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Abstract

Discovering the processes through which early adverse experiences affect children’s nervous-system development,
health, and behavior is critically important for developing effective interventions. However, advances in our
understanding of these processes have been constrained by conceptualizations that rely on categories of adversity that
are overlapping, have vague boundaries, and lack consistent biological evidence. Here, we discuss central problems
in understanding the link between early-life adversity and children’s brain development. We conclude by suggesting
alternative formulations that hold promise for advancing knowledge about the neurobiological mechanisms through

which adversity affects human development.
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Advances in neuroscience are critical for uncovering
causal mechanisms linking exposure to adverse experi-
ences in childhood with impairments in learning,
behavior, and both physical and mental health across
the life span. Adversity encompasses a range of experi-
ences, from toxin exposure to nutritional restriction to
physical abuse to war exposure to limited family
resources to lack of nurturance and/or positive parental
inputs. The long-term negative consequences of severe
and chronic adversity on children’s development are
well documented (Cicchetti, 2016; Pechtel & Pizzagalli,
2011; Taylor, Way, & Seeman, 2011). However, there are
still gaps in knowledge about critical issues, including
the underlying mechanisms or specific pathways that
account for particular biobehavioral effects and prob-
lems, why individual children may respond differently
to adversity, and which types of outcomes (if any) are
associated with exposure to different kinds of experi-
ences. Scientists have used a variety of conceptual models
of early-life stress/adversity, including chronic strain,
cumulative stress, episodic stress, allostatic load, lifetime
adversity, and foci on the effects of specific types of
adverse events. Yet these various constructs each constrain
the possible explanations that data can reveal. Here, we
assess the current frameworks used to understand the
effects of early-life adversity on brain development and

suggest a new approach to advance knowledge about
how and why these phenomena affect brain architecture,
physiology, and behavioral development. Once uncov-
ered, these neural mechanisms hold promise for serving
as targets for future intervention or prevention efforts for
children at risk for negative outcomes.

The question of how to best conceptualize early child-
hood adversity has shifted over time (Fareri & Tottenham,
2016; Palacios-Barrios & Hanson, 2019; Pollak, 2005).
The rubric of “lumpers” versus “splitters” that was intro-
duced by George Simpson (1945) provides a simple
and useful way to characterize these approaches (Box
1; Fig. 1. In general, /lumping means that various types
of adversities are treated as a heterogeneous, broad
category often labeled as “adversity,” “early-life stress,”
or “negative life events” (Burghy et al., 2012; Pechtel &
Pizzagalli, 2011; Steele et al., 2016; Steine et al., 2017,
Winiarski, Engel, Karnik, & Brennan, 2018). In contrast,
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Box 1. Conceptualizing Adversity—Lumping Versus Splitting

Lumping and splitting reflect ways of defining categories and characterizing the most common approaches that
scientists have adopted for conceptualizing childhood adversity. Lumping is when scientists treat many differ-
ent types of adversity as all being generally of the same type, or one large category. In these cases, children’s
experiences are usually labeled as aduversity, life stress, or negative life events (Fig. 1a). In this approach, any
exposure to any different kind of event within the broad domain of stress exposure is assumed to have similar
effects on the individual’s neurobiology, and it is the exposure to a stressful life event in general, rather than
the specific type of stressful event, that has negative repercussions for the individual. In this framework, study
samples include participants with a wide variety of early life experiences, with the common denominator of
those experiences being predefined as extremely stressful. This approach is illustrated in, for example, Burghy
et al. (2012) and Winiarski, Engel, Karnik, and Brennan (2018). An alternative but related variant of the lump-
ing approach uses cumulative measures of multiple exposures to different forms of adversity while still assum-
ing consistency in these additive effects across types of experience. Examples of this approach are Steele et al.
(2016) and Steine et al. (2017). In contrast, splitting reflects the view that each specific type of adverse event
has a distinct and separable effect (Fig. 1b). In this approach, a study sample might be limited to only children
who have experienced physical abuse, or children who purportedly experienced only physical abuse would
be compared with children believed to have experienced only neglect. Examples of this type of approach are
illustrated in Heim, Mayberg, Mletzko, Nemeroff, and Pruessner (2013) and St Clair et al. (2015). A variation of
a splitting approach adopts the strategy of creating slightly broader categories of experience that are based on
presumed common features. In this case, groups of some kinds of experiences are assumed to be related to
one type of neurobiological effect, whereas groups of other kinds of experiences are assumed to be related
to a different set of distinct effects. As an example, exposure to direct threats (physical abuse, sexual abuse,
witnessing of violence) is construed as one type of adversity that can be contrasted with a different category
reflecting a lack of species-expectant inputs (child neglect, social isolation, deprivation, or impoverishment).
Examples of this approach include Busso, McLaughlin, and Sheridan (2017) and Pollak, Cicchetti, Hornung,
and Reed (2000). In sum, lumping assigns categories broadly, assuming that differences between events within
the category are not important for underlying biology. Splitting assumes that various adverse events differ in
important ways and should be classified as such. Lumping makes for a simpler system of classification (and
participant recruitment) because it avoids devoting attention to potentially trivial differences. Splitting increases
the possibility of discovering interindividual variability that may be important. The problem with both approaches,
as highlighted in this article, is when classifications for events are created that are unsound or that distort or
mask reality. This is especially true when it is not immediately obvious that these classifications have meaning-
ful impacts on biology. Both lumping and splitting approaches have reported relationships between adversity
and neurobiological and behavioral outcomes, but both also lack strong and consistent evidence linked to
biologically plausible developmental mechanisms. See Table 1 for examples of how lumping and splitting
approaches have been operationalized in recent research.

splitting perspectives are based on the premise that
different types of adversity each confer specific effects,
and links to neurobiological or cognitive systems may
be masked by heterogeneous samples (Dufty, McLaughlin,
& Green, 2018; Humphreys & Zeanah, 2015; Pollak,
Cicchetti, Hornung, & Reed, 2000). For example, in this
approach, phenomena such as child maltreatment
would be examined separately to determine differential
effects between exposure to subtypes such as physical
abuse, sexual abuse, emotional abuse, physical neglect,
and emotional neglect (Heim, Mayberg, Mletzko, Nemeroff,
& Pruessner, 2013; Manly, Kim, Rogosch, & Ciccheti,
2001; St Clair et al., 2015).

These models have indeed provided a wealth of
knowledge surrounding early childhood adversity and

its effects on development. Both general and specific
models have demonstrated that adversity has strong,
consistent negative effects on a wide range of cognitive,
emotional, and behavioral processes that place children
at greater risk for negative mental and physical health
outcomes later in life (Chen & Baram, 2016; Cicchetti,
2016; Hughes et al., 2017). In addition, these models
have provided some insight into the mechanisms that
may support these effects. These models have found
consistent relationships between adversity and disrupted
functioning of the hypothalamic-pituitary-adrenal (HPA)
axis (Koss & Gunnar, 2017; Striiber, Striiber, & Roth,
2014), autonomic nervous system (Esposito, Koss,
Donzella, & Gunnar, 2016; McLaughlin et al., 2015), and
immune system (Danese & Lewis, 2017; Kuhlman,
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Fig. 1. Current models for conceptualizing early adversity. In lumping models (a), types of adverse events are treated similarly and are
hypothesized as having similar effects on biology. Splitting models (b) assume that each type of event (gray arrows) or category of events
(red and blue arrows) has a distinct effect on biology, resulting in outcomes specific to those types of events. Note that both models approach
adversity in terms of the antecedent events that children encounter, and those events are construed as adverse regardless of how they are
experienced by an individual (for further explanation of lumping and spitting approaches, see Box 1).

Chiang, Horn, & Bower, 2017), along with epigenetic
changes, especially in the glucocorticoid receptor gene
(Romens, McDonald, Svaren, & Pollak, 2015; Turecki &
Meaney, 2016). These alterations appear to be linked to
functional and structural changes in the prefrontal cor-
tex (PFC), amygdala, hippocampus, and hypothalamus
(Belsky & De Haan, 2011; Palacios-Barrios & Hanson,
2019). These models have also provided some insight

into factors that may drive individual differences in chil-
dren’s responses to adversity, implicating genetic vari-
ation, stability within the home and, and a range of
psychological factors in how children respond to early
negative environments (Belsky & Hartman, 2014; Masten,
2011; McCrory, De Brito, & Viding, 2010; Rutter, 2012).
However, there has yet to be a coherent, consistent, and
replicable mechanistic brain-behavioral model that
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conceptualizes experience in such a way that accounts
for individual patterns of developmental change after
extreme adversity.

