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Abstract

Childhood adversity is common and associated with elevated risk for transdiagnostic psychopathology. Reward processing has been implicated in the
link between adversity and psychopathology, but whether it serves as a mediator or moderator is unclear. This study examined whether alterations in
behavioral and neural reward processing function as a mechanism or moderator of psychopathology outcomes following adversity experiences, including
threat (ie., trauma) and deprivation. A longitudinal community sample of 10-15-year-old youths was assessed across two waves (Wave 1: n = 228; Wave
2: n=206). Wave 1 assessed adverse experiences, psychopathology symptoms, reward processing on a monetary incentive delay task, and resting-state
fMRL At Wave 2, psychopathology symptoms were reassessed. Greater threat experiences were associated with blunted behavioral reward sensitivity,
which, in turn, predicted increases in depression symptoms over time and mediated the prospective association between threat and depression
symptoms. In contrast, reward sensitivity moderated the association between deprivation experiences and prospective externalizing symptoms such that
the positive association of deprivation with increasing externalizing symptoms was absent for children with high levels of reward sensitivity.
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Introduction moderators is critical for developing interventions and bolstering
existing strategies to prevent or mitigate psychopathology following

More than half of U.S. children experience significant adversity by the adversity experiences.

time they reach adulthood (Finkelhor, Ormrod, et al., 2009; Finkelhor,
Turner, et al, 2009; McLaughlin et al, 2012). This includes
experiences involving threat, which involve actual harm or threat  Adversity and reward processing
of harm to survival (e.g., physical abuse or witnessing violence), and
deprivation, characterized by reductions in social and/or cognitive
inputs and stimulation (e.g., neglect, parental separation) (Mclaughlin
et al,, 2014; Sheridan & McLaughlin, 2014). Both types of experiences
are associated with increased risk for psychopathology, including
internalizing and externalizing symptoms (Clark et al., 2010; Cohen ’ ” > e R
et al, 2001; Green et al, 2010; Kessler et al., 2010; McLaughlin et al, htergtgr.e, including reward sensitivity and approac.h motlvaFlon.
2012). Although the association between childhood adversity and the Sensitivity to reward value reflects tbe degree to which behavioral
development of psychopathology has been widely replicated, much rewe}rd—'related responses scz.ﬂe ,Wlth, .reward value. Approach
remains unknown about the precise mechanisms through which early motivation reflects an organism’s ability to assess the value of
adversity influences mental health outcomes across development and reward and. exer.t effort to obtain a re'ward. These two cons.tructs
resilience factors that may buffer against psychopathology following have been identified as both mechanisms and moderators in the

childhood adversity. Better characterizing potential mechanisms and association between adversity experiences and psychopathology in
prior work (Dennison et al., 2016; Kasparek et al., 2020; Sheridan

et al., 2018; Wismer Fries & Pollack, 2017).
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One candidate mechanism that has been widely studied in the link
between adversity and psychopathology is reward processing, a
complex set of neural, psychological, and behavioral responses that
organize behavior to achieve rewards (Olino, 2016). Several aspects
of reward processing have been routinely highlighted in the clinical
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neglect - is consistently associated with blunted behavioral approach
motivation and reduced behavioral sensitivity to reward value
compared to youth who have not experienced deprivation
(Bounoua et al,, 2021; Dennison et al., 2019; Kasparek et al.,, 2020;
Sheridan et al., 2018; Wismer Fries & Pollak, 2017). Youth who have
experienced deprivation also demonstrate reduced responsiveness to
reward in the fronto-striatal valuation network, including the ventral
striatum, putamen, and pallidum, in response to appetitive stimuli
(Boecker et al., 2014; Goff et al., 2013; Hanson et al., 2015; for review see
Hanson et al, 2021). In contrast, studies examining associations of
exposure to threat — such as abuse or witnessing domestic or
community violence — with behavioral and neural reward processing
outcomes have produced less consistent results. Some studies have
demonstrated poorer performance on reward learning tasks (Hanson
et al,, 2017) and blunted approach motivation (Guyer et al., 2006;
Kasparek et al, 2020) among threat-exposed youth. Others have
observed no association of threat experiences with approach
motivation (Bounoua et al,, 2021) or behavioral sensitivity to reward
value (Armbruster-Geng et al, 2022; Dennison et al, 2016, 2019;
Kasparek et al.,, 2020). This ambiguity is mirrored in the developmental
neuroscience literature, with some studies observing blunted respon-
sivity in canonical reward processing regions (e.g., left pallidum and left
putamen) in adults with childhood threat experiences (Dillon et al.,
2009) and other studies observing heightened responsivity in the
ventral striatum to appetitive stimuli among threat-exposed youth
(Dennison et al., 2016).

Reward processing and psychopathology

Variability in reward processing at both behavioral and neural levels has
been consistently linked with both concurrent and future psychopa-
thology. Studies examining behavioral reward processing among
depressed individuals consistently find blunted approach motivation
(Morris et al.,, 2015) and blunted sensitivity to reward value (Pizzagalli
et al, 2008; Vrieze et al, 2013). Similarly, depressed individuals
demonstrate blunted neural responsivity to rewarding stimuli in striatal
regions (Forbes & Dahl, 2012; Luking et al,, 2016; Zhang et al., 2013).
These blunted patterns of neural and behavioral reward processing
have additionally been observed in adolescents previously diagnosed
with depression (Fischer et al., 2019; Forbes et al,, 2007) and have been
linked with heightened risk for developing depression among
adolescents (Gotlib et al., 2010). Perhaps the most convincing evidence
for this link comes from longitudinal studies showing that adolescents
who demonstrate blunted neural responses to reward are more likely to
develop depression over time (Bress et al., 2013; Nelson et al., 2016).
Given the robust literature spanning adolescence and adulthood,
blunted reward processing across behavioral and neural levels appears
to be a meaningful risk factor for depression.

