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Introduction

Early life, defined here as postnatal life from birth through adolescence, is a developmental
period during which individuals are especially sensitive to the biological effects of stress
(Lupien, McEwen, Gunnar, & Heim, 2009; though prenatal stress also appears to exert
profound influence on health outcomes in offspring, this topic is beyond the scope of this
chapter). There is strong evidence that environmental input during early life can program
physical, cognitive, and emotional traits to be optimally adaptive for survival and reproduction
in that environment (Bock, Rether, Groger, Xie, & Braun, 2014; Nederhof & Schmidt, 2012).
Severe early life stress, including famine or war, child abuse and /or neglect, poverty, or expo-
sure to family conflict and violence, has been repeatedly associated with negative cognitive,
emotional, and physical health outcomes (Brown, Susser, Lin, Neugebauer, & Gorman, 1995;
Eriksson, Riikkonen, & Eriksson, 2014; Kaplan et al., 2001). These adverse experiences
appear to lead to changes in the body and brain that can be adaptive in a harsh and traumatic
environment. However, these adaptions can increase risk for developing a range of psychiatric
disorders and social adjustment problems later in life (Heim & Nemeroff, 2001). The focus of
this article is the mechanisms through which early life stress influences neural development and
in turn behavioral and psychological outcomes.

Classifying Types of Early Life Stress

The term “stress” has been used to describe different concepts, including both environmental
events and individuals’ physical and psychological responses to these events. Here, we define
stress as activation of bodily and neural systems that respond to potential threats in the envi-
ronment. We define a “stressor” as “any unpredictable or uncontrollable stimulus that could—
potentially—pose a threat to the organism” (Levine & Ursin, 1991). In early childhood, many
of the most salient stressors are those that disrupt the attachment bond between a child and
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his/her caregiver(s). The establishment and maintenance of an emotional bond between an
infant and its mother or parents is believed to “program” emotional and social development
throughout the lifespan (Ainsworth, 1962; Bowlby & King, 2004 ). Adverse experiences that
can disrupt this bond include separation from caregivers, neglect, parental psychopathology,
and various forms of abuse.

Early life stress has traditionally been characterized in terms of allostatic load, the cost of
repeated biological responses to chronic stress exposure (McEwen, 2012) or cumulative risk
models, the combination of risks posed by aggregate exposure to multiple stressors (Evans,
Li, & Whipple, 2013). These models consider an individual’s global exposure to multiple
stressors in predicting risk for negative physical or psychological health outcomes. For exam-
ple, a child who was abused and had an incarcerated parent would be at higher risk than a child
who was abused but was not exposed to additional stressors. More recently, some researchers
have advocated that subtypes of early life stressors should be categorized in terms of the pres-
ence of harmful input, such as caregiver abuse or exposure to violence, and inadequate input,
such as caregiver neglect, separation from caregivers, or scarcity of resources (Humphreys &
Zeanah, 2015). Subtypes of carly life stressors have similarly been characterized in terms of
threat or deprivation (McLaughlin & Sheridan, 2016; Pollak, Cicchetti, Homung, & Reed,
2000). In these models, a neglected child has been exposed to qualitatively different types of
stressors than a child who has been abused, and we would expect divergent outcomes between
the two. However, exposure to multiple subtypes of early life stressors is common (Vachon,
Krueger, Rogosch, & Cicchetti, 2015). Although there is some preliminary evidence that
these subtypes of stressors may be associated with different neural and behavioral outcomes
(Dennison et al., 2017), this is a relatively new idea, and consequently current scientific under-
standing of these differential pathways is limited.

In terms of human development, more is known about effects of deprivation-related stress-
ors than threat-related stressors. Many of the seminal human studies on neurobehavioral
effects of early life stress have stemmed from the Bucharest Early Intervention Project (Zeanah
etal., 2003), a randomized controlled trial conducted between 2000 and 2005 that compared
foster care as an alternative with institutional care for young Romanian children. In this pro-
ject, half of'a group of 136 children were randomly assigned to high-quality foster care and the
other half to remain in institutional care. Children in the intervention group were adopted
into foster care between 6 and 31 months of age, and all children were seen for follow-up
assessments several times throughout childhood. Findings thus far indicate that early institu-
tionalization leads to profound deficits in many domains of functioning, including cognitive
and socioemotional development, brain structure and function, and an elevated incidence of
psychological impairment. Children randomized to foster care showed reliably better outcomes
in each of these areas than those who remained in institutional care (Nelson et al., 2007). In
addition, children who remained in institutional care showed blunted physiological responses
to psychosocial stressors compared with children randomized to foster care and to community
controls (McLaughlin et al., 2015). As a whole, findings from this project have been inter-
preted to suggest that the deprivation of a consistent attachment figure in infancy and early
childhood is a significant stressor that impairs the optimal development of systems that
promote physical and psychological health.