Such a model is a tall order. The world is a messy
place, and the study of childhood adversity especially
does not lend itself to clean, controlled experimental
designs. Therefore, some basis of characterizing indi-
viduals’ experiences is necessary. The current trend is
for scientists to eschew categories that appear too
broad. This view is based on the hypothesis that sam-
ples of research participants who have had heteroge-
neous experiences will obscure potential links to
discrete biological mechanisms—and the assumption
that specific kinds of experiences affect specific aspects
of brain function (Kuhlman et al., 2017; McLaughlin &
Lambert, 2017; Palacios-Barrios & Hanson, 2019).
Although the categories often used in research (threat,
abuse, neglect, violence exposure) may well help orga-
nize or characterize the range of experiences children
might encounter, these are ad hoc distinctions with
contemporary social or political meaning, not neces-
sarily biologically meaningful distinctions. Classifying
different kinds of human experiences may confer many
practical advantages, but reifying these distinctions as
reflecting some actual state of reality in nature will
likely obfuscate the bigger picture of understanding
brain functioning and development (LeDoux, 2015;
Sapolsky, 2017). Therefore, the critical issue is deter-
mining how to conceptualize experience in a meaning-
ful way such that it is linked to children’s biobehavioral
development and allows for an understanding of the
mechanisms underlying these associations.

The Ascension of Specificity Models
of Adversity

Historically, conceptualizations of early adversity
focused on broad, cumulative measures of adversity. In
this manner, individuals would be queried about
whether they experienced a predefined set of potential
adverse events, and their total exposure to events from
that list was summed (Evans, Li, & Whipple, 2013).
Examples of these methods include variations on the
Life Stressors Checklist (Wethington, Brown, & Kessler,
1997) and the Adverse Child Experiences Scale (Felitti
et al., 1998; Steele et al., 2016). Although these mea-
sures have adequate psychometric properties, many
scientists found they conferred limited utility (Evans
et al., 2013; Palacios-Barrios & Hanson, 2019). First, the
events queried are those that scientists predetermined
to be “stressful” for people in general without knowing
the circumstances surrounding the adverse event or the
individual’s perceptions, construction, meaning, or
responses associated with the event. Such lists also

exclude idiosyncratic events that most people might
not find stressful but could be particularly salient or
meaningful to an individual. Second, these methods use
time frames that may be limiting. A single epoch rep-
resents a larger proportion of a 4-year-old’s lifetime
than a 40-year-old’s, and memory for those events may
be constructed differently for people at different points
in the life span.

Another concern with cumulative models has been
that they have historically provided little insight into
potential mechanisms linking adverse life events to
poor outcomes (Palacios-Barrios & Hanson, 2019). This
may be because all types of adversity are weighted
equally (Evans et al., 2013) or because these methods
often rely on retrospective self-reports, wherein current
negative psychological states lead to negatively skewed
or inaccurate memories of early childhood (Colman
et al., 2016; Reuben et al., 2016). Finally, cumulative
approaches rarely focus on issues such as the frequency
or length of the impact of adverse life events or the
developmental timing of those events. It is instructive
to note, however, that many of these criticisms reflect
particulars about the methods typically associated with
general or cumulative models of life stress, not the
validity of construing a range of adverse events as hav-
ing similar effects on the developing nervous system.

Nonetheless, about 25 years ago, author S. D. Pollak
became concerned that general models of cumulative
childhood adversity were ill-suited to align with the
then burgeoning research on neural plasticity (Sirevaag
& Greenough, 1987). In an attempt to more precisely
identify the neurobiological mechanisms linking early
experiences to development, Pollak sought to test
whether there were differences in outcomes for chil-
dren who had experienced different types of adversity.
Specifically, he hypothesized that the developing ner-
vous system would respond differentially to experi-
ences representing direct physical threat (overexposure
to negative experiences) compared with the experience
of a lack of safety or security (underexposure to posi-
tive experiences). These effects were examined in neu-
ral systems underlying attention, information processing,
and learning (Pollak et al., 2000; Pollak & Tolley-Schell,
2004). Indeed, children who had experienced physical
abuse seemed to evince emotion-processing differences
compared with children who had experienced physical
neglect without direct physical threat (Pollak et al.,
2000). These early results suggested that the approach
of trying to study samples of children with more homo-
geneous types of adversity held promise—not only for
elucidating the specific neurobiological systems affected
by early adversity but also potentially for understanding
the wide range of individual differences observed in
the sequelae of childhood adversity.
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Over the past few decades, many biobehavioral mod-
els of early adversity emerged that continued and
extended this view. Indeed, it has become the dominant
view in the field that examining specific effects of dis-
tinct types of stress on development will provide for
more mechanistic explanations of the effects of early
adversity (Amso & Lynn, 2017; Berens, Jensen, & Nelson,
2017; Carle et al., 2017; Kuhlman et al., 2017; McLaughlin
& Sheridan, 2016). Although it is humbling to admit one
was wrong, new data and revised theories are how
science progresses. In retrospect, the original Pollak
et al. (2000) research (and many subsequent indepen-
dent studies) suffers from a range of important limita-
tions. In the sections that follow, we outline these
issues, which indicate the need to reconceptualize early
adversity to better understand its effects on biological
systems during development.

Conceptual Problems With Specificity
Models

Although most current research on early-life adversity
attempts to focus on specific types of experiences
endured by children, there has also been recognition
of problems inherent in this approach (Grant, Compas,
Thurm, McMahon, & Gipson, 2004; Hein & Monk, 2017
Messman-Moore & Bhuptani, 2017) and debate about
how to characterize the relevant features of children’s
environments (Fareri & Tottenham, 2016; Lipina &
Evers, 2017; Thomason & Marusak, 2017). Below we
present four primary conceptual problems with frame-
works attempting to link specific types of adversity with
specific neurobiological outcomes.

Problem 1: Subtypes of adverse
experiences are fuzzy categories

At first glance, a taxonomy of experiences such as
physical abuse versus neglect, or presence of threat
versus lack of safety, appears to offer promise of some
differentiation of experience. However, categories such
as these encompass both multiple and overlapping
kinds of experiences (Lipina & Evers, 2017; Thomason
& Marusak, 2017). In this manner, subtypes of adversity
give the initial impression of being a useful scientific
construct but are actually vague and imprecise. This
problem is illustrated in Pollak and colleagues’ attempt
to distinguish between threat of direct harm to the
individual, using physical abuse, versus absence of
input or deprivation, using physical neglect (Pollak
et al., 2000; Pollak & Tolley-Schell, 2004; Pollak, Vardi,
Bechner, & Curtin, 2005). Variants of this approach
(e.g., Cameron, Eagleson, Fox, Hensch, & Levitt, 2017,
Humphreys & Zeanah, 2015; Sheridan, Peverill, Finn, &

McLaughlin, 2017) aim to map threat of direct harm
versus lack of species-expectant input with distinct,
specific effects on neurobiological systems. To test for
specific effects associated with each category of experi-
ence, researchers consider in their samples children
who purportedly experience threat and children who
purportedly experience deprivation as separate groups
who have had different experiences.

However, the operational definitions for these cat-
egories are many, varied, and applied inconsistently
across studies. To demonstrate, threat is often opera-
tionally defined as physical abuse or exposure to vio-
lence. Many times emotional abuse (a construct that is
difficult to operationally define and measure) and sex-
ual abuse are also included in this category (Kuhlman,
Geiss, Vargas, & Lopez-Duran, 2018; Platt et al., 2018;
Pollak et al., 2005; Shackman, Shackman, & Pollak,
2007; Sheridan et al., 2017). In contrast, deprivation is
most often operationalized using neglect, family pov-
erty or low socioeconomic status (which are often
incorrectly treated as synonymous), institutional/
orphanage rearing, or food insecurity (Dennison et al.,
2017; Everaerd et al., 2016; Fox, Levitt, & Nelson, 2010).
These groups are assumed to represent different popu-
lations that will evince neurobiological and behavioral
outcomes distinct to their adversity category.

A critical examination of the available empirical evi-
dence (see Problem 3 below), however, provides mini-
mal support for the idea that children within these
categories respond similarly to the events and more
similarly than what would be observed among children
across these categories. This is because although expe-
riences categorized as deprivation are indeed associ-
ated with an absence of expected inputs, these
experiences also involve components that are likely to
be perceived by individuals as threats to their survival
(Fareri & Tottenham, 2016; Hein & Monk, 2017; Lipina
& Evers, 2017). When young children are left without
culturally appropriate caregiver supervision/protection,
they not only lack safety but also are left exposed to
and unprotected from a wide range of potential threats
in their environment. The deprivation itself also confers
threat. Food insecurity refers to a household lacking the
ability to provide adequate, regular nutrition (Coleman-
Jensen, 2010). In many studies, food insecurity is
characterized as neglect or deprivation (Dennison
et al., 2017; Platt et al., 2018; Sumner, Colich, Uddin,
Armstrong, & McLaughlin, 2019)—this is no doubt true.
However, inadequate nutrition may also be experienced
by young children as a threat to survival. Similar cat-
egory overlap is true for experiences categorized as
threats. Having a physically or emotionally abusive par-
ent or living in a high-violence neighborhood repre-
sents a high threat of extreme physical harm. But these
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are environmental contexts in which children are likely
also deprived of many basic supports, including consis-
tent positive parental feedback and access to material
resources. As an example, physically and emotionally
abusive parents may withhold access to food as a
manipulation technique, or families may be afraid to go
to the local store in a high-violence neighborhood.