Both behavioral and neural indices of reward processing have
also been linked with externalizing psychopathology. Studies
examining trait-level measures (Gudifio et al,, 2012; Hundt et al,,
2008) and behavioral measures (Fosco et al., 2022) of sensitivity to
reward value demonstrate positive associations with externalizing
problems among adolescents. Similarly, correlational studies link
heightened responsivity in the ventral striatum, caudate, and
nucleus accumbens, all brain regions implicated in reward valuation,
with heightened externalizing problems among youth (Bjork et al,,
2010; Gatzke-Kopp et al., 2009; Hawes, 2022) and adults (Buckholtz
et al, 2010). Adolescents diagnosed with various externalizing
problems also demonstrate difficulty suppressing reward-related
neural responses to stimuli that previously predicted reward
(Gatzke-Kopp et al., 2009). Evidence from these studies seems to

https://doi.org/10.1017/5S0954579423000962 Published online by Cambridge University Press

2339

suggest that heightened neural sensitivity to reward value may be a
risk factor for externalizing problems. However, other studies have
demonstrated the opposite: that blunted reward sensitivity may be
associated with externalizing problems. For example, one prior
study has found that blunted behavioral approach motivation is
associated with greater externalizing problems in adolescents
(Kasparek et al,, 2020). Several studies examining neural respon-
sivity in striatal regions among children, adolescents, and adults
exhibiting high levels of disinhibition and externalizing problems
find blunted responsivity in these brain regions (Biichel et al., 2017;
Joyner et al., 2019; Plichta & Scheres, 2014; Scheres et al., 2007). Due
to mixed findings with respect to behavioral and neural reward
processing and externalizing psychopathology, further work is
needed to clarify this association.

Childhood adversity, reward processing, and
psychopathology

Given the associations of childhood adversity with reward
processing, and between reward processing and psychopathology,
some studies have examined whether reward processing is a
mechanism explaining the link between adversity and psychopa-
thology. Existing evidence has implicated reward processing as a
mechanism underlying the association between experiences of
deprivation and increased depression symptoms (Sheridan et al.,
2018; Dennison et al., 2019; Hanson et al,, 2015) and externalizing
problems (Hanson et al., 2017). In contrast, other studies have
provided evidence for reward processing as a moderator of the
association of childhood adversity with psychopathology, such that
children who have experienced adversity but have elevated reward
sensitivity are at lower risk of both depression and externalizing
problems than children with lower reward sensitivity. In one study,
threat experiences were associated with increased depression
symptoms only in youths with low and moderate levels of
behavioral and neural sensitivity to reward value, but not high-
reward sensitivity (Dennison et al., 2016). In a recent study, we
observed a similar moderating role of behavioral sensitivity to
reward, such that childhood threat experiences were positively
associated with externalizing problems at low and moderate levels
of behavioral reward sensitivity but not at high levels of reward
sensitivity (Kasparek et al., 2020). Thus, high sensitivity to reward
after experiencing threat in childhood may buffer adolescents from
developing both internalizing and externalizing psychopathology.
In contrast, one prior study found that heightened behavioral
approach motivation may strengthen the association between
threat experiences and externalizing problems (Gudifo
et al,, 2012).

Present study

The present study examined associations of both threat and
deprivation experiences with behavioral (e.g., approach motivation
and reward reactivity) and neural (e.g., fronto-striatal resting-state
functional connectivity) indices of reward processing, as well as the
links between these measures of reward processing with later
psychopathology in a large sample of adolescents followed over the
course of two years. The primary aim of the study is to clarify
whether these indices of reward processing mediate or moderate
the prospective association of threat and deprivation experiences
with depression and externalizing symptoms, which have the
strongest links with reward processing. We expand on prior work
by utilizing a sample recruited for variability in threat and
deprivation  experiences, measuring these  experiences
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continuously in line with dimensional models of adversity
(McLaughlin et al., 2014, 2021), and including both behavioral
and neural indices of reward processing as predictors of changes in
both depression and externalizing symptoms over time. Our
hypotheses, methods, and analytic plan were preregistered on
Open Science Framework prior to analyzing the data (https://osf.
io/z58by). As we found no significant associations related to
fronto-striatal resting-state functional connectivity that survived
correction for multiple comparisons, all imaging-related methods,
and results have been moved to the Supplemental Material.

Method
Participants and procedure

Participants were part of a longitudinal study of youth followed
from age 36 months in the Seattle, Washington area (Lengua et al.,
2015). Children and a caregiver were recruited from a university
hospital birth registry, daycares, preschools, health clinics, and
charitable agencies to facilitate a uniform distribution across
socioeconomic status based on annual family income. For the
present study, contact was attempted with all participants who
participated in the most recent prior wave of data collection for the
original longitudinal study, who were between 10 and 13 years of
age (n=228; M,g=11.58 years, SD=.48). All participants
completed comprehensive measures of adversity and psychopa-
thology. A total of 211 participants (93%) had usable data with
which to estimate models including behavioral reward processing
variables; 131 (58%) completed an MRI scan and had usable data
with which to estimate models involving resting-state functional
connectivity (see fMRI preprocessing in the Supplemental Material
for details). All 228 participants were recontacted approximately
1-2 years later, at which point 206 participants (90%) completed
follow-up psychopathology measures (M,,.=13.68 years,
SD =.35). The racial/ethnic composition of the baseline sample
approximates that of the greater-Seattle area: White (n =145,
64%), Black (n=28, 12%), Latinx (n =25, 11%), Asian (n =18,
8%), and Other (n =11, 5%). All procedures for the first wave of
data collection were approved by the institutional review board at
the University of Washington; procedures for the second wave of
data collection were approved by the institutional review board at
Harvard University. Informed consent and assent were obtained
from caregivers and children at each wave, respectively.

