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Emerging evidence suggests that partially distinct mechanisms may underlie the association between different dimensions of early
life adversity (ELA) and psychopathology in children and adolescents. While there is minimal evidence that different types of ELA
are associated with specific psychopathology outcomes, there are partially unique cognitive and socioemotional consequences of
specific dimensions of ELA that increase transdiagnostic risk of mental health problems across the internalizing and externalizing
spectra. The current review provides an overview of recent findings examining the cognitive (e.g., language, executive function),
socioemotional (e.g., attention bias, emotion regulation), and mental health correlates of ELA along the dimensions of threat/
harshness, deprivation, and unpredictability. We underscore similarities and differences in the mechanisms connecting different
dimensions of ELA to particular mental health outcomes, and identify gaps and future directions that may help to clarify
inconsistencies in the literature. This review focuses on childhood and adolescence, periods of exquisite neurobiological change
and sensitivity to the environment. The utility of dimensional models of ELA in better understanding the mechanistic pathways
towards the expression of psychopathology is discussed, with the review supporting the value of such models in better
understanding the developmental sequelae associated with ELA. Integration of dimensional models of ELA with existing models
focused on psychiatric classification and biobehavioral mechanisms may advance our understanding of the etiology,
phenomenology, and treatment of mental health difficulties in children and youth.
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INTRODUCTION
Childhood is an important period for the development of
socioemotional and cognitive skills given the high degree of
brain plasticity that facilitates learning and adaptation to the
environment [1, 2]. However, early life adversity (ELA) during
periods of heightened plasticity may alter developmental
trajectories via complex neurobiological and stress-mediated
mechanisms that, in turn, increase the risk of socioemotional
and behavioral difficulties in children and youth [3]. ELA
encompasses a wide range of experiences such as psychosocial
and material neglect, exposure to intimate partner violence, and
physical, sexual, and emotional abuse. Some of these experiences
involve the presence of threatening inputs (e.g., abuse), while
others reflect the absence of expectable inputs (e.g., neglect).
Although the neurodevelopmental consequences of different
dimensions of ELA may be at least partially distinct, each of these
share a defining feature in that they generally entail a deviation
from the expectable environment that requires considerable
adaptation by the average child [4]. While this adaptation may
foster survival under conditions of stress and adversity, it may be
undesirable in more typical developmental circumstances and
give rise to a multitude of poor outcomes, including health-risk
behaviors that are associated with considerable early morbidity
and mortality [5].
ELA is strongly correlated with higher rates of almost all

commonly occurring mental health problems, including mood,

anxiety, and substance use disorders [6–9]. The association
between ELA and mental health difficulties is especially concern-
ing given that more than half of all children and youth will
experience at least one form of ELA by adulthood [10, 11], and
that ELA accounts for the onset of roughly half of all mental health
problems in childhood [6, 10]. Psychiatric difficulties associated
with ELA are also more severe, persistent, and treatment-resistant
than difficulties and disorders not associated with ELA [7]. Thus,
ELA is a critical target of public health inititives designed to reduce
population disparities in mental health among children and youth
[12].
Recently, there has been somewhat of a paradigm shift towards

dimensional models of ELA that aim to better characterize the
mechanisms linking particular experiences of adversity to specific
developmental outcomes [13–17]. One such model is the
Dimensional Model of Adversity and Psychopathology (DMAP)
[16, 17], which posits that discrete forms of ELA exist along two
broad dimensions: threat and deprivation. In this model, threat is
operationalized as harm or the threat of harm, while deprivation is
operationalized as the absence of expected environmental input
or complexity. Another dimensional model that is informed by
evolutionary life history theory is that of Ellis et al. which
conceptualizes ELA along the dimensions of harshness and
unpredictability [13]. In this Life History (LH) model, harshness is
defined as suffering and mortality due to extrinsic forces (i.e.,
family life/community violence) which are out of the individual’s
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control, while unpredictability is defined as random fluctuations in
exposure to harshness. Recent work has integrated the DMAP and
LH models to outline three primary dimensions along which
specific types of ELA may fall: threat/harshness, neglect/depriva-
tion, and unpredictability [18]. The current review draws on this
framework to provide an up-to-date synthesis of the literature
focused on evaluating the partially distinct cognitive, socio-
emotional, and mental health correlates of ELA along each of
these three dimensions, while also detailing how alterations in
cognitive and socioemotional function serve as a developmental
pathway linking ELA to psychopathology in childhood and
adolescence. This is important at the current juncture within the
literature as it accompanies an ongoing discussion regarding the
utility of both DMAP and LH models which may serve as a basis for
future ELA research (see McLaughlin et al. for arguments
supporting an integrated dimensional approach, and Smith and
Pollak and Pollak and Smith for arguments generally opposing
such approaches) [18–20].

THREAT/HARM
Threat/harm and psychopathology
Early exposure to threatening/harsh experiences—including
physical, sexual and emotional abuse, exposure to domestic
violence, or bullying/victimization by peers—is a powerful
predictor of later mental health outcomes. Children and adoles-
cents who are exposed to threat have a heightened risk for
depression, conduct disorder, substance use, psychosis, self-harm
behaviors, and suicide [21–23]. Moreover, recent epidemiological
studies demonstrate that children who experience a traumatic
event, defined as experiences that are harmful and involve
threatened death or violence, are two times more likely to develop
a psychiatric disorder than non-trauma exposed children [24].
Additionally, one in six children who experience a traumatic event
meet criteria for post-traumatic stress disorder (PTSD) [25], a
disorder that only occurs in individuals who have experienced
trauma. It is also important to note that threat, as defined within
the DMAP, is generally focused on repeated interpersonal harm
(e.g., abuse or community violence), and that this form of ELA is
more strongly associated with poor mental health outcomes in
children and youth than non-interpersonal harm (e.g., accidents or
illness) [24, 26]; thus, our discussion of threat focuses on
interpersonal harm and violence.

Threat/harm and underlying mechanisms
The central tenets of the DMAP suggest that early exposure to
threat is primarily associated with alterations in socioemotional
development that promote the rapid identification of threat cues
in the environment, which in turn serves as a distinct pathway to
the expression of psychopathology [4]. A seminal study pointing
to differences in social information processing among individuals
exposed to threat was conducted by Pollak et al. who examined
different patterns of emotion recognition by maltreatment
subtype [27]. Children exposed to threat showed a more liberal
threshold for the detection of anger that was not present in
control participants or those who experienced deprivation (i.e.,
neglect). Following this study, research investigating socioemo-
tional differences among children exposed to ELA has tended to
focus on specific maltreatment subtypes in isolation, rather than
comparing similarities and differences between types of ELA.
However, in studies investigating how threat exposure impacts
socioemotional development, accumulating evidence supports
the idea that children exposed to threat identify angry facial
stimuli with less sensory information and with greater accuracy
compared to healthy controls [28–33]. Pollak reported that
children exposed to physical abuse were more accurate in
identifying angry facial expressions, but not other emotions,

compared to non-maltreated children [32]. This appears to be a
dose-response relation, with greater exposure to abuse corre-
sponding to quicker recognition of angry facial cues [33]. These
results suggest that children exposed to threat have a perceptual
bias towards the recognition of threatening stimuli in their
environment, a conclusion further supported by studies demon-
strating that children exposed to threat display an automatic
attention bias towards threatening stimuli [34, 35]. However, it
should be noted that there is heterogeneity around the
directionality of this effect, with some studies reporting an
attention bias away from threat cues associated with severity of
exposure to threat in childhood [36]. Age may be an important
moderator of these associations. For example, Weissman et al.
showed that, as the severity of maltreatment increased, greater
attention bias towards threat cues in children switched to a bias
away from threat cues in older adolescents, thus underscoring the
importance of developmental stage in examining links between
threat exposure and attentional processes [37].
Although the ability to rapidly detect threat serves an adaptive

function in dangerous environments, over time it may increase
the risk of mental health difficulties. Previous studies have
demonstrated associations between attentional bias to threaten-
ing cues and anxiety [38], depression [39], PTSD [40], and
externalizing problems [41]. These attentional biases may relate
to difficulties deploying effective strategies for regulating
emotions, such as rumination and expressive suppression instead
of adaptive skills like cognitive reappraisal [42]. Overreliance on
unhealthy emotion regulation processes may increase transdiag-
nostic risk for psychopathology [43, 44]. Indeed, alterations in
emotion regulation have been identified as an important
mediator between childhood abuse and depression [45], self-
harm [46], and PTSD [47]. Moreover, a recent study by Weissman
et al. demonstrated that engagement in less optimal emotion
regulation strategies, particularly expressive suppression and
rumination, mediated the association between abuse exposure
and longitudinal increases in general psychopathology (i.e., the
“p” factor) [37].
Studies that have directly compared exposure to threat versus

deprivation support the proposal that children exposed to
violence and abuse have difficulties with socioemotional function-
ing that may uniquely increase the risk of psychopathology. For
instance, some evidence suggests that children exposed to
violence (a proxy for threat) show worse adaptation to emotional
conflict after controlling for co-occurring poverty (a proxy for
deprivation), yet the reverse effect is not significant [48]. More-
over, threat exposure has been shown to interact with age in
predicting fear learning measured by physiological responses,
whereas deprivation is unrelated to fear learning [49]. Finally,
children exposed to threat may have distinct difficulties with social
information processing. Prior research has shown that children
exposed to threat are more likely to assume that ambiguous
situations are hostile or dangerous [41, 50]. Information processing
biases that result in the over-identification of situations as
threatening may facilitate safety in dangerous environments, yet
this developmental adaptation has also been associated with
internalizing and externalizing problems [51]. A recent study
found that differences in cognitive and affective theory of mind
(ToM)—a key ability for social information processing—mediated
the relation between interpersonal violence exposure and
externalizing problems in adolescence [52]. This association
remained significant after controlling for co-occurring deprivation
(i.e., neglect), thus illuminating a unique pathway from threat
exposure to externalizing symptoms. Given the above associa-
tions, it has recently been suggested that difficulties in social
information processing and alterations in emotional processing
are two core mechanisms linking threat exposure with negative
mental health outcomes in children and youth [53].
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Threat/harm and neurobiology
Recent studies of children and youth exposed to abuse show clear
associations between threat exposure and structural alterations in
the frontoamygdala circuit, which is a cluster of brain regions
important for threat detection and emotion processing. This
includes reductions in amygdala volume [54–56] and the
ventromedial prefrontal cortex (vmPFC) [57–59]. More negative
coupling between the vmPFC and amygdala has also been
observed in threat-exposed youth and is associated with higher
externalizing symptoms [60].
Functionally, threat has also been shown to be associated

