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Caregivers have a profound impact on children’s neural 
and behavioral development. Decades of research have 
shown that stable, nurturing caregiving early in life is 
essential for children’s healthy socioemotional develop-
ment, and, conversely, that severe disruption to early 
caregiving alters long-term development and increases 
risk for mental-health disorders across the life span. 
However, the specific mechanisms by which early care-
giving experiences affect long-term neural and behav-
ioral outcomes and, further, by which caregiving in the 
earliest stages of development influences the potential 
impact of caregivers on behavioral and neural develop-
ment at later stages of development have remained 
unclear. That is, how does a child’s experience of stable, 
nurturing caregiving become biologically embedded? 
How does the nature of the caregiving cues that a child 
receives early in life influence the child’s capacity to 
optimally benefit from caregiving inputs supporting 
socioemotional functioning across development?

Although it has long been established that the affec-
tive quality and content of caregivers’ signals to devel-
oping offspring influence neural development across 
species (Curley & Champagne, 2016), research has high-
lighted that specific patterns in caregivers’ behavior—
namely, the co-occurrence of predictability and 
safety—may be particularly important for shaping the 
development of corticolimbic circuitry involved in emo-
tion regulation and for facilitating the caregiver’s ability 
to serve a regulatory function later in development. 
Building on extant literature documenting infancy and 
toddlerhood as a sensitive period for caregiving input 
more generally, here we review evidence for the 
hypothesis that a child’s receipt of early caregiving cues 
that are predictable (i.e., that occur in a way that is 
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expected and reliable) and representative of safety (i.e., 
that protect a child from danger and are unlikely to 
cause harm) are essential for receptivity to later stage-
specific caregiving influences that promote optimal 
development. Further, we highlight how these specific 
caregiving cues may become biologically embedded in 
the first several years of life and how accelerated matu-
ration of corticolimbic circuitry following adverse care-
giving may interfere with opportunities for caregivers’ 
optimal influence on later stages of development.

Infancy and Toddlerhood as a 
Sensitive Period for Caregiver Inputs

Via stage-specific inputs, caregivers support children 
in executing key tasks of typical development from 
birth through adolescence (Fig. 1). Across infancy, chil-
dren learn to trust that their primary caregivers’ 
responses are contingent on their needs and that care-
givers have predictable behavior that consistently sig-
nals safety. In early infancy, caregivers serve as a 
critical source of comfort and protection, and they 
transition to serving as a source of support for chil-
dren’s emerging independence throughout the first 
year of life, as infants begin to explore the world with 
close caregiver support. During toddlerhood, caregiv-
ers continue to establish themselves as predictable 
sources of comfort and protection as children increas-
ingly negotiate strong and, at times, competing desires 
for independence and exploration, on the one hand, 
and for security from close contact with caregivers, on 
the other (Lieberman et al., 2015).

Evidence suggests that caregivers may serve an exter-
nal regulatory function early in life, when corticolimbic 
circuitry is still developing (Callaghan & Tottenham, 
2016a; Gee, 2016; Gee et al., 2014). Corticolimbic cir-
cuitry involves the amygdala, which detects emotionally 
salient stimuli in the environment; the hippocampus, 
which is involved in learning and memory; and the 
medial prefrontal cortex, which regulates the amyg-
dala’s reactivity and controls emotion. As this circuitry 
matures and regulatory abilities become internalized to 
facilitate independent emotion regulation, children’s 
reliance on caregivers’ provision of external regulation 
may wane, and other major attachment figures, such as 
close peers, take on an increasing role in social buffer-
ing (Gee, 2016; Hostinar et al., 2014).

In the context of typical development, the period 
spanning infancy and toddlerhood may be a sensitive 
period during which predictable caregiver inputs asso-
ciated with safety are particularly influential in estab-
lishing the opportunity for later modulation of 
corticolimbic circuitry and emotion by the caregiver. 