In sum, most types of deprivation or “lack of input”
likely also involve perceived threat, and chronically
threatening contexts for young children also involve
some aspect of deprivation.! Thus, subtypes of adver-
sity represent “fuzzy” categories. This means the catego-
ries are vague, although not unclear or meaningless
altogether (Dietz & Moruzzi, 2009). The problem with
fuzzy categories is that they are neither completely true
nor completely false, and are, at the same time, partly
true and partly false; therefore, the conditions under
which they truly make sense can shift across applica-
tions (Fara, 2000). Distinctions such as threat versus
deprivation are not natural categories likely to map
onto the nervous system but imprecise concepts that
potentially generate conflicting findings. The issues
associated with fuzzy categories are not unique to how
we categorize early adversity but are a criticism more
broadly with any research that overvalues category dis-
tinctions for classifying experience (LeDoux, 2015;
Sapolsky, 2017).

Problem 2: Adverse experiences tend
to co-occur

Even if, for the sake of argument, these categories or
dimensions of adversity represent sound and valid dis-
tinct experiences, it is not clear that they are useful.
This is because different types of adverse experiences
rarely occur in isolation. For example, there is high
co-occurrence across all subtypes of child maltreatment
(Debowska, Willmott, Boduszek, & Jones, 2017; see
Table 1). Witnessing domestic violence is highly comor-
bid with abuse and neglect (Hamby, Finkelhor, Turner,
& Ormrod, 2010) and direct violence (Gonzalez,
MacMillan, Tanaka, Jack, & Tonmyr, 2014). Low family
socioeconomic status is associated with an increased
risk for child abuse (Euser, van IJzendoorn, Prinzie, &
Bakermans-Kranenburg, 2011). These examples of high
co-occurrence of adverse events illustrate two concep-
tual problems.

First, if child physical abuse tends to co-occur with
neglect, even if a researcher could identify a group of
individuals who were solely exposed to only one of
these experiences, it is not clear how representative
this sample would be of the general population or the
clinical utility of that group. More than 95% of children
exposed to child maltreatment experience multiple, co-
occurring types of maltreatment (Debowska et al., 2017;

Euser et al., 2011; Mennen, Kim, Sang, & Trickett, 2010;
Witt et al., 2016). Some scientists have questioned
whether children who experience solely one adversity
even exist and, if they do, whether they should be
considered as outliers in terms of representing human
experience (for reviews, see Debowska et al., 2017,
Herrenkohl & Herrenkohl, 2009). It is possible that
studies reporting children who experienced only one
type of maltreatment reflect measurement error, a con-
cern consistent with criticisms of retrospective and pro-
spective measures of childhood experiences (Hardt &
Rutter, 2004; Runyan et al., 2005).

Second, there is a lack of conceptual clarity about
how to handle the co-occurrence and intersectionality
of different types of adverse experiences. Imagine a
study with three samples of children. One group hypo-
thetically experienced only threat, a second group
experienced only deprivation, and a third group expe-
rienced both threat and deprivation. There are a num-
ber of options for how a scientist might approach and
test the relationship between these groups. In one
model, the experiences of threat and deprivation
together might be construed as additive experiences. A
child exposed to threat plus deprivation may have
experienced quantitatively more (or a higher severity
of) adversity than a child who has experienced solely
threat or deprivation (Koss & Gunnar, 2017; Ouellet-
Morin et al., 2019). If this is the case, a cumulative
model would likely be most appropriate. An alternative
is that experiencing both threat and deprivation concur-
rently represents a qualitatively different impact on the
developing nervous system. In this case, having both
experiences is not additive but a different developmen-
tal challenge (Witt et al., 2016) for which each type of
experience cannot be meaningfully separated. Statistical
methods attempting to control for one exposure while
testing the effects of the others (e.g., see Duffy et al.,
2018; Lawson et al., 2017) would be invalid. Indeed, an
increasing amount of research that aims to use latent
class analyses to classify children by different profiles
of types of co-occurring maltreatment exposures indi-
cates that different profiles of exposures are associated
with differential outcomes in children (Berzenski &
Yates, 2011; Walsh, Senn, & Carey, 2012).

A third possibility is that two features that have a
very high rate of co-occurrence are actually measuring
the same underlying phenomenon, which presents sev-
eral critical statistical problems for models treating them
as independent. If measures of threat and deprivation
are treated as independent, the resulting data will be
imprecise and biased. In statistical analyses, this might
be reflected by multicollinearity, in which small changes
to the data can lead to exaggerated effects in the mod-
els that are tested (Belsley, 1991). The principal danger
resulting from redundancy in the data is that regression-
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Table 1. Examples of Participant Sampling in Studies of Child Adversity

Example Approach to adversity

Exposure to adverse events

General/broad/“lumping”

1 “Participants completed a major life event checklist. They reported on whether they
had experienced any of 21 events across the domains of family, friends, and school
within the past 12 months” (Chiang et al., 2019, p. 702).

2 “The maltreated group consisted of 44 children with maltreatment experiences. . . .
All the children had experienced physical, emotional, sexual abuse, and/or neglect
early in life prior to coming into care” (Fujisawa et al., 2019, p. 2046).

3 “The lifetime adversity section of the Youth Life Stress Interview was used to assess girls’
exposure to negative family events and circumstances during their lifetime (up until
the year prior to the interview)” (Stroud, Chen, Doane, and Granger, 2019, p. 512).

4 “The mothers completed the Life Events Schedule (LES) interview when the target
participants were 12, 18, 30, 42, 48, 54, and 64 months old; in Grades 1, 2, 3, and 6,
and 16 and 17 years old. When the target participants were 23, 26, 28, 32, 34, and 37
years old, they completed the LES themselves” (Young et al., 2019, p. 741).

5 “Patients were assessed with the short form of the Early Trauma Inventory-Self
Report (ETI-SR-SF) questionnaire . . . the number of positive responses (indicating
presence of trauma) were summed for the ETI-SR-SF total score with totals for each
subcomponent also calculated” (Wittbrodt et al., 2019, p. 50).

Dimensional/specific/“splitting”

1 “Threat-related adversities included six specific adversities including physical abuse,
witnessing domestic violence, sexual assault, witnessing or being the victim of
violence in the community, and emotional abuse. Deprivation-related adversities
included five specific adversities including physical and psychosocial neglect,
financial insecurity (i.e., family received money from a government assistant pro-
gram), food insecurity, low parental education attainment (less than a high school
degree), and household poverty (ratio of household income to poverty level <1.5)”
(Colich et al., 2020, p. 2).

2 “To quantify extent of neglect the two types of neglect assessed by the MACE
(emotional and physical) were summed for each year of childhood. Similarly,
the 8 types of abuse assessed (parental non-verbal emotional abuse, parental
physical maltreatment, parental verbal abuse, sexual abuse, peer emotional abuse,
peer physical abuse, witnessing interparental violence and witnessing violence to
siblings) were summed for each year” (Teicher et al., 2018, p. 444-445).

3 “In this 50-item paper and pencil questionnaire, the parent marked yes or no to a
series of potentially traumatic events including physical abuse (being hit to the
point of bruising or injury), sexual abuse (being forced to engage in sexual acts),
emotional abuse (persistently being ridiculed or insulted by a caregiver), or non-
intentional traumatic events (witnessing an accident, natural disaster)” (Kuhlman,
Geiss, Vargas, and Lopez-Duran, 2018, p. 151).

4 “Early exposure to threat was assessed via four separate measures . . . Child Protective
Services (CPS) data to determine the presence and nature of allegations of physical
and sexual abuse . . . the CPS narratives that represented cases from each site . . .
an expanded version of the child-report Things I Have Seen and Heard Scale . . .
to assess exposure to violence and feelings of safety at home, at school, and in the
community . . . the caregiver-report Conflict Tactics Scales . . . assessed the extent
to which caregivers use reasoning and nonviolent discipline, verbal aggression,
or physical aggression in response to their child’s behavior . . . reviews of CPS
data were utilized to determine the presence and nature of allegations of neglect”
(Milojevich, Norwalk, and Sheridan, 2019, p. 4).