with frontoamygdala circuitry. Studies have consistently found
greater amygdala activity in youth who live in environments
characterized by threat [61–64], although findings have been
significantly more variable for vmPFC function [65]. Moreover,
increased amygdala reactivity to negative stimuli may underlie
risk of depression, anxiety, externalizing problems, and general
psychopathology [66]. In contrast, a recent study conducted by
Hein et al. reported decreased amygdala habituation (i.e.,
sustained activation) in a sample of 15–17 year olds exposed
to threat when viewing angry facial stimuli, yet this was
accompanied by low starting levels of amygdala activation,
suggesting an overall blunting of amygdala activation [67]. This
finding stands in contrast to the core hypotheses of the DMAP
and requires replication in future longitudinal studies that track
age-related changes in amygdala activation and habituation
over time. In addition, threat exposure has been associated with
differences in salience network activation. Studies measuring
salience network activation have primarily reported increased
anterior insula activation in response to threatening stimuli
[61, 62, 68], while some studies report reduced dorsal anterior
cingulate cortex (dACC) activation in response to threat cues
[69]. It is worth noting here that these differences may be
attributable to age-related changes in frontoamygdala commu-
nication. For example, recent work suggest that, among
typically-developing youth, childhood may be characterized by
information flow from amygdala to dACC to vmPFC (i.e., bottom-
up processing), while adolescence may be characterized by
information flow from vmPFC to dACC to amygdala (i.e., top-
down processing) [70]. Further work should consider such
developmental changes when interpretating the effects of ELA
on neurodevelopment.
In terms of brain electrical activity (e.g., assessed using EEG),

increased N2 and P3b activation has been observed in individuals
exposed to threat as compared to controls when viewing angry
faces, thus demonstrating a heightened vigilance for the rapid
detection of threatening stimuli [31]. Further, this increased
attention to threatening stimuli at the neural level mediated
relationships between exposure to physical abuse and symptoms
of anxiety [31].
Finally, a recent systematic review reported that alterations to

the structure and function of the frontoamygdala circuit and
salience network were consistently observed in children exposed
to threat, but not necessarily those exposed to deprivation [65].
This adds further support for the differential neurocognitive
consequences of threat compared to deprivation. An important
next step for the field is to examine whether these neurocognitive
differences mediate associations between unique dimensions of
ELA and different forms of psychopathology. This requires
longitudinal designs in which different dimensions of ELA are
captured, different cognitive and neural phenotypes are mea-
sured, and multiple domains of psychopathology are jointly
assessed. Especially important is the need for well-powered
studies that can detect meaningful associations by avoiding false
positive findings and failures of replication. An example of such a
study is the Adolescent Brain Cognitive Development study [71],
which will be an invaluable resource to the field in the
years ahead.

DEPRIVATION
Deprivation and psychopathology findings
Severe forms of psychosocial deprivation, such as institutional
rearing, are associated with increased rates of multiple forms of
psychopathology. By age 16 years, half of all children with a
history of institutional deprivation meet criteria for any psychiatric
disorder compared to only 15% of never-institutionalized youth
[72]. The causal nature of this effect is suggested by studies
showing that children randomly assigned to leave institutions
early in development and enter family care have significantly
fewer internalizing and externalizing symptoms than those with
prolonged deprivation from childhood through adolescence [72–
74]. For example, in the Bucharest Early Intervention Project (BEIP),
youth with a history of prolonged institutional care had
significantly higher rates of psychiatric disorders at age 16 years
compared to those who left the institutions for foster care early in
development [72]. The timing of intervention or removal from
deprivation is also relevant. For example, individuals in the English
and Romanian Adoptees (ERA) Study who were adopted before
6 months had similar levels of psychiatric symptoms to a group of
non-deprived individuals, while those adopted after 6 months
showed elevated rates of emotional difficulties, attention-deficit/
hyperactivity disorder (ADHD), and neurodevelopmental impair-
ments specifically associated with severe deprivation or insuffi-
cient caregiving (i.e., quasi-autism and disinhibited attachment)
[75, 76]. Thus, existing evidence suggests that while there are
early-emerging, significant, and in some cases persistent negative
effects of institutional deprivation on mental health, enriched
family care in the aftermath of deprivation can facilitate recovery,
especially when it occurs early in development and is stable
over time.
One domain of mental health that is strongly linked to early

deprivation is ADHD. Multiple studies show that preschool-aged
children reared in institutions have significantly higher rates of
ADHD than never-institutionalized children [77, 78]. While the
rates of many common psychiatric difficulties in children removed
from institutions begin to approximate rates of never-
institutionalized children by adolescence [72, 74], rates of ADHD
generally persist through adolescence and young adulthood
[72, 73, 75, 79, 80]. Some evidence suggests that those reared in
institutions exhibit a distinct inattentive subtype of ADHD [80].
This may point to specific neurodevelopmental mechanisms
impacted by early life deprivation (expounded below).
The link between deprivation and psychiatric difficulties is not

limited to severe forms such as institutionalization. Indeed, other
forms of deprivation, including poverty and low socioeconomic
status (SES), are also associated with increased rates of psycho-
pathology [81, 82]. Furthermore, previous reviews and meta-
analyses have shown that different types of maltreatment (abuse
and neglect) are associated with greater risk for multiple mental
health problems [83–85]. While there is some variability in the
extent of risk conferred by specific types of ELA, experiences of
both threat (e.g., abuse) and deprivation (e.g., neglect) show
significant positive associations, with largely similar effect sizes
[83–87]. Thus, each of these dimensions is generally considered a
non-specific risk factor for mental health problems. In contrast,
there is evidence that deprivation is associated with partially
distinct mechanisms that underlie psychopathology compared to
threat. We explicate these mechanisms below.

Deprivation and underlying mechanisms
The DMAP suggests that early deprivation is primarily associated
with alterations in cognitive functioning that are not observed as
consistently among those exposed to threat [4]. In support of this
hypothesis, exposure to deprivation has been consistently linked
to a range of cognitive and academic difficulties [88–93]. It has
also been shown that early intervention can offset these cognitive
difficulties through early removal from institutions and placement
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in high-quality family care settings [88, 89, 94, 95]. Early work by
Tizard and Rees demonstrated that improving the quality of
institutional care to focus on providing enriched social and
cognitive stimulation can mitigate cognitive impairments asso-
ciated with institutionalization [96]. Indeed, a core mechanism
underpinning the cognitive difficulties associated with early
deprivation is in the lack of socioemotional and cognitive input
that characterize both institutional care and family-based neglect,
the most common form of maltreatment in the United States [97].
Thus, the difference between institutional deprivation and
common forms of neglect is likely a matter of degree rather than
a qualitative difference.
In addition to impairments in general intellectual and academic

abilities, deprivation has also been associated with reduced
language skills [90, 91, 98, 99]. In studies of typically-developing
children, reduced language input from caregivers at 18 months is
associated with lower pre-academic skills at age 4.5 years through
a host of cognitive skills at age 3, including reduced language
ability, inhibitory control, and ToM [100]. Interestingly, when
controlling for maternal linguistic input (i.e., stimulation), maternal
responsiveness (e.g., warmth and sensitivity) was not strongly
associated with these cognitive abilities. Recent meta-analytic
work has shown a moderate inverse association between
experiences of both threat and deprivation with language abilities,
but no moderating effect of ELA type [101]. In contrast, recent
longitudinal work has reported that while both threat and
deprivation in childhood are associated with increased risk of
internalizing and externalizing problems in adolescence, only
deprivation operates through language ability [102, 103]. Evidence
from preschool children similarly shows that lower SES (a proxy for
deprivation) is associated with reduced language ability at age 3,
and that lower language ability is correlated with higher general
psychopathology at age 4.5 years [104]. Given the importance of
language abilities for self-regulation, effective problem-solving,
and emotional expression and awareness, this may serve as a key
mechanism connecting early deprivation to broad-spectrum
psychopathology over the course of childhood and adolescence.
Another domain of cognition consistently associated with early

deprivation is executive function (EF). Per the DMAP, reduced EF is
a distinct neurodevelopmental mechanism linking deprivation
with psychological functioning. In support of this claim, reductions
in EF—specifically response inhibition and working memory—
have been shown to mediate the association between institutional
deprivation and ADHD symptoms in childhood (ages 8 and 12
years) [105, 106]. Moreover, children who experience less severe
forms of deprivation, such as low SES, show increased rates of
ADHD [107]. Interestingly, in longitudinal studies that include
measures of threat and deprivation simultaneously, only depriva-
tion has been shown to mediate the effect of low SES on poor EF
outcomes in preschool-aged children [108]. However, the media-
tional role of EF between deprivation and psychopathology is not
specific to ADHD, with recent evidence suggesting that reduced
EF in mid-childhood is a transdiagnostic mediator of psycho-
pathology risk in adolescence [109]. These results together
suggest that both common (e.g., low SES) and severe (e.g.,
institutional rearing) forms of deprivation are associated with EF
difficulties that increase the risk of psychopathology in multiple
domains.
Perhaps the best evidence for the differential effect of

deprivation relative to threat on EF comes from studies that
include both dimensions in the same models. Using this approach,
Sheridan et al. showed that, when controlling for experiences of
threat (i.e., abuse and community violence), experiences of
deprivation (i.e., neglect) were associated with lower parent-
reported inhibition and global EF, while exposure to threat was
unrelated to EF after controlling for deprivation [110]. Using
objective measurement of EF, it was further shown that lower
parental education (a proxy of deprivation) was associated with

reduced working memory performance after controlling for
exposure to threat, while threat was not significantly associated
with working memory after controlling for deprivation. Another
study found that children who experienced deprivation (oper-
ationalized as living below the federal poverty line) showed
significant impairment in inhibition and shifting ability, which was
not observed among children exposed to threat [48]. A more
recent study by Machlin et al. found that a composite measure of
deprivation―neglect, parental education, and household sti-
mulation—was associated with impairments in response inhibi-
tion after controlling for exposure to threat [49]. Finally, in a recent
study using a representative sample of >18,000 U.S. Kindergarten
students, cumulative exposure to deprivation, but not cumulative
exposure to threat, was associated with lower working memory,
while both cumulative deprivation and cumulative threat pre-
dicted lower cognitive flexibility and inhibitory control [111]. One
explanation for these mixed findings may be the use of objective
EF assessment for cognitive flexibility and working memory, but
teacher reports for inhibitory control in the latter study. It is
possible that a blunt tool such as teacher ratings is not sensitive
enough to detect subtle differences in risk conferred by different
types of ELA. In contrast, clearer distinctions in the risk of EF
difficulties may emerge when using objective assessments. To this
end, the results noted above cohere with recent meta-analytic
work showing that early life deprivation has stronger associations
with working memory and inhibitory control than early life threat,
while both types of ELA are approximately equally related to
cognitive flexibility [112].
It has been suggested that deficits in associative learning may

serve as a common mechanism linking deprivation to multiple
domains of cognitive functioning [113]. The framework for this
model is derived from the notion that associative learning
promotes the formation of new synaptic connections, yet in the
absence of contingent responsiveness (e.g., from caregivers) or a
general lack of available rewards in the environment (e.g.,
provision of food, physical proximity, and affection), synaptic
connections will either not form (i.e., reduced proliferation) or will
be prematurely eliminated (i.e., accelerated pruning). Support for
this model comes from studies looking at alterations in stimulus-
response relationships, with consistent findings that children
reared in institutions perform significantly worse than never-
institutionalized children on associative learning tasks [114–116].
In turn, reduced associative learning mediates the relation
between early deprivation and depression symptoms in early
adolescence [114]. Strikingly, studies also show that children
removed from institutional settings at early stages of develop-
ment perform as well as children who were never institutionalized
on associative learning tasks [114, 115], suggesting that recovery
is possible when contingent responsiveness is restored. It is
important to note, however, that deficits in associative learning
have also been linked to early threat exposure [117, 118].
However, to our knowledge no study has examined the
association between threat and deprivation with associative
learning while controlling for the effect of the other dimension
of ELA, which is required to determine specificity of these
associations. This is an important direction of future work.