Here we define a sensitive period as a window of 
heightened neuroplasticity during which specific envi-
ronmental inputs have an especially strong effect on 
later functioning (Werker & Hensch, 2015).

Although growing evidence suggests that normative 
variation in caregiving experiences tracks with continu-
ous variation in corticolimbic circuitry (e.g., Gee et al., 
2014), much of the evidence for an early sensitive 
period related to caregiving experiences comes from 
the literature on severe caregiving-related adversity. 
There is compelling evidence that exposure to caregiv-
ing adversity, such as institutionalized care or maltreat-
ment, is more detrimental when it occurs early in life 
than when it occurs during later periods of develop-
ment (e.g., Manly et al., 2001). For example, findings 
from the Bucharest Early Intervention Project, a ran-
domized controlled trial of children in institutionalized 
care who were randomly assigned either to be placed 
in foster care or to remain in institutionalized care, have 
demonstrated that receiving stable and nurturing care-
giving input in the first years of life is particularly influ-
ential for both short- and long-term developmental 
outcomes (Nelson et  al., 2007). Specifically, between 
birth and 24 months, children’s experience of institu-
tionalized care—which likely entails exposure to a lack 
of both caregiver-associated predictability and caregiver-
associated safety—has been shown to have particularly 
lasting and severe effects on a broad array of behavioral 
and neurodevelopmental outcomes (McLaughlin et al., 
2015; see Cohodes et al., 2021, for a review related to 
corticolimbic circuitry). Though institutionalized care 
and maltreatment are multifaceted stressors that are 
characterized by both the absence of species-expected 
inputs (i.e., stable and nurturing care) and the presence 
of extreme stress, and that may themselves alter the 
timing of sensitive periods (see Gabard-Durnam & 
McLaughlin, 2020, for a review), these studies present 
empirical evidence for a potential sensitive period dur-
ing which a lack of key caregiving inputs, such as 
predictability and safety cues, has particularly salient 
effects on the developing brain.

Predictability of Caregiving Cues

Cross-species evidence suggests that the predictability 
of caregivers’ responsivity to offspring early in life is 
an important determinant of children’s long-term cogni-
tive and affective outcomes (Ellis et al., 2009; Glynn & 
Baram, 2019). One hypothesized explanation for this 
effect is that predictable and appropriate caregiver 
responses in infancy influence the developing brain 
because they underpin the development of secure 
attachment relationships, which, in turn, support social, 
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emotional, and cognitive development (Sroufe, 2005). 
Indeed, both contingency of caregivers’ responsivity 
to infants (Gunnar, 1980) and synchrony in infant- 
caregiver behavior are key predictors of children’s 
developmental outcomes (Feldman, 2007).

Although the mechanisms supporting the effects of 
predictable caregiving on neural development have 
been relatively unexplored in humans, a growing body 
of evidence from studies of rodents suggests that care-
giver predictability may specifically influence the devel-
opment of corticolimbic circuitry (Glynn & Baram, 
2019). Paradigms in which the degree of predictability 
of maternal care is manipulated have provided particu-
lar insight into the specific neurobiological effects of 
exposure to unpredictable care in the earliest stages of 
development. Rodents exposed to unpredictable care 
exhibit atypical development of the neurobiological 
systems underpinning emotion-related functioning, 
including reduced connectivity between the medial 
prefrontal cortex and the amygdala (e.g., Guadagno 
et al., 2018). In addition, rodents exposed to unpredict-
able maternal care show greater amygdala activity rela-
tive to animals raised in typical conditions (Malter 
Cohen et al., 2013). These findings underscore possible 
pathways by which caregiving quality—specifically, the 
degree to which caregiver signals are expected and 
reliable—may support development of corticolimbic 
circuitry.