Other forms of early life deprivation, such as caregiver neglect, poverty, and food insecurity,
also appear to adversely influence development. Caregiver neglect, defined as a failure to meet
children’s basic physical needs with respect to clothing, hygiene, food, and/or safety (Leeb,
Paulozzi, Melanson, Simon, & Arias, 2008), is one of the most common forms of child
maltreatment; it is estimated that 20% of children worldwide experience neglect (World Health
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Organization, 2002). Neglect can be similar to institutionalization, in that children who
experience severe neglect lack a caregiver that reliably responds to their needs (Bruce, Gunnar,
Pears, & Fisher, 2013). Often, these children are placed into foster care families. Also like
children who were institutionalized, individuals with a documented history of neglect show
dysregulated stress hormone levels (Fisher, Stoolmiller, Gunnar, & Burraston, 2007), as well
as deficits in higher-level cognitive function. Poverty is another deprivation-related stressor
that has been associated with adverse outcomes in terms of brain development (Brito & Noble,
2014), language development and higher-level cognition (Noble, McCandliss, & Farah,
2007), academic achievement (Hair, Hanson, Wolfe, & Pollak, 2015), and emotion regulation
(Kim et al., 2013) by prospective longitudinal studies. While children who are neglected or
institutionalized do not reliably have their emotional needs met from their caregiver, children
exposed to poverty, especially poverty severe enough to result in food insecurity, may not reli-
ably have their physical needs met. In sum, a child’s exposure to uncontrollable, and poten-
tially unpredictable, failure to receive necessary physical and /or emotional stimulation can be
characterized as a significant stressor.

In contrast to these deprivation-related stressors, caregiver abuse represents a direct and
acute threat to a child’s well-being. Children in abusive families may experience physical harm
and threat (Bick & Nelson, 2016; Pollak, 2015), which results in chronic stress. Children in
these environments may also experience a nonnormative emotional learning environment.
While children in abusive families may have their physical needs met, abusive caregivers are
often inconsistent in their responses to a child’s behavior—sometimes responding in norma-
tive ways to their children and other times becoming either extremely reactive or unresponsive
to their children (Milner & Robertson, 1989). This type of inconsistency can make it challeng-
ing for children to learn environmental contingencies between their own behavior and their
caregiver’s reactions. In addition, abusive caregivers often provide ambiguous emotional sign-
aling to their children, producing unclear facial and vocal expressions of emotion (Shackman
ct al., 2010). All these factors likely contribute to significant alterations in emotional, cogni-
tive, and brain development that are well documented in abused individuals (Hanson et al.,
2015; Harms, Shannon-Bowen, Hanson, & Pollak, 2017; Hart & Rubia, 2012), as well as
their increased risk for developing psychiatric disorders (Heim & Nemeroff, 2001).

In addition to overt maltreatment, less severe and more common forms of early adversity
such as disrupted parent—child relationships have also been linked to poorer mental and physi-
cal health in adulthood. For example, individuals who grow up in families characterized by
high levels of conflict and aggression, relationships that are cold, unsupportive, or neglectful,
and chaotic daily lives tend to show more behavioral problems in childhood and poorer health
in adulthood (Carroll et al., 2013; Repetti, Robles, & Reynolds, 2011; Repetti, Taylor, &
Seeman, 2002). Individuals exposed to these subtler forms of early life stress within the family
show problems in emotion processing and social competence, disruptions in stress-responsive
biological regulatory systems, and poor health behaviors such as substance abuse (Repetti
etal., 2002). In sum, the term “early life stress” encompasses a range of stressors and levels of
severity, which poses a challenge for research in this area.

Measurement of Early Life Stress
Another challenge for researchers in early life stress relates to measurement of early adversity.

For ethical reasons, the Bucharest Early Intervention Project is the only study using random
assignment involving humans that has been conducted to examine the effects of early life
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stress. In the majority of studies, children who are exposed to early adversity within the family
environment also tend to experience high levels of stress in other domains, such as school-
related stress and tension within the neighborhood and community. Thus, it is difficult to
isolate how specific sources of early life stress impact children’s health and development.
However, a number of experimental studies involving rodents provide insight into the specific
effects of disrupted caregiver behaviors on oftspring.

Most animal studies of stress have either focused on the effects of stress during adulthood or
on how early stress influences later neurobehavioral patterns in adults (Malter Cohen et al.,
2013). For the most part, rodent models of childhood stress have tended to utilize periods of
maternal separation. This approach tends to induce intermittent, rather than chronic stress
(i.e., pups are separated from the mother and then reunified). Recently, however, a reliable
model of chronic fragmented maternal care, including maltreatment, has been established for
rodents. In this model, insufficient bedding and nesting materials in the home cage causes
mothers to neglect or even abuse their pups and, in turn, induces early life psychosocial stress
in offspring (Baram ct al., 2012; Molet, Maras, Avishai-Eliner, & Baram, 2014). In parallel with
human studies of maltreatment, this model of early family adversity has been shown to contrib-
ute to cognitive and emotional dysfunctions, as well as disrupted brain development (Brunson
et al., 2005) and disrupted biological stress responses (Gunn et al., 2013) in offspring.