Deprivation and neurobiology
Evidence from developmental cognitive neuroscience demon-
strates clear associations between early deprivation and brain
structure and function in regions involved in EF. Structurally,
deprivation is correlated with reduced gray matter in the
prefrontal, parietal, and temporal regions, as well as reductions
in total gray matter and white matter volume [119–121]. A recent
systematic review by McLaughlin et al. [65] highlighted that
deprivation is associated with fairly reliable reductions in volume
or thickness of frontoparietal network regions, including the
dorsolateral PFC (dlPFC) and superior parietal cortex. Altered
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structure in these areas is, in turn, linked with increased risk for
multiple types of psychopathology [122, 123]. Some evidence for
alterations in structural connectivity also exist, with reduced
fractional anisotropy (FA; measuring white matter microstructural
organization) in the superior longitudinal fasciculus and inferior
fronto-occipital fasciculus in relation to deprivation [124, 125]. This
is in contrast to threat exposure, where increased FA has been
observed in relation to traumatic events [126].
Furthermore, altered neural function of frontoparietal regions

and other regions important for EF have been observed in youth
exposed to deprivation. For example, on a cognitive task involving
neutral stimuli, children exposed to deprivation recruited the
inferior frontal cortex and dACC more strongly than control
subjects [127]. Additionally, in a recent study by Silveria et al.
functional connectivity of the dACC to other regions within the
cingulo-opercular network were found to mediate the association
between deprivation and externalizing symptoms [128]. Further-
more, on cognitive control tasks involving emotional cues,
children exposed to deprivation show reduced recruitment in
the dlPFC [129]. This is in contrast to children exposed to threat,
who have been shown to demonstrate increased recruitment of
the PFC during cognitive control of emotion [61, 65]. Again, this
suggests differences in how cognitive control is deployed to
regulate emotionally-salient cues based on the dimension of ELA.
Consistent with functional findings, studies have demonstrated

associations between early deprivation and disruptions in brain
activity within regions directly involved in cognitive control.
Studies examining neural indices of cognitive control, as
measured by event-related potentials (ERPs), have found that
reduced (less negative) amplitude of ERPs is linked with increased
externalizing and ADHD symptoms in institutionalized youth
[130, 131]. Furthermore, task-evoked mediofrontal theta power
during response inhibition has been shown to mediate the
association between deprivation and general psychopathology in
adolescence [132]. Similar to brain structure, alterations in neural
activation across regions implicated in cognitive control have
been associated with psychopathology transdiagnostically
[123, 133].

UNPREDICTABILITY
The third and final dimension of ELA we cover in this review is
unpredictability, which is believed to differ in its developmental
consequences compared to harshness/threat [13]. According to
Life History (LH) theory, in harsh environments there is less access
to necessary resources and a correspondingly greater risk of
external injury, illness, or death. In contrast, unpredictability refers
to stochastic fluctuations in harshness over space and time (i.e.,
residential transitions, how often caregivers change jobs, and
changes in cohabitation) [134]. An outgrowth of the LH model is
the Adaptive Calibration Model (ACM), which postulates that
individual differences in physiological stress responsiveness and
related behaviors are a consequence of adaptation to the
conditions of the environment [135]. This means that stress
response systems of an organism mediate alternate LH strategies
as a function of exposure to threatening or unpredictable
environments. The ACM is primarily focused on stress-mediated
behaviors that relate to growth and reproduction, including
exploration, learning, parenting, risk-taking, impulsivity-aggres-
sion, and cooperation [136]. Another recent model that has
emerged from LH theory which more explicitly focuses on
cognitive functions associated with adversity is the Hidden Talents
Approach [137]. This approach is unique in highlighting cognitive
advantages conferred by adversity that permit adaptation to
threatening and/or unpredictable environments. The Hidden
Talents Approach, like the DMAP, acknowledges that specific
experiences and exposures may have distinct associations with
certain cognitive abilities because they pose different

developmental challenges [138]. This model grants its own
strengths and limitations, including issues related to measurement
and how to differentiate between dimensions of ELA [138].
Notably, the challenge of disaggregating dimensions of ELA is not
specific to the Hidden Talents Approach, as adversities indeed co-
occur and can make it difficult to model ELA dimensionally [20].
However, this problem is not so difficult that it cannot be
overcome with adequate sampling and statistical techniques [18].
A related conceptual difficulty is disambiguating unpredictability
from deprivation. Both unpredictability and deprivation relate to
socioeconomic disadvantage, which is often used as a proxy for
both dimensions in the extant literature. Yet another question that
requires further inquiry is how the dimension of unpredictability
differs from, or includes, related constructs such as household,
school, or neighborhood chaos or instability. These issues are
reviewed in detail elsewhere [138, 139]. For the purpose of the
current review, we include chaos and instability within the general
construct of unpredictability.

Unpredictability and psychopathology findings
Although LH theory and the Hidden Talents Approach posit
individual strengths that may arise from ELA, other studies have
noted that unpredictable environments are associated with
increased risk for mental health problems in children and youth
[140, 141]. For example, externalizing behaviors at age 16 have
been found to mediate the link between early unpredictability
and externalizing and criminal behaviors in young adulthood
[142]. Moreover, in a sample of college students, childhood
unpredictability with respect to meals, money, discipline, and
nurturance was associated with more symptoms of depression
and anxiety [143]. In a sample of adolescents, unpredictability
(measured as parental inconsistency) was shown to correlate with
general psychological disorder symptoms [144]. Studies of school-
age children have similarly shown that the effects of low SES on
socioemotional problems is mediated by heightened levels of
chaos, operationalized as noise, crowding, foot traffic, confusion at
home, and disrupted routines and rituals [145]. In other studies of
young children, household chaos has been associated with more
conduct problems even after controlling for socioeconomic
factors [146]. Moreover, when dimensions of both household
instability (e.g., number of moves, changes in caregiver) and
household disorganization (e.g., cleanliness, neighborhood noise)
are measured in early childhood, disorganization, but not
instability, has been associated with child conduct problems and
callous-unemotional traits in first-graders [147]. Also interesting in
the latter study is that both disorganization and instability were
associated with higher callous-unemotional traits through
increased parental harshness. As with studies drawing on the
DMAP dimensions of threat and deprivation, these findings
underscore the non-specificity of unpredictability with respect to
psychopathology, instead suggesting that unpredictability may be
a transdiagnostic risk for both internalizing and externalizing
problems.

Unpredictability and underlying mechanisms
As noted above, unpredictability is a dimension of ELA that is
particularly difficult to measure, with many heterogeneous
approaches [139]. Despite this caveat, there is some evidence
linking environmental unpredictability to cognitive mediators of
psychopathology. Perhaps the strongest evidence for cognitive
alterations associated with exposure to household chaos comes
from a recent meta-analysis which showed that disorganization
and instability in the home have small but significant associations
with EF [148]. The effects were stronger for informant-completed
reports than direct assessment of EF, and for instability compared
to disorganization dimensions of chaos. These results dovetail
with the recent meta-analysis reported above in which both
dimensions of threat and deprivation were associated with
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reductions in certain EF domains, despite stronger associations for
deprivation [112].
Notwithstanding the evidence linking dimensions of threat,

deprivation, and unpredictability to both heightened psycho-
pathology and reduced EF, LH models propose that early exposure
to harsh and unpredictable environments involves developmental
tradeoffs that promote traits synonymous with a “fast lifestyle”
which may be beneficial in meeting the challenges of stressful and
unpredictable environments [13, 137, 149]. One such adaptation is
an enhanced ability to flexibly switch between tasks or mental sets
and for tracking novel environmental information, especially
under conditions of stress or uncertainty. Indeed, there is some
evidence of enhanced cognitive flexibility (or shifting of attention)
[150, 151] and updating working memory [152] among those
exposed to early unpredictability. Most of these studies have been
conducted with adults who retrospectively report on childhood
unpredictability, yet some evidence has recently linked unpredict-
ability—measured by the number of paternal transitions—to
improved effortful control in preschool children [153]. Likewise,
caregiving instability defined as the number of caregiver switches
has recently been associated with lower response inhibition and
attentional control, but enhanced cognitive flexibility in school-
aged children [154]. It is suggested that these developmental
enhancements may reflect a process of adaption to meet the
challenges associated with unpredictable early environments.
Although these observations seem relatively specific to experi-
ences of unpredictability, recent evidence has also linked early
deprivation to enhanced working memory [155]. Determining the
conditions under which decrements versus enhancements in
specific aspects of EF emerge, and the implications of this for
mental health, remains an important area for future work in
this field.

Unpredictability and neurobiology
Research investigating unpredictability suggests that there are
neurobiological adaptations to unpredictable environments [137].
However, it is not yet clear how or if these adaptations differ from
those that result from other dimensions of ELA (i.e., threat and
deprivation). Differences in amygdala volume and reactivity, as
well as functional connectivity of brain circuits involving the PFC
and amygdala, have been cited as possible neurobiological
adaptations arising from unpredictable or harsh environments
[137]. Importantly, these alterations have also been associated
with exposure to other types of ELA (see above). A limited number
of studies have directly examined the effects of unpredictability
on neural development (see Liu and Fisher [156] for a review). For
example, infant exposure to unpredictable maternal sensory
signals (e.g., visual, auditory, and tactile inputs during free play)
has been associated with greater integrity in the uncinate
fasciculus but not the hippocampal cingulum [157]. Moreover,
the ratio of uncinate fasciculus to hippocampal cingulum
generalized FA mediated the associated between maternal
unpredictability and performance on an episodic memory task.
It has also been shown that children aged 8–10 years old
demonstrate heightened amygdala responses to unpredictable
threat compared to neutral cues during an fMRI-based task [158].
Furthermore, high levels of unpredictability are associated with

brain functional alterations in regions subserving cognitive
control. For instance, household chaos has been shown to
moderate the association between parental behavioral control
and activation of the insular cortex—a region involved in salience
processing and often considered part of a wider network of
cognitive control, including flexibility [159]—in a sample of
adolescents [160]. Household chaos has also been shown to
moderate the association between parental control and a global
factor indexing neural activation during cognitive control in
several regions, including the insula and regions comprising the
frontoparietal network (e.g., inferior and middle frontal gyrus) in a

cohort of adolescents [161]. Specifically, only in low chaos homes
was higher parental control associated with better neural
cognitive control among adolescents. However, household chaos
was not directly related to neural cognitive control. This suggests
that the ability of parents to serve as effective regulators of
adolescent’s cognitive control may be undermined in high chaos
environments. In turn, poor neural cognitive control was
associated with compromised social competence only in high
chaos households. These results highlight the fact that different
dimensions of ELA may not only directly impact cognitive control
and its underlying neural mechanisms, but may shape the way in
which the environment scaffolds these skills, including how
responsive children and youth are to social organizers of cognition
and emotion, ultimately increasing the risk of psychopathology
and other functional outcomes.

