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In young women, a link between childhood 
abuse and subliminal processing of aversive 
cues is moderated by impulsivity
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Abstract 

Background: Childhood maltreatment is a serious public health concern. The association between child maltreat-
ment, adverse behaviors, mental health outcomes, and alterations to brain function and structure have begun to be 
characterized. Less is known about the specific associations of maltreatment subtypes with cue-response to evocative 
cues and the moderating effects of confounding mental health/behavioral variables.

Methods: Fifty-four emerging adult women (aged 18–24) completed assessments for behaviors, mental health, 
and childhood maltreatment. They participated in a fMRI task featuring passive viewing of evocative (33 ms) cues 
presented by “backward masking” to prevent conscious processing. Correlations of abuse/neglect scores, behavioral/
mental health factors, and brain function were assessed. Follow-up analyses investigated the moderating effects of 
behavioral/mental health factors on maltreatment and brain relationships.

Results: Greater frequency of childhood abuse and neglect were correlated with higher scores of impulsivity, depres-
sive symptoms, and anxious attachment. Childhood abuse was positively associated with increased medial orbito-
frontal cortical (mOFC) response to aversive (vs. neutral) cues. Among the behavioral/mental health variables, only 
impulsivity appeared to have a moderating effect on the relationship between childhood abuse and brain response 
to aversive cues.

Conclusions: The link between childhood abuse and a heightened mOFC response to “unseen” aversive stimuli, 
moderated by impulsivity, adds to the growing literature on the impact of prior adversity on brain function. These 
findings offer further understanding for the way in which childhood maltreatment affects the brain processing of 
negative stimuli, helping to explain the well-documented link between childhood maltreatment and a variety of 
adverse outcomes in adulthood.

Keywords: Childhood maltreatment, fMRI, Impulsivity, Negative cues, Mental health

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Childhood maltreatment is a serious public health con-
cern across the globe. Maltreatment is generally classi-
fied by four main subtypes: physical abuse, sexual abuse, 
emotional abuse, and neglect [1], with prevalence rates 

ranging internationally from 16.6 to 36.3% [2]. In the 
United States (U.S.), it is estimated that rates are similar 
to global estimates at 14–29% [2], and data suggest 30% 
of individuals living in the U.S. have a history of at least 
one form of child maltreatment, with 14% reporting mul-
tiple forms of maltreatment [3]. In the U.S., girls dispro-
portionately experience childhood abuse. For example, 1 
in 5 women have a history of sexual abuse, and, notably, 
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most recent data suggests sexual victimization is more 
than twice as high for girls compared to boys [4].

The association between childhood maltreatment 
and adverse health outcomes is well established [5–9], 
including childhood maltreatment’s impact on mental 
health and  disadvantageous behaviors. For example, 
studies have found childhood maltreatment is associ-
ated with higher impulsivity [10], increased sexual risk 
behaviors [5], as well as a higher likelihood of insecure 
attachment, depression, anxiety, and substance-use dis-
order [9, 11, 12].

Experiences of excess or sustained stress can have 
lasting impact on long-term physiological, behavioral, 
and psychological health and well-being, particularly 
when it occurs early in life. In line with these data, the 
current study is guided by frameworks applying a life-
course perspective, highlighting the importance of early-
life experiences on health and disease as one ages and 
develops [13]. For instance, childhood maltreatment can 
alter brain development, impairing both brain architec-
ture and brain function as an adult [14, 15], which has 
an effect on health issues later in life [16]. In particular, 
mental health disorders (e.g., depression) are common 
in those with childhood maltreatment [17, 18] and may 
interact with brain development. This study utilizes data 
from a previous study, whose focus was on emerging 
adult women (ages 18–24). This time-period for women 
represents a heightened vulnerability to abuse, and also 
a phase of continued brain development, particularly in 
fronto-limbic connections [19]. A greater understand-
ing of brain-behavior relationships during this develop-
mental period may inform future interventions early in 
the adult life course to mitigate the deleterious impact of 
child maltreatment.

At the level of the brain, research has shown differences 
of structure and function associated with maltreatment. 
For example, several studies have found that grey matter 
volume (GMV) is lower for individuals with higher lev-
els of childhood maltreatment in brain regions important 
for memory [20–22], decision-making [23], emotional 
regulation [24], and reward processing [25], and data 
suggest maltreatment subtypes (e.g., emotional, physical, 
and sexual abuse; emotional and physical neglect) may 
be associated with structural abnormalities in different 
parts of the brain (e.g., GMV in amygdala; size of corpus 
collosum, for reviews, see [14, 15]). Childhood maltreat-
ment is also associated with a differential brain response 
to salient information, such as threat detection and the 
promise of rewards [15]. For example, previous research 
in adults who had experienced childhood maltreatment 
revealed increased reactivity to traumatic scripts in cin-
gulate, motor cortex, and frontal gyrus [26]. In addition, 
higher childhood maltreatment scores were associated 

with increased amygdala and/or hippocampus response 
to emotional faces, processed both at the conscious [27] 
and subconscious [28] level. In contrast, childhood mal-
treatment has been associated with a blunted response 
to reward anticipation [25, 29–31] with limited data sug-
gesting an increased response to reward receipt [30]. 
Further data are needed to help elucidate the impact of 
maltreatment (and its subtypes) on the brain’s processing 
of negative and positive stimuli.