Materials and measures

Threat and deprivation indices were operationalized consistent
with prior work in this sample and prior preregistered definitions
of these constructs (e.g., Weissman et al,, 2022). All adversity
variables were assessed when participants were 10-13 years old.

Threat

To quantify threat, we used a composite of the number, frequency,
and severity of violent experiences. First, we created an indicator of
the number of distinct types of violence experienced by the child.
To do so we created a count of exposure to five types of
interpersonal violence: physical abuse, sexual abuse, domestic
violence, witnessing a violent crime, or being a victim of a violent
crime. Each exposure was counted if it was endorsed by the
caregiver or child on the University of California, Los Angeles,
PTSD Reaction Index (PTSD-RI, Steinberg et al., 2004, 2013). We
additionally coded physical abuse, sexual abuse, and domestic
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violence as present if they were endorsed by either the participant
on the Childhood Experiences of Care and Abuse Interview
(CECA) or the caregiver on the Juvenile Victimization
Questionnaire. Second, we created a measure of the frequency
of violence exposure by summing frequency ratings of witnessed
and experienced violence from the Violence Exposure Scale for
Children-Revised. Third, we created a measure of violence severity
by summing the severity scores from the Childhood Trauma
Questionnaire (CTQ; Bernstein et al., 1994, 1997) Physical and
Sexual Abuse subscales. To create the final composite for threat
experiences, we first standardized each of these three sub-scales
and then averaged them together.

Deprivation
To quantify deprivation, we used a composite of cognitive,
emotional, and material forms of deprivation.

Cognitive deprivation was quantified using the Home
Observation Measurement of the Environment-Short Form
(Totsika & Sylva, 2004). This measure assesses numerous forms
of cognitive stimulation, including the presence of learning
materials in the home, the child’s engagement with activities
outside the home, the degree of parent-child interaction, and
parent scaffolding of child learning. The original scoring assesses
the degree of cognitive stimulation. Because we were interested in
quantifying cognitive deprivation, we reversed-scored the mea-
sure. The HOME items are scored dichotomously such that the
presence of a stimulating activity or experience is coded as 1 and
the absence is coded as 0. To create a cognitive deprivation
measure, we created a binary score of the 19 cognitive stimulation
items such that the presence of each item reflecting cognitive
stimulation was scored as a 0 and the absence was scored asa 1. We
then z-scored this variable to create a final cognitive deprivation
variable.

Emotional deprivation was quantified by creating a composite
of several scales assessing the emotional neglect of the child by
caregivers. These included the Emotional Neglect items from the
neglect assessment in the CECA Interview (Bifulco et al., 1994) as
well as the Emotional Neglect subscale of the Multidimensional
Neglectful Behavior Scale (MNBS) (Straus & Kantor, 2005). The
CECA neglect scale includes items that assess both emotional and
physical neglect. We included only items assessing emotional
neglect. These include items 2, 3, 5, 8, 11, 12, 13, and 14. We created
a total sum score for each of these scales, standardized each scale
(i.e., created a z-score), and averaged these two z-scores together to
create the final composite score of emotional deprivation.

Material deprivation was quantified using the Physical Needs
subscale of the MNBS, the 4-item Household Food Insecurity Scale
(Blumberg et al., 1999), and the Physical Neglect subscale of the
CTQ. Because each of these items are on similar scales and had a
nearly identical range in our dataset, we took the mean of these
three scales and then created a z-score from this average to create a
composite score of material deprivation.

To create a composite reflecting all three types of deprivation,
we took the mean of the cognitive, emotional, and material
deprivation standardized scores.

Depression symptoms

Depression symptoms were measured during both waves of data
collection. During the first wave, participants completed the
Children’s Depression Inventory-II (CDI-II; Kovacs, 2011), a
widely-used self-report measure of depression symptoms validated
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for use with children and adolescents. The CDI-II consists of 28
items, with response options for each item phrased to parallel a
three-point severity scale ranging from 0 to 2 (e.g., “I am sad once
in a while (0),” “T am sad many times (1),” “I am sad all the time
(2)”). During the second wave, participants again completed the
CDI-II in a single-session virtual visit. To derive depression
symptom scores, the 28 items of the CDI-II were summed for each
participant. Given a right-skewed count distribution, this variable
was then transformed into a proportion score reflecting severity
endorsed relative to the highest possible severity of symptoms (i.e.,
constrained between 0 and 1) to render a healthier distribution and
better facilitate appropriate model selection. The CDI-II has good
validity and reliability (Bae, 2012). We focused on self-report
measures of depression symptoms given evidence that youth
report more depressive symptoms than their caregivers and that
youth self-reports of internalizing symptoms have higher validity
than caregiver reports (Aebi et al., 2017; Cantwell et al., 1997;
Moretti et al., 1985).

