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Abstract

Maltreatment in childhood is associated with a significantly increased likelihood of psychiatric disorder that endures across the life span. If disorders emerge
they tend to be more severe and less responsive to treatment. We introduce the concept of latent vulnerability as a way of conceptualizing the nature of
this psychiatric risk. We argue that vulnerability to mental health problems can be understood as changes in a suite of neurocognitive systems that reflect
adaptation or altered calibration to early neglectful or maltreating environments. Altered threat processing is presented as one exemplar candidate system.
Heightened neurocognitive vigilance to threat is argued to reflect a calibration to an early at-risk environment that becomes maladaptive (and instantiates
vulnerability) in the longer term. Other neurocognitive domains, including reward and memory processing, represent equally promising candidates for
indexing latent vulnerability and warrant future enquiry. We suggest that the operationalization of latent vulnerability has the potential to guide a preventative
psychiatry approach. Intervention currently occurs at two stages when maltreatment is confirmed: first, by addressing issues of risk; and second, by providing
clinical intervention if a child meets criteria for psychiatric disorder. We argue that indexing latent vulnerability represents a third intervention opportunity,
with the potential to target an indicated prevention approach for the most vulnerable children, offsetting risk trajectories before psychiatric disorders emerge.

There is now an overwhelming body of evidence that child-
hood maltreatment significantly increases the risk of psychi-
atric disorder in adolescence and throughout adulthood
(Gilbert et al., 2009). It is important to note that such an asso-
ciation is probabilistic: maltreatment experience serves to
significantly increase the likelihood of poor outcome (e.g.,
Koenen & Widom, 2009; Widom, DuMont, & Czaja,
2007). What is remarkable is the sheer diversity of disorders
that are potentiated by exposure to this form of early adver-
sity. These range from depression (Anda et al., 2002), anxiety
(Scott, Smith, & Ellis, 2010), and borderline personality dis-
order (Widom, Czaja, & Paris, 2009) to schizophrenia (Read,
Os, Morrison, & Ross, 2005). This impact on psychological
health is in turn embedded within a broader spectrum of
maladaptive outcomes associated with maltreatment, which
includes poorer physical health (Widom, Czaja, Bentley, &
Johnson, 2012), economic productivity (Currie & Widom,
2010), educational attainment, and social functioning (Niku-
lina, Widom, & Czaja, 2011). This spectrum of difficulties
suggests that maltreatment (i.e., experiences of neglect and/or
physical, sexual, and emotional abuse) leaves its mark by alter-
ing core aspects of functioning that are likely to play a general
role in the ability to successfully negotiate normative stresses
and developmental challenges across the life span.

If this picture were not sufficiently sobering, an emerging
body of research suggests that when a psychiatric condition
does present in an individual who has experienced childhood
maltreatment, the nature of the individual’s disorder is more
problematic or intractable in a number of respects. First, psy-
chiatric disorders in individuals who have experienced mal-
treatment are likely to develop earlier, and with more severe
symptomatology (Hovens et al., 2010). Second, such disor-
ders are more likely to present alongside other co-occurring
conditions (Harkness & Wildes, 2002). This increased likeli-
hood of co-morbidity is consistent with the general supposi-
tion that the experience of maltreatment has a broad rather
than focal impact on functioning. Third, a disorder in an indi-
vidual who has experienced childhood maltreatment is more
likely to be persistent and recurrent and less likely to respond
to standard treatment approaches (Hovens et al., 2012; Nanni,
Uher, & Danese, 2012). Studies have shown that both psy-
chological and pharmacological interventions for depression
(for example) are less effective for individuals with prior ex-
periences of childhood maltreatment (Harkness, Bagby, &
Kennedy, 2012; Nanni et al., 2012).

Children who have experienced such adversity can there-
fore be understood to represent a particularly vulnerable
group at elevated risk of mental health difficulties. The ap-
proach of social and healthcare providers to the substantial
challenge posed by maltreatment has involved prevention
as well as social care and mental health intervention follow-
ing maltreatment experience. There has been an important
and necessary emphasis on what has been termed primary
prevention. For example, programs such as the well-evaluated
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Nurse Family Partnership program have been shown to
reduce cases of child abuse and neglect even after a 15-year
follow-up (Olds et al., 1997). However, despite the signifi-
cant success of this and other prevention programs, there
continue to be a huge number of children about whom profes-
sionals have concerns. In 2012, referrals regarding maltreat-
ment were made in relation to 6.3 million children in the
United States alone (US Department of Health and Human
Services, 2013). Of these, 686,000 cases were substantiated.
Once maltreatment has been confirmed, the question arises:
how can we act to help and support these children? There
are typically two intervention stages following experience
of maltreatment. First, there is an appropriate focus on
addressing child protection and welfare concerns, ensuring
that children are safe and if necessary moved into an alterna-
tive setting. Second, there are mental health interventions, but
typically only for those children who meet psychiatric diag-
nostic criteria. While there are some initiatives to support
children and families, including support for foster care pro-
viders, it is unusual for children who experience maltreatment
to receive any specialist input or preventative intervention in
relation to mental health until they meet criteria for a psychi-
atric disorder, when they are referred, like any other child, to a
generic clinic for disorder-specific treatment. While the prior
experience of maltreatment may be a pertinent factor in clin-
ical formulation, it does not usually represent a primary orga-
nizing principle in the design of the intervention.

We believe that this current approach is failing many chil-
dren. Even though we know maltreatment is associated with
significantly elevated risk of psychiatric disorder, the re-
ceived wisdom is to wait until full-blown disorders emerge
before treatment is offered. Such an approach is increasingly
at odds with a recent shift toward preemptive psychiatry (e.g.,
Insel, 2009; McGorry, 2013). Given the nature of the known
vulnerability associated with this group of children, the chal-
lenge is surely to identify these individuals, and offset their
risk trajectory, by providing a form of preventative interven-
tion that can reduce the likelihood of a psychiatric illness in
the future.

In this paper, we outline the concept of latent vulnerability
as an important organizing construct that has the potential to
inform such a strategy. Below we develop our definition of
latent vulnerability and then systematically consider altered
threat processing as one potential candidate of latent vulner-
ability. Finally, we explore the translational implications and
challenges of operationalizing this construct in a clinical
context.