EVIDENCE DIRECTLY SUPPORTING DIMENSIONAL MODELS OF
ELA
It is important to note that very few studies have studied the
unique effects of threat/harshness, deprivation, and unpredict-
ability simultaneously in relation to mental health, cognition, and/
or their neurobiological underpinnings. As such, this section is
dedicated to outlining findings from studies that have taken an
integrated dimensional approach. One such study measured
exposure to violence (threat), cognitive stimulation (deprivation),
and unstable aspects of the physical environment such as
cleanliness and safety (unpredictability) [162]. Assessments of
associative memory, cued attention, and memory-guided atten-
tion were conducted. The results showed that violence exposure
was specifically associated with poor associative memory after
controlling for cognitive stimulation and the physical environ-
ment. In contrast, cognitive stimulation and the physical environ-
ment were associated with cued attention, but not independently
of other environmental factors. Finally, the physical environment
was associated with memory-guided attention after adjusting for
violence and stimulation. While not neatly mapping onto
hypotheses derived from DMAP or LH models, these results
suggest differential associations between different dimensions of
ELA and specific cognitive abilities. An important next step in this
work is to determine whether these cognitive alterations mediate
psychopathology risk in children and youth following exposure to
specific dimensions of ELA.
To our knowledge, only one study has simultaneously measured

the neurobiological effects of threat, deprivation, and unpredict-
ability over time [163]. In this recent three-wave longitudinal study
of 9–19-year-old participants, higher family-level deprivation was
broadly associated with lower initial resting-state connectivity and
less connectivity increases over time both within networks
(salience network and default mode network) and between
networks (default mode-to-frontoparietal, default mode-to-sal-
ience, and frontoparietal-to-salience networks). Neighborhood
deprivation was not associated with any specific connectivity
differences. Adolescents exposed to unpredictability had lower
initial levels of salience network connectivity and had less of a
connectivity increase over time between both salience and default
mode networks, as well as between salience and frontoparietal
networks. Adolescents exposed to threat demonstrated slower
decreases over time within frontoparietal networks and between
default node and salience networks. The authors concluded that,
while family-level deprivation may diffusely impact neural
connectivity across multiple networks, both threat and unpredict-
ability may have more focal connectivity correlates. These results
demonstrate that different dimensions of ELA may be associated
with different underlying neurobiological mechanisms. However,
it should be noted that there is some variability within recent
longitudinal studies examining connectivity differences across
dimensions of adversity. For example, one study reported that
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salience network resting-state functional connectivity tended to
increase for both individuals exposed to threat and deprivation in
a longitudinal sample of adolescents aged 16–19 years, and these
increases mediated associations between different dimensions of
ELA and depressive symptoms at age 19 years [164]. Another
longitudinal study of adolescents aged 15–17 years reported
reduced resting-state functional connectivity density within the
salience network, and between default mode and salience
networks, among those exposed to threat, but not social
deprivation [165]. It is possible that these study differences in
connectivity are attributable to age-related changes in connectiv-
ity, the timing of adversity exposure, or other sampling/measure-
ment factors that make clear conclusions difficult to draw.
Additional studies that catalog connectivity differences from
childhood to through adolescence will be required to better
understand these findings.
Finally, we would like to highlight a recent large-scale long-

itudinal study by McGinnis et al. (2022) which draws attention to
interpersonal loss (e.g., death of a parent) as another potentially
distinct dimension of ELA alongside the existing dimensions of
threat, deprivation, and unpredictability [166]. Consistent with the
core hypotheses of the DMAP, McGinnis et al. found that only
material deprivation was associated with the proximal outcome of
lower IQ in early adulthood despite being associated with a host of
later psychiatric and functional outcomes, lending support to
alterations in cognitive function as a putative mechanism linking
deprivation to broad psychological well-being. Moreover, although
no proximal outcomes associated with emotional functioning were
evaluated within this study, threat was the only dimension of ELA
that was significantly correlated with both adult depressive and
anxiety as distal psychiatric outcomes, lending some support to
alterations in emotional functioning following threat exposure.
Moreover, unpredictability was associated with number of sexual
partners at age 16 and downstream conduct and criminality
outcomes in adulthood, consistent with LH theory. Uniquely,
interpersonal loss was not associated with any psychiatric outcome
or cognitive function in adulthood, but was associated with both
sexual partners at age 16 years and age at first childbirth, as well as
economic and conduct problems as functional outcomes in
adulthood. Interestingly, after controlling for the dimensions of
adversity noted above, a composite measure of “other adver-
sities”—which included exposure to illness, disaster, and accidents
—was associated with only one-of-four psychiatric outcomes
(cannabis use), as well as distal health, economic, and conduct
problems, but was unrelated to any proximal mechanism proposed
by either DMAP or LH theory. The fact that each of the four
dimensions of ELA assessed (threat, deprivation, unpredictability,
and loss) was associated with multiple psychiatric and functional
outcomes but partially distinct proximal mechanisms lends support
to dimensional models of ELA. Indeed, future longitudinal work that
examines other potential dimensions of adversity in addition to
those noted above will improve our understanding of the shared
and distinct consequences of ELA and their associated mechanisms.

CONCLUSION AND FUTURE DIRECTIONS
Emerging evidence supports the use of dimensional models in
mapping the cognitive, socioemotional, and mental health
consequences of ELA, with partially distinct neurodevelopmental
mechanisms operating for different dimensions of ELA. Specifi-
cally, while the dimensions of threat/harshness, deprivation, and
unpredictability appear to confer increased risk for multiple
mental health difficulties along the internalizing and externalizing
spectra, they do not necessarily do so via the same neurocognitive
and socioemotional pathways. However, this is not to say that the
mechanisms connecting ELA to psychopathology are completely
distinct. Indeed, while some meta-analyses show significant
associations for one dimension of ELA but not the other (e.g.,

associations of threat but not deprivation with markers of
biological aging [167]), others show this distinction only in degree
(e.g., both threat and deprivation are associated with EF, with
stronger associations for deprivation [112]). There are also some
aspects of functioning or physiology that are common across
dimensions of ELA, such as stress system responsiveness [18].
With an eye to the future, the field will likely begin to focus on

the ways in which multiple transdiagnostic mechanisms work in
tandem to heighten the overall risk of psychopathology. In the
case of co-occurring adversities across different dimensions of
ELA, it will be important to examine how the cognitive and
socioemotional difficulties inherent to threatening, depriving, and
unpredictable experiences interact with one another to shape
mental health outcomes. Indeed, in the cumulative risk literature it
is well-established that as risks accrue, so too does the risk of
psychopathology [168]. While frequently attributed to processes
such as increased allostatic load [169], it may also be that
exposure to multiple adversities up- or downregulates several
neurodevelopmental processes that potentiate one another to
exacerbate psychopathology risk. To this end, a recent study
investigating white matter connectivity differences among ado-
lescents who experienced adversity in childhood reported that,
although there were no specific differences been individuals who
experienced threat compared to social deprivation, there was a
significant interaction between exposure to violence and social
deprivation such that violence exposure only predicted white
matter differences when social deprivation was high, but not
when social deprivation was at mean or low levels [170]. This
study illustrates that multiple co-occurring adversities or singular
exposures can be studied through a dimensional lens to more
comprehensively understand how dimensions of ELA are asso-
ciated with the neurobiological mechanisms underlying psycho-
pathology in childhood and adolescence.
Moreover, in the case of complex exposures (e.g., poverty,

homelessness, etc.), multiple or singular mechanisms may account
for the increased psychiatric risk, depending on the specific
exposures of a given child in those settings. For some children and
adolescents, this may mean experiencing predominantly threat
(e.g., sexual abuse/exploitation), and for others it may mean
deprivation (e.g., isolation) or unpredictability (e.g., inconsistent
access to shelters or food). However, the fact that complex
exposures may involve multiple ELA dimensions does not mean
we should expect that each of these dimensions is the same with
respect to their developmental consequences; and indeed, each
person is likely to be differentially impacted based on their unique
clustering of adversities within a given exposure. This is why
dimensional models advocate for a more nuanced assessment of
what specifically is occurring within a given exposure that signals
the presence of threat, deprivation, or unpredictability. In contrast,
cumulative adverse childhood experience (ACE) models—which
simply sum adversities together—assume each ACE operates on
the same mechanism and is weighted equally [18]. While such
approaches may be useful in public health initiatives to screen for
broad risk (though see Finkelhor for cautions to this approach, and
Baldwin et al. for evidence of poor accuracy in predicting
individual risk from ACE scores), cumulative ACE models are less
helpful in ascertaining the mechanisms by which adversity confers
increased mental health risk [171, 172]. This highlights a need for
improved measures that can help to chronicle various ELA types
and their underlying dimensions to better understand the
mechanisms involved in the sequelae of adversity [173]. Applied
widely, use of such measures will help to control for methodo-
logical differences that may explain heterogeneity in the pattern
of results across studies, thus aiding replicability and general-
izability within the field of adversity science.
We believe that an integrated framework is required in order to

better understand the shared and distinct outcomes and mechan-
isms associated with ELA along the dimensions of threat/harm,
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deprivation, and unpredictability [18], as well as lesser-studied
dimensions (e.g., loss). This includes theoretical models that can be
explicitly tested and which draw on multiple perspectives in
psychology, neuroscience, cognitive science, psychophysiology,
and evolutionary theory, as well as the development of new tools
for better assessing and distinguishing between dimensions of ELA
in diverse populations. Programs of research that assess multiple
types of ELA and which simultaneously chart functioning in
numerous neurocognitive and socioemotional domains should be
prioritized to further determine the validity and utility of dimen-
sional models, with concerted efforts to create cohesion in the
measures and methods used to allow for joining of datasets and to
facilitate future meta-analytic work. It may be too early to
determine how dimensional models can inform clinical initiatives
that tailor interventions to the unique needs of individuals, but such
an approach is consistent with parallel initiatives in psychiatry and
neuroscience which aim to better characterize the mechanisms
underpinning risk of psychopathology. This includes the recently
developed Hierarchical Taxonomy of Psychopathology (HiTOP) as a
dimensional classification system for mental health problems, and
the Research Domain Criteria (RDoC) as a research framework for
identifying transdiagnostic biobehavioral systems implicated in
psychopathology [174]. Despite the potential of these complemen-
tary approaches to inform the development of a dimensional
psychiatric nosology, neither of them explicitly includes ELA as a
target of assessment or measurement. However, dimensional
models of ELA clearly square with both the dimensional and
mechanistic focus of HiTOP [175] and RDoC [176]. We believe that
further integration of dimensional models of ELA—one of the most
robust risk factors for psychopathology—into these models will
advance efforts to improve how we study, assess, diagnosis, and
ultimately treat mental health problems in children and youth.