5 “Subtype was coded from CPS records . . . Physical abuse reflected a nonaccidental
physical injury of a child perpetrated by a caregiver. Neglect reflected failing to
meet the child’s minimum needs in terms of failure to provide or a lack of child
supervision. Emotional maltreatment reflected failing to meet children’s emotional
needs in terms of psychological safety and security, self-esteem, and autonomy”
(Lunkenheimer, Busuito, Brown, and Skowron, 2018, p. 214).

Mean number of life events =
3.15 (SD = 2.04)

Mean number of types of
maltreatment = 2.4 (SD =
1.0)

Mean number of different types
of adverse events = 5.79
(8D =1.20)

Approximate average life-stress
event exposures = 10 events

Mean exposure for high trauma
=11.8 (SD = 4.2); mean
exposure for low trauma =
3.3 (8D =2.06)

Co-occurrence reported
between measures of threat
and deprivation = 22%

Co-occurrence of the multiple
types of adversity assessed =
56%

All types of trauma significantly
correlated (> .38, p < .01)

Threat and deprivation indices
significantly correlated (» =
.10, p < .05)

Co-occurrence rate of
maltreatment subtypes =
51.2%

Note: Examples of recent research using general (lumping) and specific (splitting) approaches to conceptualizing adversity are shown. Although not
an exhaustive review of the literature, the table conveys the variance in how categories of adversity are operationalized. In addition, these examples
highlight the common occurrence of multiple exposures to different types of adversity, illustrating how rarely researchers can identify homogeneous
samples (many studies focus on a subset of types of adversity and underestimate the overall co-occurrence of different types of adversity).
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type analyses will be overfit, resulting in poor replica-
bility across independent samples.

Nonhuman animal models offer tremendous insight
into the mechanisms through which adversity early in
life shapes neurobiological systems (Andersen, 2015;
Kentner, Cryan, & Brummelte, 2018). But translating the
kinds of adversity experienced by animals in the lab or
in naturalistic settings to the complexity of human expe-
rience is not straightforward. For example, naturally
occurring caregiving adversity among nonhuman pri-
mates more closely reflects a broad, inclusive category
of “insensitive parenting” rather than mapping onto con-
cepts such as abuse versus neglect (Sanchez & Pollak,
2009). However, arguments for specific effects of differ-
ent types of adversity tend to rely on animal models
utilizing single stress exposures, such as foot shock or
social isolation (Sheridan & McLaughlin, 2014). Because
human children rarely experience only a single type of
adversity, animal models involving multiple exposures
may translate to human development more readily than
animal models that are limited to single stressors.

The potential benefits of animal models of multiple
exposures is demonstrated in Perry et al. (2019). This
research used a limited-bedding rodent model of scar-
city in which rodent mothers are given inadequate bed-
ding to build nests for their pups, which results in
variations of parental care. This environment of scarcity
resulted in the pups experiencing both deprivation (i.e.,
decreased time resting in nest and nursing with mother)
and threat (i.e., mother transporting pups roughly and
stepping on pups). The researchers examined parental
care among families living in scarcity, operationalized
through poverty, in parallel to the animal study. They
found that, like the rodents with limited bedding, living
in high poverty was associated with both deprivation
through decreased sensitive caregiving behaviors (i.e.,
decreased responsivity to the infant, cognitive stimula-
tion, and positive regard and increased detachment
from the infant) and threat through increased negative
caregiving behaviors (i.e., increased intrusiveness and
expression of negative affect toward the infant). More-
over, in both rodents and humans, increased scarcity,
through changes in maternal behavior, was associated
with altered hippocampal-amygdala connectivity.
Together these data suggest that different components
of adversity co-occur, and models that consider the
totality of the individual’s experience may be the most
informative about how these experiences shape neu-
robiological development.

Problem 3: Subtypes of adversity lack
consistent evidence for specific effects

It is not clear from extant data that there are consistent
and replicable effects associated with different types of

early childhood adversities. Although the motivation
for dimensional models was to link nonhuman animal
research with studies of human children, the translation
of this literature often overlooks the complexity of the
findings. As an example, threat is often measured in
animal studies through foot shock or physical restraint.
The application of these methods to rodents is associ-
ated with alterations in circuits involved in producing
stress responses, including the hippocampus, amygdala,
and HPA axis (Eiland & McEwen, 2012; Raineki, Cortés,
Belnoue, & Sullivan, 2012). Deprivation in nonhuman
animals has been studied using single housing, maternal
isolation, and sensory deprivation (i.e., rearing in com-
plete darkness), which result in global cortical changes
(Del Arco, Segovia, Garrido, de Blas, & Mora, 2007,
Diamond, Lindner, Johnson, Bennett, & Rosenzweig,
1975; Halperin & Healey, 2011). Yet there is evidence
for significant overlap in these effects.

Both environmental deprivation and chronic direct
stressors are associated with altered hippocampal neu-
rogenesis in rodents (B. S. McEwen & Magarinos, 2001).
In addition, global cortical changes are not specific to
deprivation but are also observed after experiences of
threat (Mychasiuk, Muhammad, & Kolb, 2016; Poletto,
Siegford, Steibel, Coussens, & Zanella, 2006; Rodrigues
et al., 2015). Moreover, changes to stress-response cir-
cuitry are not specific to threat but are also observed
after deprivation experiences. To illustrate, chronic
stress (e.g., repeated shock or restraint in rodents) is
associated with global changes in dendritic branching
and synaptic plasticity throughout the PFC, amygdala,
and hippocampus—circuitry that has been implicated
in alterations in learning, memory, and stress responsiv-
ity (Holmes & Wellman, 2009; B. S. McEwen, Nasca, &
Gray, 2016; Rodrigues, LeDoux, & Sapolsky, 2009).
These changes all appear to be similarly, and at least
partially, mediated by corticotropin-releasing hormone
(CRH) and glucocorticoids, which are key regulators of the
HPA axis (Figueiredo, Bodie, Tauchi, Dolgas, & Herman,
2003; B. S. McEwen & Morrison, 2013; Wang et al., 2011).
Comparable effects have also been observed in rodents
exposed to abusive maternal behaviors as infants (Ivy
et al., 2010; Tsoory, Cohen, & Richter-Levin, 2007). Yet
aspects of deprivation such as exposure to prolonged
maternal separation also produce these same alterations
in the PFC, amygdala, and hippocampus, which are
similarly attributable to changes in CRH and altered
glucocorticoid function (Barna et al., 2003; Vazquez
et al., 2000).

This lack of specificity also applies to humans. Both
early child physical abuse and deprivation through
early institutionalization have been associated with
changes in the amygdala and PFC, as well as altered
connectivity between the two regions (Gee et al., 2013;
Tottenham & Sheridan, 2009; VanTieghem & Tottenham,
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2018). Comparable alterations in the development of
the hippocampus are observed in children exposed to
a variety of experiences, including abuse, neglect, pov-
erty, and general chronic stress (Gorka, Hanson, Radtke,
& Hariri, 2014; Hanson, Nacewicz, et al., 2015; Teicher
et al., 2018; Woon & Hedges, 2008). As with animals,
there is evidence that alterations in glucocorticoid func-
tion mediates the effects of both threat and deprivation
on these circuits (Koss & Gunnar, 2017; Turecki &
Meaney, 2016), although more research is necessary.
Despite there being some suggestion that threat and
deprivation differentially effect dopaminergic neural
circuits (Dennison et al., 2016, 2017), the bulk of exist-
ing evidence indicates that these types of events are
similarly associated with reduced responsivity in dopa-
minergic reward circuits (Birn, Roeber, & Pollak, 2017,
Dillon et al., 2009; Gerin et al., 2017; Goff et al., 2013;
Hanson, Hariri, & Williamson, 2015).

Another example that illustrates this problem: A
recent article concluded—on the basis of a null rela-
tionship between early institutionalization and markers
of inflammation—that experiences of deprivation may
result in differential effects on children’s immune func-
tion compared with threat (Slopen et al., 2019). This
conclusion was predicated on the observation that chil-
dren who had been adopted from institutionalized care
settings did not evince differences in markers of innate
immunity. But it is extremely unlikely that different
types of adversity would be reflected in markers of
innate immunity. By its nature, the innate immune sys-
tem functions in a nonspecific manner, producing simi-
lar responses to many different types of challenges
(Irwin & Cole, 2011; Maier & Watkins, 1998). Indeed,
most of the literature reports general effects of adversity
on immune reactivity to acute stress and similar levels
of immune effects after different types of adversity
exposure (Danese et al., 2009; Miller & Chen, 2010;
Miiller et al., 2019). Evidence of nonspecific patterns
of effects based on categories of experience is shown
in Table S1 in the Supplemental Material available
online.