Similar to the effects of maltreatment, frequently 
occurring comorbid behavioral issues and mental health 
symptoms, such as depression and anxiety, separately are 
associated with a hyper-reactivity to negative stimuli and 
blunted response to rewarding stimuli [32, 33]. In con-
trast, higher impulsivity scores appear to be associated 
with a reduction in response to negative stimuli, but an 
increase to rewarding stimuli [34–37]. Because maltreat-
ment and mental health/maladaptive behaviors are often 
correlated, there is a need to understand how these vari-
ables moderate [38] any observed relationship between 
childhood maltreatment and the brain response to evoca-
tive cues.

In this secondary analysis, we assessed childhood 
(physical, sexual, and emotional) abuse and (physical 
and emotional) neglect, creating total childhood abuse 
(TCAs) and neglect (TCNs) scores from a well-vali-
dated measure of childhood maltreatment, the Child-
hood Trauma questionnaire [39]. We also gathered 
mental health/behavioral data, such as depression, anx-
ious attachment, sensation seeking, and impulsivity 
scores. After surveys and questionnaires, study partici-
pants underwent a brain MRI scan that captured GMV 
and then measured regional brain blood flow (an index 
of neural activity) while participants passively viewed 
images of aversive and appetitive (romantic and food) 
cues, as well as neutral comparator cues, processed at 
the subconscious (e.g., backward-masked 33 ms cues) 
[40, 41]. These subliminal cues are useful for probing the 
immediate brain response to evocative stimuli, ungov-
erned by conscious evaluation that could alter or con-
found the early brain response.

The aims of this study were: 1) to describe the rela-
tionships between TCAs and TCNs with mental health 
symptoms (i.e., depression, anxious attachment) and 
behavioral variables (i.e., impulsivity, sensation seeking); 
2) to understand the brain response to subconsciously-
processed evocative images as a function of TCAs and 
TCNs; and 3) to examine whether mental health symp-
toms and/or behavioral variables moderate the relation-
ships between TCAs and/or TCNs and the functional 
brain response to the 33 ms cues. Structural (GMV) data 
was primarily used to replicate and confirm findings from 
previous studies (see above).
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We hypothesized a heightened response in “cue-
reactive” regions to (backward-masked) 33 ms aversive 
and (vs. neutral) cues correlated with higher TCAs 
and/or TCNs, since, as noted above, maltreatment has 
previously been associated with increased subcorti-
cal activity to threat and negative stimuli. The prior 
literature on childhood maltreatment with reward 
responding, (anticipation and reward) is mixed, but 
our own study of adult cocaine patients with a his-
tory of abuse found heightened brain response to drug 
reward cues [42]. This encouraged a prediction that 
childhood maltreatment would be positively corre-
lated with the brain response to appetitive (romantic 
and/or food) cues. Finally, given the prior literature 
on links between childhood maltreatment and later 
behavioral and mental health symptoms, we hypoth-
esized some (or all) of these variables would moderate 
the putative relationship between maltreatment and 
the brain response to evocative cues.

Method and materials
This is a secondary analysis using data from the 
Behavior in Urban Female Risk Study (BUFR), which 
examined the neural response to neutral and evoca-
tive cues (food, romantic, aversive) in emerging adult 
women (ages 18–24) [43]. Participants (n = 60) were 
recruited from a family-planning clinic and from a 
nearby university, both of which were located in a 
large urban area in the northeast United States. Sub-
jects participated in two sessions, typically scheduled 
on consecutive days. In the first session, participants 
completed informed consent, surveys, and demo-
graphic health information via pen and paper. For 
sensitive topics like intimate partner violence and 
adverse childhood experiences, Audio Computer 
Assisted Self-Interviewing (ACASI) was utilized for 
data collection in order to increase the accuracy of 
self-report data [44]. In the second session, a func-
tional magnetic resonance imaging (fMRI) scan was 
completed while participants performed selected 
tasks on a computer. Due to the nature of fMRI, par-
ticipants were excluded if they had a history of a sei-
zure disorder, were greater than approximately 300 
pounds, or were pregnant. Following completion of 
the study, participants were compensated 105 dol-
lars. This study was approved by University of Penn-
sylvania institutional review board. The authors 
assert that all procedures contributing to this work 
comply with the ethical standards of the relevant 
national and institutional committees on human 
experimentation and with the Helsinki Declaration 
of 1975, as revised in 2008.