However, animal models have limitations in terms of generalizing results to humans. First,
certain types of early life stress that may be unique to humans—such as emotional abuse—
cannot be simulated. Rodent models such as the limited bedding/nesting paradigm tend to
induce maternal behavior that most closely resembles neglect, but rarely results in physical
abuse and obviously cannot approximate emotional abuse. In addition, the fact that rodents
are born in litters makes rearing environments fundamentally different between rodents and
humans. Several studies have examined early life stress in nonhuman primates, who exhibit
similar mother—infant interactions as humans (Nelson & Winslow, 2009). A subset of nonhu-
man primate mothers do physically abuse their infants, though abuse differs from human fami-
lies in that it tends to be short lived, confined to an infant’s first month of life, and does not
co-occur with neglect (Sanchez, 2006). Thus, the specific types of maltreatment environments
that human children experience cannot be fully replicated in animal models. Second, rodent
and even nonhuman primate models unable to reproduce the rich repertoire of cognitive and
emotional behaviors that occur in human development. Third, brain regions mature at differ-
ent rates and trajectories, which differ across species (Avishai-Eliner, Brunson, Sandman, &
Baram, 2002). These differences pose a challenge for researchers who intend to directly com-
pare the age of a developing animal with a specific human age in terms of overall brain devel-
opment, especially in rodent studies. Due to these limitations, research examining the sequelae
of early life stress in humans remains necessary.

Studies involving human subjects typically take either a retrospective or prospective approach
to measuring carly adversity. Retrospective reports of childhood experiences can be obtained
from adults and are therefore a convenient measure in many situations. Some commonly used
retrospective measures are questionnaires such as the Childhood Trauma Questionnaire
(CTQ) (Bernstein, Fink, Handelsman, & Foote, 1994) and the Adverse Childhood Events
Scale (ACES) (Felitti et al., 1998), which ask participants if they experienced maltreatment or
negative life events in childhood. Other studies use interview methods, such as the UCLA Life
Stress Interview (Hammen, Marks, Mayol, & de Mayo, 1985), which assesses current chronic
stress in addition to a retrospective report of childhood stress.

The validity of retrospective reporting of early life stress is debated. A potential confound
with this approach is that adults’ current levels of stress and /or mood may affect their subjective
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feelings regarding their childhood (Colman et al., 2016): for example, current life difficulties
may cause them to have a negative bias of their lives as children. In addition, retrospective
reports are subject to omission errors (Widom & Morris, 1997), and studies report weak
correlations between retrospective reports and prospective measures. For example, in a large
longitudinal birth cohort study (Reuben et al., 2016), a prospective measure of adverse experi-
ences that were documented during childhood was only moderately correlated with retrospec-
tive reports by adult participants. The accuracy of retrospective reporting may also depend on
the types of events that are queried. For example, in this study, higher agreement between
prospective and retrospective measurement was reported for objectively adverse events, such
as the loss of a parent, than for events involving subjective interpretation, such as emotional
abuse. Furthermore, personality traits (neuroticism and agreeableness) were associated with
the extent to which retrospective and prospective measurements were congruent. Another
important difference between prospective and retrospective measurement is that prospective
measures are often objective (e.g., measured through Child Protective Services Records or
other informant reports), while retrospective reports are inherently subjective. Indeed, Reuben
et al. (2016) found that prospectively measured early life stress best predicted objectively
measured health outcomes, while retrospective reports best predicted subjective health
outcomes. These associations suggest the possibility for common method bias—i.e., individu-
als who feel worse about their health also have more negative views regarding their early life
experiences. For all these reasons, it is recommended that researchers use prospective measures
whenever possible.

Behavioral Sequelae of Early Life Stress

Despite measurement issues, findings from studies using different methods, or involving
humans versus animals, show substantial overlap in terms of the neurobehavioral effects of
early adversity, including impaired cognitive and emotional development (Lupien et al., 2009).
For example, studies involving both rodents (Ivy et al., 2010) and humans (Hanson et al.,
2017; Harms, Shannon-Bowen, et al., 2017) have found deficits in learning and memory,
along with abnormal development of associated brain regions, following early life stress
(Teicher, Tomodo, & Andersen, 2006). Examining emotional development, Malter Cohen
etal. (2013) tested parallel models of early life stress in both rodents (limited nesting material)
and humans (early institutionalization), reporting evidence that early adversity inhibited the
ability to suppress attention toward potentially threatening information in favor of goal-
directed action, indicating deficits in fear regulation in both species. These findings have been
replicated by many other studies that examined humans or rodents separately (Heim &
Nemeroff, 2001; Tottenham & Sheridan, 2010).