Externalizing symptoms

Participants and their caregivers individually completed the Youth
Self-Report (YSR) and Child Behavioral Checklist (CBCL),
respectively, at both waves of data collection (Achenbach, 1991).
The YSR and CBCL were chosen because they are widely used to
assess youth behavioral and emotional problems and each measure
uses extensive normative data to generate age- and sex-
standardized estimates of symptom severity. The Externalizing
Problems composite subscale used in the present study includes
aggressive behaviors (e.g., “gets into fights,” “disobeys at home/
school”) and rule-breaking behaviors (e.g., “runs away,” “sets
fires”). Both caregiver- and youth-reported externalizing problems
were examined (Bird et al., 1992; Grills & Ollendick, 2002). We
used the highest composite T-score reported between participants
and their caregivers, consistent with prior operationalizations of
this variable (Kasparek et al, 2020).

Behavioral reward processing

Participants completed a child-friendly version of the monetary
incentive delay task that depicts cartoon animal pifatas
(Helfinstein et al., 2013; see Figure S1 in the Supplemental
Material). Each pifata contains a variable number of stars (0, 1, 2,
or 4). Children are instructed to hit the pifiata as quickly as possible
to earn the stars within and told that the number of stars they earn
will determine whether or not they receive a monetary bonus. On
each trial, children make a speeded response to a target in order to
earn the stars inside the pinata. Each trial is composed of three
stages: anticipation, response, and feedback. In the anticipation
stage, children see a cue indicating the size of the potential reward
(the number of stars within the pifata) for that trial. The bottom
portion of the pifiata containing the stars is revealed at the top of
the screen, but the children cannot yet hit it. In the response stage,
children can earn the stars for that trial by responding quickly once
the target reappears. During this stage, the pifiata drops to the
middle of the screen and children press the spacebar on a keyboard
as quickly as they can to hit the pinata. In the outcome stage,
children see and hear feedback indicating whether or not their
response was fast enough to receive the reward. For successful trials
(i.e., hits), the pifiata cracks open and the stars are deposited into a
basket at the bottom of the screen. On unsuccessful trials (i.e.,
misses), children see the intact pinata swing to the side of the
screen with the stars still inside. The task was designed to be
visually appealing and engaging for children. In order to
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incentivize performance, all children were told they would receive
$10 of bonus money if they earned enough stars. Upon completion,
all children received the $10 irrespective of performance.

Prior to the task, participants played a practice round of the task
comprised of 22 trials. During this practice task, the response
window for hitting the target pifiata was 250-300ms. Performance
on the practice task was used to determine the length of the
response window to be used for each participant in the final task,
consistent with prior work (Helfinstein et al., 2013; Kasparek et al.,
2020). This was done to make the task equally challenging for all
children despite individual differences in processing speed and
baseline reaction time. However, once the task commenced,
display time was no longer manipulated based on the participant’s
performance during the task, meaning that each child had the
opportunity to improve their performance throughout the task.
During the final task, the cue first appeared at 1,500ms, followed by
a cue-free anticipatory period that varied between 1,000-2,000ms.
The target appeared for a variable duration based on performance
on the practice trials (see Supplemental Material for details),
followed by a delay period with a duration such that the target
period and delay period combined to a total of 1,500ms. Finally, the
feedback appeared for 1,500ms. The practice task consisted of six
task runs of 22 trials each, for a total of 132 trials. Trials were
divided evenly between the four incentive levels for a total of 33
trials at each incentive level.

From this task, we operationalized two different reward
processing variables. Consistent with the definition of approach
motivation as involving the regulation of behaviors that result in
reward achievement (Olino, 2016) and prior studies using this task
(Dennison et al., 2019; Kasparek et al., 2020), we interpreted the
total number of stars earned on the behavioral reward task to
indicate the child’s effortful engagement with the task, and ability
to regulate their behavior to achieve the maximum reward (i.e., a
global index of motivation to obtain reward). Given a left-skewed
count distribution, this variable was transformed into a proportion
of total stars earned (i.e., constrained between 0 and 1). We also
examined behavioral sensitivity to reward value by calculating
differences in reaction time (RT) to high-reward trials (i.e., four
stars) compared with the low- and no-reward trials (i.e., zero, one,
and two stars), averaged across all trials in the task. This construct
measures the degree to which children modulate their behavior in
response to varying reward values on a trial-by-trial basis and has
been used in both child and adult studies of reward processing
(Guyer et al., 2006; Kasparek et al., 2020; Olino, 2016; Pizzagalli
etal.,, 2009; van Hulst et al., 2015). A positive score indicates greater
behavioral sensitivity to reward value (ie., faster RT on high-
compared with low- or no-reward trials).

Analysis Plan

All analyses were performed using R (Version 4.0.3, 2023). Our
goal was to examine whether threat and deprivation experiences
were associated with variability in behavioral indices of reward
processing. We also evaluated whether individual differences in
behavioral indices of reward processing may mediate or moderate
associations of threat and deprivation experiences with longi-
tudinal psychopathology outcomes. We first estimated models
separately for threat and deprivation, followed by adjusted models
in which both threat and deprivation were included, following
recommendations for examining unique contributions of distinct
dimensions of adversity (McLaughlin & Sheridan, 2016). Models
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Table 1. Descriptive statistics and intercorrelations for main analyses