Overall, various types of adverse early experiences
appear to exert important, but similar, effects on the
brain and behavior. A recent longitudinal study that
followed children from birth to the age of 37 years
found that childhood stress interacted with current life
stress, regardless of the type of stressor, to predict diur-
nal cortisol patterns in adulthood (Young et al., 2019).
Early childhood adversity, in general, affects neurobio-
logical systems involving the regulation of stress
responses and various aspects of learning and behav-
ioral regulation. There is not yet convergent validity for
broad patterns of effects based on delineated dimen-
sions of early childhood adversity.

Problem 4: Are distinctions between types
of adversity biologically meaningful?

Sociolegal categories are not likely to map onto
buman biology. One source of misdirection in the field
likely stems from initial attempts to seek correlates
between biobehavioral measures and grouping variables
based on social-service or public-policy—derived catego-
ries. Designations such as child neglect or physical abuse
reflect legal statutes that are defined and redefined by
different communities to reflect changing community
standards and the missions of child-welfare and social-
service organizations (Dubowitz et al., 2005). What
counts as violence or sexual abuse is culturally con-
structed and has varied over time, reflecting not only
changes in power relationships but also in how societies
and social scientists have defined and understood these
constructs (Muehlenhard & Kimes, 1999). Likewise, con-
structs such as poverty were developed by economists
and policymakers. Measures of poverty are defined and
applied differently across time and contexts and were
developed to direct and evaluate government aid and
services (G. M. Fisher, 1997; Meyer & Sullivan, 2009).
Poverty may be relative or absolute and involve aspects
of deprivation as well as other stressors. The point here
is that ad hoc categories of types of experiences have
practical utility, such as providing access to treatment or
services or structure to help people communicate about
and understand their life experiences. These categories
can provide operational criteria to characterize study
samples and link scientific research with public policies.
However, there is not sufficient evidence that sociolegal
constructs are relevant to the human nervous system.
That is, the nervous system certainly responds to the
environment but is not likely carved at the joints in align-
ment with modern social designations or constructs.

Stress-response systems are not sensitive to specific
types of experiences. The type of stressor to which an
organism is exposed does not primarily influence the
brain’s stress-response systems (Berntson & Cacioppo,
2004; McEwen, 2012; Sapolsky, 2015). In fact, differences
in stress responses are attributable more to individual dif-
ferences than the type of eliciting event (Korte, Koolhaas,
Wingfield, & McEwen, 2005). For example, when rodents
are exposed to a large dominant conspecific, some will
demonstrate flight behavior whereas others demonstrate
freezing (de Boer, van der Vegt, & Koolhaas, 2003). Like-
wise, in response to the forced swim test, some rodents
will display escape behavior and others will demonstrate
more passive floating behavior (Veenema, Meijer, de
Kloet, & Koolhaas, 2003; Veenema, Meijer, de Kloet,
Koolhaas, & Bohus, 2003). Birds also show differential
responses to the same stressors, with individuals varying
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in whether they approach or flee from a novel object or
threatening intruder (Carere, Groothuis, Mostl, Daan, &
Koolhaas, 2003; Verbeek, De Goede, Drent, & Wiepkema,
1999; Verbeek, Drent, & Wiepkema, 1994). Thus, the con-
sistent findings across species is that an organism’s
response to adverse events is a function of the physiol-
ogy needed to support a behavioral repertoire, not the
type of adversity the organism has encountered.

To illustrate, animals that demonstrate fight-or-flight
behavior in response to an adverse event have high
sympathetic adrenal-medullar activation and hypotha-
lamic gonadal output (testosterone) but low HPA output
(glucocorticoids), parasympathetic activation, and pitu-
itary activation (adrenocorticotropic hormone). In con-
trast, animals who respond to the same type of event
with a freezing response demonstrate a very different
pattern of physiological responses, characterized by
high HPA output, pituitary activation, and parasympa-
thetic activity but low hypothalamic-pituitary-gonadal
(HPG) axis output and sympathetic activation (Buwalda,
Koolhaas, & Bohus, 1992; Korte et al., 1992; Korte, De
Boer, De Kloet, & Bohus, 1995; Veenema, Meijer, de
Kloet, & Koolhaas, 2003; Veenema, Meijer, de Kloet,
Koolhaas, & Bohus, 2003). In terms of neural activity,
animals that engage in freezing behavior show increases
in corticotropin-releasing factor expression (mRNA) in
the hypothalamus and increased mineralocorticoid
receptor expression throughout the hippocampus; how-
ever, these changes are not observed in animals that
demonstrate fight-or-flight behaviors (Korte et al.,
2005; Veenema, Meijer, de Kloet, & Koolhaas, 2003;
Veenema, Meijer, de Kloet, Koolhaas, & Bohus, 2003).
Similar variability in response to adverse events is
observed in humans. Individuals vary considerably in
how they respond to the same types of stressors on
indices, including cardiac autonomic responsivity
(Berntson & Cacioppo, 2004; Berntson et al., 1994),
immune reactivity (Cohen & Hamrick, 2003; Manuck,
Cohen, Rabin, Muldoon, & Bachen, 1991), cortisol
responses (Buchanan, Tranel, & Adolphs, 2006; Roy,
Kirschbaum, & Steptoe, 2001; Vedhara, Hyde, Gilchrist,
Tytherleigh, & Plummer, 2000), and neural responses
to stress in the hippocampus and PFC (Pruessner et al.,
2008; Wager et al., 2009). These findings provide further
support for the view that the nature or type of adverse
experiences is not directly tied to a specific neurobio-
logical response or outcome.

There is some evidence that some types of stressors
are associated with differential outcomes—sometimes
referred to as primitive specificity—but these stressors
tend to be simple events rather than the complex social
stressors usually studied in human children. For example,
exposure to cold temperature elicits large sympathetic

nonoradrenergic responses with relatively little or no HPA
and adrenomedullary hormonal responses; in contrast,
hypoglycemia elicits little to no sympathetic noradrenergic
activity but large HPA and adrenomedullary hormonal
responses (Goldstein, 2010; Pacak & Palkovits, 2001).
However, as stressor complexity increases, specificity in
physiological responses becomes less reflective of the
characteristics of the stressor per se and more reflective of
the type of behavioral response an animal needs to pro-
duce (Goldstein & Kopin, 2008; Korte et al., 2005), and,
perhaps, more reflective of genetic or epigenetic factors
(B. S. McEwen & Gianaros, 2010) that influence how an
organism responds to a stressor.

If it is not the kind of adverse experiences that
organisms encounter that triggers different neurobio-
logical responses, what does? One possibility is that the
individual’s perception of the event is more influential
on neurobiology than the features of the event itself
(Brosschot, Verkuil, & Thayer, 2017; Goldstein & McEwen,
2002; Lazarus, 1990; B. S. McEwen, 2019; Peters, McEwen,
& Friston, 2017; Sapolsky, 2015). Examples of this include
shifts in how organisms perceive the controllability and
predictability of a stressor (Bollini, Walker, Hamann, &
Kestler, 2004; Henry, 1992; Mormede, Dantzer, Michaud,
Kelley, & Le Moal, 1988; Muller, 2012) or rate their own
performance in coping with the stressor (Roy et al.,
2001). In humans, individual differences in perceptions
of control have been linked to differential cortisol
responses to acute laboratory stress, differences in
brain volume, and differences in brain reactivity to
stress in regions, including the hippocampus, amyg-
dala, and PFC (Harnett et al., 2015; Hashimoto et al.,
2015; Pruessner et al., 2005). Moreover, perceived
adversity, and its associated neurobiological responses,
can occur in the absence of any specific identifiable
environmental event through rumination over previous
experiences or events or anxiety about future events
(Hilt & Pollak, 2013; Ottaviani et al., 2016; Paulesu
et al., 2010).

It is not simply how a potential stressor is perceived
that attenuates or exacerbates physiological responses.
Rather, these perceptions trigger different patterns of
responses across neural systems. As an illustrative exam-
ple, how individuals construe adversity elicits distinct
autonomic cardiovascular responses (Mendes & Park,
2014; Seery, 2011). If individuals construe their personal
resources as sufficient to outweigh a situational demand,
they evince increased sympathetic cardiac activation
accompanied by increased cardiac output and decreased
vascular resistance. In contrast, if individuals perceive
that same situation as outweighing their personal
resources, their increased sympathetic cardiac activity
is accompanied by decreased cardiac efficiency,
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including minimal change in cardiac output and
increased vascular resistance (Mendes & Park, 2014;
Quigley, Barrett, & Weinstein, 2002; Sammy et al., 2017).
These cardiovascular patterns have been linked to dis-
tinct patterns of cortical activity (Koslov, Mendes, Pajtas,
& Pizzagalli, 2011) as well as inverse patterns of high
versus low HPG and HPA activation (Dickerson &
Kemeny, 2004; Mehta, Jones, & Josephs, 2008; Seery,
2011). Other factors that influence how individuals inter-
pret potential stressors include whether individuals per-
ceive themselves to be in a safe or dangerous environment
and their perceptions of their coping resources (Blascovich,
2008; Jamieson, Hangen, Lee, & Yeager, 2018; Mendes,
Blascovich, Major, & Seery, 2001).