REFERENCES
1. Gabard-Durnam L, McLaughlin KA. Sensitive periods in human development:

charting a course for the future. Curr Opin Behav Sci. 2020;36:120–8.
2. Kolb B, Gibb R. Searching for the principles of brain plasticity and behavior.

Cortex. 2014;58:251–60.
3. Nelson CA, Gabard-Durnam LJ. Early adversity and critical periods: neurodeve-

lopmental consequences of violating the expectable environment. Trends
Neurosci. 2020;43:133–43.

4. McLaughlin KA. Future directions in childhood adversity and youth psycho-
pathology. J Clin Child Adolesc Psychol. 2016;45:361–82.

5. Duffy KA, McLaughlin KA, Green PA. Early life adversity and health-risk beha-
viors: proposed psychological and neural mechanisms. Ann NY Acad Sci.
2018;1428:151–69.

6. Green JG, McLaughlin KA, Berglund PA, Gruber MJ, Sampson NA, Zaslavsky AM,
et al. Childhood adversities and adult psychiatric disorders in the national
comorbidity survey replication I: associations with first onset of DSM-IV dis-
orders. Arch Gen Psychiatry. 2010;67:113–23.

7. McLaughlin KA, Green JG, Gruber MJ, Sampson NA, Zaslavsky AM, Kessler RC.
Childhood adversities and adult psychopathology in the National Comorbidity
Survey Replication (NCS-R) III: associations with functional impairment related to
DSM-IV disorders. Psychol Med. 2010;40:847–59.

8. Kessler RC, McLaughlin KA, Green JG, Gruber MJ, Sampson NA, Zaslavsky AM,
et al. Childhood adversities and adult psychopathology in the WHO World
Mental Health Surveys. Br J Psychiatry. 2010;197:378–85.

9. Kim J, Cicchetti D. Longitudinal pathways linking child maltreatment, emotion
regulation, peer relations, and psychopathology. J Child Psychol Psychiatry.
2010;51:706–16.

10. McLaughlin KA, Greif Green J, Gruber MJ, Sampson NA, Zaslavsky AM, Kessler
RC. Childhood adversities and first onset of psychiatric disorders in a national
sample of US adolescents. Arch Gen Psychiatry. 2012;69:1151–60.

11. Finkelhor D, Hamby SL, Ormrod R, Turner H. The juvenile victimization ques-
tionnaire: reliability, validity, and national norms. Child Abus Negl. 2005;29:383–412.

12. Copeland WE, Shanahan L, Hinesley J, Chan RF, Aberg KA, Fairbank JA, et al.
Association of childhood trauma exposure with adult psychiatric disorders and
functional outcomes. JAMA Netw Open. 2018;1:e184493.

13. Ellis BJ, Figueredo AJ, Brumbach BH, Schlomer GL. Fundamental dimensions of
environmental risk. Hum Nat. 2009;20:204–68.

14. Humphreys KL, Zeanah CH. Deviations from the expectable environment in
early childhood and emerging psychopathology. Neuropsychopharmacology.
2015;40:154–70.

15. McLaughlin KA, Sheridan MA, Lambert HK. Childhood adversity and neural
development: deprivation and threat as distinct dimensions of early experience.
Neurosci Biobehav Rev. 2014;47:578–91.

16. Sheridan MA, McLaughlin KA. Dimensions of early experience and neural
development: deprivation and threat. Trends Cogn Sci. 2014;18:580–5.

17. McLaughlin KA, Sheridan MA. Beyond cumulative risk: a dimensional approach
to childhood adversity. Curr Dir Psychol Sci. 2016;25:239–45.

18. McLaughlin P Katie A, Sheridan M, Humphreys KL, Belsky J, Ellis BJ. The value of
dimensional models of early experience: thinking clearly about concepts and
categories. 2020. https://doi.org/10.31234/osf.io/29fmt.

19. Pollak SD, Smith KE. Thinking clearly about biology and childhood adversity:
next steps for continued progress. Perspect Psychol Sci. 2021;16:1473–7.

20. Smith KE, Pollak SD. Rethinking concepts and categories for understanding the
neurodevelopmental effects of childhood adversity. Perspect Psychol Sci.
2021;16:67–93.

21. Danese A, McLaughlin KA, Samara M, Stover CS. Psychopathology in children
exposed to trauma: detection and intervention needed to reduce downstream
burden. BMJ. 2020;371:m3073.

22. El-Khodary B, Samara M. The relationship between multiple exposures to violence
and war trauma, and mental health and behavioural problems among Palestinian
children and adolescents. Eur Child Adolesc Psychiatry. 2020;29:719–31.

23. Schaefer JD, Moffitt TE, Arseneault L, Danese A, Fisher HL, Houts R, et al. Ado-
lescent victimization and early-adult psychopathology: approaching causal
inference using a longitudinal twin study to rule out noncausal explanations.
Clin Psychol Sci. 2018;6:352–71.

24. Lewis SJ, Arseneault L, Caspi A, Fisher HL, Matthews T, Moffitt TE, et al. The
epidemiology of trauma and post-traumatic stress disorder in a representative
cohort of young people in England and Wales. Lancet Psychiatry. 2019;6:247–56.

25. Alisic E, Zalta AK, van Wesel F, Larsen SE, Hafstad GS, Hassanpour K, et al. Rates
of post-traumatic stress disorder in trauma-exposed children and adolescents:
meta-analysis. Br J Psychiatry. 2014;204:335–40.

26. Woolgar F, Garfield H, Dalgleish T, Meiser-Stedman R. Systematic review and
meta-analysis: prevalence of posttraumatic stress disorder (PTSD) in trauma-
exposed preschool-aged children. J Am Acad Child Adolesc Psychiatry 2021.
https://www.sciencedirect.com/science/article/pii/S0890856721004238?casa_
token=_3iUSL59XbUAAAAA:Aq3hdjDoW52RvyDSOXkBm9Ntcavv9USiHB5vRv
MqfSXckN-haSrgftXg1-V4t83gYtQl2amZdZA.

27. Pollak SD, Cicchetti D, Hornung K, Reed A. Recognizing emotion in faces:
developmental effects of child abuse and neglect. Dev Psychol.
2000;36:679–88.

28. Pollak SD, Kistler DJ. Early experience is associated with the development of
categorical representations for facial expressions of emotion. Proc Natl Acad Sci
USA. 2002;99:9072–6.

29. Pollak SD, Sinha P. Effects of early experience on children’s recognition of facial
displays of emotion. Dev Psychol. 2002;38:784–91.

30. Pollak SD, Tolley-Schell SA. Selective attention to facial emotion in physically
abused children. J Abnorm Psychol. 2003;112:323–38.

31. Shackman JE, Shackman AJ, Pollak SD. Physical abuse amplifies attention to
threat and increases anxiety in children. Emotion. 2007;7:838–52.

32. Pollak SD. Mechanisms linking early experience and the emergence of emo-
tions: illustrations from the study of maltreated children. Curr Dir Psychol Sci.
2008;17:370–5.

33. Pollak SD, Messner M, Kistler DJ, Cohn JF. Development of perceptual expertise
in emotion recognition. Cognition. 2009;110:242–7.

34. Briggs-Gowan MJ, Pollak SD, Grasso D, Voss J, Mian ND, Zobel E, et al. Attention
bias and anxiety in young children exposed to family violence. J Child Psychol
Psychiatry. 2015;56:1194–201.

35. Dalgleish T, Moradi AR, Taghavi MR, Neshat-Doost HT, Yule W. An experimental
investigation of hypervigilance for threat in children and adolescents with post-
traumatic stress disorder. Psychol Med. 2001;31:541–7.

36. Pine DS, Mogg K, Bradley BP, Montgomery L, Monk CS, McClure E, et al.
Attention bias to threat in maltreated children: implications for vulnerability to
stress-related psychopathology. Am J Psychiatry. 2005;162:291–6.

37. Weissman DG, Bitran D, Miller AB, Schaefer JD, Sheridan MA, McLaughlin KA.
Difficulties with emotion regulation as a transdiagnostic mechanism linking
child maltreatment with the emergence of psychopathology. Dev Psychopathol.
2019;31:899–915.

38. Dudeney J, Sharpe L, Hunt C. Attentional bias towards threatening stimuli in
children with anxiety: a meta-analysis. Clin Psychol Rev. 2015;40:66–75.

39. Platt B, Waters AM, Schulte-Koerne G, Engelmann L, Salemink E. A review of
cognitive biases in youth depression: attention, interpretation and memory.
Cogn Emot. 2017;31:462–83.

M. Wade et al.

8

Translational Psychiatry          (2022) 12:244 

https://doi.org/10.31234/osf.io/29fmt
https://www.sciencedirect.com/science/article/pii/S0890856721004238?casa_token=_3iUSL59XbUAAAAA:Aq3hdjDoW52RvyDSOXkBm9Ntcavv9USiHB5vRvMqfSXckN-haSrgftXg1-V4t83gYtQl2amZdZA
https://www.sciencedirect.com/science/article/pii/S0890856721004238?casa_token=_3iUSL59XbUAAAAA:Aq3hdjDoW52RvyDSOXkBm9Ntcavv9USiHB5vRvMqfSXckN-haSrgftXg1-V4t83gYtQl2amZdZA
https://www.sciencedirect.com/science/article/pii/S0890856721004238?casa_token=_3iUSL59XbUAAAAA:Aq3hdjDoW52RvyDSOXkBm9Ntcavv9USiHB5vRvMqfSXckN-haSrgftXg1-V4t83gYtQl2amZdZA


40. Briggs-Gowan MJ, Grasso D, Bar-Haim Y, Voss J, McCarthy KJ, Pine DS, et al.
Attention bias in the developmental unfolding of post-traumatic stress symp-
toms in young children at risk. J Child Psychol Psychiatry. 2016;57:1083–91.

41. Dodge KA, Bates JE, Pettit GS. Mechanisms in the cycle of violence. Science.
1990;250:1678–83.

42. Bardeen JR, Daniel TA, Hinnant JB, Orcutt HK. Emotion dysregulation and threat-
related attention bias variability. Motiv Emot. 2017;41:402–9.

43. Beauchaine TP, Zisner A. Motivation, emotion regulation, and the latent struc-
ture of psychopathology: An integrative and convergent historical perspective.
Int J Psychophysiol. 2017;119:108–18.

44. Aldao A, Nolen-Hoeksema S, Schweizer S. Emotion-regulation strategies across
psychopathology: a meta-analytic review. Clin Psychol Rev. 2010;30:217–37.