S. W. Kasparek et al.

N(%) M SD
Wave 1 (Baseline)
1. Sex (female) 110 (48%) 48 .50
2. Age (years) 216 11.56 A48
3. Deprivation experiences (z-score) 228 .01 73
4. Threat experiences (z-score) 228 .01 71
5. Externalizing symptoms (proportion) 228 .53 .08
6. Depression symptoms (proportion) 228 .09 .10
7. Reward sensitivity (z-score) 211 —15.25 37.89
8. Approach motivation (proportion) 211 .66 .16
Wave 2
9. Age (years) 203 13.68 .35
10. Externalizing symptoms (proportion) 206 .52 .08
11. Depression symptoms (proportion) 202 14 12
Correlations
1. 2. 3. 4. 5. 6 7 8. 9 10. 11.
1. =
2. —-.05 -
3. —.17* .03 =
4. —.14* —.03 32wk -
5. -.13 .05 30 ** L33 -
6. —.19%* .05 A5HFE 34k 307%* =
2 —.20%* —.03 —-.02 —.12 -.07 —.03 -
8. .08 —.17* —.09 —.06 —.20%* -.11 —.06 -
9. .02 TOHF* —.14% -.13 —.04 —.08 Ll -.13 =
10. .02 —.02 28 H% A1 5eFHE 24k -.03 —.21%* 03 -
11. .09 .09 26%F* LVLFES DB E AHEE —.19%* -.08 .08 AGHE* -
*p <.05.
** p<.01
ik p < 001,

examining longitudinal psychopathology outcomes control for
baseline symptoms. All models include age at the time of
assessment and sex as covariates. Standardized regression
coefficients are reported throughout when possible.

We first examined associations of threat and deprivation with
prospective depression and externalizing symptoms. Second, we
examined associations of threat and deprivation with behavioral
approach motivation and behavioral sensitivity to reward value. Next,
we examined associations of approach motivation and sensitivity to
reward value with longitudinal psychopathology outcomes. For
models in which the proportion of depression symptoms endorsed
out of the max score or approach motivation (i.e., proportion of total
stars earned on the task) were the outcome variables, we used beta
regression via the betareg package and thus unstandardized betas are
reported. For all other models, linear regression via the glm() package
was used.

Lastly, we conducted a series of mediation and moderation
analyses. We used the mediation package in R (Tingley et al., 2014)
to estimate the significance of indirect effects using a bootstrapping
approach (10,000 iterations) that provides confidence intervals for
indirect effects. We estimated indirect effects for all models,
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regardless of whether the direct path (i.e., ¢ path) was significant,
consistent with recommendations in modern approaches to
mediation analysis (Hayes, 2009; MacKinnon et al, 2007;
Rucker et al., 2011; Shrout & Bolger, 2002). Interaction effects
were estimated to examine whether associations of threat and
deprivation with psychopathology were moderated by behavioral
indices of reward processing. Main effects, covariates, and
interaction terms were entered simultaneously. Significant
interactions were probed with simple-slopes analysis at the mean
and at 2 SD and 1 SD above and below the mean of the moderator
variable (McCabe et al, 2018). We used the p.adjust function in R to
run false discovery rate (FDR) corrections for multiple compar-
isons for each hypothesis in which multiple tests were performed
per standard procedure (Benjamini & Yekutieli, 2001). FDR-
corrected p values are reported.

Results
Descriptive statistics

Means, standard deviations, and intercorrelations for all variables
are given in Table 1.
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Table 2. Adversity associations with longitudinal psychopathology

Variables b SE 2(196) p
Depression symptoms

Threat experiences .10 .07 1.39 .16

Deprivation experiences .19 .09 2.17 .03

Depression symptoms (including both adversity types in model)

Threat experiences .07 .07 .95 .34
Deprivation experiences 17 .09 1.94 .052
Variables R SE t(196) p

Externalizing symptoms

Threat experiences .26 .68 4.23 .001

Deprivation experiences 14 .12 2.30 .02

Externalizing symptoms (including both adversity types in model)

Threat experiences 24 .69 3.84 .001

Deprivation experiences .10 .12 1.55 12

Adversity and psychopathology

Deprivation was positively associated with prospective depression
symptoms (b=.19, p=.03), but only at a trend-level when
including both adversity dimensions in the model (b=.17,
p=.053). Threat (#=.26, p<.001) and deprivation experiences
(f=.14, p=.02) were positively associated with prospective
externalizing symptoms, but only threat experiences remained a
significant predictor (f=.24, p<.001) upon including both
adversity dimensions in the model (See Table 2).

Adversity and reward processing

Greater threat experiences were negatively associated with
sensitivity to reward value (f = —.14, p =.04), which persisted at

2343

p=.054) (See Fig. 1). Neither threat nor deprivation experiences
(ps > .05) were associated with approach motivation (See Table 3).

Reward processing and psychopathology

Sensitivity to reward value was negatively associated with
prospective depression symptoms (b=-.003, p=.02) but not
externalizing symptoms (p >.05) (See Fig. 2). Approach motiva-
tion was not associated with longitudinal depression nor
externalizing symptoms (ps > .05) (See Table 4).

Reward processing as a mediator

We observed a significant indirect effect of threat experiences on
prospective depression symptoms through behavioral sensitivity to
reward value (b=.18, 95% CI = [.01, .49]), indicating that
sensitivity to reward value mediated the association of threat
experiences with increases in depression symptoms over time.

Reward processing as a moderator

Sensitivity to reward value moderated the association of
deprivation with prospective externalizing symptoms, controlling
for baseline symptoms (f=-.17, SE=.02, t (181)=-2.62,
p=.01); this interaction remained significant after controlling
for threat experiences (f = —.16, SE = .01, t (180) = —2.71, p = .01).
Simple-slopes analysis revealed that the association between
deprivation experiences and externalizing symptoms was positive
and significant at low and moderate levels of reward reactivity but
became nonsignificant at high levels of sensitivity to reward value
(See Fig. 3). No other interactions were observed (ps>.05) (See
Table 5).

