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Abstract

Background: Childhood adversity is, unfortunately, highly prevalent and strongly associated with later psychopathology.
Recent theories posit that two dimensions of early adversity, threat and deprivation, have distinct effects on brain develop-
ment. The current study evaluated whether violence exposure (threat) and social deprivation (deprivation) were associated
with adolescent amygdala and ventral striatum activation, respectively, in a prospective, well-sampled, longitudinal cohort
using a pre-registered, open science approach.

Methods: One hundred and sixty-seven adolescents from the Fragile Families and Child Wellbeing Study completed functional
magnetic resonance imaging (fMRI) scanning. Prospective longitudinal data from ages 3, 5 and 9 years were used to create
indices of childhood violence exposure and social deprivation. We evaluated whether these dimensions were associated with
adolescent brain function in response to threatening and rewarding faces.

Results: Childhood violence exposure was associated with decreased amygdala habituation (i.e. more sustained activation)
and activation to angry faces in adolescence, whereas childhood social deprivation was associated with decreased ventral
striatum activation to happy faces in adolescence. These associations held when adjusting for the other dimension of adver-
sity (e.g., adjusting for social deprivation when examining associations with violence exposure), the interaction of the two
dimensions of adversity, gender, internalizing psychopathology, and current life stress.

Conclusions: Consistent with recent theories, different forms of early adversity were associated with region-specific
differences in brain activation.
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Introduction

Forty-five percent of US children experience at least one adverse
childhood experience (ACE) (Sacks and Murphey, 2018). These
experiences are potent contributors to the development of men-
tal disorders such as depression and anxiety (CDC, 2019; Sacks
and Murphey, 2018). Observations that adverse experiences
often co-occur led to a focus on cumulative risk, whereby the
number of exposures is the emphasis, rather than the specific
type (e.g. Sameroff et al., 2004). This approach yielded numerous
findings linking childhood adversities to internalizing problems
(e.g. Appleyard et al., 2005). Though this research demonstrated
that exposure number relates to outcomes, it combined quali-
tatively different adversities together. Alternatively, many neu-
roimaging studies have focused on a single type of adversity,
such as emotional neglect (e.g. Maheu et al., 2010), which does
not account for the co-occurring nature of adverse experiences.

To address the need to aggregate similar (and disaggre-
gate dissimilar) adversities based on animal models that can
inform potential neuroanatomical specificity of the impact of
different types of adversities, McLaughlin and Sheridan pro-
posed the Dimensional Model of Adversity and Psychopathol-
ogy (DMAP) (McLaughlin et al., 2014; Sheridan and McLaughlin,
2014). The DMAP posits that many early adverse experiences
are captured by dimensions of threat and deprivation, which
include experiences across domains that are qualitatively simi-
lar. These dimensions are expected to have differential associa-
tions with specific types of alterations in brain development and
the anatomical location of these alterations. Threat is conceptu-
alized as an actual or perceived threat of harm to one’s physical
integrity and includes experiences such as physical abuse and
intimate partner violence. Based on human and animal mod-
els, threat experiences are hypothesized to affect the develop-
ment of neural structures involved in the stress response and
fear conditioning in the limbic system (e.g. amygdala) and lead
to anxiety (McLaughlin et al., 2014; McLaughlin and Sheridan,
2016). In support of this hypothesis, threatening experiences
(child maltreatment and family violence) are associated with
increased amygdala reactivity (see Hein and Monk, 2017, for a
meta-analysis; McCrory et al., 2011). Deprivation is the absence
of biologically expected input (cognitive or social) and includes
experiences such as institutionalization and emotional neglect.
Deprivation is hypothesized to be associated with alterations
in brain regions implicated in executive function and reward
processing (e.g. the ventral striatum) and leads to depression
(McLaughlin et al., 2014; McLaughlin and Sheridan, 2016). In line
with this hypothesis, more social forms of deprivation are linked
to alterations in neural circuitry associated with reward pro-
cessing, particularly blunted ventral striatum reactivity (Mehta
et al., 2010; Hanson et al., 2015). Some degree of exposure to both
violence exposure and social deprivation is likely. Co-occurring
social deprivation may exacerbate the effects of violence expo-
sure. Additionally, social support, the inverse of social depriva-
tion, may serve as a buffer against violence exposure (Sheridan
et al., 2018; Sonuga-Barke et al., 2010). Prior work in our sam-
ple has demonstrated an interaction effect whereby the impact
of violence exposure on cortisol response to a social stressor
was exacerbated by high social deprivation (Peckins et al., 2019).
Therefore, when examining the unique impacts of violence
exposure and social deprivation, it is important to consider their
interaction.