45. O’Mahen HA, Karl A, Moberly N, Fedock G. The association between childhood
maltreatment and emotion regulation: two different mechanisms contributing
to depression? J Affect Disord. 2015;174:287–95.

46. Peh CX, Shahwan S, Fauziana R, Mahesh MV, Sambasivam R, Zhang Y, et al.
Emotion dysregulation as a mechanism linking child maltreatment exposure
and self-harm behaviors in adolescents. Child Abus Negl. 2017;67:383–90.

47. Burns EE, Jackson JL, Harding HG. Child maltreatment, emotion regulation, and
posttraumatic stress: the impact of emotional abuse. J Aggress Maltreat Trauma.
2010;19:801–19.

48. Lambert HK, King KM, Monahan KC, McLaughlin KA. Differential associations of
threat and deprivation with emotion regulation and cognitive control in ado-
lescence. Dev Psychopathol. 2017;29:929–40.

49. Machlin L, Miller AB, Snyder J, McLaughlin KA, Sheridan MA. Differential asso-
ciations of deprivation and threat with cognitive control and fear conditioning
in early childhood. Front Behav Neurosci. 2019;13:80.

50. Dodge KA, Pettit GS, Bates JE, Valente E. Social information-processing patterns
partially mediate the effect of early physical abuse on later conduct problems. J
Abnorm Psychol. 1995;104:632–43.

51. Reid SC, Salmon K, Lovibond PF. Cognitive biases in childhood anxiety, depression,
and aggression: are they pervasive or specific? Cogn Ther Res. 2006;30:531–49.

52. Heleniak C, McLaughlin KA. Social-cognitive mechanisms in the cycle of vio-
lence: cognitive and affective theory of mind, and externalizing psychopathol-
ogy in children and adolescents. Dev Psychopathol. 2020;32:735–50.

53. McLaughlin KA, Colich NL, Rodman AM, Weissman DG. Mechanisms linking
childhood trauma exposure and psychopathology: a transdiagnostic model of
risk and resilience. BMC Med. 2020;18:96.

54. Hanson JL, Nacewicz BM, Sutterer MJ, Cayo AA, Schaefer SM, Rudolph KD, et al.
Behavioral problems after early life stress: contributions of the hippocampus
and amygdala. Biol Psychiatry. 2015;77:314–23.

55. McLaughlin KA, Sheridan MA, Gold AL, Duys A, Lambert HK, Peverill M, et al.
Maltreatment exposure, brain structure, and fear conditioning in children and
adolescents. Neuropsychopharmacology. 2016;41:1956–64.

56. Saxbe D, Khoddam H, Piero LD, Stoycos SA, Gimbel SI, Margolin G, et al.
Community violence exposure in early adolescence: Longitudinal associations
with hippocampal and amygdala volume and resting state connectivity. Dev Sci.
2018;21:e12686.

57. Butler O, Yang X-F, Laube C, Kühn S, Immordino-Yang MH. Community violence
exposure correlates with smaller gray matter volume and lower IQ in urban
adolescents. Hum Brain Mapp. 2018;39:2088–97.

58. Edmiston EE, Wang F, Mazure CM, Guiney J, Sinha R, Mayes LC, et al. Corticostriatal-
limbic gray matter morphology in adolescents with self-reported exposure to
childhood maltreatment. Arch Pediatr Adolesc Med. 2011;165:1069–77.

59. Hanson JL, Chung MK, Avants BB, Shirtcliff EA, Gee JC, Davidson RJ, et al. Early
stress is associated with alterations in the orbitofrontal cortex: a tensor-based
morphometry investigation of brain structure and behavioral risk. J Neurosci.
2010;30:7466–72.

60. Peverill M, Sheridan MA, Busso DS, McLaughlin KA. Atypical prefrontal-amygdala
circuitry following childhood exposure to abuse: links with adolescent psy-
chopathology. Child Maltreat. 2019;24:411–23.

61. McLaughlin KA, Peverill M, Gold AL, Alves S, Sheridan MA. Child maltreatment
and neural systems underlying emotion regulation. J Am Acad Child Adolesc
Psychiatry. 2015;54:753–62.

62. McCrory EJ, De Brito SA, Sebastian CL, Mechelli A, Bird G, Kelly PA, et al.
Heightened neural reactivity to threat in child victims of family violence. Curr
Biol. 2011;21:R947–8.

63. McCrory EJ, De Brito SA, Kelly PA, Bird G, Sebastian CL, Mechelli A, et al.
Amygdala activation in maltreated children during pre-attentive emotional
processing. Br J Psychiatry. 2013;202:269–76.

64. White SF, Voss JL, Chiang JJ, Wang L, McLaughlin KA, Miller GE. Exposure to vio-
lence and low family income are associated with heightened amygdala respon-
siveness to threat among adolescents. Dev Cogn Neurosci. 2019;40:100709.

65. McLaughlin KA, Weissman D, Bitrán D. Childhood adversity and neural devel-
opment: a systematic review. Annu Rev Dev Psychol. 2019;1:277–312.

66. Hein TC, Monk CS. Research review: neural response to threat in children,
adolescents, and adults after child maltreatment—a quantitative meta-analysis.
J Child Psychol Psychiatry. 2017;58:222–30.

67. Hein TC, Goetschius LG, McLoyd VC, Brooks-Gunn J, McLanahan SS, Mitchell C, et al.
Childhood violence exposure and social deprivation are linked to adolescent threat
and reward neural function. Soc Cogn Affect Neurosci. 2020;15:1252–9.

68. Cisler JM, Esbensen K, Sellnow K, Ross M, Weaver S, Sartin-Tarm A, et al. Dif-
ferential roles of the salience network during prediction error encoding and
facial emotion processing among female adolescent assault victims. Biol Psy-
chiatry Cogn Neurosci Neuroimaging. 2019;4:371–80.

69. Weissman DG, Jenness JL, Colich NL, Miller AB, Sambrook KA, Sheridan MA, et al.
Altered neural processing of threat-related information in children and ado-
lescents exposed to violence: a transdiagnostic mechanism contributing to the
emergence of psychopathology. J Am Acad Child Adolesc Psychiatry.
2020;59:1274–84.

70. Gee DG, Hanson C, Caglar LR, Fareri DS, Gabard-Durnam LJ, Mills-Finnerty C,
et al. Experimental evidence for a child-to-adolescent switch in human
amygdala-prefrontal cortex communication: a cross-sectional pilot study. Dev
Sci. 2022:e13238. [Epub ahead of print].

71. Dick AS, Lopez DA, Watts AL, Heeringa S, Reuter C, Bartsch H, et al. Meaningful
associations in the adolescent brain cognitive development study. Neuroimage.
2021;239:118262.

72. Humphreys KL, Guyon-Harris KL, Tibu F, Wade M, Nelson CA, Fox NA, et al.
Psychiatric outcomes following severe deprivation in early childhood: Follow-up
of a randomized controlled trial at age 16. J Consult Clin Psychol.
2020;88:1079–90.

73. Humphreys KL, Gleason MM, Drury SS, Miron D, Nelson CA 3rd, Fox NA, et al.
Effects of institutional rearing and foster care on psychopathology at age 12
years in Romania: follow-up of an open, randomised controlled trial. Lancet
Psychiatry. 2015;2:625–34.

74. Wade M, Fox NA, Zeanah CH, Nelson CA. Effect of foster care intervention on
trajectories of general and specific psychopathology among children with his-
tories of institutional rearing: a randomized clinical trial. JAMA Psychiatry.
2018;75:1137–45.

75. Golm D, Maughan B, Barker ED, Hill J, Kennedy M, Knights N, et al. Why does
early childhood deprivation increase the risk for depression and anxiety in
adulthood? A developmental cascade model. J Child Psychol Psychiatry.
2020;61:1043–53.

76. Sonuga-Barke EJS, Kennedy M, Kumsta R, Knights N, Golm D, Rutter M, et al.
Child-to-adult neurodevelopmental and mental health trajectories after early
life deprivation: the young adult follow-up of the longitudinal English and
Romanian Adoptees study. Lancet. 2017;389:1539–48.

77. Zeanah CH, Egger HL, Smyke AT, Nelson CA, Fox NA, Marshall PJ, et al. Insti-
tutional rearing and psychiatric disorders in Romanian preschool children. Am J
Psychiatry. 2009;166:777–85.

78. Gunnar MR, van Dulmen MHM. International Adoption Project Team. Behavior
problems in postinstitutionalized internationally adopted children. Dev Psy-
chopathol. 2007;19:129–48.

79. Golm D, Sarkar S, Mackes NK, Fairchild G, Mehta MA, Rutter M, et al. The impact
of childhood deprivation on adult neuropsychological functioning is associated
with ADHD symptom persistence. Psychol Med. 2020;51:1–10.

80. Kennedy M, Kreppner J, Knights N, Kumsta R, Maughan B, Golm D, et al. Early
severe institutional deprivation is associated with a persistent variant of adult
attention-deficit/hyperactivity disorder: clinical presentation, developmental
continuities and life circumstances in the English and Romanian Adoptees
study. J Child Psychol Psychiatry. 2016;57:1113–25.

81. Peverill M, Dirks MA, Narvaja T, Herts KL, Comer JS, McLaughlin KA. Socio-
economic status and child psychopathology in the United States: a meta-
analysis of population-based studies. Clin Psychol Rev. 2021;83:101933.

82. Palacios-Barrios EE, Hanson JL. Poverty and self-regulation: connecting psy-
chosocial processes, neurobiology, and the risk for psychopathology. Compr
Psychiatry. 2019;90:52–64.

83. Gardner MJ, Thomas HJ, Erskine HE. The association between five forms of child
maltreatment and depressive and anxiety disorders: a systematic review and
meta-analysis. Child Abus Negl. 2019;96:104082.

84. Humphreys KL, LeMoult J, Wear JG, Piersiak HA, Lee A, Gotlib IH. Child mal-
treatment and depression: a meta-analysis of studies using the childhood
trauma questionnaire. Child Abus Negl. 2020;102:104361.

85. Liu RT, Scopelliti KM, Pittman SK, Zamora AS. Childhood maltreatment and non-
suicidal self-injury: a systematic review and meta-analysis. Lancet Psychiatry.
2018;5:51–64.

86. Struck N, Krug A, Yuksel D, Stein F, Schmitt S, Meller T, et al. Childhood mal-
treatment and adult mental disorders-the prevalence of different types of
maltreatment and associations with age of onset and severity of symptoms.
Psychiatry Res. 2020;293:113398.

M. Wade et al.

9

Translational Psychiatry          (2022) 12:244 



87. Angelakis I, Austin JL, Gooding P. Association of childhood maltreatment with
suicide behaviors among young people: a systematic review and meta-analysis.
JAMA Netw Open. 2020;3:e2012563.

88. Nelson CA 3rd, Zeanah CH, Fox NA, Marshall PJ, Smyke AT, Guthrie D. Cognitive
recovery in socially deprived young children: the Bucharest Early Intervention
Project. Science. 2007;318:1937–40.