Early stress appears to alter threat perception, which can lead to increases in both anxiety
and aggressive behavior. In Shackman, Shackman, and Pollak (2007), abused children showed
increased attention to visual and auditory anger cues, as indexed by event-related potentials
(ERPs) relative to non-abused controls. In addition, the amount of attention children allo-
cated to these threatening emotional stimuli mediated the relationship between physical abuse
and child-reported anxiety. In a later study (Shackman & Pollak, 2014 ), the same researchers
showed that a history of maltreatment was also associated with higher levels of negative affect
expression and aggression (measured by negative feedback directed toward a putative peer)
during a laboratory task. Attention to threat (angry faces) again mediated the relationships
between maltreatment and both negative affect and aggression. Thus, over-attending to threat
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appears to be a key mechanism through which early stress becomes associated with emotional
and behavioral problems.

Behavioral and neuroimaging studies also suggest abnormal reward processing, which inte-
grates emotional and cognitive systems, in individuals exposed to early stress (Birn, Roeber, &
Pollak, 2017; Dillon et al., 2009; Goff et al., 2013; Hanson, Hariri, & Williamson, 2015;
Mehta et al., 2010; Pechtel & Pizzagalli, 2011; Weller & Fisher, 2013). For example, in an
incentive-based learning task, abused children and adolescents did not respond to differences
in reward probability, failing to increase their response speed as the chance of winning increased
(Guyer et al., 2006). This finding suggests that the abused children were unable to acquire or
effectively use information about differing reward probabilities. In addition, studies of risk-
taking found reduced exploration behavior, which could have yielded larger rewards, in
neglected (Loman et al., 2014) and abused adolescents (Sujan, Humphreys, Ray, & Lee,
2014) relative to control groups. Finally, Harms, Shannon-Bowen, et al. (2017) found deficits
in both acquisition and reversal of stimulus—-reward associations among adolescents who had
been physically abused. Although this is a relatively new area of research, and requires replica-
tion in experimental animal research, this emerging evidence suggests that early life stress has
profound impacts on reward processing.

Abnormal development in threat sensitivity, emotion regulation, and reward processing may
contribute to the association between early adversity and increased risk for a range of psychi-
atric disorders and behavioral problems (Jaffee, 2017). Early life stress, particularly maltreat-
ment, has been linked to elevated risk for developing major depression (Scott, Smith, & Elis,
2010) and anxiety disorders (Cohen et al., 2006), including PTSD (Breslau et al., 2014), as
well as increased levels of suicidal thoughts (Thornberry, Henry, Ireland, & Smith, 2010) and
self-injurious behavior (Yates, Tracy, & Luthar, 2008). In addition to higher internalizing
symptomatology, victims of maltreatment show increased externalizing problems in adult-
hood, including higher incidence of antisocial behavior (Johnson & Leff, 1999), and more
frequent criminal activity and arrests (Maxfield & Widom, 1996; Thornberry, Henry, Ireland,
& Smith, 2010).

Neurobiological Sequelae of Early Life Stress

Early life stress influences an individual’s development at multiple levels, including behavior,
neurobiology, and the epigenome. To appreciate these influences, it is necessary to understand
how organisms respond biologically to stressors in the environment.

The Stress Response

In humans and animals, sophisticated biological systems have evolved to respond to potential
threats in the environment. Here, we provide a brief overview of this stress response. An acute
stressor activates the hypothalamic—pituitary—adrenal (HPA) axis, which induces the release of
corticotropin-releasing hormone (CRH) and vasopressin (AVP) from the hypothalamus and
adrenocorticotropic hormone (ACTH) from the pituitary into the blood. This stimulates the
release of glucocorticoid (cortisol in humans and corticosterone in rodents) from the adrenal
cortex. The HPA axis follows a basal circadian activity rhythm and is regulated by a negative
feedback mechanism moderated by corticosteroids that constrain the response of the axis after
its activation. This negative feedback mechanism is complex, but briefly, corticosteroids bind
to glucocorticoid receptors (GRs) and mineralocorticoid receptors (MRs) that are expressed
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in most bodily tissues and act as transcription factors (Larsson et al., 2012; Sanchez, Arnt,
Hyttel, & Moltzen, 1993). GR activation causes a negative feedback loop at several levels of
the HPA axis that ends the stress response and the release of cortisol once a threat has been
removed (for more information, see Provencal & Binder, 2015).