Measures
Demographic and health variables
Participants were assessed for age, current education sta-
tus, mother’s highest education, race (Caucasian/White, 
African American/Black, Native American, Asian/Pacific 
Islander, Other) and ethnicity (Hispanic/Latino). Partici-
pants were asked about substance use (cigarettes, alco-
hol, cocaine, marijuana) in their lifetimes and in the past 
30 days. Two questions assessed food insecurity: 1) Do 
you ever have to make choices between spending money 
on food or spending money on other needs? (i.e. medica-
tion, utilities, rent, etc.); 2) Do you ever worry whether 
your food will run out before you have money to buy 
more?
Child maltreatment
The short form Childhood Trauma Questionnaire (CTQ-
SF) [45] is a well-established modified version of the 
CTQ [39] that includes 28 (of the original 70) items that 
measures emotional, physical, and sexual abuse as well 
as emotional and physical neglect prior to the age of 16. 
Items are rated on a 5-point Likert scale ranging from 1 
(never true) to 5 (very often true). Previous studies have 
utilized the CTQ to establish different abuse and neglect 
subcategories to examine their impact on grey-matter 
volume [46–48], Similarly, the present study summed 
total scores for childhood abuse (TCAs) (i.e. emotional, 
physical, sexual) and neglect (TCNs) (i.e., emotional, 
physical) separately, which were used for brain and 
behavioral analyses. Possible range for TCAs was 15 to 
75; for TCNs the possible range was 10 to 50. Cronbach’s 
alpha for our sample was 0.94.

Depression
The Center for Epidemiological Studies-Depression (CES-
D) questionnaire [49], is a 20-item measure that asks 
participants to rate how often over the past week if they 
experienced symptoms associated with depression, such as 
restless sleep, poor appetite, and feeling lonely. Response 
options range from 0 to 3 for each item (rarely or none of 
the time, some or little of the time, moderately or much of 
the time, most or almost all the time). Scores could range 
from 0 to 60, with high scores indicating greater depressive 
symptoms. Cronbach’s alpha for our sample was 0.74.

Impulsivity
The Barratt Impulsivity Scale (BIS) [50] is a 30-item ques-
tionnaire that measures impulsiveness through items 
such as “I act on impulse” and “I consider myself always 
careful”. Participants indicated how frequently each state-
ment applies to them on a 1 to 4 point Likert scale (never, 
occasionally, often, almost always). Possible score totals 
ranged from 30 to 120, with higher scores indicating 
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greater total levels of impulsiveness. Cronbach’s alpha for 
our sample was 0.87.

Anxious attachment
The present study utilized 4 out of the 6 questions from 
the Adult Attachment Scale’s anxiety dimension [51]. 
Two questions from the anxiety dimension were not used 
due to low item-total correlation [52]. Questions meas-
ured subjective attitudes of self and others in a romantic 
relationship, e.g., “I often worry that my romantic part-
ner does not really love me.” Participants answer with a 1 
to 5 point Likert scale (disagree strongly, disagree, in the 
middle, agree, agree strongly). Score totals could range 
from 5 to 20, with higher scores indicating higher levels 
of anxious attachment. Cronbach’s alpha for our sample 
was 0.64.

Sensation seeking
The Brief Sensation Seeking Scale [53] is an 8-question 
well-known adaptation of the Sensation Seeking Scale 
[54]. Questions assess thrill seeking, disinhibition, bore-
dom susceptibility, and experience seeking, with ques-
tions, such as “I would like to explore strange places” 
and “I like wild parties”. Participants indicated whether 
how much they agree or disagree with a 1 to 5 point Lik-
ert scale (disagree strongly, disagree, neither disagree nor 
agree, agree, and agree strongly). Total scores could range 
from 8 to 40, with higher scores indicating greater levels 
of sensation seeking. Cronbach’s alpha for our sample 
was 0.67.

Imaging
As described previously [43, 55], participants under-
went a blood-oxygen-level dependent (BOLD) fMRI 
scan. Images were obtained via a Siemens 3 Tesla (Trio) 
research-dedicated magnet, which included an 8-chan-
nel head-coil, an LCD projector for stimulus presen-
tation, air-conducting earphones, and a fiber optic 
response pad. Attached to the head coil were mirrors 
that could be adjusted so that participants could focus 
attention on stimuli and instructions projected on a 
computer screen. The scan session began with a 3-min 
localizer scan and a T1-weighted high-resolution scan 
(MPRAGE) was acquired. Subsequently, for functional 
scans, T2*-weighted BOLD images were obtained with 
single shot gradient echo planar imaging sequence (field 
of view = 192 mm, matrix 64 × 64, TR = 2 s, TE = 30 ms, 
flip angle = 80).

In the scanner, participants were shown 33 ms evoca-
tive (aversive, romantic, food) and neutral cues, fol-
lowed by 467 ms of a neutral image, which functions as 
a backward mask. Participants in this procedure (i.e., 
backward masking) have reported seeing the longer 

stimulus, while the 33 ms target stimulus remains 
“unseen” [40]. Target (and mask) stimuli were inter-
spersed with grey screens with a single crosshair pre-
sented at a random duration between 1000 ms and 
2000 ms, with an average of approximately 1500 ms. 
The task consisted of two rounds of cue presentation. 
Twenty-four novel cues from each category were pre-
sented in pseudorandom order, followed by repeated 
presentation of those same cues. The food cues (e.g., 
images of desserts, pasta, French fries, “highly palatable 
foods”), neutral cues (household or office objects; out-
door scenes) were from laboratory archives. The aver-
sive cues and more than half of the romantic cues were 
selected from the top quartile (e.g., “most unpleasant” 
and “most pleasant”, respectively) of the International 
Affective Picture System (IAPS, Lang et al., 1999 [56]). 
The remainder of the romantic cues were specifically 
generated to reflect greater racial diversity.