89. Beckett C, Maughan B, Rutter M, Castle J, Colvert E, Groothues C, et al. Scholastic
attainment following severe early institutional deprivation: a study of children
adopted from Romania. J Abnorm Child Psychol. 2007;35:1063–73.

90. Eigsti I-M, Weitzman C, Schuh J, de Marchena A, Casey BJ. Language and cog-
nitive outcomes in internationally adopted children. Dev Psychopathol.
2011;23:629–46.

91. Spratt EG, Friedenberg SL, Swenson CC, Larosa A, De Bellis MD, Macias MM, et al.
The effects of early neglect on cognitive, language, and behavioral functioning
in childhood. Psychology. 2012;3:175–82.

92. Eckenrode J, Laird M, Doris J. School performance and disciplinary problems
among abused and neglected children. Dev Psychol. 1993;29:53–62.

93. Wodarski JS, Kurtz PD, Gaudin JM Jr, Howing PT. Maltreatment and the school-
age child: major academic, socioemotional, and adaptive outcomes. Soc Work.
1990;35:506–13.

94. Almas AN, Degnan KA, Nelson CA, Zeanah CH, Fox NA. IQ at age 12 following a
history of institutional care: findings from the Bucharest Early Intervention
Project. Dev Psychol. 2016;52:1858–66.

95. Van IJzendoorn MH, Juffer F. Adoption as intervention: meta-analytic evidence
for massive catch-up and plasticity in physical, socio-emotional, and cognitive
development. J Child Psychol Psychiatry. 2006;47:1228–45.

96. Tizard B, Rees J. A comparison of the effects of adoption, restoration to the
natural mother, and continued institutionalization on the cognitive develop-
ment of four-year-old children. Child Dev. 1974;45:92–9.

97. U.S. Department of Health & Human Services, Administration for Children and
Families, Administration on Children, Youth and Families, Children’s Bureau.
Child maltreatment 2018. 2020. https://www.acf.hhs.gov/cb/research-data-
technology/statistics-research/child-maltreatment.

98. Windsor J, Benigno JP, Wing CA, Carroll PJ, Koga SF, Nelson CA 3rd, et al. Effect
of foster care on young children’s language learning. Child Dev. 2011;82:1040–6.

99. Windsor J, Glaze LE, Koga SF. Bucharest Early Intervention Project Core Group.
Language acquisition with limited input: Romanian institution and foster care. J
Speech Lang Hear Res. 2007;50:1365–81.

100. Wade M, Jenkins JM, Venkadasalam VP, Binnoon-Erez N, Ganea PA. The role of
maternal responsiveness and linguistic input in pre-academic skill development:
a longitudinal analysis of pathways. Cogn Dev. 2018;45:125–40.

101. Sylvestre A, Bussières È-L, Bouchard C. Language problems among abused and
neglected children: a meta-analytic review. Child Maltreat. 2016;21:47–58.

102. Miller AB, Machlin L, McLaughlin KA, Sheridan MA. Deprivation and psycho-
pathology in the fragile families study: a 15-year longitudinal investigation. J
Child Psychol Psychiatry. 2021;62:382–91.

103. Miller AB, Sheridan MA, Hanson JL, McLaughlin KA, Bates JE, Lansford JE, et al.
Dimensions of deprivation and threat, psychopathology, and potential media-
tors: a multi-year longitudinal analysis. J Abnorm Psychol. 2018;127:160–70.

104. Wade M, Plamondon A, Jenkins JM. A family socialization model of transdiag-
nostic risk for psychopathology in preschool children. Res Child Adolesc Psy-
chopathol. 2021;49:975–88.

105. Tibu F, Sheridan MA, McLaughlin KA, Nelson CA, Fox NA, Zeanah CH. Reduced
working memory mediates the link between early institutional rearing and
symptoms of ADHD at 12 years. Front Psychol. 2016;7:1850.

106. Tibu F, Sheridan MA, McLaughlin KA, Nelson CA, Fox NA, Zeanah CH. Disruptions
of working memory and inhibition mediate the association between exposure
to institutionalization and symptoms of attention deficit hyperactivity disorder.
Psychol Med. 2016;46:529–41.

107. Machlin L, McLaughlin KA, Sheridan MA. Brain structure mediates the associa-
tion between socioeconomic status and attention-deficit/hyperactivity disorder.
Dev Sci. 2020;23:e12844.

108. Vogel SC, Perry RE, Brandes-Aitken A, Braren S, Blair C. Deprivation and threat as
developmental mediators in the relation between early life socioeconomic
status and executive functioning outcomes in early childhood. Dev Cogn
Neurosci. 2021;47:100907.

109. Wade M, Zeanah CH, Fox NA, Nelson CA. Global deficits in executive functioning
are transdiagnostic mediators between severe childhood neglect and psycho-
pathology in adolescence. Psychol Med. 2020;50:1687–94.

110. Sheridan MA, Peverill M, Finn AS, McLaughlin KA. Dimensions of childhood
adversity have distinct associations with neural systems underlying executive
functioning. Dev Psychopathol. 2017;29:1777–94.

111. Wolf S, Suntheimer NM. A dimensional risk approach to assessing early adversity
in a national sample. J Appl Dev Psychol. 2019;62:270–81.

112. Johnson D, Policelli J, Li M, Dharamsi A, Hu Q, Sheridan MA, et al. Associations of
early-life threat and deprivation with executive functioning in childhood and
adolescence: a systematic review and meta-analysis. JAMA Pediatr. 2021;175:
e212511.

113. McLaughlin KA, Sheridan MA, Nelson CA. Neglect as a violation of species-
expectant experience: neurodevelopmental consequences. Biol Psychiatry.
2017;82:462–71.

114. Sheridan MA, McLaughlin KA, Winter W, Fox N, Zeanah C, Nelson CA. Early
deprivation disruption of associative learning is a developmental pathway to
depression and social problems. Nat Commun. 2018;9:2216.

115. Pollak SD, Nelson CA, Schlaak MF, Roeber BJ, Wewerka SS, Wiik KL, et al. Neu-
rodevelopmental effects of early deprivation in postinstitutionalized children.
Child Dev. 2010;81:224–36.

116. Wismer Fries AB, Pollak SD. The role of learning in social development: Illus-
trations from neglected children. Dev Sci. 2017;20. https://doi.org/10.1111/
desc.12431.

117. Lambert HK, Peverill M, Sambrook KA, Rosen ML, Sheridan MA, McLaughlin KA.
Altered development of hippocampus-dependent associative learning follow-
ing early-life adversity. Dev Cogn Neurosci. 2019;38:100666.

118. Hanson JL, van den Bos W, Roeber BJ, Rudolph KD, Davidson RJ, Pollak SD. Early
adversity and learning: implications for typical and atypical behavioral devel-
opment. J Child Psychol Psychiatry. 2017;58:770–8.

119. Sheridan MA, Fox NA, Zeanah CH, McLaughlin KA, Nelson CA 3rd. Variation in
neural development as a result of exposure to institutionalization early in
childhood. Proc Natl Acad Sci USA. 2012;109:12927–32.

120. McLaughlin KA, Sheridan MA, Winter W, Fox NA, Zeanah CH, Nelson CA.
Widespread reductions in cortical thickness following severe early-life depriva-
tion: a neurodevelopmental pathway to attention-deficit/hyperactivity disorder.
Biol Psychiatry. 2014;76:629–38.

121. Noble KG, Houston SM, Brito NH, Bartsch H, Kan E, Kuperman JM, et al. Family
income, parental education and brain structure in children and adolescents. Nat
Neurosci. 2015;18:773–8.

122. Goodkind M, Eickhoff SB, Oathes DJ, Jiang Y, Chang A, Jones-Hagata LB, et al.
Identification of a common neurobiological substrate for mental illness. JAMA
Psychiatry. 2015;72:305–15.

123. Sha Z, Wager TD, Mechelli A, He Y. Common dysfunction of large-scale neuro-
cognitive networks across psychiatric disorders. Biol Psychiatry. 2019;85:379–88.

124. Hanson JL, Adluru N, Chung MK, Alexander AL, Davidson RJ, Pollak SD. Early
neglect is associated with alterations in white matter integrity and cognitive
functioning. Child Dev. 2013;84:1566–78.

125. Govindan RM, Behen ME, Helder E, Makki MI, Chugani HT. Altered water diffu-
sivity in cortical association tracts in children with early deprivation identified
with Tract-Based Spatial Statistics (TBSS). Cereb Cortex. 2010;20:561–9.

126. Gur RE, Moore TM, Rosen AFG, Barzilay R, Roalf DR, Calkins ME, et al. Burden of
environmental adversity associated with psychopathology, maturation, and
brain behavior parameters in youths. JAMA Psychiatry. 2019;76:966–75.

127. Mueller SC, Maheu FS, Dozier M, Peloso E, Mandell D, Leibenluft E, et al. Early-life
stress is associated with impairment in cognitive control in adolescence: an fMRI
study. Neuropsychologia. 2010;48:3037–44.

128. Silveira S, Boney S, Tapert SF, Mishra J. Developing functional network con-
nectivity of the dorsal anterior cingulate cortex mediates externalizing psy-
chopathology in adolescents with child neglect. Dev Cogn Neurosci.
2021;49:100962.

129. Tottenham N, Hare TA, Quinn BT, McCarry TW, Nurse M, Gilhooly T, et al. Pro-
longed institutional rearing is associated with atypically large amygdala volume
and difficulties in emotion regulation. Dev Sci. 2010;13:46–61.

130. Lamm C, Troller-Renfree SV, Zeanah CH, Nelson CA, Fox NA. Impact of early
institutionalization on attention mechanisms underlying the inhibition of a
planned action. Neuropsychologia. 2018;117:339–46.

131. Troller-Renfree S, Zeanah CH, Nelson CA, Fox NA. Neural and cognitive factors
influencing the emergence of psychopathology: insights from the Bucharest
Early Intervention Project. Child Dev Perspect. 2018;12:28–33.

132. Buzzell GA, Troller-Renfree SV, Wade M, Debnath R, Morales S, Bowers ME, et al.
Adolescent cognitive control and mediofrontal theta oscillations are disrupted
by neglect: associations with transdiagnostic risk for psychopathology in a
randomized controlled trial. Dev Cogn Neurosci. 2020;43:100777.

133. McTeague LM, Huemer J, Carreon DM, Jiang Y, Eickhoff SB, Etkin A. Identification
of common neural circuit disruptions in cognitive control across psychiatric
disorders. Am J Psychiatry. 2017;174:676–85.

134. Belsky J, Schlomer GL, Ellis BJ. Beyond cumulative risk: distinguishing harshness
and unpredictability as determinants of parenting and early life history strategy.
Dev Psychol. 2012;48:662–73.

135. Ellis BJ, Del, Giudice M. Beyond allostatic load: rethinking the role of stress in
regulating human development. Dev Psychopathol. 2014;26:1–20.