Through this negative feedback mechanism, the HPA system responds very effectively to
acute, short-term environmental threats, which were typical throughout most of human
evolution. However, the HPA axis is less well equipped to deal with chronic stress. In this
context, the negative feedback mechanisms that regulate the stress response can break down,
resulting in either hypersensitive or blunted HPA system reactivity. In animal models, early life
stress resulting from maternal separation, or from the limited nesting model, tends to lead to
hyperreactivity of the HPA axis in adulthood, including increased CRH signaling in response
to a stressor and impaired GR-mediated negative feedback (van Bodegom, Homberg, &
Henckens, 2017). However, in another model of early life stress, early social deprivation,
rodent pups are temporarily separated from their mother and littermates and housed in a novel
environment. This more severe stress can decrease stress-induced corticosterone levels in these
animals are either blunted or unaffected relative to non-stressed controls (Sandi & Haller,
2015), suggesting reduced HPA sensitivity relative to non-stressed controls. Human findings
similarly show variation in the effects of early adversity on HPA axis function. For example,
exposure to interparental aggression, corporal punishment, or frequent emotional maternal
withdrawal was found to increase baseline (i.e., non-stressed) cortisol levels (Davies, Sturge-
Apple, Cicchetti, Manning, & Zale, 2009) and cortisol stress responses (Bugental et al., 2003).
In contrast, there is also evidence institutionalization or maltreatment can result in HPA axis
hyporeactivity. For example, a recent study showed that childhood maltreatment was associ-
ated with decreases in cortisol response during psychosocial stress in adulthood (Grimm et al.,
2014). Similarly, studies involving human children exposed to severe neglect, abuse, orphan-
age/institutional care, or involvement with child protective services report lower basal levels
of corticosteroids (Bernard, Zwerling, & Dozier, 2015; Bruce, Fisher, Pears, & Levine, 2009;
Gunnar and Donzella, 2002). In general, the literature suggests that more severe early stress
is more likely to lead to hypo- versus hypercortisolism.

Inconsistent findings of either increased or decreased stress responsiveness after early adver-
sity might be explained by a trajectory of initial hyperactivation of the HPA axis that progresses
to a state of sustained stress hyporeactivity when the stressors are severe and /or chronic (Fries,
Hesse, Hellhammer, & Hellhammer, 2005; Pryce, Bettschen, Nanz-Bahr, & Feldon, 2003).
HPA hyporeactivity may serve as a compensatory adaptation that protects the organism from
deleterious effects of chronic high levels of stress hormones. Initial evidence for this trajectory
of HPA axis responsivity resulting from chronic stress has been demonstrated in animal models
(Saltzman et al., 2006; Sterlemann et al., 2008). However, more research is needed to inves-
tigate mediating and moderating factors that influence how stress affects development of the
HPA system.

Early Life Stress and Epigenetics of the Stress Response

Epigenetic mechanisms—changes in gene expression that do not involve changes in the DNA
sequence—appear to be important factors that mediate the extent to which early life stress
leads to blunting or hypersensitivity of the HPA axis (Conradt, 2017). Although the specific
epigenetic modifications that may contribute to differential HPA system trajectories following
carly stress are not fully understood, the field has made rapid progress in recent years in eluci-
dating how some of these mechanisms operate. For example, we now know that decreases in
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GR expression and activation tend to be associated with an increase in the stress response, and
this can be explained by epigenetic mechanisms (Provencal & Binder, 2015). DNA methyla-
tion, which can function to switch genes between “on” or “off” positions, is one epigenctic
mechanism used by cells to regulate gene expression. Stress that occurs during certain devel-
opmental sensitive periods may lead to long-term changes in the methylation of genes that
regulate the stress response (Zannas, Wiechmann, Gassen, & Binder, 2016). One such gene
that has generated recent interest is the FK506 binding protein 5 (FKBP5) gene, which regu-
lates glucocorticoid sensitivity. Childhood maltreatment has been associated with long-term
demethylation of this gene (Klengel et al., 2013), which contributes to increased expression of
FKBP5 (Harms et al., 2017). Higher expression of FKBP5 appears disrupt the negative feed-
back mechanism that regulates the HPA axis, resulting in glucocorticoid resistance, higher
cortisol levels, and prolonged recovery following exposure to stress (Tyrka, Ridout, & Parade,
2016; Zannas & Binder, 20143). Another important gene that regulates the HPA axis is the
glucocorticoid receptor gene, NR3CI. This gene shows greater methylation in physically
abused children relative to non-maltreated children (Romens, McDonald, Svaren, & Pollak,
2015). A recent study examined the entire human genome in girls exposed to varying levels of
childhood stress, finding that girls with high levels of stress exposure showed differential
methylation in 122 genes, as well as changes in expression in 12 genes (Papale, Seltzer, Madrid,
Pollak, & Alisch, 2018). Several of these genes are known to be involved in the stress response
systems, but others serve different regulatory functions throughout the body, suggesting sys-
tem-wide changes in biological functioning as a result of stress. Thus, early stress in the form
of maltreatment appears to induce multiple epigenetic changes in stress response system and
beyond that have implications for individuals’ biological reactivity to subsequent stress.

Influences of Early Life Stress on Neural Circuitry

In addition to alterations in the stress response, epigenetic changes induced by early life stress
appear to play a role in altering brain structure and function following early life stress (Labonte
et al., 2012). According to the neurotoxicity hypothesis (Sapolsky, Krey, & McEwen, 1986),
chronic glucocorticoid release (induced by extended stress exposure and potential epigenetic
modifications that contribute to impaired GR negative feedback) facilitates neurodegenerative
processes, resulting in structural changes in the volumes of various brain regions. The brain
regions most consistently affected by early life stress include the hippocampus, amygdala, and
prefrontal cortex. These regions coordinate learning and memory processes, emotional reac-
tivity, and emotion regulation.