Discussion

Childhood experiences of adversity, including both deprivation
and threat, have been consistently linked with risk for depression
and externalizing symptoms (Clark et al., 2010; Cohen et al., 2001;
McLaughlin et al., 2012). Alterations in reward processing at both

a trend-level after including deprivation in the model (5= —.14,
L
100
50
=
=
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o ]
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o
-50
Figure 1. Association of threat experiences with behav-
ioral sensitivity to reward value. The x-axis reflects the Z- ®
. . . -100
score of threat experiences including the frequency,
severity, and chronicity of experiences. Higher scores o
represent more (severe) threat experiences. The y-axis .
represents the difference between average response
times on high vs low/no-reward trials on a MID task for 0

each participant.
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Table 3. Adversity associations with behavioral reward processing

Variables b SE 2(208) p
Approach motivation

Threat experiences —.04 .07 —.67 .51

Deprivation experiences -.04 .07 —.62 .54

Approach motivation (including both adversity types in model)

Threat experiences —.04 .07 -.52 .61
Deprivation experiences —-.03 .07 —.44 .66
Variables R SE t(209) p

Reward sensitivity

Threat experiences —.14 3.58 —2.09 .04

Deprivation experiences —-.05 3.76 =79 43

Reward sensitivity (including both adversity types in model)

Threat experiences —.14 3.74 —1.94 .054

Deprivation experiences —-.02 3.89 -.22 .83

behavioral and neural levels have been highlighted as both a
potential mechanism linking these early adverse experiences with
various psychopathology outcomes and at times a moderator
buffering the association of early adversity with psychopathology
at high levels of reward processing (Dennison et al., 2016; Sheridan
etal, 2018;2019, Gudifio et al., 2012; Hanson et al., 2015; Kasparek
et al, 2020). First, we demonstrate that reduced sensitivity to
reward value may be a mechanism linking early threat experiences
with future increases in symptoms of depression, consistent with
previous studies (Sheridan et al, 2018; Dennison et al., 2019,
Hanson et al, 2015). Second, we extend prior work by
demonstrating that reduced behavioral sensitivity to reward value
moderates the association of deprivation experiences with
externalizing symptoms, such that youth who exhibit high levels
of reward sensitivity after early-life deprivation are buffered against
developing externalizing problems over time. Combined with our
prior work (Kasparek et al., 2020), this highlights heightened
reward sensitivity as protective against developing externalizing
problems after experiences of both deprivation and threat. The
present study implicates blunted reward sensitivity as a mechanism
underlying threat-related increases in depression symptoms
during adolescence, and heightened reward sensitivity as a
potential resilience factor that buffers against the emergence of
externalizing problems following adversity experiences.

Childhood adversity and reward processing

Greater threat experiences were associated with blunted behavioral
sensitivity to reward, consistent with our hypotheses. In a prior
study, we demonstrated associations of childhood experiences of
threat with reduced approach motivation, indexed by fewer total
points earned on a behavioral reward processing task (Kasparek
et al,, 2020). Here, we extend this work by showing that youth with
greater threat experiences exhibit reduced behavioral sensitivity to
reward value as well, consistent with prior work in adults (Dillon
et al., 2009). Children who have experienced threat often grapple
with inconsistency in parenting behaviors, such as heightened
levels of punishment and diminished instances of positive
reinforcement (Pollak, 2015; Shackman et al., 2010). Infrequent
experiences of positive reinforcement provide the child few
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opportunities to predict or anticipate reward, which may in turn
lead to diminished organized behavior to successfully acquire
rewards — consistent with the decreased sensitivity to reward value
we observed here in children with greater threat experiences.
Similarly, inconsistent experiences of positive reinforcement and/
or punishment from caregivers may make it difficult for children to
learn which behaviors are likely to result in reward as opposed to
punishment by producing weaker stimulus-response associations
and making it more difficult for them to establish contingencies
between their behavior and rewards. Indeed, children who
experience threat exhibit slower instrumental learning for both
positive and negative outcomes (Harms et al., 2018). Difficulty
learning which cues are associated with reward may further
contribute to reduced behavioral sensitivity to reward value in
children who experienced greater threat. The lack of association of
threat experiences with approach motivation and deprivation
experiences with either measure of reward processing may be
attributable to the difference in variability and severity of adversity
experiences in the present community sample, where adverse
experiences cover the full spectrum of frequency and severity —
from mild to severe - as opposed to prior samples recruited
specifically for severe forms of threat (Hanson et al., 2017;
Kasparek et al., 2020) and deprivation (Sheridan et al., 2018).

Reward processing and psychopathology

Low behavioral sensitivity to reward value was associated with
greater increases in depression symptoms over time, indicating
that youth who were less responsive to high-reward value were
more likely to develop worsening depression symptoms over time.
Prior cross-sectional work has demonstrated blunted approach
motivation (Morris et al., 2015) and blunted sensitivity to reward
value (Pizzagalli et al., 2008; Vrieze et al., 2013) among depressed
individuals. Other studies have found that blunted sensitivity to
high-reward values were associated with heightened risk of
developing depression in a clinical sample of adolescents
(Forbes et al., 2007; Gotlib et al., 2010). The present study adds
to a growing literature highlighting blunted sensitivity to reward
value as a developmental risk factor for heightened depression
symptoms during early adolescence.