Consistent with the DMAP, recent neuroimaging studies
examining the impact of early adversity on socioemotional out-
comes have focused on two neural circuits: threat and reward.
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Perceiving and responding correctly to stimuli that signal risk of
harm, such as angry or fearful faces, involve the amygdala and
afford survival advantage (Phelps and LeDoux, 2005). Variability
in amygdala activation is linked to the development of mal-
adaptive emotion regulation and psychopathology (e.g. Monk
et al., 2008; Hyde et al., 2016). Beyond simply examining reac-
tivity to threat, recent studies have begun to assess amygdala
habituation (Rankin et al., 2009), which may be a more reliable
indicator of amygdala function (Plichta et al., 2014; Gee et al.,
2015) and is associated with anxiety symptoms (Hare et al., 2008).
A second critical circuit is reward, which processes stimuli such
as food, money and happy faces (Izuma et al., 2008). One key
region in this circuit is the nucleus accumbens, which is part
of the ventral striatum (Russo and Nestler, 2013) and serves as
a node for reward-driven behaviors (Schultz et al., 1992). Vari-
ability in ventral striatum activation to rewards is related to
internalizing symptoms (Forbes and Dahl, 2012).

We evaluated whether dimensions of early adversity are
associated with threat- and reward-related neural activity and
whether the neural activation in these regions is in turn associ-
ated with anxiety and depression, respectively, in adolescence.
To evaluate these hypotheses, we integrated prospective longi-
tudinal data on exposure to adversity and neuroimaging in a
sample of adolescents drawn from a nationally representative
sample. For the present work, we created a violence exposure
and victimization (violence exposure, henceforth) construct
to measure threat. We selected the term ‘violence exposure’
because it more fully captured the targeted experiences of the
construct. Specifically, violence exposure included child abuse,
intimate partner violence and community violence. Based on
a prior work linking exposure to violence and alterations in
threat processing (McCrory et al., 2011), we examined amyg-
dala habituation and activation to angry and fearful faces, which
signal threat. Whereas DMAP’s deprivation dimension refers to
material deprivation and extreme global deprivation (e.g. insti-
tutional rearing), the latter of which can be associated with lack
of both age-expectant cognitive and social inputs, we focused
specifically on the deprivation of inherently rewarding compo-
nents of the social environment (heretofore social deprivation)
and their potential impacts on social reward circuitry. In the
present study, social deprivation included caregiver neglect,
absence of supportive relationships of the caregiver in the home
and absence of supportive community relationships. Based on
a work that found that deprivation that is social in nature is
related to altered reward processing (Hanson et al., 2015), we
examined neural response to happy faces, inherently socially
rewarding stimuli. Consistent with the DMAP’s predictions, we
hypothesized that violence exposure would be associated with
anxiety, whereas deprivation would be associated with depres-
sive symptoms, via their respective neural circuits (i.e. threat-
related amygdala reactivity and reward-related ventral striatum
reactivity, respectively).

The current study had the following four objectives: (i) to
establish the association of childhood violence exposure on
adolescent amygdala habituation to threat; (ii) to assess the
relation between childhood violence exposure and adolescent
amygdala activation to threat; (iii) to relate childhood social
deprivation to adolescent ventral striatum activation to social
reward and (iv) to examine whether activity in these neu-
ral regions mediated associations between childhood violence
exposure and adolescent anxiety, and childhood social depri-
vation and adolescent depression. These objectives, the asso-
ciated variables and the analyses were pre-registered with the
open science framework (https://osf.io/54uhy). Data arepublicly
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available through the National Institute of Mental Health
(NIMH) database (https://nda.nih.gov/edit_collection.html?id=
2106). We hypothesized the following: (i) greater childhood vio-
lence exposure would be associated with decreased amygdala
habituation to threat; (ii) greater childhood violence exposure
would be associated with increased amygdala activation to
threat; (iii) greater childhood social deprivation would be associ-
ated with decreased ventral striatum reactivity to social reward
and (iv) increased amygdala reactivity and decreased habitua-
tion to threat would mediate an association between childhood
violence exposure and adolescent anxiety, and decreased ven-
tral striatum reactivity to social reward would mediate an asso-
ciation between childhood social deprivation and adolescent
depression.