The Theory of Latent Vulnerability

Latent refers to a quality or state existing but not yet devel-
oped or manifest. We suggest that there are measurable
changes that follow from experiences of maltreatment that
are latent in so far as they do not necessarily have an immedi-
ate clinical manifestation, but nonetheless are associated with
an increased risk of, or vulnerability to, future psychiatric dis-

order. An index of latent vulnerability therefore captures the
degree to which an ostensibly healthy individual previously
exposed to maltreatment is at future risk of developing a psy-
chiatric disorder. A significant degree of latent vulnerability
is likely to characterize a proportion of children who experi-
ence maltreatment and neglect, but currently we lack the abil-
ity to differentiate these children, or make assessments re-
garding their relative degree of latent vulnerability. In order
to make explicit the nature of this construct, we draw out
four key features that are central to its definition and relevant
to its operationalization.

Beyond symptomatology

There is now a growing literature in the field of psychosis re-
search delineating how preclinical symptomatology can con-
stitute a prodromal presentation that occurs before the onset
of a psychotic episode (e.g., McGlashan & Johannessen,
1996). The prodrome phase includes both generic symptoms,
for example, changes in irritability or depression, and attenu-
ated positive symptoms, such as thought disorder or ideas of
reference. Such prodromal symptoms and markers of latent
vulnerability share a number of features: both are associated
with an increased risk of psychiatric disorder; both may be
manifest at psychological and behavioral levels; and both
may have an impact on functioning independently of the pre-
sence or absence of a disorder. However, these concepts dif-
fer in a number of important respects. Markers of latent vul-
nerability are not necessarily symptoms of any future
disorder. They may refer, for example, to cognitive processes
or representations that increase the likelihood that a set of
symptoms may develop, but these symptoms may be qualita-
tively different. For example, as we discuss later, an increased
tendency to overgeneral autobiographical memory function-
ing may increase vulnerability to depression (Rawal &
Rice, 2012), but this pattern of memory functioning does
not constitute a symptom of depression.

A systems-level index

Our view is that latent vulnerability in maltreated individuals
is best indexed by a systems-level approach. In other words, it
is a complex phenotype that can be thought of as a “maladap-
tive calibration” in one or more systems important for socio-
emotional and cognitive functioning. Understanding the way
in which latent vulnerability emerges following maltreatment
may be achieved in theory by focusing on different levels of
analyses. For example, one might investigate how genetic,
cellular, or hormonal factors contribute to the developmental
emergence of a complex, system-level latent vulnerability
phenotype. Such work is critical if we are to elucidate causal
mechanisms. For example, we may be interested in how
people with different genotypes respond to maltreatment ex-
perience and how this influences their gene expression and
hypothalamic–pituitary–adrenal axis functioning over time,
resulting in an overvigilance to threat and biased processing
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of ambiguous information (seen as threatening). This multi-
level approach is consistent with the dominant framework
of developmental psychopathology and resilience research
(Cicchetti, 2013; Cicchetti & Bender, 2006; Cicchetti &
Toth, 2009) as well as a key tenet of the National Institute
of Mental Health’s Research Domain Criteria initiative (Insel,
2014; Insel et al., 2010). Each of these approaches proposes
that risk for mental disorder is best indexed by considering
a range of system-level dimensional constructs that are essen-
tially agnostic about disorder categories.

However, the question of how we best capture or “diag-
nostically index” latent vulnerability is a related but distinct
issue from the investigation of how latent vulnerability devel-
ops. We suggest that from a translational perspective, how we
accurately quantify atypical “system calibration” denoting in-
creased risk for psychiatric disorder is of crucial importance in
its own right and is best operationalized at the neurocognitive
systems level. Given the heterogeneity of maladaptive out-
comes associated with maltreatment across psychiatric disor-
ders (Gilbert et al., 2009), it would be reasonable to hypothe-
size that a limited but varied set of candidate neurocognitive
systems are compromised or shaped in a way that increases
psychiatric vulnerability following trauma exposure.

An embedded vulnerability factor

We propose that latent vulnerability is present and can be in-
dexed prior to onset of psychiatric disorder. However, that la-
tent vulnerability is present does not necessarily inform us as
to the timing of disease onset; such vulnerability could
theoretically be present for months or years, but clinical
symptoms (both behavioral and cognitive) may only manifest
under certain conditions characterized by stress or challenge
or may never manifest given adequate intrinsic and extrinsic
protective factors, favorable conditions, and resilient geno-
types, despite the enduring presence of latent vulnerability
(see Figure 1). In the same way that a set of hidden structural
deficits in a building, for example, may only become manifest
under severe weather conditions, so too might the inherent
weaknesses associated with elevated latent vulnerability
only manifest as clinical symptoms following stress exposure.
This concept is different from how the idea of “prodrome” is
typically used in the field of psychosis research, denoting a
period of time, which occurs prior to an individual develop-
ing a psychotic episode, during which a pattern of behavioral
and cognitive changes is manifest (e.g., Yung & McGorry,
1996).

Figure 1. (Color online) A schematic displaying the embedding of latent vulnerability at the neurocognitive level and differential outcome in
relation to psychiatric risk depending on protective factors, stressor exposure, and genotypes.
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Predictive validity

A true marker of latent vulnerability must have a predictive
value in signaling heightened risk of future psychiatric disorder
in individuals who have experienced maltreatment among a
group who are already at elevated risk of psychopathology.
Thus, although we might be able to identify a range of neuro-
cognitive correlates of maltreatment experience, any given
correlate could only be described as a marker of latent vulner-
ability if individual differences in this factor significantly
contribute to our estimation of individual differences of future
psychiatric risk.

Here we consider one system-level construct that repre-
sents a promising candidate marker of latent vulnerability:
threat processing. We focus our discussion on evidence per-
taining to the neurocognitive level, because this level of anal-
ysis can capture system-level processes (and supporting
neural architecture) that bias an individual’s computations
about the world. The computational processes instantiated
at the neurocognitive level represent the developmental
product of multiple and dynamic genetic, epigenetic, and
environmental processes. As such, the functioning of a given
system at the neurocognitive level will be to a degree congru-
ent with, and will have resulted from, adaptation to a nonnor-
mative environment characterized by threat, deprivation, or
unpredictability. However, such adaptation to environment-
specific contingencies may render the system less well opti-
mized for more typical environments with different process-
ing demands.