Reward processing as a mediator

Reduced behavioral sensitivity to reward value mediated the
longitudinal association of childhood threat experiences with
increases in depression symptoms, suggesting that changes in
reward processing may be a mechanism underlying threat-related
depression symptoms during adolescence. Prior work has also
observed blunted reward processing to be a mechanism linking
both threat and deprivation experiences with depression using self-
report measures of reward sensitivity (Miu et al., 2017), and using
similar behavioral reward sensitivity metrics and activation in
striatal brain regions during reward processing tasks (Sheridan
et al., 2018; Dennison et al., 2019; Hanson et al., 2015). This study
extends these findings in a large community sample using
behavioral indices of sensitivity to reward value and motivation
to pursue reward and a longitudinal design. Together with
evidence from prior studies, these findings strengthen evidence
that blunted reward processing may thus constitute a mechanism
linking multiple types of early adverse experiences with depression
symptoms specifically.

This mechanistic pathway highlights that interventions
designed to target reward processing specifically may be effective
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reward value with prospective depression (a) and
externalizing symptoms (b).

early intervention strategies that can be leveraged to prevent the
development of depression following early experiences of
adversity. One such intervention is behavioral activation, which
focuses on systematic behavior change to address a lack of positive
reinforcement, low motivation, and avoidant behaviors character-
istic of depression (Dimidjian et al., 2011; Kanter et al., 2010).
Behavioral activation has long been established as an effective
treatment for depression in adults (for meta-analysis see Ekers

https://doi.org/10.1017/50954579423000962 Published online by Cambridge University Press

Reward Sensitivity

et al,, 2014), and has more recently garnered preliminary support
as an effective treatment for depression in adolescents (McCauley
et al., 2016; for review see Martin & Oliver, 2019). Beyond its
promise as a treatment for depression, we have argued that
behavioral activation may also be a useful preventive intervention
buffering against the development of depression in youth who have
experienced adversity in childhood (McLaughlin et al., 2019; Rith-
Najarian et al,, 2021). We are unaware of empirical research
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Table 4. Associations of behavioral reward processing with longitudinal
psychopathology

Variables b SE 2(187) p
Depression symptoms

Approach motivation .0009 .003 .02 .98

Reward sensitivity —-.003 .001 —2.27 .02

Variables R SE t (187) p
Externalizing symptoms

Approach motivation -11 .04 —-1.69 .09

Reward sensitivity .02 .01 40 .69

evaluating whether behavioral activation may indeed be effective at
preventing depression in youths who have experienced adversity.
This remains an important topic for future research.

Reward processing as a moderator

In addition to mediating the association of threat experiences with
prospective depression symptoms, behavioral sensitivity to reward
value moderated the association of deprivation experiences with
longitudinal externalizing symptoms. Specifically, the association
between early deprivation experiences and externalizing symp-
toms was positive and significant at low and moderate levels of
reward reactivity but absent at high levels of sensitivity to reward
value across the sample. Deprived environments are characterized
by reductions in stimulation and interactions with caregivers,
including positive and rewarding experiences, reducing oppor-
tunities for learning (McLaughlin et al, 2017). Responsive
caregiving teaches children that caregivers are associated with
soothing, warmth, and the removal of distress. Children deprived
of responsive caregiving are less able to reliably elicit these types of
developmentally normative rewards from their environment, such
as positive attention and emotional bonds. Importantly, reductions
in positive caregiving experiences and unpredictable contingencies
between behavior and reward is a common feature of environ-
ments characterized by both threat and deprivation. This lack of
positive experience may reduce motivation to pursue rewarding
stimuli or sensitivity to reward, although here we observed a main
effect only of threat experiences on behavioral sensitivity to reward.
Still, other studies have found reduced approach motivation and
sensitivity to reward value in children exposed to more extremely
deprived environments (e.g., Sheridan et al., 2018).

Here, children who experienced deprivation but nevertheless
maintained high-reward sensitivity were protected against future
externalizing problems. Youths with lower sensitivity to reward
may get less pleasure or satisfaction from common rewarding
experiences such as interpersonal bonds, supportive relationships,
or pleasurable activities and begin to pursue higher-value sources
of reward. This may include highly appetitive but risky incentives
(e.g., substance use, unsafe sex, etc.) that contribute to externalizing
problems. In contrast, youths who maintain high sensitivity to
reward may be less motivated to pursue these highly rewarding yet
risky sources of reward, reducing the likelihood of developing
externalizing behaviors. In this way, heightened reward sensitivity
may be a resilience factor, effectively buffering against the
emergence of externalizing symptoms following adverse experi-
ences. In a prior study, we demonstrated a similar moderating
effect of behavioral sensitivity to reward on the associations of early

https://doi.org/10.1017/5S0954579423000962 Published online by Cambridge University Press

S. W. Kasparek et al.

threat experiences with externalizing symptoms (Kasparek et al.,
2020). Together with this prior work, this finding demonstrates
that heightened behavioral sensitivity to reward may buffer against
developing worsening externalizing symptoms following child-
hood experiences of both threat and deprivation. Building on the
intervention work highlighted above, these findings raise the
intriguing possibility that early interventions designed to boost
reward sensitivity may also have the potential to prevent
externalizing behaviors in addition to depression. This possibility
remains to be examined in future research.