Association Between the Caregiver’s 
Presence and Safety

Caregivers’ inputs to offspring are multifaceted; predict-
ability of cues in the first several years of life is neces-
sary but not sufficient for the priming of neural circuitry 
that allows caregivers to play an optimal role across 
development. Caregiving cues must also be associated 
with safety. Early in life, interactions with caregivers 
provide opportunities to learn about the degree to 
which a caregiver’s presence is associated with the 
attenuation of fear (Moriceau & Sullivan, 2006). Over 
the course of repeated shared experiences between 
children and caregivers beginning immediately follow-
ing birth and extending across postnatal development, 
caregivers’ consistent buffering of children’s fear (e.g., 
via physical presence and related attenuation of physi-
ological reactivity; Callaghan & Tottenham, 2016a) rein-
forces the association between the caregiver’s presence 
and safety. Caregivers’ successful attenuation of chil-
dren’s fear, in turn, enhances the efficacy of the caregiv-
ers as a buffer and further instantiates caregivers as 
safety signals. It is important to note that a caregiver 
signaling that the child is safe is distinct from a care-
giver protecting the child from all possible dangers or 

preventing the child from seeking opportunities for 
exploration. Overprotective behaviors may signal to the 
child that the world is a dangerous place and interfere 
with the child’s normative development of independent 
regulation of anxiety. Here we focus on the normative 
development of the association between the caregiver’s 
presence and safety.

Cross-species evidence provides insight into the spe-
cific neurobiological mechanisms by which caregivers 
buffer children’s fear and stress reactivity. In human 
children, the presence of a caregiver suppresses cortisol 
reactivity (Hostinar et al., 2014) and phasically strength-
ens connections between the medial prefrontal cortex 
and the amygdala to dampen amygdala reactivity (Gee 
et  al., 2014). These findings are consistent with evi-
dence that a caregiver’s presence suppresses corticos-
terone and amygdala activity in developing rodents 
(Moriceau & Sullivan, 2006). Perhaps in part because 
of the potency of buffering by a caregiver, offspring 
approach stimuli associated with their caregiver even 
when those stimuli are inherently aversive (Moriceau 
& Sullivan, 2006; Tottenham et al., 2019). Facilitation 
of approach behavior via caregiver-related cues may 
further promote early attachment and ensure that off-
spring remain close to their caregivers.

By establishing that their presence is associated with 
the attenuation of fear during infancy, caregivers lay 
the groundwork for their later modulation of cortico-
limbic circuitry and emotion regulation in a stage- 
specific manner across development. Offspring rely on 
caregivers to play an active role in facilitating emotion 
regulation and buffering amygdala reactivity during 
childhood, but caregivers shift to take on a supporting 
role as emotion regulation becomes more internalized 
during adolescence (Gee, 2016; Gee et al., 2014). Stud-
ies documenting the long-term effects of disrupted care-
giving offer compelling evidence for the hypothesis that 
establishing an association between the caregiver’s 
presence and safety facilitates optimal modulation of 
corticolimbic circuitry by the caregiver later in develop-
ment. Even though attachment relationships can be 
established in the context of threatening cues (e.g., 
Perry & Sullivan, 2014), caregiving adversity during 
infancy interferes with buffering by the caregiver. Spe-
cifically, rodent pups exposed to maltreatment by their 
caregivers (e.g., rough handling of pups, stepping on 
pups) do not show expected suppression of fear-related 
behavior in the presence of their caregiver during 
infancy and, further, exhibit weakened buffering by 
their caregiver during the adolescent period, relative to 
their non-maltreatment-exposed counterparts (Opendak 
et al., 2019; Robinson-Drummer et al., 2019). Similarly, 
among nonhuman primates, maltreatment during 
infancy is associated with reduced effectiveness of 
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maternal buffering of cortisol reactivity (Sanchez et al., 
2015). On average, human children who are exposed 
to institutionalized care early in life and are later 
adopted do not exhibit reduced amygdala reactivity in 
the presence of their adoptive caregivers (Callaghan 
et al., 2019).