Methods
Participants

The Fragile Families and Child Wellbeing Study (FFCWS)
(Reichman et al., 2001) is comprised of a population-based sam-
ple of children born in the large US cities, with an oversample
of non-marital births (~3:1). FFCWS families were interviewed
at the birth of the focal child, and when the child was 1, 3,
5, 9 and 15 years of age. At 15 years, 237 FFCWS adolescents
born in Detroit, Toledo or Chicago and their caregivers partici-
pated in the Study of Adolescent Neural Development (SAND),
a neuroimaging study of the core FFCWS (Supplement S1).
Importantly, this sample contains substantial representation of
African American youth, as well as adolescents from families
living in low-income contexts (S1). 167 adolescents successfully
completed functional magnetic resonance imaging (fMRI) scan-
ning (S1). This sample partially overlaps with those in some of
our prior work (Hein et al., 2018; Goetschius et al., 2019).

Ethical considerations

Adolescents provided written informed assent, and their care-
givers provided written consent for both themselves and their
children. The University of Michigan Medical School institu-
tional review board approved this study (HUM00074392).

Procedures

Emotional faces task. Participants completed an event-related
emotional faces task during fMRI acquisition (Hein et al., 2018).
Participants viewed fearful, happy, sad, neutral and angry faces.
Faces were presented for 250 ms, and 20 trials of each emotion
were presented in one of two random orders. Following each
face, a black screen appeared for 1500 ms. During this time,
participants identified the gender of the actor with a button
response. Finally, a second black screen, the baseline, appeared
(jittered at 2,4 and 6 s).

Violence exposure and social deprivation composite
scores

Composite scores indexing violence exposure and social depri-
vation were created using data collected at 3, 5 and 9 years
from the FFCWS (S2). For both constructs, experiences that
directly and indirectly impacted the focal child were included,
allowing for comprehensive capture of adversity in the envi-
ronment. Violence exposure included abuse from a caregiver,
intimate partner violence in the home and violence within
thecommunity. Social deprivation included neglect from a care-

giver, absence of supportive relationships of the caregiver in the
home and absence of supportive relationships within the com-
munity. Child abuse and neglect were assessed using subscales
of the Parent-Child Conflict Tactics Scale (CTS-PC; Straus et al.,
1998). Questions about intimate partner violence, community
violence, supportive relationships in the home and neighbor-
hood social cohesion came from prior studies using the FFCWS
sample (Zhang and Anderson, 2010; Manuel et al., 2012; Donnelly
et al., 2016; Hunt et al., 2017).

We created composite scores using averaging (Song et al.,
2013) within a dimension and divided by the number of expe-
riences with a dimension each participant had data for to max-
imize sample size diversity. We centered violence exposure and
social deprivation scores and created an interaction term of the
two variables. Violence exposure and social deprivation com-
posite scores were correlated (r (235) =0.45, P<0.001), but their
multi-collinearity was low (VIF = 1.24).

Analyses

fMRI data analysis. fMRI data were collected, preprocessed and
analyzed using methodology detailed in our prior work and in
supplemental materials (Goetschius et al., 2019; S3). In terms of
quality assurance, de-spiking is completed in K space and then
at the end of preprocessing. Artifact Detection Tools (ART) soft-
ware (http://www.nitrc.org/projects/artifact_detect) was used to
identify volumes with above threshold motion (>2 mm move-
ment or 3.5° rotation). These volumes were used as covariates
and removed statistically from individual participant models.
Habituation was analyzed using methodology described in our
prior work and in supplemental materials (Hein et al., 2018; S3).
Briefly, to derive habituation, activation during the first half of
the task to specific emotions was contrasted with activation to
the second half of the task to the same emotions.