The limbic system, a set of brain regions immediately beneath the cerebral cortex, supports
a variety of functions including emotion, motivation, and memory formation. Limbic regions,
particularly the hippocampus (facilitating memory formation) and amygdala (facilitating
emotional processing), are profoundly affected by early life stress. Studies of hippocampal
development in stressed animals provided some of the earliest evidence for effects of chronic
stress on the brain, showing decreased branching, reduced length, and atrophy of dendrites in
hippocampal neurons among stressed relative to non-stressed rats (e.g., Cook & Wellman,
2004; McEwen, 1999). The limited bedding/nesting model has also been associated with a
reduction of synapses and dendritic spines, as well as dendritic atrophy in the hippocampus
(Brunson et al., 2005). In humans, structural findings regarding the effects of early life stress
on limbic system development are more mixed and tend to involve both hippocampus and
amygdala (or finding that early adversity is associated with changes in one region but not the
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other). For example, some studies show larger amygdala volumes relative to control groups
among previously institutionalized children who were adopted (Mehta etal., 2009; Tottenham,
2010), or smaller hippocampal volumes, with later adopted children showing larger abnor-
malities (Hodel et al., 2015). However, several studies show no differences in hippocampal
(Mehta et al., 2009; Sheridan, Fox, & Zeanah, 2012; Tottenham, Henry, Ireland, & Smith,
2010) or amygdala volumes (Hodel et al., 2015) between previously institutionalized children
and controls. Another study that employed detailed hand tracing of amygdala and hippocam-
pus volumes showed that various forms of early life stress (physical abuse, early neglect, or low
socioeconomic status) were associated with smaller amygdala and hippocampal volumes
(Hanson et al., 2015). Divergent findings in humans could be due to a number of factors,
including developmental timing of stress exposure, nonlinear brain development, different
effects based on type of stressor, and methodological factors. However, the preponderance of
evidence suggests that early stress alters trajectories of limbic brain development, which has
implications for memory and emotion processing.

In addition to the limbic system, the prefrontal cortex and its connectivity with the limbic
system are affected by early life stress. In animals, maternal separation is associated with long-
term changes in prefrontal microstructure (Braun, Lange, Metzger, & Poeggel, 2000;
Ovtscharoft & Braun, 2001; Poeggel et al., 2003) in rodents and with decreased medial pre-
frontal cortex volume in nonhuman primates (Lyons, Parker, Katz, & Schatzberg, 2009;
Spinelli et al., 2009). Similarly, in humans, early maltreatment is associated with reduced gray
matter volumes in medial prefrontal cortex and anterior cingulate gyrus (Dannlowski et al.,
2012; De Brito et al., 2013; Edmiston et al., 2011; Hanson et al., 2010) as well as decreased
functional connectivity between medial prefrontal cortex and amygdala (Burghy et al., 2012).
Furthermore, a higher number of self-reported adverse childhood experiences have been
linked with a smaller volume in regions such as anterior cingulate cortex and caudate that
interface with the limbic system and prefrontal cortex (Cohen et al., 2006).

Studies using diffusion tensor imaging (DTI) studies, a method for evaluating structural con-
nectivity through white matter tracts, show that early life stress disrupts microstructural integ-
rity in the brain. Previously institutionalized or neglected children and adolescents show
reduced integrity of the uncinate fasciculus (Eluvathingal et al., 2006; Govindan, Behen,
Helder, Makki, & Chugani, 2010; Hanson et al., 2013), a white matter tract connecting limbic
and frontal lobe regions (Behen et al., 2009). Moreover, several studies have found reduced
global white matter volume, disrupted prefrontal white matter organization, or reduced pre-
frontal cortical thickness (reflecting the width of the cortical gray matter and potential brain
atrophy) in children exposed to early deprivation (Eluvathingal et al., 2006; Mehta et al., 2009;
Sheridan et al., 2012; McLaughlin et al., 2014). A study that assessed exposure to adverse child-
hood experiences through self-report found reduced microstructural integrity of the corpus
callosum, which connects the two brain hemispheres (Paul et al., 2008). In this study, all par-
ticipants were free of psychiatric symptoms, suggesting that white matter structure can be
impacted by stress even in the absence of psychopathology. Finally, there is evidence that early
life stress disrupts the global organization of brain networks—young adults with a history of
childhood maltreatment show decreased network centrality in a number of cortical areas rela-
tive to non-maltreated individuals (Harms et al., 2017) (Teicher, Anderson, Ohashi, & Polcari,
2014). Decreased network centrality is likely to impair high-level cognitive functions that rely
on the integration of information from multiple regions. In sum, various forms of severe early
stress appear to alter both fronto-limbic structure and connectivity. These consequences may
impact high-level cognitive processes such as emotion regulation and goal-directed behavior.
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Gene—environment interactions and newral circuitry