The question arises as to what evidence would be required
to establish the viability of a putative construct of latent vul-
nerability. We suggest that at least three core criteria need to
be met. Specifically, it should be possible to demonstrate that
any system-level construct can be shown to be the following:

1. associated with maltreatment experience, even in the ab-
sence of (or prior to) the development of psychiatric disor-
der;

2. predictive of individual differences in psychiatric outcome
among individuals who have experienced maltreatment in
childhood; and

3. associated with relevant psychiatric disorders known to be
elevated among individuals who have experienced mal-
treatment.

We now review the current evidence pertaining to threat
processing in relation to these three criteria.

Threat Processing: A Candidate System Indexing
Latent Vulnerability

Threat processing and its neural bases

Survival of an organism crucially depends on the ability to
accurately detect stimuli associated with danger and respond
in ways that serve to mitigate such threat. There is a rich and

longstanding neurocognitive literature, including studies of
typical adults and maltreated children, demonstrating that
threat-related stimuli are prioritized for processing (e.g.,
LeDoux, 2000; Öhman, 2009; Rieder & Cicchetti, 1989).

Much of what we know about the neural processes that
underpin our ability to process threat has been informed by
decades of animal research. The amygdala, a heterogeneous
medial temporal lobe structure composed of a varied collec-
tion of interconnected subnuclei, has been shown to play a
privileged role in fear learning and threat detection; however,
there is increased recognition that it is also involved in other
social cognitive and motivational processes, and concerned
with salient environmental cues more generally. The amyg-
dala receives extensive afferent projections from the thalamus
as well as sensory and association cortices (Pape & Pare,
2010) and in turn projects a widespread set of efferents to
both subcortical structures (notably the hypothalamus, the
bed nuceli of stria terminalis, periaqueductal gray, and stria-
tum) as well as a set of cortical structures with which the
amygdala is reciprocally connected (including the medial
prefrontal cortex, insula, and sensory cortices). Human lesion
studies have demonstrated a high degree of consistency in
functionality of this fear network, indicating that the amyg-
dala plays a critical role in learning and initiating conditioned
responses (LaBar, LeDoux, Sencer, & Phelps, 1995). It
should be emphasized that amygdala reactivity to threat
reflects only one component of a distributed processing net-
work, encompassing the medial prefrontal cortex (and the an-
terior cingulate cortex in particular), as well as the insula (e.g.,
Etkin & Wager, 2007; Kerestes, Davey, Stephanou, Whittle,
& Harrison, 2013; Shin & Liberzon, 2010). For example, the
amygdala plays a critical role in fear extinction (where an in-
dividual ceases to regard a given stimulus as threatening)
along with several other brain areas (in particular the ventro-
medial prefrontal cortex; Milad & Quirk, 2002). As we dis-
cuss later, there is emerging evidence that this neurocognitive
system appears to recalibrate or adapt in children and in adults
following sustained exposure to environmental danger.

Threat processing evaluated against the three
core criteria

What is the evidence that maltreatment experience is associ-
ated with atypical threat processing, even in the absence of,
or prior to, the development of psychiatric disorder? Find-
ings from a range of methodologies suggest atypical process-
ing of threat cues in children exposed to maltreatment. In a
series of psychological studies Pollak and colleagues have
shown that children exposed to physical abuse have broader
perceptual boundaries for categorizing anger (Pollak &
Kistler, 2002) and can accurately identify angry facial expres-
sions using sparse perceptual information (Pollak, Messner,
Kistler, & Cohn, 2009; Pollak & Sinha, 2002). These findings
have been supported by EEG studies that have demonstrated
atypical processing of angry faces at the neural level in
school-aged children exposed to maltreatment. For example,
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relative increases in amplitude of the P3b event-related potential
(ERP) component have been reported when physically abused
children actively search for or attend to angry faces (Pollak,
Cicchetti, Klorman, & Brumaghim, 1997; Pollak, Klorman,
Thatcher, & Cicchetti, 2001), suggesting hyperresponsiveness
to angry facial expressions relative to nonmaltreated children.
In addition, P3b amplitude has been found to correlate with
symptoms of anxiety in children who have experienced phys-
ical abuse (Shackman, Shackman, & Pollak, 2007).

Cicchetti and colleagues have even demonstrated alterations
in ERP responses in much younger children exposed to mal-
treatment, reporting altered ERP response to facial affect in chil-
dren at 30 months and 42 months of age who had experienced
maltreatment in the first 12 months of life (Cicchetti & Curtis,
2005; Curtis & Cicchetti, 2011). More recently, Curtis and Cic-
chetti (2013) examined the neural correlates of facial affect pro-
cessing in 15-month-old infants who had documented experi-
ences of maltreatment before the age of 12 months. Even at
this young age, an altered ERP pattern to facial expressions
was observed for both angry and happy faces in maltreated
compared to nonmaltreated infants. Collectively, these studies
using both behavioral and electrophysiological indices provide
convincing evidence that children who have been exposed
to maltreatment show preferential attention for (or difficulty
disengaging from) human cues conveying threat.

In recent years, several functional magnetic resonance
imaging (fMRI) studies have been conducted, complement-
ing these psychological and electrophysiological studies.
These have consistently reported heightened amygdala reac-
tivity to threat-related cues in children exposed to early adver-
sity or childhood maltreatment. In two fMRI studies using
emotional face-processing paradigms, children who had ex-
perienced early institutionalization were found to exhibit in-
creased amygdala response to threatening facial cues (Maheu
et al., 2010; Tottenham et al., 2011). We have reported similar
findings in two studies of children exposed to maltreatment at
home, in community settings (McCrory et al., 2011, 2013). In
one study, we asked children exposed to documented mal-
treatment (n ¼ 20) and a matched group of community peers
(n¼ 23) to decide the gender of a series of faces that varied in
emotional expression (neutral, angry, and sad). Children ex-
posed to maltreatment were found to show significantly in-
creased activation in the anterior insula and amygdala in re-
sponse to angry but not sad faces. The children exposed to
maltreatment did not present with significantly elevated
levels of anxiety or depression, suggesting that the findings
were not secondary to these psychiatric disorders. An ex-
ploratory analysis also found that the mean contrast estimates
within the left anterior insula positively correlated with a
measure of violence exposure at home. This dose–response
relationship may reflect a calibration of the threat-related
value of anger cues in the maltreated children, consistent
with the role of the anterior insula in the integration of pain
anticipation and salience (Wiech et al., 2010).