Previous childhood maltreatment studies with func-
tional imaging probes used either scripts [20, 26], or 
emotional faces, presented inside [27] or outside, [28] 
awareness. Our use of aversive cues from the IAPS 
extends the childhood maltreatment-brain literature to 
this well-studied brain probe.

Statistical methods

Behavioral and health data
To describe our dataset, we calculated mean and stand-
ard deviation for continuous variables and frequency 
distributions for categorical variables. Pairwise correla-
tion analysis was conducted to evaluate association of 
TCAs and TCNs with continuous variables, and analysis 
with 2-sample t-tests was conducted to evaluate the dif-
ference of TCAs and TCNs between categorical groups. 
Confidence intervals and effect sizes were calculated and 
reported when appropriate. To account for multiple com-
parisons, we adjusted our significance level using False 
Discovery Rate (FDR) approach [57], using a custom-
built function [58] via MATLAB (Mathworks, 2019a) 
[59].

Imaging data
First‑Level Analysis Data processing was carried out 
in SPM8 (http:// www. fil. ion. ucl. ac. uk/ spm) run under 
MATLAB R2019a, as previously described [43, 55]. 
Briefly, each participants’ images were slice-timing cor-
rected, realigned, co-registered to high-resolution to 
structural images (MPRAGE), and subsequently nor-
malized to MNI standard space and smoothed with the 
FWHM kernel of 9 mm [44]. The motion statistics for 
each subject were examined to ensure that motion did 
not exceed 2 mm in any plane. For the first level analysis, 

http://www.fil.ion.ucl.ac.uk/spm
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a canonical hemodynamic response function with time 
and dispersive derivatives was fitted to the onset of each 
event. The following first-level contrasts were defined to 
assess the cue effect: aversive vs. neutral, sexual vs. neu-
tral, and food vs. neutral.

Data for structural grey matter volumes (GMV) was 
prepared for analyses as previously described [60], uti-
lizing an external toolbox for SPM (VBM-DARTEL) 
as described in the VBM tutorial (http:// www. fil. ion. 
ucl. ac. uk/ ~john/ misc/ VBMcl ass10. pdf ). Preprocess-
ing for VBM steps involved generating roughly aligned 
grey and white matter images, determining nonlinear 
deformations for warping grey and white matter images 
in order to match each other, and generating smoothed 
warped grey and white matter images. Voxel sizes of 
1.5 × 1.5 × 1.5 was used for spatially normalized images, 
and the gaussian FWHM was set at 10 mm.

Second‑Level Analysis Brain data from first-level 
analyses, both contrast data (e.g., aversive – neutral) 
and structural data, were examined in association with 
TCAs and TCNs using SPM. Specifically, individual 
scans were entered into a one-sample t-test, and then 
TCAs or TCNs were added as “covariates of interest”, to 
obtain parameter estimates correlated with increased 
or decreased brain activity as a function of increased 
TCAs/TCNs. Due to non-normal distributions, TCAs 
and TCNs were log-transformed and normalized prior to 
correlations. Two methods were utilized to reduce false 
positives and negatives in the results: 1) A “cue-reactive” 
mask (Regier et  al., [43]) limited the number of vox-
els needed for correction (Fig. 1); 2) Cluster correction 
was calculated using AFNI’s updated 3dClustSim func-
tion [61, 62], utilizing the spatial autocorrelation func-
tion (ACF). Voxel-level threshold was set at p  <   0.005, 
and cluster-level threshold was set at p  <   0.005. The 

Fig. 1 a Example images and design of the 33 ms Evocative Cue Task. Number of total trials were: 192 evocative (food, sex, aversive), 192 mask, 48 
neutral, and 48 null; duration  of images were: 33 ms evocative; 467 mask; 33 ms neutral; 1500 ms null. b Cue-reactive regions: medial (mOFC) and 
lateral (lOFC) orbitofrontal cortex; anterior cingulate cortex (ACC); striatum; amygdala, parahippocampus (P-HIPP); insula; midbrain; hippocampus; 
thalamus; and fusiform. Images in (a) taken from website, Pexels, and are free-to-use. Image in (b) adapted from Regier et al., [43] with permission

http://www.fil.ion.ucl.ac.uk/~john/misc/VBMclass10.pdf
http://www.fil.ion.ucl.ac.uk/~john/misc/VBMclass10.pdf
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cue-reactive mask included a priori anatomical regions 
of interest (aROIs), previously found to respond to brief, 
evocative stimuli (Childress et al., 1999, [40,63]; Wether-
ill et al., 2014 [64]; Regier et al., [42, 43, 55]): amygdala, 
ventral and dorsal striatum, hippocampus, thalamus, 
midbrain, ventral medial (mOFC) and lateral orbitofron-
tal cortex, parahippocampus, occipital cortex, and visual 
association areas (i.e., fusiform).