Group analyses

Objectives 1 and 2. The relations between childhood violence
exposure and both adolescent amygdala habituation and acti-
vation to threatening (angry and fearful, separately) faces were
evaluated using multiple regression analysis in SPM12. For
habituation, we regressed the violence exposure composite
score onto the contrasts of early>late angry and early>late
fearful, while controlling for social deprivation, the interaction
of violence exposure and social deprivation, and gender. As
some degree of exposure to both violence exposure and social
deprivation is likely, we adjusted for social deprivation and the
interaction of violence exposure and social deprivation to better
isolate associations with violence exposure. For activation, we
ran similar analyses, but regressed the violence exposure com-
posite score onto the contrasts of angry >implicit baseline and
fearful >implicit baseline. Significance was evaluated for pre-
determined left and right structural amygdala regions of inter-
est (ROIs) from PickAtlas (Maldjian et al., 2003) at a voxel-wise
family-wise error P<0.05 threshold. Additionally, we corrected
for multiple comparisons for both habituation and activation
analyses using a Holm-Bonferroni correction for four compar-
isons: two emotions (angry and fearful) in both amygdalae.
Individual parameter estimates for the main effects of amygdala
habituation and activation were extracted from anatomical ROIs
by averaging across voxels to be used in subsequent structural
equation models.
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Objective 3. The relationship between childhood social depri-
vation and adolescent ventral striatum reactivity to socially
rewarding (happy) faces was evaluated using SPM12 multiple
regression analysis. We regressed the social deprivation com-
posite score onto the contrast of happy >implicit baseline, while
adjusting for violence exposure, the interaction of violence
exposure and social deprivation, and gender. As with violence
exposure, we adjusted for the interaction of violence exposure
and social deprivation to better isolate the main associations
with social deprivation. To evaluate the significance for ventral
striatum, we used left and right nucleus accumbens structural
ROIs from PickAtlas at a voxel-wise family-wise error P<0.05
threshold. As mentioned above, we corrected for multiple com-
parisons by using the Holm-Bonferroni correction. This cor-
rected for two comparisons: one emotion (happy) in left and
right ventral striatum. Individual parameter estimates for the
main effects of both ventral striatum activations were extracted
by averaging across voxels.

Objective 4. To examine whether violence exposure and social
deprivation were associated with adolescent anxiety and
depression via alterations in threat- and reward-related neu-
ral activation, respectively, we evaluated structural equation
models that followed from our pre-registration and posited vio-
lence exposure and social deprivation were related to latent
factors of anxiety and depression created from symptom counts
on child and parent report and from clinical interviews and
questionnaires (Kiddie Schedule for Affective Disorders and
Schizophrenia Present and Lifetime Version (K-SADS-PL), Chil-
dren’s Depression Inventory (CDI), Mood and Feelings Question-
naire (MFQ), and Screen for Child Anxiety Related Disorders
(SCARED) S4) via their association with threat and reward neural
circuitry (Figure 1).

Sensitivity analyses

We ran a number of sensitivity analyses to assess poten-
tial confounders. First, given stability in family adversity over
time (Gest et al.,, 1999), we assessed whether any associations
found between early adversity and later neural reactivity were
related to current stress, by re-running our SPM analyses with
adolescent life stress (ALES; S5) as a covariate. Second, due to
associations between neural reactivity and internalizing psy-
chopathology, we evaluated whether our results were driven
by earlier presentation of internalizing psychopathology as
opposed to associations of early adversity with later neural reac-
tivity by re-running our SPM analyses with a composite measure
of internalizing symptoms as measured by modified versions of
the Child Behavior Checklist (CBCL) (Achenbach, 1999) adminis-
tered by FFCWS at ages 3, 5 and 9 years (S12). Third, we re-ran
our SPM analyses with the number of censored scans as a covari-
ate to assess whether our results were driven by differences in
motion during fMRI scanning (S13).

Results
Objective 1

Higher levels of violence exposure were associated with reduced
right amygdala habituation to angry faces (Figure 2; S7). This
association was specific to angry faces; violence exposure was
not related to habituation to fearful faces. It was also not related
to habituation to other expressions (evaluated as follow-up to
gain clarity on specificity). Using individual parameter estimates
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Amygdala reactivity
to threat at age 15%

Violence exposure
and victimization
composite score from
ages 3,5, and 9

Latent anxiety
factor
at age 15°

Ventral striatum
reactivity to social
reward at age 15

Social deprivation
composite score from
ages 3,5,and 9

Latent
depression
factor
at age 15¢

Fig. 1. Planned structural equation modeling (SEM) analyses.