In sum, a biologically meaningful approach to
understanding adversity needs to incorporate the fac-
tors that shape the individual’s perceptions and inter-
pretations of their events (B. S. McEwen & Gianaros,
2010; C. A. McEwen & McEwen, 2017; Sapolsky, 2015).
This makes it improbable that commonly used classes
of events such as abuse, deprivation, or poverty them-
selves will uniquely trigger developmental changes to
underlying biology or provide insight into the neuro-
biological mechanisms through which adversity influ-
ences development.

Summary: conceptual problems
with specificity models

Although there is a wealth of research linking early
adversity to negative outcomes, not much is understood
about the mechanisms underlying these effects. Long-
term longitudinal studies following individuals from
childhood into adulthood suggest that the effects of
early adversity are cumulative, nonspecific, and unlikely
to be tied to types or categories of adversity (Danese,
Pariante, Caspi, Taylor, & Poulton, 2007; Young et al.,
2019). The fuzzy nature of adversity subcategories, high
prevalence of co-occurring adversity types, and lack of
convergent validity for specific effects by category indi-
cate that attempts to link types of adversity with
nervous-system responses is unlikely to reveal mecha-
nisms underlying the effects of early adversity on
human development. Subsuming all of the issues out-
lined above is the problem that any a priori taxonomy—
abuse versus neglect, threat versus deprivation,
socioeconomic status versus poverty, emotional versus
physical maltreatment—Ilacks evidence of biological
specificity. In the section that follows, we weigh the
potential benefits of a different approach to considering
both the diversity of life events and individual differ-
ence factors that might inform a next generation of
research on the effects of early-life adversity.

Rethinking Conceptualizations of Early
Adversity

We have highlighted the conceptual and practical limi-
tations of approaching the study of child adversity on
the basis of the categories of events that children have
encountered. Yet, historically, treating adversity as a
broad, heterogeneous category similarly proved unfruit-
ful. An alternative to lumping and splitting construals
of child adversity is a “topological” (Fig. 2) approach.
In mathematics, topology refers to the fact that an
object can undergo dimensional changes such that the
object itself can be preserved while taking on different
shapes and appearances. In other words, there is an
initial structure, but various factors deform that struc-
ture along different dimensions. The analogy here is
that geometric problems do not depend on the exact
initial shape of the object but how the object is put
together. In a topological approach, it is not the type
or category of initial event a child encounters that is
biologically meaningful, but how various factors influ-
ence the way events are experienced by the child.
Below, we propose, for illustrative purposes, factors
that may lead to greater progress in linking children’s
experiences with their biology and behavior. These are
neither new nor exclusive; others include timing of
adversity exposure, genetic variation, temperament, or
personality factors. Rather, they are simply a heuristic
meant to move away from approaches that focus on
the specific types of events a child encountered or
simply treat these factors as moderators of events.
These types of data allow us to conceptualize children’s
experiences through a broader, integrative—and yet
biologically plausible—lens.

Features of the event such as chronicity/
developmental timing and intensity

Human and nonhuman animal studies suggest that fea-
tures such as the intensity, severity, chronicity, and
developmental timing of adversity are likely to have
greater explanatory power compared with the specific
type of event an organism endures (Kuhlman et al.,
2017; Teicher et al., 2018; Woodard & Pollak, 2020). In
animal research, the precise timing of when during
development a stressor occurs can be tightly controlled
and have demonstrated strong effects, as described in
a number of recent reviews (Andersen, 2015; Kuhlman
et al., 2017; Lupien, McEwen, Gunnar, & Heim, 2009;
Teicher & Samson, 2016). However, the developmental
period in which adversity occurs is tightly intertwined
with the chronicity of adversity (i.e., adversity that
begins early in a child’s life may be longer-lasting and
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Features of the
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Other Individual
Differences Factors
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Shaped by
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Fig. 2. Topological approach for conceptualizing early adversity. Factors or dimensions surrounding the potentially adverse events children
are exposed to contribute to the child’s experience, which then activates relevant biobehavioral responses to those circumstances. Meaningful
factors might include features of the event (e.g., intensity, chronicity, developmental timing); features of the environment (e.g., predictability,
contingency); and features of the child’s social context (e.g., presence of safety, social support), as well as other individual different factors

such as genetics, temperament, or previous life history.

chronic than adversity that begins later in a child’s life),
which also demonstrates profound effects on the vari-
ability in responses to stress (Danese & McEwen, 2012;
Vyas, Mitra, Rao, & Chattarji, 2002). Compared with
acute exposure to stress, chronic exposure is associated
with long-term alterations in neural plasticity. This is,
in part, a result of heightened activity across a multitude
of biological stress-response systems (including height-
ened HPA and excitatory amino-acid activity) that lead
to the overactivation of these systems and ultimately
dysregulation (B. S. McEwen, 2019). The effects of
chronic adversity include dendritic atrophy in the hip-
pocampus and PFC and increased dendritic branching
in the amygdala. These alterations have been linked to
poorer learning and memory, increased anxiety and
depressive-like behaviors, and hypersensitivity to threat
in the environment (Roozendaal, McEwen, & Chattarji,
2009; Vyas et al., 2002; Watanabe, Gould, & McEwen,
1992).

The intensity (or amount) of adversity that an organ-
ism endures modulates these responses; increased
stressor intensity results in increased reactivity through-
out the hippocampus, amygdala, and frontal cortical
regions along with increased sympathetic noradrener-
gic, adrenomedullary, and HPA responses across a vari-
ety of types of stressors (Burow, Day, & Campeau, 2005;
Campeau & Watson, 1997; Pacik & Palkovits, 2001). In

rodents, both behavioral responses (such as freezing)
and physiological responses (such as corticosterone
levels) are positively related to the intensity of the foot
shock the animal receives. Moreover, the intensity of
the stressor the animal receives is associated with dif-
ferential expression of cell-adhesion molecules, which
are involved in synaptic plasticity, in the hippocampus
(Merino, Cordero, & Sandi, 2000). Likewise, when
rodents are exposed to varying intensities of restraint
stress, intensity level is associated with increased activity
in the hypothalamus and amygdala and decreased activ-
ity in the cingulate cortex (Mohammad, Chowdhury,
Fujioka, & Nakamura, 2000).

Human adults similarly evince increases in sympa-
thetic noradrenergic, adrenomedullary, and HPA
responses for a range of stressors that vary according
to the intensity of the stressor (Goldstein, 2010). These
effects hold both for intensity of the stimulus (such as
temperature for heat pain or milliamps for electric
shock) and for how intense individuals perceive a
stressor (perceived ratings of pain or stress intensity).
Both actual (temperature) and perceived (rated pain)
intensity of heat pain are positively associated with
activity at a network level in a circuit that includes many
of those areas implicated in producing stress responses,
including the amygdala, hypothalamus, and PFC
(Jepma, Koban, van Doorn, Jones, & Wager, 2018). In
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addition, actual and perceived intensity of heat pain have
been associated with autonomic nervous-system responses
(Dildine, Mischkowski, Banker, Atlas, & Palacios-Barrios,
2018; Loggia, Juneau, & Bushnell, 2011; Treister, Kliger,
Zuckerman, Aryeh, & Eisenberg, 2012). For a social-
speech stressor, individuals’ perceived intensity of the
stressor was positively related to their cortisol responses
(Campbell & Ehlert, 2012), and stressors perceived as
more intense are associated with larger cortisol
responses (Skoluda et al., 2015).

Chronicity and intensity of adversity exposure has
also been meaningfully related to the effects of adver-
sity on children in ways that parallel observations of
nonhuman animals and adults (Lupien et al., 2009). For
example, children with high scores on the Life Stress
Interview, which quantifies the intensity of children’s
adversity exposure, had smaller amygdala and hippo-
campal volumes than children exposed to less intense
levels of early adversity. In contrast, children with
reports of child abuse and neglect and those living in
poverty all showed similar effects on brain structure
(Hanson, Nacewicz, et al., 2015). In addition, the inten-
sity of adversity exposure in children has been associ-
ated with altered activation striatal and cortical circuits
during value processing (Birn et al., 2017). Retrospec-
tively reported severity of early adversity exposure (rec-
ognizing this is subject to the issues with retrospective
reports outlined above) in childhood has been associ-
ated with increased dorsomedial PFC responses to a
social stressor (van Harmelen et al., 2014) and altered
global connectivity of the ventrolateral PFC (Cisler
et al., 2013).