In a subsequent study with a related sample, we investi-
gated the neural responses to preattentively presented facial

cues (neutral, angry, and happy) using a masked dot-probe
paradigm (McCrory et al., 2013). As predicted, children ex-
posed to maltreatment at home (n¼ 18), compared to a group
of matched peers (n ¼ 23), were found to show significantly
elevated amygdala activation to angry compared to neutral
faces, even without conscious awareness of having viewed fa-
cial stimuli. In addition, amygdala reactivity in maltreated
children compared to nonmaltreated peers was positively cor-
related with the age of onset and duration of emotional abuse.
These associations between maltreatment severity and brain
response are in line with the notion that threat exposure recal-
ibrates neural circuitry involved in threat reactivity. Contrary
to our predictions, however, the maltreated group also
showed significantly elevated amygdala activation to happy
compared to neutral faces. It may be that during early stages
of affect processing, prior to the engagement of higher order
regulatory systems, maltreatment experience is associated
with increased neural responsiveness to heightened affect/
salience in general, with a selective response to threat charac-
terizing only later stage of processing. This may be adaptive if
displays of negative or positive affect in a home characterized
by threat and violence signal behavioral unpredictability.
Alternatively, the increased amygdala activation observed
for happy faces may represent a heightened response to rela-
tively infrequent positive social stimuli, pointing to atypical
processing of social reward. Future studies are required to
investigate these possibilities further.

In a large sample of typically developing adolescents
(n ¼ 139), White et al. (2012) investigated whether gene–
environment interaction effects were related to individual dif-
ferences in threat-related activity of the amygdala. Elevated
self-report assessment of emotional neglect was related to in-
creased amygdala reactivity, but only in individuals carrying
risk polymorphisms of the FK506 binding protein 5 (FKBP5)
gene. These risk variants of the FKBP5 gene had previously
been associated with reduced downregulation of hypothala-
mic–pituitary–adrenal axis activity following stress and/or
stress-related psychopathology in animal and human studies.

These findings from studies of children and adolescents
who had experienced maltreatment are consistent with studies
investigating heightened responsiveness of the amygdala in
adults reporting historic experiences of childhood abuse.
Dannlowski et al. (2012) employed an emotional face-match-
ing paradigm to probe amygdala reactivity to threat-related
faces in a large community sample (n ¼ 148), where child-
hood maltreatment experiences were assessed via self-report.
A robust positive association was found between overall
maltreatment scores and amygdala responsiveness to threat-
related facial expressions. This association was not influ-
enced by trait anxiety, depression level, age, intelligence,
education, or more recent stressful life events. A subsequent
study employing a subliminal priming paradigm with sad, neu-
tral, and happy faces, again in a community sample (n ¼ 150)
of adults free from any prior history of psychiatric disorder
(Dannlowski et al., 2013), found that maltreatment scores
were positively associated with amygdala responsiveness in
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relation to sad, but not happy facial expressions. A similar
pattern of findings were reported by Grant, Cannistraci, Hol-
lon, Gore, and Shelton (2011) in a group of clinically de-
pressed patients (n ¼ 20) using a facial flanker task, where
level of childhood physical abuse correlated positively with
right amygdala reactivity to sad versus neutral faces.

In summary, the evidence from psychological, electrophys-
iological, and neuroimaging paradigms have indicated a con-
sistent pattern of atypical processing of threat-related cues in
children who have experienced maltreatment, and adults
who report historical experiences of abuse. Specifically, mal-
treatment appears to be associated with increased hypervigi-
lance to threat, and potentially salience more generally, in-
dexed by greater amygdala reactivity, which in turn appears
to be associated with the level of maltreatment severity experi-
enced (McCrory et al., 2013; Dannlowski et al., 2012, 2013).

Is threat processing predictive of individual differences in
psychiatric outcome among individuals who have experi-
enced maltreatment? One cross-sectional study has reported
an association between P3b amplitudes to maternal vocal an-
ger and anxiety symptoms in children, and found that this
measure of attentional allocation to threat statistically medi-
ated the relationship between abuse experience and children’s
anxiety symptoms (Shackman et al., 2007). However, to our
knowledge, there have been no longitudinal studies that have
investigated the association between threat processing and
subsequent psychiatric symptomatology in individuals who
have experienced maltreatment. As we discuss in more detail
later, such studies have been conducted in populations of
soldiers before and after exposure to combat; longitudinal
studies of children are urgently needed.

Is altered threat processing associated with relevant psychi-
atric disorders known to be elevated among individuals who
have experienced maltreatment? Threat processing and amyg-
dala function have been extensively investigated in clin-
ical samples of adolescents and adults at risk of anxiety and
depression, as well as in those who already meet clinical di-
agnostic criteria. The findings have been relatively consistent,
with increased amygdala and insula reactivity associated both
with elevated risk of mood and anxiety disorders (Stein, Sim-
mons, Feinstein, & Paulus, 2007; Wolfensberger, Veltman,
Hoogendijk, Boomsma, & de Geus, 2008) and as features
of clinical presentation (e.g., Etkin & Wager, 2007; Fales
et al., 2008; Shin & Liberzon, 2010). For example, height-
ened amygdala reactivity has been observed when adult pa-
tients with anxiety and posttraumatic stress disorder (PTSD)
consciously process threat-related stimuli such as trauma-re-
lated narratives or photographs (Liberzon & Sripada, 2007;
Liberzon et al., 1999) or more generic stimuli such as fearful
facial expressions relative to healthy controls (Etkin &
Wager, 2007). At the behavioral level, anxious individuals
are commonly reported to show a greater attentional bias to
threat compared to nonanxious controls (Mogg & Bradley,
1998), with findings in anxious children comparable to those

seen in adults (e.g., Roy et al., 2008), although this pattern is
not always consistent (e.g., Pine et al., 2005).