Proposed SEMs to test full models. Model A tested mediation models where alter-
ations in amygdala reactivity (habituation and activation) to threat mediate the
association between violence exposure and adolescent anxiety. Model B rep-
resents a mediation model where alterations in ventral striatum activation to
social reward mediate the association between social deprivation and adoles-
cent depression.

#Both amygdala habituation and activation (two separate models).

bCreated from symptom counts on child and parent report on anxiety in clinical
interviews and questionnaires (S4).

¢Created from symptom counts on child and parent report on depression in
clinical interviews and questionnaires (S4).

Fig. 2. Negative relation between violence exposure and right amygdala habit-
uation to angry faces.

Peak t(160) =3.36, P =0.012, XYZ = 34, 4, —20 (coordinates in Montreal Neurolog-
ical Institute (MNI) space). Violence exposure, social deprivation, the interaction
of violence exposure and social deprivation, and gender were entered as regres-
sors in a multiple regression analysis in SPM12. Finding visualized in SPM with
a P<0.05 uncorrected threshold.

extracted from the significant clusters from this analysis, we
visualized activation in the first and second halves of the faces
task, separating participants into groups based on above or
below mean levels of violence exposure (Figure 3, for visual-
ization purposes only). Individuals low on violence exposure
demonstrated typical amygdala habituation, with significantly
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Fig. 3. Right amygdala habituation to angry faces in individuals with high and
low violence exposure.

In a confirmatory data visualization in RStudio (2015), participants high (above
the mean) on violence exposure demonstrate less right amygdala habituation
to angry faces than participants low (below the mean) on violence exposure.
t-tests were used to compare activation between first and second halves of the
task within groups and to compare activation within a half between groups.

Table 1. Social deprivation is associated with reduced bilateral ven-
tral striatum activation to happy faces

Negative

association

with social

deprivation,  P-value
Contrast Side  t(161) (FWE) X Y Z
Happy >baseline L 2.52 0.037 -14 2 -12
Happy >baseline R 2.97 0.016 16 6 -—14

Notes: Family-wise error (FWE) correction is based on structurally defined
nucleus accumbens regions of interest; coordinates are in MNI space. Only right
side finding survives Holm-Bonferroni correction for multiple comparisons.
L, left; R, right.

less activation to angry faces in the second half of the task.
In contrast, individuals high on violence exposure showed no
significant amygdala habituation.

Objective 2

Higher levels of violence exposure were associated with reduced
left amygdala activation to angry, but not fearful, faces; this
finding did not survive correction for multiple comparisons (S7).
Activation for the angry >fear contrast was not significant.

Objective 3

Higher levels of social deprivation were associated with reduced
bilateral ventral striatum activation specifically to happy faces
(Table 1, Figure 4), but only activation in the right hemisphere
remained significant with control for multiple comparisons.

Objective 4

In total, 17.7% of participants met full criteria for a current
depressive and/or anxiety disorder (S6). We originally fit two
latent factors: adolescent anxiety and depression (S8). We eval-
uated the appropriateness of models testing neural mediation

Fig. 4. Negative relation between social deprivation and right ventral striatum
activation to happy faces.

Peak t(161)=2.97, P=0.016, XYZ=16, 6,—14 (coordinates in MNI space).
Violence exposure, social deprivation, the interaction of violence exposure and
social deprivation, and gender were entered as regressors in a multiple regres-
sion analysis in SPM12. Finding visualized in SPM with a P<0.05 uncorrected
threshold.

of early adversity and adolescent anxiety and depression by
first evaluating the associations between these variables (S9).
The direct paths from violence exposure and social depriva-
tion to anxiety and depression were not significant (c paths).
However, as important indirect effects can exist in the absence
of this direct path (Hayes, 2013), we examined whether vio-
lence exposure and social deprivation predicted neural regions
(a path) that overlapped with those related to anxiety and
depression (b path). Amygdala regions associated with anxiety
and depression did not overlap anatomically with those asso-
ciated with violence exposure (S9). Ventral striatum activation
to happy faces was not significantly associated with anxiety or
depression.