Limitations

The strengths of the present study include a large commu-
nity sample with variability in threat and deprivation experiences,
longitudinal study design, inclusion of multiple measures of
reward processing, and preregistered hypotheses and analytic
plans. These strengths should be considered alongside several
methodological limitations. For example, because we did not
recruit a clinical sample, we focus here on symptom-level
outcomes. While this may be ideal for questions related to risk
of developing psychopathology, we are unable to speak to
diagnostic outcomes specifically, which may be of interest.
Future work should examine these questions in clinical popula-
tions to determine whether effects found herein translate to
clinically-relevant levels of symptom severity. In addition, the
reward processing task used in the present study enables
measurement of approach motivation and reward reactivity but
is not appropriate for indexing other important aspects of reward
processing, such as reward responsiveness and reward learning
(Olino, 2016). In addition, the task did not include loss or
punishment trials, limiting our ability to compare how reward and
punishment sensitivity may differentially relate to psychopathol-
ogy outcomes among youth who have experienced a range of early
adverse experiences. Future studies should aim to include both
gain and loss trials and tasks that can speak to these other
important reward-processing indices. Furthermore, although it is
common practice to use RT-difference scores to assess individual
differences in behavioral sensitivity to reward (Guyer et al., 2006;
Olino, 2016; Pizzagalli et al., 2009; van Hulst et al., 2015), low test—
retest reliability of RT in behavioral tasks is a potential limitation of
this approach (Balota & Yap, 2011).

Though the two-timepoint design of the present study
strengthened inference related to changes in psychopathology
symptoms, it also limits the interpretability of our mediation result.
Specifically, adversity experiences and reward processing were
measured at the first wave of data collection. Although our
assessments focus on experiences of adversity prior to the study
visit, we cannot definitely conclude that adversity experiences
temporally preceded changes in reward processing. Future studies
should aim to replicate these results using at least three distinct
timepoints to better establish the temporal unfolding of these
associations and a more stringent test of mediation. In addition, we
did not observe a direct association of threat experiences with
longitudinal depression symptoms, meaning the direct path of our
mediation model was not significant. Modern approaches to
mediation analysis emphasize that requiring a significant direct
effect reduces power to detect indirect effects, and that it is
appropriate to examine a mediation analysis even when the direct
effect does not reach conventional thresholds of statistical
significance (Hayes, 2009; MacKinnon et al., 2007). Still, a lack
of direct effect warrants careful interpretation of the result. For
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Table 5. Adversity by reward processing interactions predicting longitudinal psychopathology
Depression symptoms Externalizing symptoms
Variables b SE 2(187) p B SE t(187) p
Threat X approach motivation —.001 .004 -.32 75 .33 .04 1.48 .14
Deprivation X approach motivation —.001 .01 -.13 .90 —.06 .05 -.23 .82
Threat X reward sensitivity —.002 .002 —-1.05 .29 .05 .02 .60 i55)
Deprivation X reward sensitivity —.001 .002 -39 .70 —.16 .02 —2.62 .01
Including both adversity types in same model
Threat X approach motivation —.001 .004 —-.36 72 .30 .04 132 19
Deprivation X approach motivation —.001 .006 —.26 .80 -17 .05 —.66 .51
Threat X reward sensitivity —.003 .002 -1.32 .19 .02 .02 .29 a7
Deprivation X reward sensitivity —.001 .002 —.40 .69 —-.16 .01 -2.71 .01
(a) Level of Moderator (Reward Sensitivity)
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Figure 3. Association between deprivation
experiences (a) and deprivation experiences
(controlling for threat) (b) and externalizing
symptoms with behavioral reward sensitivity as
a moderator. Simple slopes are provided for
levels of the moderator 2 SD and 1 SD below the
mean, at the mean, and 1 SD and 2 SD above the
mean. Each graphic shows the computed 95%
confidence region (shaded area), the observed
data (grey dots), the maximum and minimum
values of the outcome (dashed horizontal lines),
and the crossover point (diamond).
Cl = confidence interval; PTCL = percentile.
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example, it could indicate that other unaccounted-for variables
may constitute additional indirect effects, perhaps with opposite
signs, that when combined with the observed indirect effect, yield a
total effect that is nonsignificant (Hayes, 2009). Finally, although
we examined whether the functional connectivity of reward
processing circuits was similarly associated with experiences of
adversity and later psychopathology, we found no associations of
fronto-striatal resting-state functional connectivity with any of
these outcomes. Given recent evidence indicating that sample sizes
substantially larger than the one reported here are required to
detect reliable associations between resting-state functional
connectivity and behavioral outcomes and that associations of
these neural metrics with psychopathology are small in magnitude
(Marek et al., 2022), we were likely underpowered to detect these
associations.

Conclusion

Here we demonstrate evidence for both a mediating and
moderating role of behavioral sensitivity to reward value in the
association between adverse childhood experiences and increases
in both internalizing and externalizing symptoms over time during
adolescence. Specifically, blunted behavioral reward sensitivity
emerged as a significant mediator of the association of threat
experiences with increases in depression symptoms over time,
suggesting that blunted reward processing may serve as a
mechanism underlying associations of adversity with depression
specifically. In contrast, blunted reward sensitivity moderated the
prospective association of deprivation experiences with external-
izing symptoms, such that deprivation was associated with
externalizing problems only for children with lower levels of
reward sensitivity but not for youths with high behavioral
sensitivity to reward value. These findings shed light on the
complex interplay between adverse childhood experiences,
behavioral reward processing, and the emergence of psychopa-
thology, providing valuable insights into potential avenues for
intervention and prevention strategies.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/S0954579423000962.
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