Effects of early stress on neural structure and function appear to vary based on genetic factors.
Genes involved in regulating serotonin levels and brain-derived neurotrophic factor (BDNF),
a moderator of synaptic plasticity, have been shown to moderate the effects of stress on neural
circuitry. Some individuals in the population carry “risk alleles” of these genes that increase
their neurobiological sensitivity to negative environmental events. In one study, early life stress
combined with the HTR3A CC genotype group of the serotonin 3A receptor gene was associ-
ated with smaller gray matter volume in hippocampus and frontal cortex and higher negative
affect, compared with the T carriers (Gatt, Williams, et al., 2010). In another study, carriers of
both BDNF methionine and HTR3A CC risk alleles who were exposed to high levels of early
life stress showed elevated emotion-elicited heart rate, as well as right frontal hyperactivation
and right parietotemporal hypoactivation in EEG asymmetry, compared with non-risk allele
carriers (Gatt, Nemeroff, et al., 2010). These findings reflect gene—environment interactions
associated with early stress that may increase the likelihood of developing internalizing psycho-
pathology among risk allele carriers.

Additional Considerations

Additional factors that appear to moderate the effects of early stress on physical and mental
health outcomes include developmental timing of stress and sex differences. In addition, we
outline promising research addressing prevention and intervention mechanisms that may
promote resilience in the face of early adversity.

Developmental Timing of Stress

Evidence suggests that stressors exert different neurobehavioral effects depending on when
they occur during an organism’s development, and early life stress is generally associated with
longer-lasting impacts than stress experienced during adulthood (Lupien et al., 2009).
However, in rodents, whose offspring are born relatively immature in terms of neuroendo-
crine development, there is strong evidence for a stress hyporesponsive period (SHRP) during
the first two weeks of postnatal life, in which the HPA axis does not respond, or reacts only
minimally, to environmental stressors (Levine, 1994). This period may have evolved to protect
the developing brain from the effects of elevated glucocorticoids. There is controversy as to
whether such a period exists in humans, though there is evidence that caregivers (when not
absent or abusive) provide a strong buffering effect against stress in early childhood (Gunnar
& Cheatham, 2003). It should also be noted that, because rodent pups are born less mature
but mature at a faster rate than human infants, perinatal stress will impact different stages of
development depending on which species is studied (Lupien et al., 2009).

In terms of brain development, stress exposure at different developmental periods is likely
to have different impacts because regions mature at different rates (Andersen, 2003). For
example, one study found that childhood sexual abuse experienced between 3 and 5 years of
age was associated with reduced hippocampal volume, while abuse experienced in adolescence
was associated with reduced gray matter volume in the frontal cortex (Andersen & Teicher,
2008). These findings are congruent with the developmental trajectories of these regions, with
the hippocampus maturing in early childhood and the prefrontal cortex continuing to develop
throughout adolescence (Lupien et al., 2009). Another study found that stress reported in late
childhood (ages 8 and up) was associated with smaller anterior cingulated and insula volumes,
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while stress reported in early childhood did not impact the volume of these regions (Baker
et al., 2013). This finding may be due to changes in the emotional processing of stresstul
events across development.

Stress experienced during certain developmental periods can show incubation effects, where
impacts do not become apparent until later ages: for example, having a mother with maternal
depression has been associated with abnormal HPA activity and depressive symptoms in ado-
lescence (Halligan, Hubert, Goodyer, & Murray, 2007). Indeed, a number of mental health
problems associated with early life stress tend to surface for the first time in adolescence
(Giedd, 2008). Studies show that adolescents are highly vulnerable to psychosocial stress, pos-
sibly due to a protracted glucocorticoid response to stress that persists into adulthood (Gunnar,
Wewerka, Frenn, Long, & Griggs, 2009; McCormick & Matthews, 2007). For example,
chronic variable stress in adolescent rats has been shown to induce long-term alterations in
hippocampal structure, cognition, and HPA axis function (Isgor, Kabbaj, Akil, &Watson,
2004). However, most scientific knowledge regarding the impacts of adolescent-specific stress
is derived from animals, and more research is needed to determine the long-term impacts of
adolescent stress in humans.

Sex Differences

A number of studies suggest that males and females respond differently to developmental
stressors, with most evidence indicating that females are more vulnerable to early life stress.
Females who experienced trauma, who experienced physical abuse, or whose mothers were
depressed during infancy show higher rates of depression, anxiety, and PTSD compared with
males (Baker and Shalhoub-Kevorkian, 1999; Macmillan et al., 2001; Pitzer et al., 2011). Sex
differences following early life stress are also found in HPA system reactivity. For example,
exposure to early trauma has been shown to be positively associated with cortisol response to
CRH challenge in men but not in women (DeSantis et al., 2011). This finding suggests that
women are more prone to a blunting of the HPA axis as a result of early stress. A recent study
involving youth also found that in girls relative to boys, cortisol responses to stress were more
highly correlated with genetic risk factors in genes that regulate the HPA axis, suggesting
higher susceptibility to “risky” alleles in girls (Pagliaccio et al., 2014). There is also evidence
that white matter structure is affected by early stress to a greater extent in females than in
males (Paul et al., 2008). Animal models suggest that sex hormones play a role in the diverg-
ing neurobiological and behavioral responses to stress that occurs during adolescence between
males and females (McCormick & Matthews, 2007). However, more research that specifically
examines mechanisms for sex differences in the neurobiological sequelae of early stress is called
for. Such research is especially important given that the risk for depression, for which early
stress is often a contributing factor, is much higher in females beginning in adolescence (Kessler
etal., 2003).