Our latent factors had less than ideal model fit (e.g. non-
significant factor loadings) and were not associated with any
predictors. Therefore, we also tried assessing potential media-
tion using composite variables of adolescent anxiety and depres-
sion, and they too were not predicted by the model (S9). Thus,
in the absence of neural regions that were related to both the
predictors (violence exposure and social deprivation) and the
outcomes (anxiety and depression), we did not have sufficient
evidence of mediation or indirect effects to warrant additional
analyses. Since we did not test for those effects, and to make
sure that any associations were not due to internalizing psy-
chopathology, we re-ran all analyses related to violence expo-
sure and social deprivation and neural activity adjusting for both
adolescent internalizing psychopathology and adolescent stress
and found that all findings remained significant (S11).

Sensitivity analyses

Sensitivity analyses assessing childhood internalizing psy-
chopathology and number of censored scans as confounders
both indicated that our amygdala habituation and ventral stria-
tum activation results were robust, but that amygdala activation
results were not. Specifically, when adjusting for childhood
internalizing psychopathology, violence exposure was still asso-
ciated with decreased amygdala habituation to angry faces and
social deprivation was still associated with decreased ventral



striatum activation to happy faces. However, our finding that
violence exposure was associated with decreased activation to
angry faces became non-significant. When adding the number
of censored scans as a covariate, the same pattern was observed.

Discussion

The present study evaluated whether two dimensions of early
adversity, violence exposure and social deprivation, were asso-
ciated with variation in activity in specific hypothesized neural
circuits. Utilizing an open-science framework, we tested four
pre-registered aims Consistent with our hypothesis, childhood
violence exposure related to decreased right amygdala habitua-
tion to angry faces in adolescence (i.e. more sustained amygdala
activation). Also, in line with our hypothesis, childhood social
deprivation was associated with decreased right ventral stria-
tum activation to socially rewarding stimuli (happy faces) in
adolescence. These associations remained when adjusting for
broadband internalizing psychopathology and adolescent cur-
rent life stress. In contrast to our hypothesis, childhood violence
exposure was associated with ‘decreased’ left amygdala reactiv-
ity to angry faces in adolescence (but this did not survive correc-
tion for multiple comparisons and was not robust to sensitivity
analyses adjusting for childhood internalizing psychopathol-
ogy and the number of censored scans), and we did not find
evidence for an indirect effect between early adversity, neural
reactivity and internalizing psychopathology. Importantly, this
study used a well-sampled cohort with substantial represen-
tation of understudied youth—African American adolescents
and adolescents from lower SES families—and tested important
hypotheses from a prominent model of the neural embedding of
adversity.

Our result that childhood violence exposure was associated
with reduced adolescent amygdala habituation specifically to
angry faces was consistent with predictions of the DMAP about
threat exposure and altered fear processing. The finding that
violence exposure related to both reduced amygdala habitua-
tion and less amygdala activation may seem paradoxical. How-
ever, Figure 3 clarifies the overall pattern: whereas adolescents
who were exposed to less violence started with a high level of
activation and then habituated, adolescents with greater vio-
lence exposure started with less activation and then maintained
the same level. Thus, the former group habituated more and
showed more activation overall, whereas the latter group did not
habituate and showed blunted overall activation. High-violence
environments may lead to an adaptive response of lower initial
amygdala activation or rapid habituation.

The finding that greater violence exposure was associated
with ‘less’ amygdala activation is inconsistent with maltreat-
ment (see Hein and Monk, 2017 for a meta-analysis) and other
recent research (Gerin et al., 2019). However, maltreatment has
also been linked to decreased amygdala activation to social
rejection in adolescents (Puetz et al., 2016). Further, recent
work with a somewhat comparable low-SES sample found that
adversity measured prospectively in early childhood, includ-
ing parental harshness, related to lower amygdala reactivity
to threatening faces in adulthood (Gard et al., 2017). Similarly,
a broad index of childhood family adversity was prospectively
associated with reduced amygdala reactivity to faces in adults
(Holz et al., 2017). Our sample and those samples studied by Gard
and colleagues (2017) and Holz and colleagues (2017) were all at
higher risk of experiencing chronic forms of early adversity and
measured adversity prospectively. As with literature examining
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the influence of early adversity on cortisol reactivity, exposure
to more short-term or isolated forms of childhood stress may be
associated with increased stress reactivity, whereas sustained
early adversity may be associated with blunted stress response
(Fries et al., 2005; Hannibal and Bishop, 2014). Notably, this
finding did not survive correction for multiple comparisons and
was not robust to sensitivity analyses adjusting for childhood
internalizing psychopathology and the number of censored
scans. Together, this suggests that violence exposure was
weakly associated with reduced left amygdala activation. Fur-
ther work in diverse samples is necessary, particularly to inform
whether divergent findings on the associations of early adver-
sity and amygdala reactivity are due to timing or chronicity of
adversity.

