
ioral development delivered during sensitive periods of neu-
rodevelopment. Emotional development during the first years
of life is an important, under-recognized, and abundantly
modifiable target for interventions aimed at improving mental
and physical health outcomes for children who have experi-
enced adversity. Optimizing emotional development during
sensitive periods warrants further investigation, investment of
resources, and integration of interventions into public health
infrastructure and routine educational and health care pro-
grams for children (120). Extensive evidence underscores the
power of a sensitive, responsive, and nurturing caregiver on
brain and behavioral development, and emerging evidence
suggests that these targets may also be foundational to
physical health (81). Future studies are needed to clarify and
specify whether and when sensitive periods are present for
emotional development domains to inform the optimal timing
of these interventions during early childhood. Numerous
empirically supported early interventions may be modified and
applied in briefer and more feasible modalities of delivery to
broader populations of developing children. As applied to
many areas of growth and development across flora and fauna,
there are essential environmental inputs that are particularly
important at specified developmental periods to facilitate
optimal growth trajectories. Such principles hold great poten-
tial in application to early child neurodevelopment to facilitate a
thriving and resilient human population.
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