M. Wade et al.

10

Translational Psychiatry          (2022) 12:244 

https://www.acf.hhs.gov/cb/research-data-technology/statistics-research/child-maltreatment
https://www.acf.hhs.gov/cb/research-data-technology/statistics-research/child-maltreatment
https://doi.org/10.1111/desc.12431
https://doi.org/10.1111/desc.12431


136. Del Giudice M, Ellis BJ, Shirtcliff EA. The adaptive calibration model of stress
responsivity. Neurosci Biobehav Rev. 2011;35:1562–92.

137. Ellis BJ, Abrams LS, Masten AS, Sternberg RJ, Tottenham N, Frankenhuis WE.
Hidden talents in harsh environments. Dev Psychopathol. 2020;34:1–19.

138. Frankenhuis WE, Young ES, Ellis BJ. The hidden talents approach: theoretical and
methodological challenges. Trends Cogn Sci. 2020;24:569–81.

139. Young ES, Frankenhuis WE, Ellis BJ. Theory and measurement of environmental
unpredictability. Evol Hum Behav. 2020;41:550–6.

140. Del Giudice M. An evolutionary life history framework for psychopathology.
Psychol Inq. 2014;25:261–300.

141. Hurst JE, Kavanagh PS. Life history strategies and psychopathology: the faster
the life strategies, the more symptoms of psychopathology. Evol Hum Behav.
2017;38:1–8.

142. Doom JR, Vanzomeren-Dohm AA, Simpson JA. Early unpredictability predicts
increased adolescent externalizing behaviors and substance use: a life history
perspective. Dev Psychopathol. 2016;28:1505–16.

143. Ross LT, Hood CO, Short SD. Unpredictability and symptoms of depression and
anxiety. J Soc Clin Psychol. 2016;35:371–85.

144. Dwairy MA. Parental inconsistency versus parental authoritarianism: associa-
tions with symptoms of psychological disorders. J Youth Adolesc.
2008;37:616–26.

145. Evans GW, Gonnella C, Marcynyszyn LA, Gentile L, Salpekar N. The role of chaos
in poverty and children’s socioemotional adjustment. Psychol Sci.
2005;16:560–5.

146. Deater-Deckard K, Mullineaux PY, Beekman C, Petrill SA, Schatschneider C,
Thompson LA. Conduct problems, IQ, and household chaos: a longitudinal
multi-informant study. J Child Psychol Psychiatry. 2009;50:1301–8.

147. Mills-Koonce WR, Willoughby MT, Garrett-Peters P, Wagner N, Vernon-Feagans L.
Family Life Project Key Investigators. The interplay among socioeconomic sta-
tus, household chaos, and parenting in the prediction of child conduct pro-
blems and callous-unemotional behaviors. Dev Psychopathol. 2016;28:757–71.

148. Andrews K, Atkinson L, Harris M, Gonzalez A. Examining the effects of household
chaos on child executive functions: a meta-analysis. Psychol Bull.
2021;147:16–32.

149. Ellis BJ, Bianchi J, Griskevicius V, Frankenhuis WE. Beyond risk and protective
factors: an adaptation-based approach to resilience. Perspect Psychol Sci.
2017;12:561–87.

150. Mittal C, Griskevicius V, Simpson JA, Sung S, Young ES. Cognitive adaptations to
stressful environments: When childhood adversity enhances adult executive
function. J Pers Soc Psychol. 2015;109:604–21.

151. Pope SM, Fagot J, Meguerditchian A, Washburn DA, Hopkins WD. Enhanced
cognitive flexibility in the seminomadic Himba. J Cross Cult Psychol.
2019;50:47–62.

152. Young ES, Griskevicius V, Simpson JA, Waters TEA, Mittal C. Can an unpredict-
able childhood environment enhance working memory? Testing the sensitized-
specialization hypothesis. J Pers Soc Psychol. 2018;114:891–908.

153. Warren SM, Barnett MA. Effortful control development in the face of harshness
and unpredictability. Hum Nat. 2020;31:68–87.

154. Fields A, Bloom PA, VanTieghem M, Harmon C, Choy T, Camacho NL, et al.
Adaptation in the face of adversity: Decrements and enhancements in children’s
cognitive control behavior following early caregiving instability. Dev Sci. 2021.
https://doi.org/10.1111/desc.13133.

155. Nweze T, Nwoke MB, Nwufo JI, Aniekwu RI, Lange F. Working for the future:
parentally deprived Nigerian Children have enhanced working memory ability. J
Child Psychol Psychiatry. 2021;62:280–8.

156. Liu S, Fisher PA. Early experience unpredictability in child development as a
model for understanding the impact of the COVID-19 pandemic: a translational
neuroscience perspective. Dev Cogn Neurosci. 2022;54:101091.

157. Granger SJ, Glynn LM, Sandman CA, Small SL, Obenaus A, Keator DB, et al.
Aberrant maturation of the uncinate fasciculus follows exposure to unpredict-
able patterns of maternal signals. J Neurosci. 2021;41:1242–50.

158. Feola B, Melancon SNT, Clauss JA, Noall MP, Mgboh A, Flook EA, et al. Bed
nucleus of the stria terminalis and amygdala responses to unpredictable threat
in children. Dev Psychobiol. 2021;63:e22206.

159. Uddin LQ. Cognitive and behavioural flexibility: neural mechanisms and clinical
considerations. Nat Rev Neurosci. 2021;22:167–79.

160. Lauharatanahirun N, Maciejewski D, Holmes C, Deater-Deckard K, Kim-Spoon J,
King-Casas B. Neural correlates of risk processing among adolescents: influences
of parental monitoring and household chaos. Child Dev. 2018;89:784–96.

161. Kim-Spoon J, Maciejewski D, Lee J, Deater-Deckard K, King-Casas B. Longitudinal
associations among family environment, neural cognitive control, and social
competence among adolescents. Dev Cogn Neurosci. 2017;26:69–76.

162. Rosen ML, Meltzoff AN, Sheridan MA, McLaughlin KA. Distinct aspects of the
early environment contribute to associative memory, cued attention, and

memory-guided attention: implications for academic achievement. Dev Cogn
Neurosci. 2019;40:100731.

163. Chahal R, Miller JG, Yuan JP, Buthmann JL, Gotlib IH. An exploration of
dimensions of early adversity and the development of functional brain network
connectivity during adolescence: Implications for trajectories of internalizing
symptoms. Dev Psychopathol. 2022;34:1–15.

164. Rakesh D, Cropley V, Zalesky A, Vijayakumar N, Allen NB, Whittle S. Neighbor-
hood disadvantage and longitudinal brain-predicted-age trajectory during
adolescence. Dev Cogn Neurosci. 2021;51:101002.

165. Goetschius LG, Hein TC, McLanahan SS, Brooks-Gunn J, McLoyd VC, Dotterer HL,
et al. Association of childhood violence exposure with adolescent neural net-
work density. JAMA Netw Open. 2020;3:e2017850.

166. McGinnis EW, Sheridan M, Copeland WE. Impact of dimensions of early adversity
on adult health and functioning: a 2-decade, longitudinal study. Dev Psycho-
pathol. 2022:1–12. [Epub ahead of print].

167. Colich NL, Rosen ML, Williams ES, McLaughlin KA. Biological aging in childhood
and adolescence following experiences of threat and deprivation: a systematic
review and meta-analysis. Psychol Bull. 2020;146:721–64.

168. Evans GW, Li D, Whipple SS. Cumulative risk and child development. Psychol
Bull. 2013;139:1342–96.

169. Finlay S, Roth C, Zimsen T, Bridson TL, Sarnyai Z, McDermott B. Adverse child-
hood experiences and allostatic load: a systematic review. Neurosci Biobehav
Rev. 2022;136:104605.

170. Goetschius LG, Hein TC, Mitchell C, Lopez-Duran NL, McLoyd VC, Brooks-Gunn J,
et al. Childhood violence exposure and social deprivation predict adolescent
amygdala-orbitofrontal cortex white matter connectivity. Dev Cogn Neurosci.
2020;45:100849.

171. Finkelhor D. Screening for adverse childhood experiences (ACEs): cautions and
suggestions. Child Abus Negl. 2018;85:174–9.

172. Baldwin JR, Caspi A, Meehan AJ, Ambler A, Arseneault L, Fisher HL, et al.
Population vs individual prediction of poor health from results of adverse
childhood experiences screening. JAMA Pediatr. 2021;175:385–93.

173. Berman I, McLaughlin KA, Tottenham N, Godfrey K, Seeman TE, Eric LB, et al.
Measuring early life adversity across the lifespan. PsyArXiv. 2021. https://doi.org/
10.31234/osf.io/y9xe8.

174. Michelini G, Palumbo IM, DeYoung CG, Latzman RD, Kotov R. Linking RDoC and
HiTOP: a new interface for advancing psychiatric nosology and neuroscience.
Clin Psychol Rev. 2021;86:102025.

175. Kotov R, Krueger RF, Watson D, Achenbach TM, Althoff RR, Bagby RM, et al. The
hierarchical taxonomy of psychopathology (HiTOP): a dimensional alternative to
traditional nosologies. J Abnorm Psychol. 2017;126:454–77.

176. McLaughlin P Katie A, Gabard-Durnam LJ. Experience-driven plasticity and the
emergence of psychopathology: a mechanistic framework integrating devel-
opment and the environment into the research domain criteria (RDoC) model.
2021. https://doi.org/10.31234/osf.io/nue3d.

AUTHOR CONTRIBUTIONS
MW: Conceptualized the paper and its organization. Drafted the introduction and
conclusion sections. Comprehensively reviewed all sections and provided critical
edits and revisions on all drafts. LW: Drafted section on differences in cognition
across dimensions of ELA and reviewed neurobiological literature relevant to threat
exposure. Reviewed and edited other sections of the paper. KF: Drafted section on
differences in psychopathology across dimensions of ELA and reviewed neurobio-
logical literature relevant to deprivation exposure. Reviewed and edited other
sections of the paper.

COMPETING INTERESTS
The authors declare no competing interests.

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to Mark Wade.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

M. Wade et al.

11

Translational Psychiatry          (2022) 12:244 

https://doi.org/10.1111/desc.13133
https://doi.org/10.31234/osf.io/y9xe8
https://doi.org/10.31234/osf.io/y9xe8
https://doi.org/10.31234/osf.io/nue3d
http://www.nature.com/reprints
http://www.nature.com/reprints


Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2022

M. Wade et al.

12

Translational Psychiatry          (2022) 12:244 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	The effects of early life adversity on children&#x02019;s mental health and cognitive functioning
	Introduction
	Threat/harm
	Threat/harm and psychopathology
	Threat/harm and underlying mechanisms
	Threat/harm and neurobiology

	Deprivation
	Deprivation and psychopathology findings
	Deprivation and underlying mechanisms
	Deprivation and neurobiology

	Unpredictability
	Unpredictability and psychopathology findings
	Unpredictability and underlying mechanisms
	Unpredictability and neurobiology

	Evidence directly supporting dimensional models of ELA
	Conclusion and future directions
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