The finding that social deprivation was associated with
reduced ventral striatum activation to happy faces extends
DMAP by focusing exclusively on social deprivation and social
reward, as opposed to experiences that may be associated with
lack of both cognitive and social input (e.g. institutional rear-
ing). It also extends (Hanson et al., 2015), which linked emotional
neglect with decreased ventral striatum activation to monetary
rewards. Lowered activity in this region may reflect adaptation
to a context marked by lower levels of exposure to positive social
interaction. However, given that our task is not typically used
to study individual differences in neural reactivity to reward,
it will be important to replicate using tasks designed to study
reward reactivity, such as the monetary incentive delay task
(Knutson et al., 2000).

Our multi-informant, multi-method measures of anxiety and
depression were related to amygdala habituation and activa-
tion, but in slightly different regions than was threat exposure.
The association of internalizing psychopathology with amyg-
dala reactivity is consistent with a large body of prior work
(Wiggins and Monk, 2013). It is possible that early experiences
such as violence exposure and social deprivation impact specific
sub-regions of the amygdala and ventral striatum and that these
are distinct from sub-regions that are associated with internaliz-
ing psychopathology. Another possibility is that we were unable
to find associations due to poor factor loadings of our measures
or because of low rates of anxiety and depression in the sample.
Further work will need to evaluate the extent to which regions
of limbic and reward circuitry associated with early adversity are
also associated with psychopathology.

The current study had the following limitations. Due to the
population-based sampling methodology, as opposed to con-
venience samples selected for their ability to participate in
neuroimaging data collection, a significant portion of our par-
ticipants were ineligible to participate in scanning for reasons
such as having braces and being too large to comfortably fit
in an fMRI scanner. Despite this limitation, our sample size
was significantly greater than many neuroimaging studies and
had substantial representation of African American adolescents
and adolescents from families living in low-income contexts,
populations that are often underrepresented in neuroimaging
research and populations key to understanding associations
between adversity and brain and behavior because of inequal-
ities in exposure to adversity in our society. A second limitation
is that our study is correlational, and therefore, it is not possible
to identify causal variables. Third, the relatively modest rates of
internalizing conditions reduced the ability of the present study
to detect associations between early adversity and internaliz-
ing psychopathology. Fourth, we examined violence exposure
and social deprivation dimensionally while controlling for their
overlap, which differs from looking at specific types of expo-
sures (e.g. physical abuse) that might be high on one dimension
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and low on the other. Fifth, in order to have prospective, lon-
gitudinal data, we were limited to data previously collected by
FFCWS and chose use constructs developed in prior papers,
which resulted in imperfect measures of our constructs. Sixth,
our SAND sample includes a small portion of the full FFCWS
sample, and thus, some selection bias is possible. Seventh,
we used baseline instead of neutral faces, and therefore, task-
related reactivity could be related to non-emotion processing
aspects of the task. We did not use neutral faces because of prior
work suggesting that neutral faces can be interpreted as ambigu-
ous and could signal threat, particularly in those with anxiety
(e.g. Yoon and Zinbarg, 2008). Eighth, our finding that violence
exposure was associated with reduced amygdala activation was
less robust; it did not survive adjustment for the number of cen-
sored scans during the fMRI task, or adjustment for internalizing
psychopathology in childhood.

Conclusion

Two dimensions of early adversity—violence exposure and
social deprivation—were associated with adolescent amygdala
habituation and ventral striatum activation, respectively, in a
large, well-sampled cohort of adolescents. That dimensions
of adversity were parseable and were associated with differ-
ent hypothesized alterations in brain reactivity suggests that
qualitatively different forms of early adversity impact different
regions of the brain and should be considered separately when
evaluating the mechanisms linking early adversity to later men-
tal health outcomes. By evaluating dimensions of early adversity
using prospective longitudinal data with a well-sampled cohort,
this study provides a key step toward understanding the neu-
ral mechanisms linking early adversity to later socioemotional
function.
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