Despite the narrative suggested by this pattern of 
findings—namely, that failure to form associations 
between caregivers and safety-related cues early in life 
is associated with diminished influence of the care-
giver’s presence in later stages of development—
emerging evidence points to malleability in the impact 
of early disruption of caregiving relationships. In a 
study of particular note, Callaghan and colleagues 
(2019) found that, although the majority of children 
with caregiving-related adversity did not exhibit atten-
uation of amygdala reactivity in the presence of their 
caregivers, approximately 40% did, in fact, exhibit this 
age-expected modulation. Individual differences 
emerged: Greater security in the caregiver-child rela-
tionship was associated with greater caregiver-related 
attenuation of amygdala reactivity. These findings sug-
gest that, although the absence of caregiving cues that 
are reliably associated with safety early in life appears 
to disrupt children’s receptivity to later buffering by 
their caregivers, there is also the potential for later 
plasticity and reshaping. The observation of buffering 
among children exposed to early caregiving adversity 
suggests that despite “missing” the opportunity for 
exposure to safety-related caregiving cues in the first 
several years of life, these children may learn to associ-
ate their caregivers with safety during a later phase of 
development. Indeed, research utilizing rodent models 
of augmented caregiving suggests that exposure to 
subsequent optimal care is associated with neurode-
velopment that supports adaptive responses to stress 
(e.g., Singh-Taylor et al., 2018). Together, these studies 
raise the possibility that, although specific patterns of 
caregiver inputs in the earliest stages of life may be 
crucial for priming neural circuitry to be receptive to 
later modulation by the caregiver, high-quality care 
following attachment disruption may foster plasticity 
in the capacity for buffering.

Accelerated Development Following 
Disruption of Caregiver Cues Associated 
With Predictability and Safety

Acceleration of the corticolimbic circuit’s development 
is a mechanism by which exposure to caregiving char-
acterized by a lack of predictability and safety during 
an early sensitive period may undermine children’s 
responsivity to buffering by the caregiver at later stages 
of development. The absence of predictable caregiving 

that signals safety early in life is associated with accel-
erated maturation of the hippocampus and amygdala 
in both rodents (Bath et  al., 2016; Manzano Nieves 
et al., 2020) and humans (Gee et al., 2013). One pos-
sible explanation is that unpredictable care triggers 
precocious activation of the stress response system, 
which could subsequently lead to accelerated matura-
tion of corticolimbic circuitry (Callaghan & Tottenham, 
2016b; Gee et  al., 2013). Though much remains 
unknown about the function of such acceleration, early 
maturation appears to be an ontogenetic adaptation in 
the context of a harsh and unpredictable caregiving 
environment (Callaghan & Tottenham, 2016b; Ellis 
et  al., 2009; Gee et  al., 2013). However, despite evi-
dence for some initial advantage (e.g., Gee et al., 2013), 
accelerated corticolimbic development may have nega-
tive long-term consequences for brain development and 
mental health. A protracted period of plasticity and 
caregiver influence in human development confers vari-
ous advantages, and in the affective domain, it may 
provide opportunities for learning safety signals that 
serve a later anxiolytic function (Yang et  al., 2012). 
Foreshortening this period of immature corticolimbic 
function and plasticity may ultimately limit subsequent 
influences of caregiver inputs to corticolimbic circuitry 
and reduce opportunities for learning and adaptation 
later in development. A potential mechanism by which 
exposure to caregiving adversity may confer risk for 
the development of mental-health disorders across the 
life span involves behavioral adaptations to this expo-
sure: Behavioral adaptations that prove to be effective 
in the context of harsh caregiving conditions may 
undermine future adaptive coping in response to the 
novel challenges of each new developmental stage 
(Gee, 2016).

Future Directions

Here we have highlighted cross-species evidence for a 
potential early sensitive period for caregiver inputs to 
the developing brain. Specifically, during infancy and 
toddlerhood, the predictability and safety associated 
with caregiving may facilitate an opportunity for opti-
mal modulation of corticolimbic circuitry by the care-
giver across subsequent stages of development, thereby 
promoting children’s development of an increasingly 
intrinsic capacity for emotion regulation. As cross- 
species research continues to investigate the ways in 
which specific features of caregiving “get under the 
skin,” several important questions remain.