Threat processing as an index of latent vulnerability:
Evidence from other populations

Given the paucity of functional neuroimaging studies in the
maltreatment field at the current time, we here cast a wider
net across the literature to consider whether the study of other
stress-exposed populations can help inform the evaluation of
altered threat processing as an index of latent vulnerability.
For several reasons, the study of soldiers exposed to combat
is an exceptionally helpful parallel literature in this regard.

First, a wealth of studies has investigated the relationship
between the mental health of military personnel and stress ex-
posure in the field immediately on return from combat, and
over much longer time periods. We now know that indi-
viduals exposed to combat exposure have a two- to threefold
increased risk of developing mental health problems, includ-
ing PTSD, compared to individuals not exposed to combat,
even if they do not initially present with a mental health
problem (Thomas et al., 2010), analogous to elevated risks
seen in children exposed to maltreatment. Although the forms
of environmental stress posed by a maltreating home environ-
ment and a combat field differ significantly, both are associ-
ated with a marked elevation in psychiatric risk.

Second, the study of soldiers provides the opportunity to
conduct longitudinal investigations capable of measuring be-
havioral and neural function before and after stress exposure
in ways that would be entirely unethical with child samples.
Such studies can allow us to more confidently make infer-
ences about adaption following stress, reducing the likelihood
that neurocognitive correlates associated with stress exposure
were present prior to the stressor event. For example, van
Wingen, Geuze, Vermetten, and Fernández, (2011) have
demonstrated that stress exposure incurred following combat
alters the functional properties of both the amygdala and
anterior insula (see also Admon et al., 2009, 2013). Both
regions showed increased functional reactivity in soldiers
to threat cues (angry and fearful faces) approximately 1.5
months postcombat, compared to that seen during precombat
scans (van Wingen et al., 2011). This pattern of increased ac-
tivation in the amygdala and anterior insula during conscious
threat processing in soldiers is strikingly similar to what we
observed in maltreated children (McCrory et al., 2011), sug-
gesting that the heightened reactivity of these areas to threat
cues are not reflective of “damage,” but in both groups may
represent a pattern of adaptation to environmental threat.

Third, studies of military personnel are particularly well
suited to prospective designs, which provide an opportunity
to investigate whether preexisting individual differences prior
to combat can predict future psychiatric disorder. Analogous
studies are not ethically possible with children, for whom the
first priority is always the protection from future harm.
Specifically, it is possible in studies of combat exposure to as-
sess whether individual differences in threat reactivity prior to
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stress exposure are associated with the likelihood of future
symptomatology. Within the psychological literature, it has
been reported that the greater the intensity of the initial emo-
tional reaction to a stressful event, the greater the likelihood
of subsequent mental health problems, including PTSD
(Creamer, McFarlane, & Burgess, 2005; Ozer, Best, Lipsey,
& Weiss, 2003). This suggests that individual differences in
threat-related emotional reactivity/modulation may at least
in part explain the variation in psychiatric outcome seen in
individuals exposed to stress.

In line with these findings, two seminal prospective neuro-
imaging studies by Admon et al. (2009, 2013) investigated
threat reactivity prior to combat and its relationship to subse-
quent PTSD symptomatology. In the first study, newly re-
cruited healthy soldiers (n ¼ 50) were assessed at two time
points: during initial training, prior to stress, and approxi-
mately 18 months later, following combat deployment after
stress (Admon et al., 2009). At each time point, PTSD symp-
toms were assessed and brain responses to threatening
(pictures of military content) and neutral stimuli (pictures
of civilian content) were measured using fMRI. As predicted,
stress-related behavioral symptoms increased following stress
exposure, as did amygdala reactivity. More surprising, the
level of amygdala activation prior to stress exposure signifi-
cantly correlated with the degree to which PTSD symptoms
increased after stress exposure. This study provided the first
direct evidence indicating a relationship between baseline
amygdala reactivity (predating stress) and the tendency of
an individual to develop PTSD symptoms (following subse-
quent stress exposure). The variability in amygdala reactivity
before stress explained almost 50% of the variance in the in-
crease in symptoms observed following field exposure.

In the second study, a smaller sample of soldiers (n ¼ 24)
were scanned prior to military service and following exposure
to military service during a competitive game task that
allowed assessment of risky and safe anticipation as well as
rewarding or punishing outcomes (Admon et al., 2013).
Admon et al. focused on reward and risk-related regions, in-
cluding the amygdala. They found that greater amygdala ac-
tivation in response to risky anticipation preexposure was sig-
nificantly associated with the level of postexposure PTSD
symptoms. This suggests not only that amygdala responsive-
ness increases following combat exposure (Admon et al.,
2009; van Wingen et al., 2011) but also that greater amygdala
responsiveness to aversive/threat-related stimuli constitute a
preexisting vulnerability factor that increases the likelihood
of psychopathology symptoms following exposure to stress.

On the basis of these prospective studies of military per-
sonnel, we can draw several conclusions pertinent to the field
of maltreatment research. First, exposure to significant envi-
ronmental threat is associated with an enduring elevation of
psychiatric risk. Second, amygdala reactivity to threat cues
is heightened following exposure to environments character-
ized by biological threat. Such a response is similar to what is
observed in animal studies, which have shown that severe
stress can sensitize amygdala responsivity and also reduce

the degree of regulation prefrontal regions (Correll, Rosen-
kranz, & Grace, 2005; Rosenkranz, Venheim, & Padival,
2010). Third, these studies indicate that baseline level of
amygdala reactivity prior to combat exposure predicts subse-
quent levels of symptomatology following stress exposure.
This pattern of findings would be compatible with the notion
that in some adult soldiers, preexisting patterns of heightened
amygdala responsiveness to threat-related cues may index a
degree of latent vulnerability. One might speculate, for exam-
ple, whether these individual differences are, at least in part,
shaped by exposure to early adversity and childhood maltreat-
ment? This question warrants further investigation.

Summary: Threat processing—A system level candidate
for latent vulnerability?