For structural data, we analyzed data from the individual 
a priori regions making up the cue-reactive mask. Data 
from individual aROIs were extracted and analyzed via 
basic correlations (Pearson’s) with TCAs and TCNs. For 
non-normal distributions, data was log-transformed. 
Results for each set of correlations (e.g., all aROIs 
regions with TCAs or TCNs) were FDR-corrected (alpha: 
p <  0.05).

Exploratory

Individual aROIs that constituted the “cue-reactive” mask 
(see above) were examined as potential correlations with 
TCAs/TCNs. To test for confounding factors, a series of 
partial correlations were conducted with aROI parame-
ter estimates as dependent variables, TCAs/TCNs as the 
independent variable, and mental health and behavioral 
variables found to be significant with TCAs and/or TCNs 
as control variables.

Multiple Regression Model To test for moderating 
effects of mental health and/or behavioral variables, we 
fit a multiple regression model with the beta values of 
relevant brain regions (i.e., areas with significant results 
from second-level analysis – see above) as our outcome 
variable. We report adjusted estimates for all parameters 
from our regression model. The regression model was 
conducted using MATLAB’s regress function, preparing 
each calculation by creating a matrix that included a row 
of ones, the outcome variable, the main predictor vari-
able (TCAs/TCNs), and one of the secondary predictor 
variables (i.e., depression, anxious attachment, sensation 
seeking, or impulsivity scores). F values were calculated 
using the following formula:

where  dfL = n -  (p1 + k + 1),  p1 is the p value from regres-
sion 1, k is the number of predictor variables, L is the 
model with more variables, and S is the model with fewer 
variables. r squared values  (adjR2) were adjusted with the 
following formula:

F =

adjR2
L − adjR2

S/(kL − kS)
(

1− r2
2

)

/df L

If the calculated value of “F” was greater than the criti-
cal value obtained from an “F” table with alpha = 0.05, the 
moderation was considered significant.

Results

Sample characteristics
Sixty young adult women participated in the study; the 
current analyses are based on 54 participants with use-
able fMRI scans (six were excluded: claustrophobia = 4; 
motion = 1; heart murmur = 1). The average age of these 
participants was 20.87 (±2.5) years. The majority of the 
individuals identified as African American (n = 36; 61%), 
with the remainder identifying as White (n = 13, 24%), 
Hispanic (n = 8, 15%), Asian American (n = 4, 7%), and 
American Indian (n  = 1). In the past 30 days, approxi-
mately two-thirds of the participants used alcohol (68%), 
less than a third used marijuana (32%), and only 5 smoked 
cigarettes (9%). A history of childhood abuse was self-
reported via the CTQ (see methods), with 39% report-
ing some form of moderate or severe childhood abuse 
(17% emotional abuse, 24% physical abuse, and 20% 
sexual abuse) and 19% reporting some form of moderate 
or severe childhood neglect (15% emotional neglect, 9% 
physical neglect). Mean (SD) TCAs was 24.1 (11.5) and 
mean (SD) TCNs was 15.3 (± 6.1).

Relationships of demographics and health variables with 
TCA and TCN
Demographic and health variables were evaluated 
for their relationship with TCAs and TCNs (Table  1). 
With medium effect sizes, results showed higher TCAs 
(t(52) = 4.29, p  <   0.001, CI95: [− 24.0–8.7]) and TCNs 
(t(52) = 3.59, p < 0.001, CI95: [− 11.8–3.3]) in those expe-
riencing physical abuse as an adult. With small effect 
sizes, results showed higher TCAs in those whose moth-
ers did not finish high school (t(52) = 2.17, p  = 0.035, 
CI95 [− 15.6–0.6]) and in those with more food inse-
curity (t(52) = 2.56, p = 0.013, CI95 [− 16.0–1.9]). With 
small effect sizes, results showed higher TCNs in those 
with higher BMI (r = .33, p = 0.022, CI95 [.07 .55]) and 
history of sexually-transmitted infections (t(52) = 2.17, 
p  = 0.035, CI95: [− 6.8–0.3]). Associations of TCAs 
and TCNs with maladaptive behaviors and mental 
health symptoms revealed several significant correla-
tions (Table 2). Higher TCAs and TCNs were associated 
with higher impulsivity scores (TCAs, r = .38, p = 0.005; 
TCNs, r  = .39, p  = 0.003) and depression symptoms 
(TCAs, r = .56, p  < 0.001; TCNs, r = .31, p = 0.021). In 

adjR2
= 1−

(n− 1)

n− k − 1
∗

(

1− r2
)
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contrast, only higher TCAs were associated with higher 
anxious attachment scores (r = .55, p < 0.001).