First, though human research has established asso-
ciations between exposure to predictable caregiving 
and generalized developmental outcomes (e.g., work-
ing memory capacity or cognitive control), future 
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research is needed to test the specific hypothesis that 
exposure to more predictable caregiving in the first 
several years of life is associated with both stronger 
modulation of corticolimbic circuitry by the caregiver 
later in development and a more protracted period of 
modulation by the caregiver’s presence. Second, though 
research has begun to delineate the effects of early 
caregiving adversity on the caregiver’s modulation of 
amygdala reactivity across development, studies to date 
have not examined how specific aspects of caregiving 
adversity (e.g., unpredictability and the extent to which 
a caregiver does not exhibit behaviors associated with 
safety), experienced in the earliest stage of human 
development, confer risk for this modulation to be 
diminished later in life (Cohodes et al., 2021). More-
over, additional research is necessary to specifically 
test the neural mechanisms by which these particular 
features become encoded (Meyer et  al., 2019) and 
influence the processing of later caregiving cues 
(Opendak et al., 2020). Third, future studies that shed 
light on the specific mechanisms by which interven-
tions can facilitate the establishment of capacities for 
later circuit modulation by caregivers despite missed 
opportunities for key inputs during the early sensitive 
period will inform interventions for children exposed 
to early adversity.

Given the impact of caregiving adversity in the first 
years of life, policy- and public-health-related efforts 
should focus on implementing structural changes that 
prevent ruptures to young children’s attachment rela-
tionships, which inherently compromise their sense of 
safety and predictability. The extant literature suggests 
that young children who have experienced caregiving 
adversity during infancy and toddlerhood may benefit 
from dyadic (child-caregiver) interventions focused on 
providing them with opportunities to play and talk 
about traumatic exposures that may have compromised 
their sense of safety and predictability within their pri-
mary attachment relationships, and, reciprocally, pro-
viding caregivers with opportunities to reaffirm their 
association with safety and predictability and to scaffold 
the young children’s emerging understanding of care-
givers’ capacity for repairing a diminished sense of pre-
dictability and safety (Lieberman et al., 2015). We also 
highlight the need to continue developing evidence-
based interventions that take into account both the 
developmental needs of children in infancy and tod-
dlerhood (e.g., treatments that rely on play, in addition 
to verbal communication) and the potential inherent in 
this developmental period for forming new associations 
between caregivers and signaling of safety and predict-
ability due to enhanced neural plasticity and young chil-
dren’s reliance on support from their caregivers for 
nearly all aspects of functioning. Further delineating 

mechanisms by which enriched caregiving environments 
may allow children exposed to early caregiving adver-
sity to reestablish a sense of caregivers’ predictability 
and association with safety will also inform the design 
of targeted interventions for these children.

Conclusions

A wealth of cross-species evidence has demonstrated 
that early caregiving experiences can shape neural and 
behavioral development across the life course. Although 
the influences of caregiving are particularly salient early 
in life, caregivers play a central role in tasks of typical 
development throughout childhood and adolescence. 
Interactions between caregivers and children during 
infancy and toddlerhood form a foundation that allows 
caregivers to effectively take on stage-specific support 
roles across development. A rapidly evolving literature 
highlights predictability and safety as two key aspects 
of caregiving early in life that are essential for healthy 
development and that facilitate age-appropriate care-
giver inputs to development. Specifically, encoding of 
caregiving cues signaling predictability and safety dur-
ing an early sensitive period may shape corticolimbic 
development and support caregivers’ role in guiding 
emotional learning and regulation later in development. 
Future research will be essential to translate emerging 
work on the neurobiological pathways by which care-
giving cues signaling predictability and safety become 
embedded early in life from animal models to human 
development and will have implications for prevention 
and intervention efforts targeting children exposed to 
caregiving adversity early in life.
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