We suggest that an emerging body of evidence points to al-
tered threat reactivity, as indexed in part by heightened neural
response of the amygdala (and related structures) to biologi-
cal threat stimuli, as one potential system level candidate for
latent vulnerability in children exposed to maltreatment.
Three lines of evidence support this contention.

First, we know that severity of maltreatment experience ap-
pears to be associated with greater levels of amygdala reactivity
to threat (Dannlowski et al., 2012, 2013; McCrory et al., 2013),
although this relationship is almost certainly moderated by
genotype (e.g., White et al., 2012). At the neural level, combat
exposure, a very different kind of environmental danger, has
been associated with increased reactivity of the amygdala and
anterior insula in longitudinal designs, suggesting that these
changes reflect a pattern of adaptation (e.g., van Wingen
et al., 2011). Second, although we currently have no longitu-
dinal data on latent vulnerability in individuals who have ex-
perienced childhood maltreatment, studies of soldiers exposed
to combat have reported that levels of amygdala reactivity to
threat-related cues prior to combat predict subsequent levels
of PTSD symptomatology (Admon et al., 2009, 2013). Third,
heightened amygdala and anterior insula responsiveness to
threat-related cues have been consistently associated with
the clinical presentation of a number of disorders, including
anxiety disorders, for which individuals who have experi-
enced maltreatment are at increased risk.

We therefore suggest that exposure to maltreatment in
childhood calibrates amygdala reactivity (including associ-
ated structures), such that it’s functionality is congruent
with an at-risk environment. This process of neural sensitiza-
tion confers, however, a degree of latent vulnerability to fu-
ture stressors or challenges, increasing the risk of anxiety
and mood disorders in adolescence and into adulthood. Lon-
gitudinal studies are required to explicitly test this hypothesis.

From altered threat processing to psychiatric disorder:
Putative mechanisms

The mechanism(s) by which psychiatric risk may be con-
ferred by altered threat processing following maltreatment
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remain unclear. Here we consider several possibilities, each
of which may independently contribute to risk (see Figure 1).
The first is that altered vigilance to threat serves to reduce the
attentional resources that would otherwise normally be allo-
cated to other domains of functioning, including those perti-
nent to wider social and academic development. In other
words, by privileging threat-related information, there may
be a process of “attentional gating,” reducing inputs from
nonthreat-related domains important for optimal develop-
ment in nonthreat environments.

The second is that attentional vigilance to threat leads to
behaviors that shape the child’s environment over time in a
way that increases the likelihood of stressor experiences and
decreases the likelihood of protective experiences. For exam-
ple, children exposed to maltreatment may be more likely to
overattribute threat in ways that increase frequency of reactive
aggression; the patterns of neural response seen in children
exposed to maltreatment and children with reactive (as op-
posed to callous–unemotional) patterns of conduct problems
are remarkably similar (Viding et al., 2012). Such conflict ex-
periences may both increase the frequency of stressor events
and potentially reduce the likelihood of sustaining prosocial
and supportive relationships.

The third possibility is that the latent vulnerability indexed
by heightened threat reactivity results in an amplified affective
response to future stressors, when those stressors are experi-
enced and when they are subsequently processed at the cog-
nitive level. First, exaggerated threat reactivity may lead to an
amplified experience of anxiety during stressor exposure that
will be more challenging for the individual to regulate (Admon,
Milad, & Hendler, 2013; McNally, 2003). Second, subsequent
processing of the mental representations of traumatic stressors
(both memories and cognitions), not just the actual experiences
themselves, may be significantly altered by high threat reactiv-
ity. These representations, if encoded with a high threat valence,
may become profoundly aversive, such that some individuals
develop maladaptive strategies of repression and avoidance.
However, such strategies may lead to high valence threat repre-
sentations not being fully processed nor functionally integrated
into a coherent self-narrative. It is thought, for example, that in-
formation-processing biases associated with threat cues lead to
patterns of avoidant behavior, as well as an avoidant cognitive
style, that reduces opportunities to disconfirm threatening be-
liefs, thus maintaining anxiety (Beck & Clark, 1997; Heuer,
Rinck, & Becker, 2007). Heightened reactivity may therefore
imbue risk not only because of an amplified response to exter-
nally perceived threat but also because it may compromise the
processing of highly negative internal representations in ways
that reduce the opportunities for the valence of those representa-
tions to be recalibrated.

Operationalizing Latent Vulnerability: Translational
Potential

Professionals typically intervene at two stages when child
maltreatment has been documented: first, to remove children

from settings where they may be at risk of harm or to inter-
vene to ensure that their home environment is made safe;
and second, to provide clinical intervention if and when a
child meets criteria for a psychiatric disorder. We propose
that the construct of latent vulnerability has the potential to
guide a third intervention stage, informing an indicated pre-
ventative approach that reduces the risk of future psychiatric
disorder.

Caplan’s (1964) early application of the concepts of pri-
mary, secondary, and tertiary prevention proved to be highly
influential in the public health context and continue to exert
influence today. These constructs, however, have in many re-
spects been superseded by Gordon’s (1983) alternative
framework, which considers three categories of prevention
strategies: universal, offered to the full population; selective,
targeted at subpopulations identified as being at increased
risk; and indicated, targeted at individuals having an in-
creased vulnerability for a disorder but who are currently
asymptomatic. These frameworks were elaborated and re-
fined by the Institute of Medicine (Mrazek & Haggerty,
1994), with prevention defined as those strategies designed
to reduce the occurrence of new cases. The primary rationale
for targeting such preventative interventions was that the po-
tential benefit was greater than the cost or the risk of associ-
ated negative effects.

This framework provides a highly relevant context in
thinking about a preventative intervention approach to chil-
dren who have experienced maltreatment. A “selective pre-
vention” approach would involve the delivery of preventative
strategies to all children exposed to maltreatment with no
need to screen at the individual level. This approach has the
advantage of simplifying the identification and recruitment
process for targeting prevention efforts with a simply defined
“vulnerable population” (Springer & Phillips, 2007). The dif-
ficulty, however, would be that such an approach would
likely incur an unfeasibly high cost given the number of chil-
dren affected. It may be more judicious to consider the possi-
bility of delineating the most high-risk children in the wider
group of those exposed to childhood maltreatment. In other
words, it may be preferable to take an “indicated prevention”
approach, which would require a process to define and iden-
tify an indicated population. In this context, we argue that
successfully operationalizing the construct of latent vulner-
ability has the potential to identify specific individuals with
known, identified risk factors that place them at elevated
risk for developing a future problem or disorder. As noted
earlier, such an approach would go beyond simply measuring
symptoms of a disorder and would involve a focus on indices
of altered neurocognitive systems thought to best index latent
vulnerability.