Both severity and chronicity of maltreatment in chil-
dren have also been linked to epigenetic changes of
the glucocorticoid receptor gene (Perroud et al., 2011),
and, as with adults, variations in the intensity of early
adversity appears to modulate HPA activity. Retrospec-
tively reported intensity of stress, rather than type of
stress, during early childhood has been associated with
increased basal levels of CRH in cerebrospinal fluid
(Carpenter et al., 2004) and increased cortisol responses
to acute social stress (Ouellet-Morin et al., 2019).
Children’s rated intensity of adversity interacts with age
to also predict cortisol awakening responses (King
etal., 2017). In addition, although chronicity and inten-
sity may represent two different dimensions of experi-
ence, data from animals suggest that the two interact
to influence stress responses. Increasing the intensity
of an acute stressor results in an enhancement of adap-
tive immunity and corticosterone responses, whereas
chronic intense stress results in the suppression of adap-
tive immunity and corticosterone (Dhabhar & McEwen,
1997). However, there is not much data available on
how these two dimensions interact in humans to pro-
duce differential responses.

Features of the early environment
such as predictability and contingency

There is growing recognition that critical features of the
early environment such as predictability and contingent
responding of caregivers (or, alternatively, chaos and
lack of stability) have an important role in shaping
young children’s experience and development (Glynn
& Baram, 2019; Risbrough et al., 2018; Wismer Fries &
Pollak, 2017). Predictability refers to the degree to
which accurate predictions can be made about future
events on the basis of current ones. Contingency, often
characteristic of predictability, refers to the likelihood of
one event or action being followed by another (Frankenhuis,
2016; Hasson, 2017). A lack of predictability in the
environment leads to perceptions of uncertainty or
volatility, which can lead to an extended activation of
stress-response systems (Soltani & Izquierdo, 2019).
This extended activation alters brain architecture in
regions such as the PFC, amygdala, and hippocampus,
which undermines adaptive regulation and coping
(Peters et al., 2017).

The development of prefrontal-amygdala-hippocam-
pal systems is likely aided by parent—child relationships
that are stereotypically repetitive, highly predictable,
and marked by contingent parental responses. In norma-
tive contexts, adult caregivers reliably respond to infant
cries, comfort a child who is hurt, and provide support
to a child who is dysregulated (P. A. Fisher, Frenkel,
Noll, Berry, & Yockelson, 2016; Hallers-Haalboom et al.,
2017). The lack of predictable and contingent input
from caregivers affects children’s expectations of the
environment, leading to uncertainty and perceptions
of vulnerability (Chen & Baram, 2016; Harms, Shannon
Bowen, Hanson, & Pollak, 2018). Historically, this same
concept has also been a key component of constructs
such as healthy parent—child attachment (Stroufe,
1988).

Evidence from nonhuman animals also indicates that
parental responsivity and sensitivity plays an important
role in shaping learning processes, particularly social
learning (Baram et al., 2012; Risbrough et al., 2018;
Zajac, Raby, & Dozier, 2019). For example, monkeys
reared in isolation demonstrate disruptions in social and
reward learning (F. A. Champagne & Curley, 2005; Pryce,
Dettling, Spengler, Schnell, & Feldon, 2004). In contrast,
if monkeys are removed from the care of their biological
mother and reared instead by dogs (referred to as cross-
fostering), they demonstrate less severe deficits
(Capitanio & Mason, 2000). This is thought to be because
infant monkeys raised by the dog foster mother continue
to receive contingent responses (e.g., comforting in
response to distress cues; Capitanio & Mason, 2000).
Similar results have been observed in rodents, in which
variations in maternal care, measured via licking and
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grooming behaviors, have been associated with poorer
learning and memory (Barha, Pawluski, & Galea, 2007,
Liu, Diorio, Day, Francis, & Meaney, 2000) and altered
stress regulation (D. L. Champagne et al., 2008; Weaver
et al., 2004). These effects appear to be dependent on
changes in hippocampal (D. L. Champagne et al., 2008;
Liu et al., 2000), prefrontal (Monroy, Hernandez-Torres,
Floréz, & Flores, 2010; T. Zhang, Chrétien, Meaney, &
Gratton, 2005), and amygdala (Caldji et al., 1998; Fries,
Moragues, Caldji, Hellhammer, & Meaney, 2004) synap-
tic plasticity, areas that together play an important role
in both stress responsivity and learning and memory
(Eichenbaum, 2017; B. S. McEwen, 2017).

In addition, variations in maternal care have been
associated with epigenetic changes in glucocorticoid
receptors (Turecki & Meaney, 2016; Weaver et al., 2004)
and alterations in both glucocorticoid and mineralocor-
ticoid receptor expression (D. L. Champagne et al.,
2008; van Hasselt et al., 2012), suggestive of changes
in HPA functioning. Cross-fostering infants of low-
licking and grooming mothers with high-licking and
grooming mothers appears to reverse some of these
changes at the neural and behavioral levels, indicating
they are driven by the type of maternal behavior to
which pups are exposed (Liu et al., 2000; Weaver et al.,
2004).

In humans, the disruption of parental inputs, as char-
acterized by abuse or institutional deprivation, has also
been associated with deficits in associative-learning
processes (Ironside, Kumar, Kang, & Pizzagalli, 2018;
Novick et al., 2018) and altered stress responsivity
(Hostinar & Gunnar, 2013; B. S. McEwen & McEwen,
2017). As in rodents, the effects appear to be linked to
alterations in the hippocampal, prefrontal, and amygdala
circuits (Fan et al., 2014; Gorka et al., 2014; Tottenham
& Sheridan, 2009), along with epigenetic changes in
glucocorticoid receptors (Turecki & Meaney, 2016;
Tyrka, Price, Marsit, Walters, & Carpenter, 2012) and
changes in HPA responsivity (Hunter, Minnis, & Wilson,
2011; Koss & Gunnar, 2017). These results have been
interpreted as suggesting a role for early predictable
inputs in shaping both the development of learning pro-
cesses and stress-response systems, possibly through
alterations in prefrontal-hippocampal-amygdala circuits
and glucocorticoid function. However, it is likely that there
is a wide range of variance in the unpredictability or,
conversely, predictability of experiences of adversity.

Indeed, recent research that has attempted to directly
assess the predictability of early inputs in the environ-
ment finds that the predictability of parental inputs
(measured by calculating the entropy rate for maternal
auditory, visual, and tactile inputs during the parent—
child interaction) shapes children’s cognitive outcomes
above and beyond the type of inputs (measured through

coded maternal sensitivity, positive regard, and intru-
siveness during a parent—child interaction; Davis et al.,
2017). Longitudinal research assessing early influences
on adolescents’ externalizing behaviors finds that the
unpredictability of the environment during childhood,
quantified using changes in maternal employment,
changes in residence, and changes in cohabitation, was
associated with increased externalizing behaviors in
adolescence, whereas the type of adversity (i.e., socio-
economic status) was not (Doom, Vanzomeren-Dohm,
& Simpson, 2016). Likewise, research in rodents sug-
gests that these observed effects result from altered
functioning in prefrontal-hippocampal-amygdala cir-
cuits, finding that unpredictable maternal inputs are
associated with altered connectivity between the medial
PFC and amygdala (Bolton et al., 2018) as well as
decreased dendritic arborization in the hippocampus
(Molet et al., 2016) beyond the effects produced by
types of maternal inputs. Together, this body of work
suggests that a better assessment of the variation in the
predictability, stability, and/or degree of contingent
responding of adult caregivers to the needs of the
developing child will provide insight into developmen-
tal alterations in prefrontal cortical and subcortical
stress-response circuits.