Differences in brain response to evocative images 
as a function of TCA and TCN

fMRI: functional
Differences of brain response within the cue-reactive mask 
(see methods) as a function of childhood maltreatment was 
assessed via an event-related task featuring presentation of 

backward-masked 33 msec evocative cues. Young women 
with higher TCAs had a heightened brain response to aver-
sive (but not romantic or food) minus neutral cues (voxel-
level threshold: p  < 0.005, cluster-level threshold: p  < 0.005 
[k > 761]) in a medial orbitofrontal cortex (mOFC) clus-
ter that included the subgenual anterior cingulate cortex 
(sgACC) and middle frontal gyrus (MFG) (Fig.  2). There 
was no significant correlation, after correction, of the 
brain response to any of the evocative cues with TCNs. For 
results from correlations of TCAs with all a priori regions 

Table 1 Demographic and Health Variables

SD Standard deviation, CI95 95% confidence intervals, P val p value, Stat Statistic, BMI Body mass index, HS High school, STIs Sexually transmitted infections, IPV 
Interpersonal violence

*Stat (statistic value) is “t” value unless otherwise noted

**Table includes unadjusted p values with confidence intervals for visualization purposes. FDR-corrected p values for TCAs is p ≤ 0.013 TCNs ≤0.003 are considered 
significant

***Other category Includes American Indian, Pacific Islander, and self-identified categories of Hispanic, Taino, Latino, or unspecified

n = 54 Total Abuse Score (TCAs) Total Neglect Score (TCNs)

Mean SD Stat* P val** CI95 (lower) CI95 (upper) Stat* P val** CI95 (lower) CI95 (upper)

Age 20.87 2.50 r = −.17 0.220 −.42 −.10 r = −.13 0.360 −.38 .14

Race

 Black 61% F = 1.65 0.200 – – F = .79 0.450 – –

 White 20%

 Asian 6%

 Other*** 11%

BMI (n = 47) 25.67 7.64 r = .10 0.520 −.17 .36 r = .33 0.022 .07 .55

Cigarette Use 0.09 0.29 1.05 0.300 −16.4 5.2 0.57 0.572 −7.4 4.1

Alcohol Use 0.69 0.47 0.26 0.793 −5.9 7.7 0.90 0.374 −2.0 5.2

Marijuana Use 0.31 0.47 0.83 0.413 −9.5 4.0 1.19 0.239 −5.7 1.4

Mom finish HS 0.20 0.41 2.16 0.035 −15.6 −0.6 1.03 0.308 −6.2 2.0

Food Insecurity 0.25 0.43 2.56 0.013 −16.0 − 1.9 0.23 0.820 −3.5 4.4

Forced Sex (adult) 0.19 0.39 1.36 0.181 −13.4 2.6 0.05 0.961 −4.4 4.2

Physical Abuse (adult) 0.15 0.36 4.28 0.000 −24.0 −8.7 3.59 0.001 −11.8 −3.3

History of STIs 0.41 0.50 0.70 0.490 −8.6 4.2 2.17 0.035 −6.8 −0.3

Emotional IPV 0.65 0.48 1.24 0.220 −10.6 2.5 0.93 0.354 −5.1 1.9

Physical IPV 0.35 0.48 1.18 0.244 −10.4 2.7 0.89 0.378 −5.0 1.9

Sexual IPV 0.24 0.43 0.44 0.665 −9.0 5.8 0.58 0.567 −2.8 5.0

Table 2 Behavioral and Mental Health Variables

FDR-corrected p values for TCAs is p ≤ 0.005 TCNs ≤0.021 are considered significant

SD Standard deviation, R val R value, CI95 95% confidence intervals, P val p value

*Table includes unadjusted p values with confidence intervals for visualization purposes

Total Abuse Score (TCAs) Total Neglect Score (TCNs)

Mean SD R val CI95 (low) CI95 (up) P val* R val CI95 (low) CI95 (up) P val*

Impulsivity 60.09 11.40 0.38 0.12 0.59 0.005 0.39 0.14 0.60 0.003
Anxious Attachment 7.98 2.69 0.55 0.33 0.71 < 0.001 0.28 0.01 0.51 0.042

Sensation Seeking 24.69 5.35 −0.03 −0.30 0.24 0.835 0.07 −0.20 0.33 0.602

Depression 17.20 10.94 0.56 0.34 0.72 < 0.001 0.31 0.05 0.53 0.021
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composing the “cue-reactive” mask, see Supplementary 
Fig. 1.

fMRI: structural
Though not the primary focus of the study, we analyzed 
differences in GMV as a function of childhood mal-
treatment as a replication test of previous studies (see 
introduction). Results confirmed significant inverse rela-
tionships of maltreatment and GMV. Specifically, these 
unadjusted confidence intervals showed that higher 
TCAs were significantly associated with lower GMV in 
several regions, including the amygdala (r = −.30 [upper: 
−.53; lower: = − .034], p  = 0.034), parahippocampus 
(r  = −.38; [lower = −.59; upper = −.12], p  = 0.006), 
lateral OFC (r  = −.36; [lower = −.58; upper = −.09], 
p  = 0.01), and mOFC (r  = −.29; [lower = −.52; 
upper = −.02], p  = 0.036). Results from the relation-
ship of TCNs with GMV revealed a significant inverse 
relationship with the thalamus (r = −.31; [lower = −.54; 
upper = −.04], p = 0.026). See Supplementary Table 1 for 
results from all aROIs from the cue-reactive mask.