The challenge therefore is to operationalize measures of la-
tent vulnerability, such that a screening protocol can be devel-
oped capable of identifying an individual’s level of psychiat-
ric risk. Clearly, it is neither financially nor logistically
feasible to use neuroimaging in order to conduct routine as-
sessments of children for these purposes. Rather, we would
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suggest that the goal should be to develop behavioral and
experimental tasks that provide a reliable measure of altered
processing in the neurocognitive systems of interest. For ex-
ample, in relation to altered threat processing, it may be
possible to incorporate experimental protocols that assess
attentional bias to threat as part of a clinical assessment. In
our own lab, we are currently assessing a measure of atten-
tional bias in children who have been exposed to documented
maltreatment, within a longitudinal design to assess its
predictive power.

Challenges and Future Directions

Here we have outlined the case for identifying latent markers
of vulnerability associated with maltreatment experience that
predict future psychiatric risk. At the current time, this is a
theory that requires empirical evaluation. We suggest that
there are five main challenges to be addressed in order to
advance our understanding of latent vulnerability.

First, there is a need to investigate the potential impact of
maltreatment experience on other neurocognitive systems,
beyond threat processing. For example, there is evidence
that maltreatment is associated with changes to memory func-
tioning, specifically in relation to autobiographical memory.
Valentino, Toth, and Cicchetti (2009) have demonstrated a
pattern of overgeneral autobiographical memory in a group
of children who had experienced maltreatment (n¼ 77) com-
pared to a group of matched controls (n ¼ 155). Such a pat-
tern is of particular relevance to the question of psychiatric
vulnerability given that overgeneral memory predicts later
depressive symptomatology in nondepressed adults with a
history of depression (e.g., Gibbs & Rude, 2004; Mackinger,
Pachinger, Leibetseder, & Fartacek, 2000) and in adolescents
at risk for depression (Rawal & Rice, 2012). Overgeneral au-
tobiographical memory (and potentially neural correlates of
such atypical processing) may therefore represent a second
candidate neurocognitive system that may index latent vul-
nerability. A third candidate neurocognitive system pertains
to reward processing, given the emerging body of work
pointing to a pattern of atypical processing of reward cues
in individuals who have experienced early adversity. For ex-
ample, experimental studies in humans have shown less effect
of reward on task performance in children with a history of
maltreatment (Guyer et al., 2006) or early caregiver depriva-
tion (Mueller et al., 2012). Two neuroimaging studies have
investigated reward anticipation in individuals who have ex-
perienced childhood adversity. Dillon et al. (2009) found re-
duced globus pallidus responses to reward cues in a group of
young adults who had experienced maltreatment as children.
Similarly, Mehta et al. (2009), using a monetary incentive de-
lay task, found that adolescents who had experienced severe
deprivation early in Romanian institutions had lower levels of
ventral striatum activation during reward anticipation com-
pared to controls. While these studies are preliminary, and
are characterized by small sample sizes, they are at least
suggestive that reward processing is altered following

maltreatment experience. More broadly, a body of work is
emerging indicating that altered reward processing may
represent a core feature of several disorders associated with
childhood maltreatment, including depression (Stoy et al.,
2012), obsessive–compulsive disorder (Figee et al., 2011),
substance misuse (Hommer, Bjork, & Gilman, 2011), and
conduct disorder (Rubia et al., 2009).

Second, although we have presented evidence for altered
threat processing at the behavioral and neural levels in chil-
dren and adults who have experienced maltreatment, longitu-
dinal prospective studies are required to establish whether
such indices are capable of predicting levels of future psychi-
atric symptomatology. To date, there remains only indirect
evidence (drawn from adult studies of soldiers exposed to
combat) that differences in threat processing truly index psy-
chiatric risk, because all relevant extant studies of maltreated
children have been cross-sectional in nature. While longitu-
dinal studies are challenging, given the frequent nature of
placement changes of children who are in the care system,
they are essential if we are to identify accurate indices of
psychiatric vulnerability. Although we postulate that latent
vulnerability may best be captured by parameters that index
alterations in higher order neurocognitive systems following
exposure to maltreatment, it is perfectly possible that experi-
ential (severity, duration, and timing of abuse), contextual
(e.g., number of placement changes and level of social sup-
port), family (history of parental mental illness), and genetic
(risk allele composites) parameters may also act as effective
actuarial predictors of future risk. Longitudinal studies should
assess the value of these parameters alongside indices of
neurocognitive functioning, and conversely, consider those
factors associated with what might be thought of as latent
resilience, factors predictive of better than expected function-
ing. In this article, we have focused on psychiatric function-
ing, but as highlighted in the Introduction, maltreatment is
also significantly associated with poorer educational, eco-
nomic, and physical health outcomes. A further challenge
of longitudinal research is to disentangle how latent vulner-
ability relates to these outcomes over time, either directly or
via poorer psychiatric functioning.

Third, even once it is clear how best to index latent vulner-
ability in the laboratory, it will be necessary to determine
which constructs are most sensitive and practicable in index-
ing such vulnerability in clinical and community settings. As
discussed previously, it is unlikely that application of neuro-
imaging assessments will be feasible or appropriate for wide-
scale screening. Psychological or behavioral assessments will
be needed that can be administered reliably and by a range of
professionals for children across different age groups. It may
be possible, for example, to develop experimentally based
tasks such as the well-established dot-probe task. In this para-
digm, participants are first given a warning cue, followed
by two words or pictures (often faces), followed by a dot-
probe cue on the left or the right, in the position that was
previously occupied by one of the two stimuli. The longer
an individual takes to shift attention from a threat-related to
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a nonthreat-related stimulus, the greater the degree of atten-
tional bias to threat. Typically, anxious individuals are faster
to detect the presence of the dot when it is presented in the
position previously occupied by the threat-related stimulus,
and slower if the dot appears on the other side (Macleod &
Matthews, 1998). In addition, the degree of attention bias
for masked angry faces, observed behaviorally in adolescents
with clinical anxiety, has been found to be positively associ-
ated with the strength of activation in the right amygdala
(Monk et al., 2008). Prospective studies of adult soldiers
have also shown a relationship between atypical threat bias
and future symptomatology (Wald et al., 2011). It is unlikely,
however, that a single measure such as a dot-probe task will
provide sufficient predictive power. We expect that a series
of composite indices would be required in order to properly
capture functionality of each candidate system.