Prevention and Intervention Research

There are promising areas of research addressing prevention and intervention mechanisms to
ameliorate negative effects of early life stress on health. Given that stress first affects the HPA
system, the most effective prevention and intervention mechanisms should moderate long-
term alterations in this system as a result of early stress (Bruce et al., 2013), and two interven-
tion programs so far have been shown to do so. Multidimensional Treatment Foster Care for
Preschoolers (MTFEC-P) is a preventive intervention that focuses on the use of consistent,

D PUe s L a1 885 *[¥202/20/02] Uo ARl 2uliuo 11 ‘pue ABojoued Jo 1uswiedaq WeD UOSIPRIUSUOISIA JO AISBAIUN Ad 240 0v8.SO6TTT8L6/200T OT/10P/LI0d"AB| 1M ARIqpuIuO/ Sl W01} Papeoiumoq ‘Zpd 0v82S06TTT8L6/Z00T 0T

Ropm

P

mp

35U8017 SUOWILLIOD dANES1D 3|edjdde au Aq pausenof ae sap e O ‘88N Jo 3 0y ARiqiTauluo A3[Im uo



384 Madeline B. Harms and Seth D. Pollak

contingent parenting strategies. MTFC-P has been shown to reduce placement disruptions,
increase secure attachment-related behaviors (Fisher, Burraston, & Pears, 2005; Fisher & Kim,
2007), and prevent blunting of diurnal cortisol slopes in foster children (Fisher et al., 2007).
These positive effects among children may be related to a reduction in caregiver stress result-
ing from the intervention (Fisher & Stoolmiller, 2008). Another intervention, the Incredible
Years Series, was designed to reduce externalizing behaviors by enhancing parenting practices
and child social competence among families with preschool-aged children who have siblings
convicted for criminal activity. This preventive intervention has been shown to decrease child
aggressive behavior (Brotman et al., 2008) and prevent blunted cortisol responses to social
challenge (Brotman et al., 2007). Among families with low parental warmth, there is evidence
that this intervention reduces child aggression via increased cortisol response, suggesting that
HPA axis function mediates the positive impact of this intervention on child behavior (O’Neal
etal., 2010).

Throughout infancy, childhood, and adolescence, the body and brain are undergoing
dramatic changes and are profoundly shaped by environmental cues. As discussed carlier, many
of the deleterious effects of early life stress are associated with a mismatch between the early
life environment and later environments that an individual experiences. For example, the adap-
tations a child develops as a result of institutional care (blunted HPA reactivity, early puberty,
preservation of emotional brain systems at the expense of higher-level cognitive systems) may
increase their ability to survive long enough to reproduce in a very harsh, deprived environ-
ment. Similarly, increased vigilance to threat in the context of physical abuse increases a child’s
likelihood of avoiding harm in that particular family environment. However, these adaptations
can hinder optimal functioning in an adoptive family and resource-rich environment, in school,
or at a job later in life, resulting in a higher risk for physical and mental health problems.
Stress-exposed individuals tend to exhibit reduced cognitive flexibility, meaning that once a
stress-exposed individual learns a specific behavioral strategy during childhood, she/he may
persevere with this strategy even if it becomes maladaptive when the environment changes
(Harms, Shannon Bowen, et al., 2017). This dilemma presents another potential area for
intervention: for children whose adverse environments cannot be fully replaced, perhaps early
intermittent exposure to “mismatching” environments may facilitate cognitive and behavioral
flexibility in novel situations (Bock et al., 2014 ). Programs such as Head Start and Boys and
Girls Clubs might show positive impacts in part through exposing children from impoverished
backgrounds to novel environments. Given the systemic effects of early life stress on physical
and mental health outlined above, more research addressing prevention and intervention
mechanisms is a profound societal need.

Conclusion

In sum, early life stress takes many forms, but all types of severe early adversity studied thus
far have potentially negative impacts on long-term health and development. Early child-
hood stress influences lifetime physical and psychological health through alterations in the
stress response system, the epigenome, and the development of brain circuitry that facili-
tates cognitive and emotional process. Priorities for future research on early life stress should
include an emphasis on prospective measures of stress, longitudinal designs, attention to
developmental timing (especially studies that examine adolescent-specific stress), and a
focus on prevention and intervention work to mitigate the negative health effects of severe
early stress.
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