Moderating factors of significant relationships found 
between the functional brain data and TCA/TCN
Follow-up analyses were conducted to assess the effects 
of mental health and behavioral variables on the rela-
tionship between TCAs and the brain response to aver-
sive cues. When controlling for depression symptoms, 
anxious attachment, and impulsivity, the TCAs/mOFC 
relationship remained, and in fact it appeared to involve 

more brain area activity than the TCAs/mOFC relation-
ship alone (Supplementary Fig.  1). The relationship of 
TCAs and the brain response to aversive cues may even 
extend beyond the mOFC into other areas, when con-
trolling for impulsivity (e.g., nucleus accumbens [r = .34, 
p = 0.014, uncorrected]) (Supplemental Table 2).

Multiple regression was conducted to investigate 
potential moderating factors of the significant relation-
ship found between the functional brain data and child-
hood maltreatment. These factors included mental health 
and behavioral factors found to be significantly associ-
ated with higher TCAs (see above and Table 2). Specifi-
cally, it was tested whether the significant relationship of 
a heightened mOFC response to aversive (−neutral) cues 
with higher TCAs, of which the  R2 value was 0.32 (Fig. 2), 
was moderated by depressive symptoms, anxious attach-
ment, and/or impulsivity scores.

Regression results revealed the link between mOFC 
response to aversive cues and TCAs was significantly 
moderated by impulsivity (Δr2 = .13, F = 13.46, p < 0.05) 
(Table 3), but not depression (Δr2 = .01, F = 0.45, NS) or 

Fig. 2 Brain activity in response to 33 ms aversive (vs. neutral) cues, correlated with total childhood abuse scores (TCAs). A Brain images showing 
a significant relationship of brain response to aversive cues with TCAs in the ventral medial orbitofrontal cortex (mOFC), including nodes in the 
subgenual anterior cingulate cortex (sgACC) and the medial frontal gyrus (MFG). Images shown at 2.4 to 4 for visualization purposes. B Scatterplot 
of the mean beta values extracted from the significant relationship in (A) plotted as a function of TCAs (log-transformed due to non-normal 
distribution).  r2 value of this relationship was 0.32 (used as the baseline for multiple regression and testing of moderating variables [see Table 3])

Table 3 Multiple Regression Results: Moderation effect of 
mental health and/or behavioral variables on the relationship 
between mOFC and TCAs

Medial OFC r Squared Change in  r2 F test (p value)

Total Abuse (TCAs) r2: .32

Impulsivity (BIS) r2: .46 (Adj: .45) .14 (Adj: .13) F Stat = 13.46 
(p < 0.05)
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anxious attachment (Δr2 = −.01,, NS). Impulsivity’s mod-
eration effect was not simply to strengthen or to reduce 
the relationship between TCAs and the brain response to 
aversive cues. Instead, as is often the case for moderator 
variables, impulsivity scores significantly improved expla-
nation for the variability in the relationship of TCAs 
and the mOFC response to aversive (−neutral) cues. 
Improvement in the model’s explanatory power is likely 
due to higher impulsivity scores generally associated with 
a reduction in mOFC response to aversive cues.

Discussion
This study aimed to understand relationships between 
childhood maltreatment, mental health symptoms and 
maladaptive behaviors, and brain function. We found 
that greater severity of childhood abuse (TCAs) but not 
neglect (TCNs) was associated with a heightened brain 
response in the mOFC to aversive (but not romantic or 
food) cues as compared to neutral cues. Higher levels 
of childhood abuse were associated with elevated scores 
for several behavioral and mental health factors, includ-
ing depression, anxious attachment, and impulsivity. 
Our follow-up analyses found that, among these fac-
tors, impulsivity was the only one found to be a signifi-
cant moderator of the link between a heightened brain 
response to aversive (−neutral) cues in the mOFC and 
higher TCAs.

Previous studies have identified an increased response 
to emotional stimuli associated with maltreatment in the 
threat detection and response circuit [15], that includes 
sensory, thalamic, subcortical, and prefrontal cortical 
regions, including the mOFC. This threat detection net-
work is thought to process both conscious and subcon-
scious stimuli. In this circuit, the mOFC is thought to 
regulate the response to threat via inhibition of subcorti-
cal (e.g., amygdala) activity. Other imaging studies have 
shown the mOFC is involved with emotional processing 
[65], and is part of a network, along with subcortical and 
visual cortical regions, to process and evaluate affective 
signals [66]. Several studies have highlighted the rela-
tionship of maltreatment and increased fMRI response 
to negative stimuli in subcortical regions [22, 28, 67–69], 
and previous research has found altered functional con-
nectivity between the mOFC and these regions in those 
with higher maltreatment [70].

Surprisingly, there were no significant relationships 
between childhood maltreatment and the brain response 
to appetitive cues, as had been hypothesized. A pre-
vious study from our lab found a positive correlation 
between prior abuse and subcortical response to reward-
ing stimuli [42]. One possibility for this outcome is that 
the rewarding images used in the present study were not 
salient enough to elicit a differential response. Though we 

included some romantic images to better match the pop-
ulation (e.g., majority Black), most of the “sexual” images 
via IAPS are now decades old and predominately for a 
white audience. Stimuli and population type, and the 
match between the two, determines to a degree the reac-
tivity to such cues. For example, in our previous study 
with cocaine patients, we found a robust relationship 
between prior abuse and heightened mesolimbic activity 
to drug cues [42]; these cues were specifically designed 
for this cocaine use disorder population.