Features of the social/interpersonal
context such as safety and social support

Recent proposals have suggested that flipping the way
scientists have historically construed stress from “pres-
ence of perceived threat” to “lack of perceived safety”
may provide greater insight into individual differences
in responses to stress and experiences of adversity
(Brosschot et al., 2017; Porges, 2015). This idea is based
on findings that psychological factors (such as novelty,
withholding reward, and anticipation of punishment)
rather than direct physical threat, injury, or actual pun-
ishment most potently activates stress-response systems
(Mason, 1959, 1975). According to this view, rather than
perceptions of threat activating neural threat circuits,
these circuits are always active, and cues of perceived
safety engage prefrontal circuits that inhibit threat-
response circuits. Indeed, the ventromedial PFC
(vmPFC) plays an important role in tracking cues of
safety (Mobbs et al., 2007; Yao, Qi, Kendrick, & Mobbs,
2018) and fear-extinction learning (Milad et al., 2007,
Schiller, Levy, Niv, LeDoux, & Phelps, 2008). Under
conditions in which safety is uncertain, subcortical inhi-
bition by the vmPFC is decreased and amygdala activity
is enhanced (Grupe & Nitschke, 2013). Although there
is likely a role of both perceived safety and threat in
shaping stress responses, this perspective of a lack of
perceived safety may prove fruitful.
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In the context of attachment, early cues of safety
have long been recognized as playing an important role
in shaping children’s expectations about their caregiv-
ers and other adults, with infants expecting adult care-
givers to be a source of safety who can be relied on to
protect them and respond to their needs (Dykas &
Cassidy, 2011). Safety/security in early childhood has
been characterized in a variety of different ways, with
aspects such as parental presence/adult “buffering,”
sensitivity, responsivity, and support thought to be cues
of safety and a lack of parental input, through isolation,
maternal separation, neglect, or abusive parenting
behaviors, being cues of a lack of safety (Callaghan &
Tottenham, 2016; Gunnar, Hostinar, Sanchez, Tottenham,
& Sullivan, 2015; Sanchez, McCormack, & Howell,
2015). Cues of safety early in development play an
important role in engaging the prefrontal circuits that
inhibit threat-response circuits, which will have implica-
tions for how children perceive and interact with their
environment later in life (Porges, 2015). Indeed, evi-
dence from nonhuman primate and rodent models sup-
ports this finding. For example, Sanchez et al. (2015)
and Sullivan and Opendak (2018) showed that early
parental presence plays an important role in inhibiting
neurobiological threat-response systems, with both
rodent pups and infant primates demonstrating reduced
glucocorticoid release and decreased amygdala activa-
tion in the presence of the mother. However, in cases
of abusive maternal rearing, maternal presence does
not appear to exhibit buffering effects. Under these
circumstances rodent pups and primate infants demon-
strate enhanced glucocorticoid responses to stress
(Moriceau, Shionoya, Jakubs, & Sullivan, 2009; Sanchez
et al., 2015) as well as alterations in both the structure
and function of the amygdala and PFC (Nephew, Huang,
Poirier, Payne, & King, 2017; Rincon-Cortés & Sullivan,
2016; Spinelli et al., 2009). From this literature it is clear
that parental presence, a salient early cue of safety, is
important to supporting the typical development of the
neurobiological stress-response systems.

There is some evidence indicative of similar early
regulatory effects of parental presence on the develop-
ment of stress-response systems in humans (for review,
see Gunnar et al., 2015; Tottenham, 2015). Parental
presence has been demonstrated to dampen both cor-
tisol (Hostinar, Johnson, & Gunnar, 2015; Seltzer,
Ziegler, & Pollak, 2010) and amygdala reactivity (Gee
et al., 2014) to stress in children, consistent with the
rodent and primate literature. The presentation of a
parent’s voice during speech stress has been associated
with faster poststressor cortisol recovery (Seltzer et al.,
2010), suggesting that parental support does not neces-
sarily need to be physical to buffer children’s responses
to stress. In addition, recent research suggests that

variations in social support better explain problem
behaviors in adolescents than traditionally recognized
predictors, such as delay of gratification (Michaelson &
Munakata, 2020).

There is also evidence that early adversity is associ-
ated with altered prefrontal-amygdala connectivity, and
these alterations have been linked to children’s risk for
psychopathology (Fan et al., 2014; Gee et al., 2013;
Herringa et al., 2013). This points to disruptions in the
development of these circuits in children lacking early
cues of safety that have implications for their behaviors
and mental health. However, in cases of adversity in
which children still receive high levels of support from
their parents, these effects are mitigated. Adolescents
living in poverty showed altered connectivity in pre-
frontal cortical networks involved in executive function-
ing and emotion regulation, but not if they reported
having high levels of parental support (Brody et al.,
2019). Children adopted from institutional care who
reported high levels of security in the parent—child
relationship demonstrated reduced amygdala reactivity
to pictures of their parent. This reactivity was similar
to that seen in children who had never been in institu-
tional care (Callaghan et al., 2019). In addition, social
support may diminish some of the biobehavioral effects
of adversity and is associated with a reduced risk of
psychopathology in children who experience maltreat-
ment (McLafferty, O’Neill, Armour, Murphy, & Bunting,
2018; van Harmelen et al., 2016). Consistently incorpo-
rating an assessment of factors that represents early
cues of safety, such as parental support, when studying
how children respond to early adversity has the poten-
tial to greatly illuminate the neurobiological mecha-
nisms through which negative environments shape
development.

Concluding Remarks

There has been significant progress in understanding
the role of adversity on child development, but there
has not been sufficient progress. Consensus has
emerged about what constitutes adversity (or stress, or
risk, or strain), and the significant health and behavioral
correlates of severe early-life adversity on human devel-
opment are replicable and well documented. What we
still lack, however, is a deep understanding of the neu-
robiological mechanisms through which adversity
exerts those effects and individual differences in those
responses. The idea of reducing the construct of adver-
sity to subcomponents or types of experiences seemed
a reasonable way to achieve progress in the past but is
not likely to be successful. The main problem is two-
fold. First, subtypes of adversity (abuse, neglect, threat,
deprivation, etc.) are not natural kinds. Natural kinds
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are categories whose members are sufficiently alike to
extrapolate to properties of the categories as a whole.
Subtypes of human experiences are too heterogeneous
and overlapping to fit this description and function. Yet
most current studies (see Table 1) accept a priori that
some descriptor of an adverse event designates a natu-
ral kind. Being hit is a physical threat, being food-
insecure is deprivation, being sexually abused may be
something else entirely, and each specific kind or cat-
egory is presumed to be associated with a correspond-
ing specific neurobiological effect. However, we
struggled to find consistent empirical evidence to sup-
port this assumption. Splitting types of theories work
only if some biological index or behavioral outcome is
specific to a particular type of adversity (e.g., neglect
or deprivation) and does not generalize to a different
form of adversity (e.g., physical abuse, chronic poverty,
violence exposure). In fact, most categories of adversity
overlap, and most brain and behavioral outcomes are
associated with many different aspects of adversity.

Second, research on stress indicates that types or
dimensions of events do not determine variability in
stress responses. Rather, other factors such as variations
in organisms’ perceptions of events drives the specific-
ity in biobehavioral responses. In this regard, both
lumping and splitting approaches place primary empha-
sis on the eliciting physical or sensory event that a child
experienced and may miss factors that are more critical
in driving children’s biological responses. There is no
doubt that actual events in the real world trigger what
could become an adverse event for a child. But predict-
ing how the brain will respond to an event requires
assessing how children construct their experiences of
that event. In other words, an event is not adverse until
the child perceives and construes it as such. In this
manner, the biobehavioral responses to any given event
will depend on a host of factors, including features of
the event itself, the child’s environment, the interper-
sonal context surrounding the event, and preevent indi-
vidual differences.

This is not to say that the specific events to which a
child is exposed hold no explanatory power. Indeed,
there are often contexts in which this information is all
that is available regarding the child’s experience. How-
ever, advancing understanding of the mechanisms
through which adversity influences development
requires embedding these pieces of information of a
child’s experience within more contextual foci. This,
along with further elucidating genetic and epigenetic
influences, will expand our insight into the neurobio-
logical mechanisms underlying individual differences
in children’s responses to early adversity. These may
be more difficult things to measure in children’s lives
and will require the development of new assessment

approaches. However, although more difficult to mea-
sure, these factors also represent potential for more
targeted prevention and intervention approaches aimed
at discrete mechanisms affected by children’s experi-
ences. Expanding our understanding of these dimen-
sions of experience can illuminate the individual
differences through which neurobiological systems may
shape children’s future health and behavior and provide
insight into what types of interventions may be more
or less effective for different subsets of individuals.

Transparency

Action Editor: Aina Puce

Editor: Laura A. King

Declaration of Conflicting Interests
The author(s) declared that there were no conflicts of
interest with respect to the authorship or the publication
of this article.

Funding
This work was supported by National Institute of Mental
Health Grants R0O1-MH61285 (to S. D. Pollak) and
T32-MHO018931-30 (supporting K. E. Smith), by a James
McKeen Cattell Fund Fellowship, and by Eunice Kennedy
Shriver National Institute of Child Health and Human
Development Grant U54-HD090256 (supporting S. D.
Pollak).

ORCID iDs

Karen E. Smith
Seth D. Pollak

https://orcid.org/0000-0002-6689-7346
https://orcid.org/0000-0001-5184-9846

Acknowledgments

We thank both Megan Gunnar and Bruce McEwen for provid-
ing very thoughtful and constructive feedback on an earlier
version of the manuscript. We also dedicate this article to
Bruce McEwen, who died just prior to its acceptance for
publication.

Supplemental Material

Additional supporting information can be found at http://
journals.sagepub.com/doi/suppl/10.1177/1745691620920725

Note

1. One aspect of confusion in the extant literature is a dis-
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