Fourth, it will be important in the longer term to determine
how alterations in different neurocognitive systems may addi-
tively or interactively increase risk for psychiatric disorder
across the course of development. It is possible, for example,
that the severity and persistence of mental health problems as-
sociated with maltreatment may be because multiple systems
have adapted to, or have become calibrated in line with, spe-
cific early neglectful or maltreatment experiences. In addi-
tion, it will be important to understand how the impact of
these adverse events may be moderated by either intrinsic
or extrinsic protective factors, for example, individual differ-
ences in regulatory capacities or levels of social support (as
illustrated in Figure 1).

Fifth, a major challenge will be to consider the form that
any indicated preventative intervention would take. Such in-
terventions would differ from existing evidence-based inter-
ventions that are aimed at targeting presenting psychiatric dis-
orders, primarily focused on reducing the levels of current
symptomatology and preventing recurrence. Indicated pre-
ventative interventions may be organized around the specific
neurocognitive systems altered in maltreated individuals,
for example, attention bias modification therapy in relation
to threat processing (Britton et al., 2013). Such an approach
would be based on the assumption of malleability and
the potential of targeted individual neurocognitive systems
to recalibrate. Alternatively, indicated preventative interven-
tions could focus on enhancing more general patterns of rela-
tional functioning that may succeed in indirectly recalibrating
the same systems. A series of studies drawing on attachment
principles have now shown that such interventions can be
very effective in improving functioning in different popula-
tions of maltreated children (e.g., Bernard et al., 2012; Cic-
chetti, Rogosch, & Toth, 2006; Dozier, Peloso, Lewis, Laur-
enceau, & Levine, 2008; Fisher & Kim, 2007; Lind, Bernard,
Ross, & Dozier, 2014; Stronach, Toth, Rogosch, & Cicchetti,
2013), and there is evidence that such approaches may even
serve to normalize cortisol regulation (Cicchetti, Rogosch,
Toth, & Sturge-Apple, 2011). The attachment principles
that inform these interventions represent a strong starting
point in informing nondisorder-specific approaches to

improve the functioning of children who are likely to show
a pattern of latent vulnerability across multiple domains,
and not meet criteria for any given psychiatric diagnosis. Fi-
nally, it would seem sensible that once any indicated preven-
tative intervention was developed, it would be presented in
the context of “enhancing resilience” to reduce the risk of
stigmatization and to engender a genuine focus on helping
the most at-risk children achieve a positive future outcome

Conclusions

In this article, we have argued for a theory of latent vulnerabil-
ity. We have suggested that the experience of maltreatment
and neglect in childhood can embed enduring vulnerability
to psychiatric disorder by impacting on multiple neurocogni-
tive systems during development. Changes in these systems
may reflect adaptations or patterns of atypical calibration con-
gruent with an early at-risk environment that are, however,
poorly suited to more normative environmental contexts.
The concept of latent vulnerability sits firmly within the
framework of developmental psychopathology research,
which seeks to investigate normal and abnormal, and adap-
tive and maladaptive, developmental processes. It is neces-
sary to characterize what is normative if we are to understand
what might be “maladaptive,” from biological, psychologi-
cal, and social perspectives (Cicchetti & Toth, 2009).

Atypical development of neurocognitive systems that con-
tribute to latent vulnerability can be thought of as hidden
“stress weaknesses” in a building where the foundations
have been shaped to accommodate one set of needs early in
construction. However, as upper floors are added, these inter-
nal configurations may confer a weakness to the building
overall, when it is exposed to future environmental stressors
such as high winds or floods. It has been argued that such
vulnerability is likely to emerge from the interplay of factors
over time; in other words, the way in which neurocognitive
systems adapt following maltreatment can set in motion inter-
actions that increase the likelihood of disturbed behavior
(Cicchetti & Toth, 2009). For example, as outlined earlier,
a child’s latent vulnerability following maltreatment, as
indexed by increased neural reactivity to threat, may predis-
pose some children to greater rates of reactive aggression.
Aggressive behavior may alter future social interactions,
such that the child is less likely to elicit and benefit from
social support, further increasing vulnerability to future
psychopathology.

We have outlined how altered calibration of one candidate
neurocognitive system (threat processing) may increase vul-
nerability to future psychopathology. The psychological
and neuroimaging findings both suggest that maltreatment
is associated with altered attentional allocation to threat and
heightened neural responsiveness to threat cues. Such
changes appear consistent with an early environment charac-
terized by unpredictability and harm, but may become mal-
adaptive in future more normative settings. Specifically, we
speculate that altered threat processing may gate attentional
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processes constraining other developmental inputs, and
augment reactivity to internal and external threat cues in
ways that may amplify stress and promote patterns of avoid-
ance increasing the likelihood of future psychiatric symptom-
atology. Other neurocognitive domains, however, including
memory and reward processing, represent equally promising
candidates for indexing latent vulnerability and warrant future
enquiry. It may be the case that psychiatric disorders when
they present in individuals with childhood histories of mal-
treatment are particularly recalcitrant because more than
one system has adapted or been calibrated atypically.

From a translational perspective, we suggest the operation-
alization of latent vulnerability has the potential to fundamen-
tally reconfigure our clinical approach to childhood maltreat-
ment.Specifically, we make the case for an indicated prevent-
ion approach, such that an emerging understanding of latent
vulnerability could be operationalized in the community to
identify a subgroup of children exposed to maltreatment who
are at most risk of future poor outcomes. Such an approach
raises the prospect of novel indicated preventative interventions
that offset trajectories of psychiatric risk, reducing the likeli-
hood that these children develop clinical disorders in the future.
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