In our follow-up analyes, data showed that while higher 
levels of TCAs and impulsivity were positively corre-
lated (Table  2), higher impulsivity scores seemed to be 
associated with a reduction in mOFC activity to aversive 
cues, and when controlling for TCAs, this lower mOFC/
higher impulsivity relationship was significant (R = −.44, 
p  = 0.007). The positive TCAs/impulsivity relationship, 
positive TCAs/mOFC relationship, but inverse impulsivity/
mOFC relationship may seem conflicting; however, these 
findings are preceded by previous studies demonstrating 
similar results. For example, studies have shown that higher 
impulsivity is associated with decreased reactivity to nega-
tive stimuli and situations in several regions, including the 
OFC [34–37]. These data may partially explain the nega-
tive urgency facet of impulsivity [71]. Together, these data 
suggest two types of responses, depending on the variable: 
1) an over-regulation of a subconsciously-processed threat 
response (i.e., higher mOFC and more TCAs); and 2) an 
under-regulation to a threat response (i.e., higher mOFC 
and less impulsivity). More research is needed to under-
stand whether these different responses might be maladap-
tive or possibly a sign of resilience.

Similar to previous studies [14, 15], the present study 
showed a reduction of GMV correlated with increased mal-
treatment; specifically, for higher TCAs, there was a reduc-
tion in the OFC, amygdala, and parahippocampus; and 
for higher TCNs, there was a reduction in the thalamus. 
In addition, there was a trend of reduced GMV correlated 
with higher TCAs in the hippocampus (p = 0.06), similar 
to results from several previous studies [22, 25, 26]. Brain 
structure and function are correlated [72]; thus, structural 
changes may account for observed functional differences in 
individuals with childhood maltreatment affects.

Understanding the brain’s responses to evocative 
stimuli in those who have a history of maltreatment has 
important implications for future research and prac-
tice. Results revealed that emerging adult women with 
greater prevalence of childhood abuse had heightened 
mOFC response to “unseen” (33 ms) aversive (−neu-
tral) cues, a relationship that was moderated by higher 
impulsivity scores. These results can begin to explain 
behavioral differences of those with maltreatment 
histories when exposed to triggering or threatening 
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stimuli compared to those who do not have a history of 
trauma or abuse. These data also highlight the profound 
biologic impact of trauma, as the aversive cues were 
not consciously processed by the participants, yet we 
were still able to see meaningful changes in the brain 
as a function of maltreatment history. In addition, the 
discovered moderating role of impulsivity encourages 
future interventions to support emotion regulation and 
distress management in this population, as previous lit-
erature has found an association of negative emotional 
states along with emotional dysregulation with impul-
sivity [73–75]. Based on the literature and our own cor-
relations between maltreatment and behavioral/mental 
health variables, we have interpreted the heightened 
activation of the mOFC as a ‘vulnerability’ signature. 
However, prospective designs can be used to confirm 
whether this brain response indeed indicates vulner-
ability (to development of diagnosable clinical disor-
ders of anxiety, etc.), or whether it might be a marker of 
‘resilience’, indicating the brain’s reflexive but effective 
coping with the aversive stimuli (even outside aware-
ness). In addition, future research could examine this 
population’s ability to explicitly regulate their subjective 
and brain response to aversive cues, to better under-
stand how these brain responses are linked to behavio-
ral choices after exposure to threatening stimuli.

Limitations
While this study had clear results, caution should be used 
when translating these findings outside the study popu-
lation, which consisted of emerging adult women (ages 
18–24). In addition, we did not have data on trauma char-
acteristics outside of maltreatment type and were unable 
to measure the impact of the trauma on the participant’s 
daily life, potentially missing additional moderating vari-
ables that may have contributed to the participants’ brain 
responses. Though efforts were made to ensure accu-
rate reporting (e.g., computerized task, with assurances 
that answers were confidential), behavioral and trauma 
measures were self-reported. Some data has suggested 
that self-report and objective measures differ (e.g., self-
reported impulsivity vs behavioral impulsivity [e.g., 
[74]). Finally, the GMV data was only able to utilize 51 
out of 54 subjects due to data loss. Despite these limita-
tions, this study was the first of its kind to describe the 
relationships between childhood maltreatment, mental 
health symptoms and maladaptive behaviors, and brain 
structure/function in adult women. Results of this study 
underscore the impact of trauma and violence in emerg-
ing adult women at the level of the brain and can offer a 
foundation for future interventions to mitigate distress in 
this population.

Conclusion
Emerging adult women with higher incidences of child-
hood emotional, physical, and sexual abuse had more 
mental health symptoms and maladaptive behaviors. 
Higher levels of childhood abuse were also associated 
with elevated mOFC activity to 33 ms aversive cues, 
backward-masked, and thus presented outside conscious 
awareness. The follow-up analyses found that impulsiv-
ity had a complex moderating effect on the relationship 
between childhood abuse and the brain response to 33 ms 
aversive cues, suggesting conflicting signals of under- and 
over-regulation of negative stimuli. These data may help 
guide the treatment of those with childhood abuse, tar-
geting impulse control and emotional regulation with 
behavioral and/or biological supports.
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